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Foreword

This software system was designed and developed to give the practicing
Structural Engineer a tool to rapidly perform structural analysis and design
of building components.

The design philosophy has remained the same for the last 20
years......provide software that is a "fill-in'the-blanks" tool with instant
recalculation and review of the results.

We thank the thousands of engineers who have
purchased ENERCALC software over the last two
decades helping this software develop to where it is today.
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Welcome 5

1 Welcome

Welcome To The Structural Engineering Library

You've chosen one of the most respected Structural Engineering software packages
available today. In continuous development since 1983, Version 5.8 is the culmination of
years of development and refinement from suggestions of engineers worldwide.

This document provides detailed documentation for all the modules contained in Vesion
5.8 of the Structural Engineering Library.

Please refer to Volume I for general information including licensing, installation, usage
isntructions, and a sample session.
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Structural Analysis Modules

The programs in this section provides mostly analysis capabilities. Design in a
particular material is not provided.

Single Span Beam Analysis
Single Span Beam Analysis analyzes single span beams with cantilevers and a variety of
end restraints. Up to 30 point, moment, and uniform/trapezoidal loads can be applied.
Reactions, shears, moments, deflections, and graphic diagrams are given.

Beam on Elastic Foundation
Beam on Elastic Foundation provides all of Hetenyi's and Roark's work in one fast
program. A beam may have any combination of free, guided, pinned, fixed, and
semi-infinite supports. Up to 23 point, moment, and uniform/trapezoidal loads may be
applied. Shear, moment, deflection, rotations and graphic diagrams given.

Torsional Analysis of Rigid Diaphragms
Torsional Analysis of Rigid Diaphragms can calculate the center of rigidity, torsional
moments, minimum eccentricities, and give resultant force to attached walls oriented at
any angle. A stiffness approach is used to generate matrices which are solved for forces.
End fixity combination and elastic modulus can be varied for each wall and all cases of
eccentricity are considered.

General Section Properties
General Section Properties can determine area, neutral axes, inertia, fiber distances,
section modulus, and radii of gyration for sections combining up to 11 bar/pipe shapes
and 3 rolled steel sections.

Pole Footing Design
Pole Footing Design determines required embedment depths for shaft type footings with
shear and moment applied at ground surface, with or without lateral surface restraint.

Pile Group Load Distribution
Pile Group Load Distribution distributes a single vertical load to a maximum of ten piles
using direct distribution and skew bending theory.

Multi-Story Seismic Force Distribution
Multi-Story Seismic Force Distribution gives story shears and moments on a multi-story
structure by vertically distributing base shear on the structure using '94 UBC code.

Multi-Story Wind Force Distribution
Multi-Story Wind Force Distribution gives story shears and moments on a multi-story
structure by vertically distributing '88 UBC wind loads and modification factors.

Multi-Story Column Load Summary

©1983-2003 ENERCALC Engineering Software



Structural Analysis Modules 9

Multi-Story Column Load Summary provides a tabular format for accumulating area loads
on multi-story columns. Loads may be varied per floor and reduction factors considered.

21 Single Span Beam Analysis

Overview
This program provides analysis of single span beams with a variety of loading and
support conditions. Maximum moments, shears, reactions, and deflections are given. The
basic ability of this program is also contained in the various beam design programs in the
steel, concrete, and timber divisions. This program performs a more detailed analysis and
offers more loading options than most of the design programs.

A single span beam with optional cantilevers can be analyzed, and the end supports can
be modified to give almost any configuration.....simple supports, propped cantilever, fixed
at both ends, pure cantilever, or double cantilever.

Loads that can be applied are extensive. Uniform, partial length, trapezoidal,
concentrated, and moment type load can be entered. For partial length and trapezoidal
loads, entry is very simple by just entering the start and end magnitudes and locations.
The program uses the locations to determine how the load is applied to center and
cantilever spans.

NOTE! All load locations are in reference to the LEFT support. Distances are positive
toward the right support, and negative over the left cantilever. The program also
provides a QUERY section, allowing you to enter locations along the span where you
would like to investigate the conditions.

©1983-2003 ENERCALC Engineering Software
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] ENERCALE c\ECSS\EXAMPLES.ECY - Single Span Beans Analysis
Single Span Beam Analysis
}:;:::’ P Help | SE Peint ﬂ K cancel  Save
Ganeral |uﬂ|rorm|h|n: |Trapazulda1|usman99|¢usrr| Rasufts |Skalc.h|[)iagrams|Prinling|
LSRRI oiltls| Carl3avatad Hosm Maximum Moment . ...... e oa 2000 &
Maximum Shear . ....... 30,901 & at Left Support
Maximum Deflection . .... A.2930 in at 20,25 ft
RBNTEL SN b e vt v e b e 40.000 3 &
Left Cantilevar .................. [ 10000 3] Left Reaetion . . ......... 51361 k
Right Canlilewer .. .. ............. 12000 4 @ Right Reaction . . ........ 49.009 &
1 Fiity
# PinPin T FicPin C FrcFix Mamants...
oy : Max +& Center....... 524,35 kA at 200001
MULERIE T Max. - @ Cenler. . ... TR I S o0&
@ Left End Suppert . -137.97 k-t
@ Right End Suppnet . . . 13760 k-
Morent of lneria ... ... ... I 6.352.000 a ind Shears...
N , L Lyl 3090 k
astic Modulus .. ... 29,0000 4 ke BRgh. heonl
Maximum . . . .. B0k
Reactions...
@heft............ 8136 &
EERMiE R 48490 k
Deflections
@Center.......... 0,293 in at 0258
@ Left Canl. . _...... 0,149 in al 1000 ft
@ Right Cant ... ..... 0183 in at 52.00 ft

Assumptions and Limitations

e The program calculates all values by dividing the beam up into 500 sections and
performing moment-area integration for deflections. Calculated values generally will
be within 1/5000th of the actual number.

Example
The data entry for this example is shown in the screen captures that accompany the Data
Entry Tabs and Results & Graphics Tabs sections to follow. The example is for a
double-cantilevered beam with loads applied to center span and cantilever. Because this
program does not do automatic calculations for multiple locations of live load only one set
of results are given. Here is a basic sketch of the geometry and loading:
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Structural Analysis Modules 1

EI.Egk 4.1lk EE.E*EI HE.q’Uk E.I:ng E.Elgk

027 ket HHRREEII T T 027 e

T o o2k ok
040k AR R R R R 00k

anko b T T can
0.40 kot H AT REEE T 0L ko

l L 000 i 40,00 ft I L 200 ft

)

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab

zeneral |Unif|:|rm | Point |Trapeznida| I Morments | Querg.-'l

Description [Double Cantilevered Beam

Center Span . ... ... ... ... | 40.000 3: ft
Beffetantilaner e I 10.000 3: ft
Right Cantilever . ... ... ... .. .. | 12.000 3: ft

md Fixity
& Pin-Pin " Fix-Pin & Fix-Fix

= Pin-Fix i~ Fix-Free

Morment of lnertia .. ... ... I 8 352.000 il ind

Elastic Modulus . .. ... ... .. I 29.000.0 il ksi
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12 ENERCALC

Center Span, Left Cantilever, Right Cantilever
Enter the span lengths for center span and cantilevers. When an end fixity is specified as Fixed, any

entry for cantilever length or loads that extend past the fixed support will be ignored. Distributed loads
that extend past the fixed support will simply be truncated.

End Fixity

This entry enable you to specify the end fixity combination for the beam. The order of the words is
refers to the left-right ends of the beam.

¢ "Pin" means that the beam end is free to rotate but fixed against X or Y (horizontal or vertical)
movement.

¢ "Free" means that the end is completely free to move in all directions....basically a cantilever end.
o "Fixed" is like "Pin" but rotation is also prevented......just as if the beam end were buried in stone.

Inertia & Elastic Modulus

Entry of both these items is required to for the program to calculate deflections. If one or both of
these entries is zero deflections will be "0.0".

Uniform Tab

This tab provides entries for you to apply full-length uniform loads to the center span
and cantilevers. Positive values act with the force of gravity and deflect a beam
downward resulting in compression on the top fiber.

General Uniform |F'|:|int |Trapeznida| | Marments I G!uerg.fl

Center Uniform Loads...

#1....| E!IEEIH# kit

#3.. | 4 ki
#4. | 1 ki

LEFT Cant Uniform Loads... RIGHT Cant Uniform Loads...

#1....|Tui|k;ﬁ #1....|Tui,kfﬁ
#2....|_i[kfﬁ #2....|—i’kfﬁ
#3....|_i[kfﬁ #3....|_i[kfﬁ
#fl....l_i[kfﬁ #fl....l_i[kfﬁ

Point Tab
This tab provides entries so you can enter up to 14 point loads. The "Location" is the
distance from the left support to the location of the point load. If the "Location" value
is negative then it is on the left cantilever. If the value exceeds the center span length
then it is on the right cantilever. Cases where negative Locations are entered with no
left cantilever or a "Fixed" left support are ignored. Similar behavior happens for
Location values that are longer than the Center Span distance. Positive values act with

the force of gravity and deflect a beam downward resulting in compression on the top
fiber.

©1983-2003 ENERCALC Engineering Software



Structural Analysis Modules 13

General | Uniform  Foint |Trapeznida||Mnment5|@uer‘y|

Magnitude Location
k ft
Ao | ENENL 4 | -10.000 §
8 i | 4110 3 [ -2.000 §
i | 25.000 3 |  20.000 3
e 12.000 3 26.000 3|
HECRR 6.000 & 44.000 4|
B | 6.000 3 |  52.000 3
e | 3| ooo0 3
B | 3| oo003
e I | 3| oo003
#0 3| oooo 3
M1 | 3| oo003
#12 3| oo003
2l 3| o000
] 3| o000 3

--= Al load locations measured from LEFT support

Trapezoidal Tab
Up to 8 full or partial length uniform loads with varying start & end magnitudes can be
specified on this tab. The "Left/Start" magnitude refers to the left hand side of the
load. Magnitudes can be positive or negative values at both or either ends. The
"Location" is the distance from the left support to the location of the Startpoint or
Endpoint of the load. If the "Location" value is negative then it is on the left cantilever.
If the value exceeds the center span length then it is on the right cantilever. Cases
where negative Locations are entered with no left cantilever or a "Fixed" left support
are ignored. Similar behavior happens for Location values that are longer than the
Center Span distance. Positive values act with the force of gravity and deflect a beam
downward resulting in compression on the top fiber.

©1983-2003 ENERCALC Engineering Software
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General I Unifarm I Foint Trapezoidal |ru1|:|rnents | Querg.rl

Magnitude. .. #1 #2 #3
at Lefi/Start | ¥EE 5 | 0.200 4] | 4 kit
at Right/End | 0.275 il | 0.200 & I 0.310 3: keft
H-Left | -10.000 § | 44.000 4 | 0.000 3 ft
#-Right | 20000%| 520003 |  20.000 3 f
Magnitude. .. # # #
at Left/Start | il | il | il kit
at Right/End | =] =l =] kit
YeLett | 0.000 3 | 0.000 § | 0.000 | ft
#-Right | 0.000 3 | 0.000 § | 0.000 4| f
Magnitude. ... # #o
at Left/Start | = | 4] kit
at Right/End | £ ] e
¥ Left | 0.000 3 | 0.000 5 ft
#-Right | 0.000 3 | 0.000 3 f
--= All load locations measured from LEFT support

Moment Tab

This tab provides entries so you can enter up to 8 moments. The "Location" is the distance from
the left support to the location of the point load. If the "Location" value is negative then it is on
the left cantilever. If the value exceeds the center span length then it is on the right cantilever.
Cases where negative Locations are entered with no left cantilever or a "Fixed" left support are
ignored. Similar behavior happens for Location values that are longer than the Center Span
distance. Positive values act with the force of gravity and deflect a beam downward resulting in
compression on the top fiber.

©1983-2003 ENERCALC Engineering Software
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General | Unifarm I Foint |Trapeznida| Moments |Guer'g.r|

#1 #2 #3
Magnitude | 14 | qall ] kA
Location | 0.000 4 | 0.000 3] | 0.000 3)f
#4 #5 #E
tagnitude | i” = I 3
Location | 0.000 i” 0.000 4| | 0.000 3 ft
#7 #3
Magnitude I i” il k-t
Location I 0.000 i” 0.000 ilﬁ

--= All load locations measured from LEFT support

Query Tab
This tab enables you to enter specific locations on the beam span and have the moment, shear, and
deflection given. The accuracy of these values is to the nearest 1/500th of the span.

©1983-2003 ENERCALC Engineering Software
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General I LInifarm i Faint ITrapeznidaI I Moments Guery

Center Sparn....

Distance I 30000 EI: ft

Morment 324358 k-ft

Shear 1070 k

Deflection -0.29290 in
Left Cantilever....

Distance I 0.000 3: ft

Moment 0.00 k-t

Shear 0.00 k

Deflection 0.00000 in
Right Cantilever...

Distance l 4|]_|]|]|]E|:ﬁ

Morment -137 .60 k-ft
Shear -30.70 k
Deflection 0.00000 in

Results & Graphics Tabs

This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results Tab

This tab contains the resulting calculated values for the beam analysis.

©1983-2003 ENERCALC Engineering Software
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Results |Sketch l Diagrams | Printing |

Mazimum Moment....... 324.38 k-ft at 20.00 ft
Maximum Shear........ 30.901 k at Left Support
Mazimum Deflection..... 0.2930 in at 20.25 ft
Left Beaction........... 51.361 k
Right Reaction .......... 49.099
Moments...
Max. + G Center. ... ... 324,38 k-t at 20.00 f
hlax. - @ Center. ... .. .. S137 .97 k-fi at 0.00 f
@ Left End Support . . .. -137.97 k-t
i@ Right End Support . . . =137 .60 k-fi
Shears...
) 3080 k
@ Right . . ... ... ... 30.70 k
Maximurm . . . . . 30.90 k
Reactions...
@ left . . 51,36 k
@ Right........ ... 4910 k
Deflections...
(et B o -0.293 in at 2025 ft
E LE G s 0.149 in at -10.00 1t
@ Right Cant ... ... .. 0.180 in at £2.00 1t

Maximum Moment & Location
The maximum moments at location is shown with it's location measured from the left support. This is
an absolute value maximum with the sigh intact. The actual span lengths increments used to
determine the accuracy depend upon the center span and cantilever lengths. A beam with no
cantilevers will be divided up unto 500 increments. When cantilevers are used, each span is divided
into a portion of the 500 increments according to its percentage of the total beam length.
This is the maximum positive moment (compression at top of beam) between the supports. The entire
length of the beam is scanned, and if compression occurs over a support due to a cantilever this will
be included also.

Moments....Max.+, Max. -, Left & Right End Support
These values are the maximum and minimum values for the center span and the actual moment at the
end support. M The entire length of the beam is scanned, and if compression occurs over a support
due to a cantilever this will be included also.

Shears
These values are the maximum shear at each support. This value is determined by checking two items:
e At ends without cantilevers or with fixed ends, the end shear equals the support reaction.

©1983-2003 ENERCALC Engineering Software



18 ENERCALC

e At ends with cantilevers, the end shear is calculated by determining the total of all loads acting on
the cantilever, or by the reaction less loads acting on the cantilever).

Reactions
These are the calculated vertical reactions at each support from the given loads.

Maximum Deflections
When both moment of inertia and elastic modulus are non-zero, this area displays the beam
deflections for center and cantilever spans (as applicable). All 250 span locations are checked for
maximum deflection and both the location and deflection are given.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown.

Results Sketch |Diagrams | Printing |

Print Sketch

H.Egk 4.1lk 25.[#] HE.E#EIk E.Elgk E.Elgk

027kt R EHIITEHEHT T 027 e

BY lelln.m kMt ozoktbbH o0 o
040K/ A EhEREE Tt RR bR L bbb b 0a0

aankm T T 40k
oaoka TR H ook

l L 000 40,00 I L 200

Lt L

brnaw = 324,38 k-ft at 19,99 ft from left
Dimax = -0.2929 in at 20,24 ft from left

Mrnaw (& left = -137.96 k-ft brnaw (& right = -137 60 k-t
Rl=51.360k FRr=43033k
Wrnas (2 left = 30,900 k rnaw (2 ik = 300699 k
Defl (a0 left end = -0.1483 in Drefl 20 right end = -0.1803 in

Diagrams Tab
This displays a moment, shear, and deflection diagram for the beam with the applied loads and
end conditions. Note the two tabs...."Graphic Diagram" and "Data Table". The Data Table tab
provides the entire internal analysis at the 1/500th points within the beam.
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Results | Sketch Diagrams |F'rinting |

Graphic Diagram |Data Tahle | Print Diagram

33428
28383
14319
0274

0 609 . 1230 1851 2473 3084 3715 4336 4858 5979 620
Bending Momients

Location it

Shear (k)

rS G083 1230 1551 2473 3004 IFAS 4336 4058 5570 B0
Beam Shea :
Location it

=
=
S
o
i
o 0.
]

0.28

i, B.00 1230 1551 2473 3004 IFA5 4336 A05% 5570 B0

Deflection

Location it
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Graphic Diagram Data Table |
Location (ft) Warment (kip-feet) shear (kips) lection ﬂ
2.0000 (0.0000 -38000| 01488
01242 -1.2053 -26844 | 01471
02425 24211 SATEET | 01454
Q3727 -3.6475 -38531 | 01437
04970 -4 2844 S99ETE| 01420
ne212 £.1318 00z1a| 01403
07455 -F.3898 04062 | 01386
08657 -2.658d 104906 | 01368
0.9940 99375 S02FED| 01352
11182 -11.2271 1035584 | 01334
12425 125273 104437 | 04317
1 3667 -13.8381 105281 | 04300
14910 -15.15594 06125 | 01283
16152 -16.4912 106963 | 01266
17385 -17 8330 -107812] 01243
1 BB3T7 -19.1865 -08esE | 01231
188380 20 5500 108500 04214
21122 219240 110344 | 04197
22365 -23.3086 TAETF | 04180
23607 24 FOET 112031 04182
24850 261054 112875 01145
28092 -7 5256 1378 0127
HI{{{[?[}F}EIT}]E AR L T ) 44 AEED |"|-i-i-'||"|;|

Printing Tab
This tab allows you to control which areas of the calculation to print. Checking a box
will signal that the information described by the item will be printed. However, if there
is no information in for a particular selection it will not be printed. So these
checkboxes are best described as "If this particular area of the calculations contains
data then print it".
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ENERCALC Engineering Software
P.O. Box 188

Corana del Mar, CA 92660

Voice: 9496450151

www.enetrcale.com
[ Rev: SE00M0 I

Title : ENERCALC Example Problems Job # 37000001
Dagnr: MDE Date: 2500, 22 0CT 03
Description : Collection of example problems

Scope: All programs in the Structural Enginzaring Library

| Use: keconsies, vei 250, 10 Sep-a003 Single Span Beam Analysis Page: 3

| {2)1983-2003 ENERCALC Engneing S ofwwate e oSS e amp ks e cecAnabss Caks
ik bl g ma

Description Double Cantileversd Beam
P e R T et
| General Information i
T TP TSy
Center Span 40 00 f Woment of Inartia 8352000 ind
Lefl Cantilawer 10.00 ft Elastic fMadulus 29000 ksi
Right Cantilever 12.00 Beam End Fixity Fin-Fin
| Unifarm Loads I
On Center Span... On Lett Cantilever... On Hight Cantilever...
#1 0.400 kMt #1 0.400 kA #1 040 kM
| Point Loads = .
Magnltudav G600 k 4110 k 25.000 k 12000 k 6000 k
Location -10.000 ft S2000 f 20,000 26.000 44000 1
Mag nitude 6.000 Kk k k k k
Lecation 52.000ft ft ft ft ft
Magniude & Left 0275 kM 0200 kft kit kAt
MMagnitudae & Right 0375 kM 0200 kft 0.310 ket kit
Dist. To Left Side 10.000 ft 44 000 ft fi fi
Digt. To Right Sida 20000 ft 52000 ft 20000 f1 fi
| Duery Values |
Center Lo cation 20,000 f Left Cant 0.000 v Right Cant 40,000 ft
Moment 324 38 k-1 0.00 k-R 13760 k-n
Shear -10.70 k 000k -30.70 k
Daflaction 0249290 in 0.00000 in 0.00000 in
Summary
Moments... Shears ... Reactions...
Max + @ Cenler 324 38 k-t al 2000 @ Laf 30.90 k i@ Lefl E136 k
Max- @ Canter AT a1t DOOR @ Right Ik g lkght Gl
@ L Cant 43797 kot Maximum 3090 k
& Right Cant -137 B0 k-1t Deflections ...
&) Center 0293in at 2025+
Maximum - 324.38 Icft @ LR Cant. 01490 a -1000R
& Right Sant D180 in a1 EBZ200f

2.2 Beam on Elastic Foundation

This program provides analysis of solid beams continuously supported by an elastic
material. Typical applications are for concrete beams supporting uniform and
concentrated building loads, transferring the loads to the underlying soil.

This program is based upon the elastic beam formulas presented in Formulas for
Stress and Strain, 5th Ed., by Raymond J. Roark and Warren C. Young (Article 7.5 and
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Table 7 & 8) and Beams on Elastic Foundation by M. Hetenyi, University of Michigan
Press, 1946.

NOTE! THIS PROGRAM ASSUMES ELASTIC BEAM IS ALWAYS IN COMPRESSION. No
provision is made when the beam has upward deflection. In this instance the beam is
actually "pulling" the soil upward instead ignoring the soil/beam interaction. This is so
because of the nature of the equations used.

The established formulas have been formulated into computer code that is used by this
program, which can analyze beams considering:

¢ Left end free, guided, pinned, or free.

¢ Right end free, guided, pinned, free, or infinite.

e Up to 7 uniform loads, 11 concentrated loads, and 5 applied moments.

B ENERCALC G\ECSS | EXAMPLES.ECIH - Hean on £lastic Found stion
Beam on Elastic Foundation
SI:;::; 2 Help | S print ﬂ . cancel « Sava
General |Un||'o|m Loads | PointLoads | momants Fesuits |S|w1cn | Biagrams | Printing |
Dw:l'ipliﬁn Beam with Fixed & Pinned ends Shaar:
Maximum . ... ATk at 0:000 R
Minimum . . 11665k al 1B.071
Beam Span 24.500 4 # Mum:‘m : ey e
2 Fmem . ... L - at i
B [ 18000 3 i Minimam ... -101.79 ket A 0,000 f
Width i
i I 36000 E in o
—LeRENd Frsity——————— —Right End Figty————————— Maximum . . . .. 0IOD03A rad st 168,228 #
 Fren " Pinned  Fren & Pinned Mimioem. 000054 rad at 4 606 f
 Guided & Fixed CiGuided © Fixed Deflection
i : o Mawimam . 0.008 in =t 0:000 #
Elastic Maduluz 11220 5| kel Minimem £0.045 in at 112701t
Subgrade Modulus 231000 4 poi Soil Pross
| Grass 17 4S5 00 ind Maximum . . ... . 13303 psf at NI
Eeta*Length 4106 Minimum. ... ... 0.0 psf at 0,000 f
Load Factoring... it St
. rran! .3 mbination
Doad Loads 1.400 3 s G
: '
e T
e e Values @ Beam Ends...
Short Term Leoads I 1.550 E
I+ Doed &Shot Tenn Losds Reaction,Laft 31.47 1 Rotation & Led 0.00000 rad
Criarall Factor [ osanf] © Dead,Live &Shor Tern Loads Reaction Right 2ES Potation @ Right 000031 rad
M@ Left 0179k Defl. @ Left 0,000 in
LR R = M & Right 00kt Defl @RI 0.000in
Diefections Factir Set Ta 1.07 r
SollPressume et To 1.07 =

Assumptions and Limitations
The flexibility of the beam in relation to the spring constant of the soil is limited. In the
program you will see the item "Beta * Length". The value Beta is a measure of the
beams flexibility and is equal to:
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(Width * Subgrade Modulus / (4 * EI) ) ~1/4

According to the reference text when the value Beta * Length > 6.0 the beam is so
flexible that the behavior changes. In this case the program displays a message and no

results are given.

Example

The data entry for this example is shown in the screen captures that accompany the Data
Entry Tabs and Results & Graphics Tabs sections to follow.

2.00 k-ft

L

24.@#; ED.Tk
TESKAEEERRERRERRERRERRERRERRE b 765 R

| 1
l 24 50 ft I

bman = 7947 k-ft at 3.72 ft from left
Mrmin = 17520 k-ft at 0.00 ft from left
Drrnaw = 0.0000 in &k 0.00 f fraom left
Dinin = -0.0799 in at 11,26 £t from left

M & left = 175,20 k-t
Rl=54158k Ymax = 54.15 k at 0.00 ft from left Fr=-4443k

Wnin = -20.40 k at 16.07 ft from left

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering data

and switching between these tabs you can view the desired resulting information on the
tabs on the right-hand side of the screen (calculated values, sketches, diagrams, etc.). A
recalculation is performed after any entry data is changed. After each data entry you can

view the results on the right-hand set of tabs.

General Tab
This tab collects all the analysis information except loading.
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General {Unifarm Loads PninthadsIMumentsl

Description Beam with Fixed & Pinned ends
Beam Span Im ft
Depth Im in
Width [ 36.000 3 in
—Left End Fixity——— Right End Fixity————
" Free " Pinned " Free * Pinned
" Guided ¢ Fixed ¢ Guided  Fixed

Elastic Modulus

Subgrade Modulus

| Gross
Beta*Length

Load Factoring...
Dead Loads 1.400 &
Live Loads 1.700 5

Short Term Loads 1.550 +

Cwverall Factor

{414

0.830 +

Fotation Factor SetTa 1.0 %
Deflections Factor Set To 1.0 7
Soil Pressure SetTo 1.0 %

| 3,122.0 3: ksi
| 231_0003: pei

17 A96.00 ind
4,106

—Current Load Combination

¢ Dead Loads Only

" Dead & Live Loads

¢ Dead & Short Term Loads

& Dead, Live, & Short Term Loads

-
-

v

25

Beam Span

Enter the length of the beam between end supports.

Depth & Width

Enter the beam depth and width to be used for calculation of moment of inertia.

End Fixities

Free : Indicates the beam end has no vertical, horizontal, or rotational restraint.

Guided : Indicates the beam end has horizontal restraint, but is not allowed to rotate or move

horizontally.

Pinned : Indicates the beam end is free to rotate, but cannot translate vertically or horizontally.
Fixed : Indicates the beam end is fully restrained against vertical and horizontal translation and

cannot rotate.

Elastic Modulus

Elastic modulus of the beam's material. Steel is 29,000 ksi; concrete is 57,000 * sqrt(f'c)
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Subgrade Modulus
The compressive modulus (commonly called the K-Value) of the supporting material. A Soil Engineer,
based upon field testing of the soil typically supplies this value. The units for this number are pounds
per square inch per inch of deflection, or just an ordinary spring constant.

I-Gross
Calculated using Width * Depth3 / 12 for rectangular sections

Beta * Length
Beta is a measure of the difference in flexural stiffness between the beam and foundation. beta =
(Beam Width*Subgrade Modulus) / (4.0 * E * I)) ~ .25. See the major section "Assumptions &
Limitations" for more information.

Load Combinations
These entries define load factors to be applied to the loads entered on the next three tabs. You can
use these to build ACI type factored load combinations for the analysis run. There is one load factor
for Dead, Live and Short Term loads. The "Overall" factor is applied to the summation of the three.

The "Current Load Combination" selection tells the program which loads to use. In our example you
can see that "Dead, Live & Short Term Loads" has been selected. This means that all loads of all
types will have the factors applied to them and then the overall factor applied. In this example the final
load applied to the beam is:

(1.40 * DL + 1.70 * LL * 1,55 * ST) * 0.83

Uniform Loads Tab
This load is a uniform intensity load applied from SLoc (start distance) to ELoc (end distance).
The values for dead, live, and short-term loads are combined according to Load Combination. If
ELoc is specified greater than Span (except for an Infinite right support), then the excess
distance is ignored.
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General | Uniform Loads Foint Loads |ru1|:|ments|

Dead Load Live Load oshort Term Location
k Kk k f
ok | m—
#2 | 10.000 ¥ | all 3 | 16.000 §
= il Gl ¥ | 00003
#o | il ol 4 [ o000
| 1| Gl ¥ | 00003
| Gl ] 4 [ oo
L = =i 4 [ o000 4
# | - | =i 3 [ o000
= 1| 1| 3 | o000
#o | = ol 4 [ oo
#1 | || ol 3 [ o000 3

Point Loads Tab
Up to 11 point loads can be applied to the beam, with the dead, live, and short-term
components combined according to Load Combination. If the ELoc distance is specified greater
that Span (except for Infinite right supports), the load is ignored.
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General Uniform Loads |Paint Loads | moments |

Dead Load Live Load Shaort Term
#o [ amd | = gun
Start ¥ I 0.000 3: ft End x I 15.000 3: ft
2 3 | =N Gun
StatX [ 0.000 3 f EndX [ o.000 3
B g | q | gun
Start = I 0.000 3: ft End I 0.000 3: ft
o 3 | =N gun
StatX [ 0.000 3 f EndXx [ o.000 3
L ] | ] | gun
Start = 0.000 5 ft End I 0.000 3: ft
.. g ol Wi

]
—
o
=5
=
=
=
=
=
-
o 1}
m
T
e
=
=
=
=
=
- |
=i Ew

=F

La
—r
@
=1
>
=
=
=
=
- |
o 1]
m
=
(e
=
=
=
=
=
- |- -1|I'
=R

Moments Tab

The user may apply up to 5 concentrated moments at any location on the beam. The sign
convention follows the right hand rule, where a positive moment applies a torque to the beam

in a counter-clockwise direction.
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General | Uniform Loads | Point Loads  Moments

Dead Load Live Load =hott Term Location
k-ft k-t k-ft ft
#o| il 3 | 40003
2| | =i 3 [ o000 4
= gl o | 5 | o000
i 4 | 4 | 5 | 00003
= 4 o | 5 | o000

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results Tab
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Results ]Sketch ] Diagrams ] Printing i

Shear:
Rt 3147 k at 0.000 ft
Minirurm . ... ... -11.86 k at 16.071 ft
Moment
hlaxirmum . .. . .. 4617 k-t at 8.722 ft
Minirmurm . ... ... S101.79 k-ft at 0.000 f
Rotation Rotations Cale'd using Factored Loads
Maximurm 0.00035 rad at 18.228 ft
Minirmurn . ... -0.00054 rad at 4 B0R ft
Deflection Deflections Cale'd using Factared Loads
Maximum . ... .. 0.000 in at 0.000 f
Minirmurm . ... ... -0.045 in at 11.270 ft
Soil Press Soil Pressure Cale'd using Unfactored Loads
Maximurm . ... .. 1,330.3 psf at 11.270
Minirmurm .. ... 0.0 psf at 0.000 f
Values & Beam Ends...
Reaction Left 3147 # Raotation & Left 0.00000 rad
Feaction Right -2.58 ft Rotation & Right 0.00031 rad
M @@ Left -101.79 k-ft Defl. & Left 0.000 in
Ml 3 Right 0.00 k-ft Defl. @ Rt 0.000 in

Shear ( Reactions )
Maximum positive and negative shears and the locations where they occur are given by checking the
span at 250th points.

Moments
Maximum positive and negative moments and the locations where they occur are given by checking
the span at 250th points.

Rotation
Maximum positive and negative rotations and the locations where they occur are given by checking the
span at 250th points.

Deflection
Maximum positive and negative deflections and the locations where they occur are given by checking
the span at 250th points.

Soil Pressure
Using the deflection values given above and multiplying by the subgrade modulus gives the soil
pressures. The basis of the calculation is (Spring Force * Distance) = Force. Maximum positive and
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negative soil pressures and the locations where they occur are given by checking the span at 250th
points.

Values @ Beam Ends

e Reactions Ra and Rb (left and right supports) are given for ends which have Pinned and Fixed
support restraints.

o Rotations at Left and Right (left and right ends supports) are given for ends which have Free,
Pinned, and Infinite support restraints.

¢ Moments Ma and Mb (left and right ends supports) are given for ends which have Guided and Fixed
support restraints.

o Deflections Da and Db (left and right ends supports) are given for ends which have Free and Guided
support restraints.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.

Results Sketch |Diagrams | Printingl

Print Sketch

1.74 |-t

EE 1182k
L4 KAPEREREHE R R R 2 4 k0m

l 2450 ft I

brnaw = 4610 k-t at 8.72 ft from left
brrin = -1070.74 k-ft at 000 ft from left
Drenas = 0.0000 in &k 0.00 f from left
D = -0.0464 i at 11,26 £t from left

b (2 left = -101.74 k-ft
Rl=31.528k YWmax = 31.52 k at 0.00 ft from left Fr=-2577k
Ymin = -11.85 k at 16.07 ft from left

Diagrams Tab
This displays a moment, shear, and deflection diagram for the beam with the applied loads and
end conditions. Note the two tabs...."Graphic Diagram" and "Data Table". The Data Table tab
provides the entire internal analysis at the 1/500th points within the beam.
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Sraphic Diagram |Data Table Print Diagram

2 28 9FL 1220 . 245

; 236 . A8
Bending Moitients ;
Location 11

3152
27 450
23 65
19.71
15.76
1182
T
394
n.n

5.2

1186
5; 236 482 723 OF4 1220 MBS AFAZ 1058 R4 245
Beam Shear

Location 1t

Shear (k)

.0
-0.01
-0.01
-0.02
-0.02
0,03
-0.0%

-0.04
-0.04
-0.05

EflE[l::lil]n

Deflection  (im)

a6 4Bz FIo FA 4220 MBS 474X 052 Zbod 24
Location 1

=
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Graphic Diagram Data Table
Location Moment ahear arDefIEtﬂ
0.0000 101 7451 315283 | 00000
00924 -FEETET 21.082% | -0.0000
01868 -35 B503 308576 | -0.0001
02952 A2 EETE 2022239 | -0.0001
03536 -Barere 29,7852 | 00002
04920 265240 29,3565 | -0.0004
(05504 -B35732 289253 | 00005
0BEEs 21 1586 284957 | -0.0007
0787 -f3.3880 280820 | 00005
02855 -FoERE2 276424 | -0.0011
05839 -F2Eran 27219200014
10823 -F032E2 26,7986 | -0.0017
11807 877174 28,3808 | 00020
12791 £5.1524 25,9660 | 00023
13775 BrE2E0 255544 | 00026
14753 01437 25,1462 | -0.0030
15743 57 R992 24 7415 | -0.0034
1E72T 552942 243406 | 00037
17711 L2283 239436 | 00042
1 8695 508011 235507 | -0.0046
19673 423122 231621 | -0.0050
2 NEGS 460612 227778 | -0.0055
Hl{{ -1| ?l hi-)h:lﬂ:h? A DATE 0 20t L N nnE ;I

Printing Tab
This tab allows you to control which areas of the calculation to print. Checking a box will signal
that the information described by the item will be printed. However, if there is no information in
for a particular selection it will not be printed. So these checkboxes are best described as "If
this particular area of the calculations contains data then print it".
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Results | Sketch | Diagrams  Printing

Please select printout sections to be printed...

Genetal Infarmation

Liniform Loads

Faint Loads
maoments

Summary

Mote: When all are selected, the software will still amit unused sections

Sample Printout

=

<13«

<
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23

ENMERCALC Engineering Software Titde : ENERCALC Exampla Frablems Job # 7-000001
P.O. Box 188 Dsgnr: MUE Date: 9:47TPM, 22 OCT 03
Corona del Mar. CA 92660 Description : Callzction of = xample problems

Voice: 9496450161

Scope; All pragrams in the Structural Enginzering Library
www.enercalc.com
e e Page 1| |
Lo 55 200 EHERCALE E miateeiie Sapaare Beam on Elastic Foundation cilacs e mmples. ecw An alysis Colcs
Description Beam with Fixed & Pinned ends
General Information b
Beam Span 24 500 ft Elastic Maodulus 31220 ks Loge-Smdmaconng.
Depth 18.000n Subgrads Maodulus 231.00 pei Dead Loads 1400
Width A6 00 iR | Gross 17458600 in4 Live Loads 1.700
: ; Beta 4108 Short Term Loads 1,550
Left End Frity Fixed
Right End Fixity Finned SO L
Laad Cambination DL+LL+ST Ibaflzctions Cak'd using Factored Loads
Rotafions Calc'd using Factered Loads
Soil Pressure Cale'd using Unfaclored Loads
[_Unlform Loads I
i A
#1 Dead Load 3825 kit Live kit Shart Term 13
Start X 0.000 it End X 15.000 ft
[ Point Loads I
Daad Load Live Load Shart Term Load Lacation
#1 12.00k K ke 87501
#2 10.00k & k 18.000ft
Moments
Dead Load Live Laad Shart Term Load Lacatian
#1 1.00k-ft k-ft Jeft 4.000ft
Summary
MMax Shear 34Tk at 0,000 # Defla 0.000 in Ra 3N AT k
Min Shear -1 86 k at 16071 % Ceflb 0.000 in Rb -2.58 k
fax Moment 61Tkt & 8T Wax Defl 0.00in  at 0.000 # Ma 10178 k-t
fin fdoment 0TSkt st 0000 Min Defl -005in a NITOR Mb 0.00 k-t
Max Rotation 000038rad at 182281 Max SF 1.330.33 psf at 11270 f& Theta a 0.00000 rad
fin Riotation 000054 rad &  4606H% Min SP 0.00 psf at 0.000 f Theta: b 0.00031 rad
Rotations Cale'd using Factored Loads
Deflections Calc'd using Factored Loads
Soil Pressure Calc'd using Unfacterad Loads

Rigid Diaphragm Torsional Analysis

This program provides horizontal force distribution analysis for a rigid diaphragm laterally
supported by up to 60 walls. X and Y axis forces may be applied to a center of mass
location, and that force distributed to all walls after the rotational stiffness analysis has
been completed.

All lateral forces are distributed to each wall on the basis of relative rigidities and wall
locations. Lateral shear forces, induced torsional forces, and minimum eccentricity are
considered after determining the location of the center of rigidity. The user may enter
dimensions for walls of homogeneous materials for use in calculating relative stiffness's.

The program provides analysis for one level only. For structures where walls are
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symmetrically placed on many levels, a calculation may be performed for each level and
results added to determine shears and overturning moments for each wall. When
determining center of mass (where the lateral force is applied) on successively lower
levels when walls are NOT all in line, a new center of mass position should be calculated

based upon wall forces acting from the diaphragm from the level above and combined
with the force at that level.

B ENERCALC G\ECSS | EXAMPLES.ECIH - Rigid Disphragm Torsion Anakysiz

Rigid Diaphragm Torsion Analysis

SI:;::; 7 Help | @ Print

ﬂ }( Cancel 'U/ Save

General |w3|| Data | Rasults Wall Forces |$1{elcn|
Dw:l'ipliﬁn "Iﬂn'ﬂ! Prablem, B 'wall Spstem, One ‘Wall Angled

Loading...

Y-YAxisEhear. ... ..o.uuiann. | 187.000 ﬂ k

Hed Bowis Shear . ... | 187,000 g K

Load Application . .. .............  Forces Act Tagether

= Forces Act Separately

Analysis Data...

Win, ¥ Axis Shear Eceentricty 5.00 4] %

Wi Axis Shear Eceentricity - - . | ] g %

X Axis CenterofMass . . .......... I 11850 ﬂ Lif

Y Axis Contorofbass .. ... ... .. | 71.50 E ft

Ma X DImension , ... 20000 4 f

Wax ¥ Dimension .. ... ......o... 180.00 5 f

Al 4] 4 | kK K

Basic Usage

e The most important step for successful use of this program is to properly enter the
X and Y location of the center of rigidity of each wall and the wall angle.

e For rectangular walls, the center of the wall's rigidity will be at the centroid of the
section.

e The wall angle is measured with respect to the centerline of the length
measurement (long dimension). Odeg and 180deg defines the wall's angle as parallel
to the X-axis. 90deg and 270deg defines the wall as being parallel to the Y-axis. The
angle increases positively in a counterclockwise direction.

e You will also note that the wall table allows up to 60 walls to be entered. When you
have less than 60 (which will be typical), make sure all information for each unused
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row is zero, which signals the program that no wall is being used on that row.

¢ Lateral shears are typically the force at the diaphragm level due to wind or seismic
forces at that level. Distance to Center of Mass specifies the X/Y location where the
lateral shears act. If lateral forces must be added to the diaphragm from the level
above or below, you must combine all forces to calculate an adjusted mass
application point. Maximum Dimensions are used to calculate the minimum
additional eccentricity that will be added and subtracted from the calculated
eccentricity to calculate governing forces to each wall.

e Wall Thickness, Length, Height dimensions of each wall providing lateral support to
the diaphragm are required, and together with the elastic modulus entry fully define
the relative stiffness of the wall.

¢ The Elastic Modulus does not have to be an exact number if all the walls are of
identical construction. The most typical use is to enter 1" here.

e X & Y Distances for each wall design the center of plan-view stiffness of each wall.
This location will be used when combining all wall stiffness's and calculating the
overall center of rigidity for all walls acting as a system.

e Enter the inclination angle of each wall along its length axis. Enter all angles as
positive.

e Enter the fixity condition that will best describe the wall's top and bottom rotational
restraint. FP (Fix/Pin) indicates that one end is free to rotate while the other is fixed,
while FF (Fix/Fix)indicates that both ends cannot rotate and results in double
curvature.

Unique Features
This program uses a numerical approach to determine center of rigidity location and to
distribute lateral forces to each wall. Because walls may be located at any angle, a
rigorous stiffness analysis is made calculating each wall's stiffness about both axes and
combining the stiffness's of all the walls to determine a center of rigidity location.

Assumptions & Limitations
Because this program performs a very complex stiffness matrix analysis for all walls, the
traditional method of listing separate components of direct and torsional shears is not
applicable. Also, the program internally adds and subtracts the additional accidental
eccentricity (based on both maximum dimensions) about each axis to calculate maximum
force to each wall. The results in one final force value being displayed for each wall.

Coordinate System
Please note that a STRICT X-Y coordinate system should be used to ensure that the
analysis is properly carried out. When setting up an X-Y coordinate axis, please follow the
standard Cartesian model with the diaphragm located such that X increases to the right
and Y increases up. Unless another method is necessary, this will perform very well (but
the program can handle variations).
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Example
The data entry for this example is shown in the screen captures that accompany the Data
Entry Tabs and Results & Graphics Tabs sections to follow. Here is the sketch showing
the angular orientation of the walls. Please see the table of wall input values for the exact
locations.

CR.:[97.11.53.15] C.M.: [113.50,71.50]

Y
h W _

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
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General |wall Data

Description .Example Problem, 8 Wall System, One Wall Angled

Loading...

Yo¥ Axis Shear. | 187.000 il k
T e e | 187000 il k

B = e o  Forces Act Together

&+ Forces Act Separately

Analysis Data...

Mlin. ¥ Axis Shear Eccentricity | 5 00 il o
Mlin. % Axis Shear Eccentricity . . . . . | 5 00 il o
® Ayis Center of Mass . ... ... .. .. | 118.50 il ft
e T = (A B ok | 71.50 il ft
bax ¥ Dimension . ... ... ... ... | 200,00 il ft
R e ol 1 e | 180.00 il ft

Loading : XX Shear, YY Shear
Calculate the total lateral force to be applied at the center of mass of the diaphragm. We have
provided individual entries for each direction, to allow for different lateral forces in each direction. For
multi-story buildings in seismic and/or high wind areas, the building code specifies a non-linear
distribution of base shear force (for multiple levels) which should be considered. You can use the Multi
Story Seismic Force Distribution and Multi Story Wind Force Distribution programs to help you with this
analysis.

Load Application
Forces Act Separately : The maximum applied shear value will be the maximum force from each
shear force acting separately along each axis.
Forces Act Together : Both XX and YY axis shear forces will be applied to the diaphragm
simultaneously to calculate the maximum forces to each wall.

Minimum Applied Shear Eccentricity
This specifies the minimum accidental (additional) eccentricity that should always be used
for determining torsional forces on the diaphragm. Entering 5" specifies 5% minimum
accidental eccentricity for a direction. For a 100" maximum dimension this would result in a
5'-0" minimum eccentricity between center of mass and center of rigidity.

Distance to Center of Mass
Enter the X and Y distance from the datum point to where the Shear Force is applied. The center of
rigidity (+/-5% accidental eccentricity) is compared with this location to determine overall diaphragm
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torsions.

Maximum Dimensions
This value represents the diaphragm's maximum dimension along the X and Y-axis, and is used to
determine the minimum eccentricity of the applied shears by multiplying it by the "Minimum Applied
Shear Eccentricity".

Wall Data Tab
This tab is used as the main data entry location for all wall data. The entry items at the bottom
of the screen let you edit the highlighted item in the list directly. To Add a wall you must use

the + Add ) tton.

General WWall Data |

4  Add | &5  Change =  Delete
wall C.G. Location

1 b

2 : : 3 :

3 022 2000 1300 19000 033 00 FisFix 122
4 022 3000 1300 15500 4500 1350 FixFix 3122
al 022 4000 1300 9000 033 00 FisFix 122
E 022 2000 1300 10500 8466 00 FisFis 3122
7 022 2823 1300 1000 Y500 450 FisFis 3122
8 022 2828 1300 1000 1000 1350 FisFis 122

1444 ] 2] HirH H]

Thickness I 0222 3; in ¥ .. location I 167.500 3: ft
Length I 25 000 3: ft Y £.g. location 179.660 + ft
Height 17.500 44 ft Angle | 0.00 E|: deg

Fixity &  Fixed-Fixed Fixed-Pinned

= | 3122

Add, Change Delete Buttons
These buttons control the table of values for all the walls. Each button works on the wall line currently
highlighted. When pressing Add or Change a window is displayed very similar to the one shown below.
Using this window you can specify the information for the wall.
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Since the program considers each wall to be of one material with uniform properties throughout you
simply need to specify the Thickness, Height, Width, and Elastic Modulus to specify the stiffness of the
wall.

The "Length" dimension is used by the program as the axis to report shear along the wall. Although

the program calculates shear both along and perpendicular to the wall (width direction) the length is
assumed to be what you are interested in and the final shear results are given along that direction.

¥Wall ID Number : | 1

Wi'all End Fixity——
; — .
Thickness . ......... | FFF] 4 in F  EixadFiad
&
Length.............. | 25.000 4| ft r Exed-Finnad
Helghte | 17.500 4| ft
X Distancato CG.... | 167.500 4] ft J
¥ Distanceto C.G.... | 179.660 & ft ok
Wiall Angle : COW ... | 0.00 4 degrees x
Elastic Modulus . .. .. | 3.1 Cancel
Thickness
This is the thickness of the wall and should be the smaller plan view cross sectional dimension of the
wall.
Length

This is the length of the wall and should be the larger plan view cross sectional dimension of the wall.
This is the length which would normally be considered to be stiffer and brace the diaphragm against
lateral forces. Each wall's thickness (and length) is used to calculate the moment of inertia
about each axis, depending on how the Fixity item is specified (see below). This dimension
is perpendicular to the axis used to measure the wall angle.

NOTE..... Before examining components of each wall's stiffness about each axis, for calculation of the
wall stiffness matrices, deflection constants are calculated using IMAJOR and IMINOR. The typical
deflection equation:

P/E[h3/(inertia *value) + 2.64h/A]
will set value = 12 for Fixed/Fixed walls and 3 for Fixed/Pinned walls.
Height
This is the height of the wall from the next lower datum point. Because the program does not "know"
that there is any consistent reference elevation on the floor below you are free to enter a different
height.
X Distance to C.G., Y Distance to C.G.

This is the distance from the center of resistance of the wall from your datum point. The center of
resistance is the dimensional plan view center of the wall.

Wall Angle CCW
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This is the rotation of the wall's length axis. It is measured in degrees rotated counter-clockwise from
the "X" axis which is assumed to be horizontal to the model. For example, a 12" thick x 5'-0" long wall
(in plan view) that is rotated 90 degrees is oriented up & down and is parallel with the "Y" axis.

Elastic Modulus
This is the elastic modulus of the wall. You can modify this value to "play" with a wall's stiffness that
will result in a linear effect on the walls stiffness.

Wall End Fixity
Select Fixed-Fixed when the wall's top and bottom end rotations are completely restrained by
boundary elements (such as by walls above, large footing, etc.). When one end of the wall is free to
rotate select Fixed-Pinned. This entry will modify the calculation of each wall's rigidity (1/deflection).

Modeling hints
You can use this program to model all types of shear resisting elements. Note that Thickness and
Elastic modulus have a direct linear effect on the wall stiffness. The length and height values have a
non-linear effect (see stiffness equations to follow).

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results Tab
This tab shows the major calculated values for the system of walls entered.

Results |wwall Forces | Sketch |

Summary...
# Dist. to Center of Rigidity 97 114 ft
' Dist. to Center of Rigidity 03154 ft
# Accidental Eccentricity 10.000 ft
' Accidental Eccentricity 8000 ft

Torsional Moments from Y-Y Shear

o + (Min% Mad - Xor d1386ft = 586914 kit

Yo - (MinSe W ax) - Xor 11386f = 212914 k-ft
Torsional Moments from X-X Shear

Yo + (Min% Max) - Yor 27 346 ft = o HE s e

Yo - (Min%*Max) - Yor QadEft = 1,747 63 kft

Distance to Center of Rigidity
This is the calculated distance from the datum (0,0) point to the center of translational rigidity of the
system of walls.
The center of rigidity is calculated by:
e Forming a stiffness matrix for each wall. This matrix models each wall's stiffness about its length and

©1983-2003 ENERCALC Engineering Software



Structural Analysis Modules 43

thickness axis.
e Solve each matrix for wall rigidities
¢ Solve simultaneous equations for X and Y locations of center of rigidity.

Accidental Eccentricity
This value is the entered maximum X and Y dimensions multiplied by the minimum eccentricity
value/100 =(CR-CM)+ Accidental

Using the calculated center of rigidity and accidental torsion values that cause maximum wall loads,
these are the eccentricities used to calculate X-X and Y-Y axis torsions.

Torsional Moments from Y-Y Shear
Using the specified Y-Y applied shear force and applying it at an eccentricity equal to :
Center of Mass - Minimum Eccentricity - Distance to Center of Rigidity)
the applied torsional moments on the diaphragm are calculated. These torsional moments are then
used to determine the force along the length axis of the wall needed to resist it using the calculated
stiffness's of all walls in the system.

Wall Forces Tab
This is a summary of information table that shows wall number, eccentricity of wall's resisting
center to diaphragm's center of rigidity, and the direction and torsional shear components
calculated for the wall.

These components are then analyzed in all of their combinations to see which combination
gives the maximum force parallel to the "length" of the wall.

Results Wall Forces |Sketch |

Label | Eccentricity | Direct Shearz | Torzional Shears b ax Shear
| Lenk Thkk Along L k

[a e N p R g R Y PR ) —L

Eccentricity
This is the distance from the walls geometric center (entered as input as "Wall C.G. Location") to the
calculated "Center of Rigidity" of the system of walls you have entered.

Direct Shears & Torsional Shears

Max. Shear Along Length
Considering the center of rigidity for the entire system of walls, the maximum force to each wall is
calculated by:
¢ Using the individual wall stiffness values to calculate a polar moment of inertia.
e Using the applied shear force in each direction and wall stiffness's, to solve for the X and Y
deflections of the overall diaphragm system.
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e Calculating two torsional moments for the X and Y shear force, and determining which will yield the
greatest force to each wall.

e Using those torsions and the polar moment of inertia to calculate diaphragm rotations.

e Solving the forces in each wall that would be necessary to produce the wall deflection consistent
with diaphragm rotation at the wall's location.

Because of the stiffness matrix approach for determining rigidities and deflections, the actual number
of forces calculated for each wall is 32....one for each axis (2), one for each applied load (2), and two
for each accidental eccentricity (8). This equals 2 * 2 * 8 = 32 forces for each wall.

For each wall, the force applied to the wall in each direction is summarized as direct and torsional
shear, with the governing eccentricity of the applied load that created the torsional shears shown.

The table is difficult to understand when loads are applied along both axis at once, so we recommend
only applying a load along one axis for each run and printout.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper. The buttons at the
bottom of the tab control the display of additional information.
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Results |vwall Farces Sketch

CR.:[97.11.5315)

N —

Print Sketch

C.h.: (118.50,71.50)

N\

¥ Showwall Info

¥ Show Min Ecc. Region

¥ Show Final Forces

¥ Show Applied Load

Sample Printout

45
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EMERCALC Engineering Software Title: ENERCALC Example Problems Job # 97000001
PO. Box 188 Dsgnr: MD3 Date: 9 28FM, 22 OCT 03

i D iption . Collzcti (am
Corona del Mar, CA 92660 eseription : Collzction of example problems
Vaice: 949-645-0151 Scope: All pragrams in the Structural Engineering Library
www.enercalc.com

seopeexs  Rigid Diaphragm Torsional Analysis ~  Pae 1

| (2¥1823.2003 ENERCALC Engineering Sotuare e cBSienamples. eowfnalysis Calos

Description Example Problem, 8 Wall System, One Wall Angled

| General Information

Y- AXIS Shear 18700 K in X Axis Ecc 500 % ® Axls Center of Mass 1ig.a0ft
44 Axlg Shear 187 DOK i ¥ Axls Ece 500 % v Axls Center of WMass 71,501t
..Shears are applied an 2ach axis separately Wax £ Dimensian 200,001
Max ¥ Dimensian 180001
| Wall Data 5
Label Tnickness Lengtn Helgmt wall Xeqg walveq wall Anale wall End E
in ft L i’ deg CCW Fixity
| 0222 25 000 |7 500 167.500 179,660 0o Fli-Flx 3
z 0.222 35.000 17.500 199660 162.500 90.0 Fre-Fix 31
3 0222 20.000 13.000 190.000 0.333 0.0 Fie-Fix 31
4 0.222 30.000 13.000 155.000 45,000 135.0 Fix-Fix 31
5 0.222 40 000 13000 90,000 0,333 oo Fle-Flx 39
[ 0222 20000 |3 000 105.000 84 660 oo Fie-Fix a1
7 0222 28 280 13.000 10.000 T75.000 450 Fie-Fix 31
B 0222 28 280 13.000 10.000 10000 1350 Fix-Fix 31
| Calculated Wall Forces '
Lahe  -0C Locatian far Ma(imum Farces Direct Shears | Tarsional Shears k f\[:ﬁ's"'ﬁi—r
Az ft ¥, Lencth Thick Length Thick k |
1 oaon 27 316 2379 oooo 9338 0.000 -32.638
2 31,385 0 ooo T1.157 -0.000 13172 0000 84.329
3 0.aaa 27 345 -25 543 Looo 4.291 -0.000 -25.643
1 31.306 0.000 -52 862 -52.883 -5.327 -7.074 58.208
5 0000 27 36 57205 0.000 9573 0.000 -57.208
[ o000 27 35 -25 643 0000 -2 560 -0.000 -28.202
7 11.386 0000 -61 501 61.502 3953 -2.371 £51.501
B 11.386 0.000 -49 439 -49.440 47132 1.597 -45.438

X DIstance to center af Rigidity aT. 14t Cortralling Eccentricities & Forces from Applied v-¥ Shear
¥ Distance o Cemter of Rigidity 531541 Xem + (Min%Mad) -x<cr = 31.3861  Torsion = 5,969,114 k-1t

Aom - (MinT @i |- =-or = N 386 larsian = 212914 k-t
X Actidental Eccentricily 10,000 1t Cantralling Eccentricities & Forces fram Applied X<-« Shear
' Accidental Eccentricity 9.000 ft Yom + (Min%axdy) -Y-cr = 27348t Torsion = 5,113.63 kit
Yem - (MIn%*Maxy) - v-or = 9 3461 Tarsian = 1,747 63 k1t

2.4  Section Properties

This program determines section properties for built up sections with rectangles, hollow
circles, solid circles, and standard AISC steel sections.

AISC sections can be recalled from the database files and included in the built-up section.
W and C sections from the 6th, 7th, 8th, and Sth edition handbooks are available. They
can be rotated 90 deg, 180 deg, or 270270 deg desired

Calculated section property values are area, moments of inertia, center of gravity
location, extreme fiber distances, section moduli, and radius of gyration.
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| ENERCALE o\ ECSS EXAMPLES.ECW - Built-Up Section Property

Built-Up Section Property

SI:t'::f'; P Help | & Print ﬂ ¥ cancel « Save
General | Riesuits |s|w1¢n|
Description | Beam w/ vanous shapes attached Calculated Properties, ..
Towld&rea oo 53,7808 in2
#1 |22 |23 |#4 |25 |26 |27 |28 |20 |210] # cg Distance from Datum .. 0.0000 in
¥ eg Distance from Datum . . . . -39955 in
Type Rect I : I
Edge Distances from CG...
Height | 0.7500 }]in Width I 10.0000 §| mn g+x IIIIIIIIIIIIII 0000 in
¥og [ o000 3 in Yog [ 10700 3 in R -5.0000 in
R R 14.7726 in
e -15.8174 in
Secton#1 |sestion 2 | Section 23 | Saction 24 | Section =5 | b 4,980.2937 ind
Section | [wz1462 WY e S
M o o e [0 T s A 243
Section Centroid Location from Datum : g |§nh """"""""""" gg::g: mg
N _ FAOAE . ; i
deg [ o.oo00 §in Yes [ o.0000 & in o tcgp ..................... 337 1300 in3
Section Proparties Shottom ... 3148522 in3
Dapth | 20,9900 it [xx | 1.330.0000  ind
Width I 82400 in lyy I 57.5000 154
Araa | 18,3000 Ir2 Hbar | 41200 9
har I 10,4950 0

Basic Usage
Before starting data entry, be sure you have set up an X/Y coordinate system to
consistently reference all component locations.
For each rectangular shape, enter the height, width, and center of area from the
datum.
Circular sections are entered by specifying the outside radius and thickness. The radius
is measured from the center to the outside of the circular shape. Set thickness to zero
for solid sections, or non-zero for hollow pipes.
For AISC sections, this distance will locate the section's centroid position. The program
knows the centroid location of AISC members with respect to their own extreme fiber
locations. However, you need to enter the location of the shape's actual centroid in
relation to the other rectangular and/or circular shapes. Be careful, as this can be
tricky when entering channels, angles, and tee sections that are rotated.
This program will allow entry of solid circular or pipe sections. When a solid circular
section is to be used, the user simply enters 0" for thickness of the circular shape.
A unique feature allows the user to specify whether the X and Y axes of AISC sections
should be turned +/-90 degrees.

Assumptions & Limitations
The program operates on a simple calculation procedure:
¢ Calculate the moment of inertia of each shape,
¢ Calculate the neutral axis of the group of shapes, and
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¢ Calculate the moment of inertia of the group using I + A*D2 equations.

More complex analysis such as polar moment of inertia, plastic moduli, and buckling
constants are beyond the scope of the program.
To calculate the section modulus, the program checks for the most distant portion of any
shape from the calculated neutral axis on all four sides. The appropriate X-X or Y-Y
moment of inertia is then divided by this distance (fiber distance) to get the section

modulus for each of the four sides.

Example

The data entry for this example is shown in the screen captures that accompany the Data
Entry Tabs and Results & Graphics Tabs sections to follow.

D aturn
Center of Grawity
———

[ atum

Center of Grawvity

i

L

Data Entry Tabs

Center of Gravity
Draturn

Cratum

Center of Gravity

This set of tabs provides entries for all input in this calculation. While you are entering data
and switching between these tabs you can view the desired resulting information on the
tabs on the right-hand side of the screen (calculated values, sketches, diagrams, etc.). A
recalculation is performed after any entry data is changed. After each data entry you can

view the results on the right-hand set of tabs.

General Tab

This tab provides all the data entry locations. It is divided into two areas: (1) to define rectangular and
circular shapes and (2) To add AISC rolled sections.
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General

Description | Beam w/ various shapes attached

#1 |#2 |#3 |#4 |#5 |#5 |#7 |#8 |29 |#10]

Type I Rect I :I
Height I 0.75%00 3; in Wyidth I 100000 3: in
=t | 0.0000 3: in ' cg | -10.8700 3: in

Section #1 |section #2 | ection #3 | Section #4 | Section #5 |

Section | |w21x62
Rotation Angle : Counter-Clackwise I ] |:I deg

Section Centroid Location from Datum :

ALY ITm]i’in Yoy Im in
mection Properties
Cepth Imin 3 Im ind
Width [ 82400 in v [  s57.5000 ind
Area Iminz #har IW if
Yhar Im if

General Shapes
This area contains small tabs #1 thru #10 which each are used to define a rectangular or circular item.
The screen image above shows data entry for a rectangular section. By changing the drop-down box
to "Circular" you would see the entry prompts below:

#1 |#2 #3 |ea |#s5 |#6 |#7 |#e |#9 |#10|

Type

FRadius I 2 7840 3: in Thick I 0.5210 3: in
X Ci | 0.0000 3: in ' cg | -17.0290 E|: in

Each shape input provides for the size of the item and the X & Y distance from a datum point where
the CENTER OF GRAVITY of the section is located.
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Also note that for "Circular" section types you can enter the inside diameter thus allowing solid circles
and hollow pipes.

Rectangles
Enter the dimensions of square or rectangular shapes to be included in the analysis on each line. Also,
enter the location of the center of gravity of this shape with respect to a datum point you have chosen.
Distances from the datum can be positive or negative.

Circular Sections
Enter the dimensions of solid circular or hollow pipe shapes to be included in the analysis in this
location. Also, enter the location of the center of gravity of this shape with respect to a datum point
you have chosen. Distances from the datum can be positive or negative. The Radius entry means the
outside radius.
To specify a solid circular section, set the entry for Thickness equal to zero. This will signal the
program that the circular section is solid. For any other circular shape that has a hollow circular core,
enter the wall thickness (not the inner diameter).

Distance to C.G.
This distance locates the center of area of each shape with respect to a datum. Locations may be
positive or negative.

AISC Rolled Shapes
In the lower area of the tab you see five smaller tabs that provide data entry locations for up to five
rolled AISC sections. To specify a section t be used either type in the section name in the entry area
and press the [Tab] key -or- use the [Section] button to use the built in steel section database.

Angle 0/90 deg.
This entry allows you to orient the section at 0, 90, or -90 degrees. 0 degrees specifies the typical
orientation with the Y-Y axis vertical. 90 degrees rotates the section counterclockwise 90 degrees. -90
degrees will rotate the section clockwise 90 degrees (to allow channels to be oriented open end
down).

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

©1983-2003 ENERCALC Engineering Software



Structural Analysis Modules 51

Results iSI-:etch |

Calculated Properties...
TotalArea ... ... ... ... .. £9.7908 inZ
# cg Distance from Datum .. .. 0.0000 in
Y cg Distance from Datum ... -3 8956 in
Edge Distances from CG...
e e ey 6.0000 in
S -6.0000 in
L e et 147726 in
S -15.8174 in
B 4 8980.2937 ind
B 3729328 ind
e e e e 41266 in
Y 24975 in
o T T B2 15550
Srght ... B2.1555 in3
] Bl s
Srhperms 314 B622 in3

Total Area
The total area of all defined shapes, including the area of any AISC sections which have been included
in the analysis.

X Distance to Center of Gravity
Using the locations of the center of gravity of each entered shape and AISC section data, static
moments are taken about each X and Y datum and the center of gravity distance from the datum is
determined.

Edge Distance from C.G.
This is the distance from the Center of Gravity (more properly the center of area) of the composite
section to the most extreme fiber in each direction.

Inertia : Ixx & Iyy
The overall moment of inertia of the composite section is determined by applying the following
equation to all the defined shapes:
I-xx + (A * dy2) and I-yy + (A * dx2)
where d = Distance from the shape's C.G. to the overall C.G. of the composite section.

Radius of Gyration
The radius of gyration of the composite section is determined using the typical equation: (Ixx/ A )V
and (Iyy / A)2

Section Modulus : S
These values are the calculated section moduli of the composite section. The values are determined by
dividing Ixx or Iyy by the fiber distances above, below, right, and left of the center of gravity of the
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section.

Sketch Tab

This tab provides a sketch of the beam with loads and resulting values shown. Using the
[Print Sketch] button will print the sketch in large scale on a single sheet of paper.

Results Sketch |

Print Sketch

Dratum
Center of Gravity
=

[ atum

Center of Gravity

i

L

Sample Printout

Craturm

Center of Graviky

Center of Gravity
Dratum
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EMNERCALC Engineering Software Title : ENERCALC Example Problems Job # 97-000001
F.0. Box 188 Dsgnr: MDBE Date: 9:54PM, 22 OCT 03

Corona del Mar, CA 92660 Description : Collection of example problems

Voice: 949-645-0151 Scope: All programs in the Structural Engineering Library
www.enercalc.com
Rav: 5E0000
- FOALDEN3186, Ver 5 8.0, 10-Sep-2 ik- i i Page 1
| :i:e;l f_-'L‘EL‘FSD%HgI';rRE;L:\".‘BE?fg:llce:_l-:r;g“fggawale Bu'“ Up SEChon Propertles chechlexamples.ecw Analysis Calcs
Description | Beam w/ various shapes attached
General Information I
Type... Xeg Y cg
#1  Rectangular Height 0.7500 in Width 10.0000 in 0.0000 in -10.8700 in
#2  Rectangular Height 3.0000 in Width 1.0000 in 0.0000 in =12.7450 in
#3  Circular Radius 2.7840 in Thick 0.5210 in 0.0000 in -17.0290 in
|__Steel Shapes I
#1: Name W21x62 Angle 0 deg  Depth 209900 in  Ixx 1,330.0000 ind
Location of Centroid from Datum Width 8.2400 In lyy 57.5000 in4
Xcg 0.000 in Ycg 0.000 in Area 18.3000 in2  Xbar 4120 in
Yhbar 10.495 in
#2. Name C12x20.7 Angle 90 deg Depth 12.0000in Ixx 128.1000 in4
Location of Centroid from Datum Width 2.9400 lyy 3.8800 ind
Xcg 0.000 in Yeg 10.079 in Area 6.0300 in2  Xbar 0.698 in
Yhar 6.000 in
#3. Name LBx8x1-1/8 Angle 0 deg Depth 12.0000 in 10 98.0000 in4
Location of Centroid from Datum Width 8.0000in  lyy 98.0000 in4
Xcg 0.000 in Yeg -2.350 in Area 1E:3,]r"(lll2lfli 2 Xbar 2410 in
N< Ybar 2410 in
Summary o o =
Ixx 4,980.294 ind r 9.1266 in :
Tolal Area 59.7908 in2 Iyy 372,932 ind ryy 24975 in
X egDist. 0.00001In Edge Distances from CG...
Y cg Dist. 3.9956 In +X 6.0000 in S left 62.1555 In3
=X -6.0000 in S right 62,1555 In3
+Y 14,7726 in S top 337.1300 in3
=Y -15.8174 in S bottom 314.8622in3

2.5 Pole Formula

This program determines actual soil pressures and required depths for footings primarily
supporting lateral loads. Such footings are commonly called Flagpole footings. Since
applied top moment generates lateral soil pressures that usually govern the design, these
footings typically have a depth/width ratio of 2:1 and greater.

Cases with and without lateral restraint at the ground surface are allowed. Evaluation of
actual and allowable pressures is in accordance with 1994 U.B.C. Section 1806.7.
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(B ENERCALE e\ ECSS\EXAMPLES.ECY - Pole Embedrment in Soil
Pole Embedment in Soil
}:;:::’ 6 peint £| P cancel o Save
General | Rasults |s|w1¢n|
Description wcular pole with Point & Uniform Loads Results...
Marments @ Surface.
Baint|pad s e 56,000.00 -
Distrbuted load ... ......... 19,600.00 #-%
Allow Passive ... ... .. | 250.0 g pcf
Max Passive | 1.500.0 H psf Total Moment .. ............ .. 75.800.00 %%
Lezd duration tactor ... Iﬁg TotalLaeeral . .,.............. 9.800.00lbs
—Pale Shape
Lt e | Witheut Surface Restraint...
& = . RequiredDepth . ... ... ___..._. 13.675ft
B e s e | 24000 ﬂ in Bress @ 1/3 Embed. .
- Burface Restraint Bl e s 1,328 88psf
& No . Yee | Albarabie . 1,330:00p=f
Applied Loads... (Disances are shonis ground aurmace)
PaintLload ... ... .._._. 7.,000.00 g Ihs
distance from base . . .. 8.000 3 ft
Code Rel:
Distributed Load . . .. .. .. 350.00 g#ﬂl 1947 UBC section 290792
distancetotop ... 11.000 2 it 2003 IBC 1805.7.2
. 2003 MFFP& 5000 364 .3
distance to bottom . . . .. 3.000 ﬂﬁ
‘87 UBC 2807g2, 2003 |BC 1805.7.2, 2003 NFPA 5000 36.4.3

Unique Features

e This program allows you to design up to five pole footings on one calculation sheet.

¢ You can enter a point lateral load, partial length distributed lateral load, or both, to
apply shear and moment at the top of the footing.

e This program is a straight application of the Uniform Building Code formula

referenced above.

Assumptions & Limitations

¢ Allowable passive pressure is assumed to increase linearly with depth, up to the

specified maximum.

e When surface restraint is specified, the restraint is assumed to be rigid and able to

resist lateral reactions.

Example

The data entry for this example is shown in the screen captures that accompany the Data
Entry Tabs and Results & Graphics Tabs sections to follow.

©1983-2003 ENERCALC Engineering Software



Structural Analysis Modules

350,00 pli . Paole Cross Section Shape
— 7000.00 by e | 18.00R
360,00 b 2008
Free ta Raotate at Soil Surface S il Sykac 2.00 &
1712 ft Depth

—_—

Data Entry Tabs

55

This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on

the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,

etc.). A recalculation is performed after any entry data is changed. After each data entry

you can view the results on the right-hand set of tabs.

General Tab
This tab contains all the date entry items for this calculation.
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General

Description Circular pole with Point & Uniform Loads

Allow Passive .. .......... | 250.0 3] pcf

Max Passive oo | 1,500.0 3] psf

Load duration factar . ... ... | 1.330 3|
Fole Shape

’7 " Rectangular & Circular

Ebl iRl S ol e e e 24.000 4 in

Surface Restraint
’7 & Mo - Yes

Applied Loads... (Distances are above ground surface)

PointLload .. ... ... ... | 7.000.00 i| lbs
distance from base . . . | 2.000 i|ft
Distributed Load ... . | 350.00 5| #ft
distancetotop ... ... .. | 11.000 3 ft
distance to bhottorn ... . | 3.000 i|1‘t

o7 UBC 280792, 2003 BC 180587 .2, 2003 NFPA 000 36.4.3

Allowable Passive Pressure
The allowable lateral force the soil can withstand. This value will be increased per foot of vertical

embedment depth. For example, at 4'-0" below the surface allowable lateral pressure entry of 150
psf/ft would be able to resist 150 * 4 = 600 psf.

¢ Regardless of maximum value entered in the next entry the allowable pressure will not
be raised when the depth of embedment is below 12'-0".

Max Passive

Maximum allowable passive pressure regardless of depth, and load duration factor to be used to
increase the allowable pressures. Per code

Load Duration Factor

The load duration factor will be applied to the allowable lateral passive pressures. This number will
then be used as the allowable pressures used to determine footing embedment.

Pole Shape
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Use this section to specify whether the pole is round or square. If the pole is specified as square, the
dimension entered is multiplied by 1.41 to arrive at an equivalent width dimension for calculations.

Pole Diameter / Pole Width
Enter the width or diameter of the footing, and specify whether a round or rectangular footing is used.
Width is measured perpendicular to force direction.

Pole Restraint
Specify whether the footing is free at the ground surface or restrained and cannot rotate. A Restrained
footing indicates that a concrete slab or other rigid element only allows rotation of the top of the
footing without translation. When specifying a restrained footing, you must assure yourself that the
final force required to be restrained at the top can be provided.

When ground surface restraint is present, the lateral pressure value that will govern the
design will be at the base of embedment.

The program will iterate (solving the indeterminate equations) until the minimum embedment depth is
determined.

Applied Loads
Point and Distributed Loads. Two types of loads may be entered; concentrated load applied at some
point above the ground, or a partial length uniform lateral load. The program will combine both
loading's and use the resultant moment and shear force at the ground surface.

Results Tab
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Fesults |
Results...
Moments @ Surface. .
i B e e 86,000.00 ft-#
Bl lieEml s s o 19 600.00 ft-#
e EN O e S ¥5 60000 -7
faptltEa e ol e e §.800.001hs

Without Surface Restraint...

Required Depth . ... ... ... .. 13.875ft
Press @ 1/3 Embed. .
AR S e s e S s 1,328 BB psf
Alowable ... 1,330.00 psf
Code Ref:

1997 UBC section 2807092
2003 IBC 18058.7 .2
2003 MFPA 5000 36 4 3

With Surface Restraint...

Il —— 9.000ft
Fressure @ Base. .
Actual ..o 1,995
el e i,

Surface Festraint Force

Moments @ Surface
This moment results from applying both point and concentrated loads to the pole (above soil) at their
respective distances above the soil surface

Total Moment

Total Lateral Load
This force is simply the sum of point and distributed lateral loads applied to the pole.
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Without Surface Restraint
Required Depth : Based on the 1988 UBC 1806.7 formulas shown on the next page, the minimum
required embedment depth is calculated to satisfy allowable soil pressures.

For poles not restrained at surface:

Depth = A2*[ 1+ (1+ (4.36%h/A))12]
A = 2.34P/(S1*b)
P =  Applied lateral force, Ibs

S1 =  Allowable Lateral passive pressure at 1/3 embedment * LDF
b Diameter or width of footing or pole
h Height of point of load application

Actual @ 1/3 Embedment : This is the location of maximum lateral pressure for non-restrained
footings. Considering the applied loads, pole footing dimensions, and calculated length of embedment,
the actual lateral pressure at 1/3 of embedment depth is given here. It is calculated using a modified
version of the formula used to calculate depth of embedment.

Allow. @ 1/3 Embedment : The allowable passive pressure (after application of the load duration
factor) is multiplied by 1/3 the pole embedment, compared with the limiting value, and the smaller
value used. This number is then multiplied by the load duration factor to get the final allowable
pressure at 1/3 embedment.

With Surface Restraint
Required Depth : Based on the formulas to follow, the minimum required embedment depth is
calculated to satisfy allowable soil pressures. Per U.B.C Section 1806.7 :
Depth = (425*P*h/(S3*b))"

P = Applied lateral force, Ibs

h = Height of point of load application, ft.

b = Diameter or width of footing or pole, ft.

S3 =  Allowable lateral bearing pressure at base of embedment

Allow. @Base of Embedment : This represents the maximum allowable pressure at the base of
embedment, and is given only for poles with lateral restraint at the ground surface. It equals the
maximum allowable passive pressure multiplied by the load duration factor.

Actual @ Base of Embedment : The allowable passive pressure (after application of the load
duration factor) is multiplied by the footing depth, compared with the limiting soil pressure value, and
the smaller value used. This number is then multiplied by the load duration factor to get the final
allowable pressure at the base.

Surface Restraint Force : When surface restraint has been specified, the lateral force acting at the
surface is given. The user should verify that this force can be resisted.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.
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Results Sketch

350.00 pl

7000.00 b

rUHEIRHHEHH

350.00

Free to Rotate at Soil Surface

. Pale Crozsz Section ShaEe

ﬂ 18.00 f
oo d

Sail Surfpesd 42 00R

1712 1t Depth

Sample Printout
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ENERCALC Engineering Software Title : ENERCALC Example Problems Job # 97-000001
P.O. Box 188 Dsgnr: MDOBE Date: 10:49PMW, 22 OCT 03
Description : Collection T
Corona del Mar, CA 92660 P Collection of example problems
Voice: 949-645-0151 Scope : All programs in the Structural Engineering Library
www.enercalc.com
L e Pole Embed tin Soil Fage 1
% |,r~? I'.’.GR-\.?rm‘\; Fi‘JFPIE-‘f_":J-'-'J [+ Fl{jlﬁg;.': ng- Software ole mbedament in ol checSShe xamples ecwAnalysis Cales
Description Circular pole with Point & Uniform Loads
[ General Information Cods Ref: 1997 UBC section 2907g2, 2003 IBC 1805.7.2, 2003 NFPA 5000 36.4.3 i
Allow Passive 250.00 pef Applied Loads..
Max Passive 1,500.00 psf Foint Load 7,000.00 Ibs
Load duration factor 1.320 distance from base 8.000 ft
FPole is Circular
Diameter 24.000 in Distributed Load 350.00 #/f
Mo Surface Restrant distance to top 11.000 f
distance to bottom 3.000 #t
Summary
Moments @ Surface...
Paint load 56,000.00 ft-# Total Moment 75 60000 ft-#
Distributed load 19,600.00 Total Lateral 9,800.00 Ibs
Without Surface Restraint...
Fequirad Depth 13.875 ft
Press @ 1/3 Embed
Actual 1,228 68 psf
Allowable 1,230.00 psf

2.6 Pile Group Load Distribution

This program distributes a concentrated load applied on a rigid pile cap to a group of
piles. Force distribution is performed assuming a rigid pile cap and that all piles having
equal vertical load resistance.

Distribution of loads to each pile due to the effect of load eccentricity is determined using
a skew bending analysis. This considers simultaneous action about both X and Y axes.
The program is also an efficient method for determining loads on a pile group in the as
driven arrangement.
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-'ﬁ( MERCALC chECST\EXAMPLES.ECW - Pibe Group Analysis
Pile Group Analysis

Tools &
Settings

General |

Description

Seven ple system wd X &Y load eccentrcitiy

Tetal Asplied Load 26290 & &

¥ Distance to Load 16.000 44 1t

Y Distance to Load 10500 -2 ft

Pile Locations....
# Location ¥ Location

Rl 200 3 # 4.00 3f &
D e 200 4 f 5.00 3 &
S [ 7.00 3 f | 1200 ®
R [ 300 3 f | 16.00 3 f
PR [ 37.00 3 f | 300 3 #
Boviiiinin, [ 32003 # [ B.50 3 f
P [ sroog® [ 16oogf
B [ oo 4 f | n.oo 3 f
B [ oo 4 f | n.oo 4 f
LR | 0.00 4 f | 0.00 4

& Print ﬂ ¥ cancel « Save
Rasuits |sm¢h|
C.5. Distance from Daturm Moments...
X 1800 f A Axie 9534 k-
i S54 ft oY A SEXE A0 k-
Load Distance from C.G. of Piles Moments of Inertia
¥ 20600 N Axis 161000 ftd
o 0857 # KX Axie 16636 fid
Y Agis S5O0 fl
b o 313600 18
DL Faorces from Rotation
Load f#Piles  Y-¥ Asis Aol Az Pile Reaction
1 37.56 416 LGk 3335 K
2 37.56 567 -2 43k 40.79 k
3 3756 418 349k 4521 k
4 37.56 5567 942k 5265 k
5 37,56 -, 18 S84k 20,53 k
i o3 A28 -85k H57 k
& 37,55 -7 18 G40k .78 k
& 0.00 000 000k 0.00 k
o 0.00 000 000k 0.00 k
1 000 oo OO0k 0,00 k
26240 k

Basic Usage

¢ Define the coordinate system, locating the applied vertical load and piles locations.
For ease of use, it's wise to set up the system so all offset distances from the datum

are positive.

e Enter Load and Location for vertical loads only. Enter X and Y distances from the
datum to center of applied load.

e Enter Pile X and Y locations from the datum to the center of each pile.

¢ Note: Only the first pile may be specified at location (0,0). For pile # 2 -> #10, at
least one distance must be non-zero. The first (0,0) location encountered in rows #2
-> #10 will signal that the previous line was the last pile in the group.

e Assumptions & Limitations

e The pile cap is assumed rigid and the distribution is performed by calculating the
properties of the pile group.

e The program doesn't calculate punching shear or other such detailed items for a pile

cap.

Example

The data entry for this example is shown in the screen captures that accompany the Data
Entry Tabs and Results & Graphics Tabs sections to follow.
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& LG of File Group
# : Load Location

File 1:2 =675, =400, Force =33.37 k
Pile 2 = = 3.00,% = 8.00, Force = 4066 k
File 3: = 7.00.% =12.00, Force =45.08 k
File 4 :» = 3.00, v =1E.00, Force =524Ek
Pile 5 : x4 = 37.00.% = 3.00, Force = 2071k
Pile B : 2 = 32.00.% = 8.50, Force = 3068 K
File 7 = = 37.00,% = 16.00, Force = 33,30k

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
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General

Description Seven pile spstem w/ X & ¥ load eccentricitry
Tatal Applied Load I 62,90 il k
¥ Distance to Load I 16.000 il ft
¥ Distance to Load | 10,500 il ft

Pile Locations....
# Location Y Location

4.00 5 ft
8.00 5 fi
12.00 4 ft
16.00 o ft
3003 f
850 3 ft
16.00 + ft
0.00 3 ft
0.00 3 ft
0.00 5 ft

sl

Total Axial Load
Enter the total Vertical load to be distributed to the piles in the pile group using the coordinate system
you have defined. This indicates the distance from the datum (0,0) point to the point of load
application. Note! Only vertical loads are allowed; no lateral shears.

X & Y Distance to Load
Distance from "Datum" point to where the load is applied.

Pile Locations
Distance from "Datum" to the pile.

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.
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Results Tab
Results
C.G. Distance from Datum Moments...
- 158.00 ft AR B 22534 k-t
b 964 ft Y- Aie 52580 k-t

Load Distance from C.G. of Piles Moments of Inertia

4 -2.000 1t W A 1 610,00 ftd
i 0.857 ft Ao A 16536 ftd
- Aais 5500 ftd
e 3,136.00 8
iR Eubesss Forces from Rotation
Load f # Piles Y- Axis e Axis Pile Reaction
1 a7 .56 4 15 836 k 3335 k
2 a7 .56 567 -2 A3k 4079 k
3 37 .86 415 3.49k 4521 k
4 37 .56 567 9042k 5265 k
& 37 .86 -F.18 -0 84k 2053 k
B 37 .8F 529 -1.69k 3057 k
7 37 .8R 718 9042k 3879 k
g 0.00 0.00 0.00k 0.00 k
g 0.00 0.00 0.00k 0.00 k
10: 0.00 0.00 0.00k 0.00 k
262.90 k
Center of Gravity

Using a simple center of gravity calculation assuming each pile is of equal resistance, the neutral axis
of the pile group about both axes is determined.
Load Ecc. from CG
After the center of gravity of the pile group is located, the eccentricity of the applied load to the C.G. is
calculated and will be used to determine the X-X and Y-Y axis moments on the pile group.
Group Inertia About Axis Ixx and lyy are calculated by using:

I = SUM(A*d2)

where...
d = Distance of each pile from the center of gravity

X-X & Y-Y moments
Using the applied load and eccentricity from the pile group center of gravity, the X-X and Y-Y axis
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moments on the pile group are calculated. This will be used in the equations detailed below to
determine the loads to each pile.

Summary Of Pile Loads
Pile Number : Reference number for your convenience.

Coordinates : According to the user-defined coordinate system, enter the X and Y distances of each
individual pile from datum (0,0).

Load/ # Piles : This equals the total applied load divided by the number of piles.

Force from Rotation : Represents the force applied to each pile as a result of the induced moment
about the X and Y axes.

The X-X axis bending load is calculated as:
[Mx * Iy - My * Ixy]lY  + [ My * Ix - Mx * Ixy IX
Iy*Ix - Ixy2 Iy*Ix - Ixy2

The Y-Y axis bending load is calculated as:
[My * Ix - Mx * Ixy]lY  + [ Mx * Iy - My * Ixy]X
Ix*Iy - Ixy2 Ix*Iy - Ixy2

Pile Reaction
The total pile reaction is equal to the sum of the previous calculated forces.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.
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Results Sketch

® LG of Pille Group
# : Load Location

Pile 1

Pile 2 :
Pile 3

Pile 4

Pile 5
Pile G :

Pile 7

:#=679% =400, Force = 3337

= k
#=300% =800, Force = 40.B6 |
wo=7.00,% =12.00, Force = 4508 k

(¥ =300% =16.00, Force =52 461
s = 37.00,% = 3.00, Force=2071k
#o=3200,% =8.50, Force=3065k

(¥ =37.00,% =16.00, Force =33.90k

Sample Printout

67

©1983-2003 ENERCALC Engineering Software




68 ENERCALC
ENERCALC Engineering Software Title : ENERCALC Example Problems Job # 97-000001
P.O. Box 188 Dsgnr: MDB Date: 11:06PM, 22 OCT 03
0. Description : .
Corona del Mar, CA 92660 Scriplion : Collection of example problems
Voice: 949-645-0151 Scope : All programs in the Structural Engineering Library
www.enercalc.com
T —— i i Page 1
l Ei;‘l_isg:éjjiﬂ ENrEI.:‘:é.iL'CFégl'g::egli'lll-r;-ggﬁware P Ile G rou p A na IySIs checiSexamples.ecw:Analysis Calcs
Description Seven pile system w/ X & Y load eccentricitry
I General Information .
— o e o
Total Applied Load 26290 k X Distance to Load 16.000 ft
Y Distance to Load 10.500 ft
|Input & Results .
X Location Y Location Load / # Piles Forces from Rotation k
ft Y-Y Axis X-X Axis Pile Reaction
1: 7.000 4.000 37.56 4.16 -8.36 33.35
2 3.000 8.000 37.56 5.67 -243 40.79
3: 7.000 12.000 37.56 416 3.49 4521
4: 3.000 16.000 37.56 5.67 9.42 52.65
5: 37.000 3.000 37.56 -7.18 -9.84 2053
6: 32.000 8.500 37.56 -5.29 -1.69 30.57
T 37.000 16.000 37.56 -7.18 9.42 39.79
e B«
Xcg from Datum 18.00 ft Y-Y Awis Inertia 1,610.00 ft4 Moments...
Ycg from Datum 964 ft X-X Axis Inertia 166.36 fi4 X-X Axis 22534 k-t
X Load Dist from CG -2.000 ft X-Y Axis Inertia 56.00 ft4 X e “ERE R
Y Load Dist from CG 0857 ft XY*2 Inertia 3,136.00 #8
2.7  Multi-Story Wind Load Analysis

This program calculates the wind pressures on a structure where the wind force will vary
with height. Analysis is performed per 1994 UBC Section 16 Division II, Section 1613 ->
1618, which uses Ce, Cq, gs, and I to calculate wind pressures at different heights on a

structure.

The user can enter floor to floor heights for the program to use in calculating the wind
pressures, and enter tributary widths for the calculation of total story shears at each

level.
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-'“( MERCALC chECSS\EXAMPLES.ECW - Multi-Story Wind Forces
mMulti-Story Wind Forces

Pt T Help | G print

£| . cancel | o  Ssave

General [Foses Table | Results [skaten |
Description xzample Pioblem,
Level| Ce [ Ca Lakheral |J_tm | Slap
I I I [psf) Fik] | Ve | N
1 A 1400 4726 2456 100633
4 1382 1.400 A4 89 6953 35089 456 162
E 3 1.302 1.400 4229 29499 62042 1,262.708
A e L c [ 21138 1400 3R91 23751 #7541 2.400.742
See U7 UBC Dafinition, Py 29 1 0L0B0 1400 3443 21.452 111.292 3.847.538
Gy : Prassure Coeficient - .- _ . . .. _. 1.4 I :I
See 97 UBC Tabls 16-H, Fg2-a%
Impadarce Factor. . .. ........... ... ... 1 | :I
See 97 UBC Tabie 16-4 Fg2-25
Bagic Wind Speed . e 9% 00 E
See 97 UBC Wind SpeetMaw, P =38
Qs . Wind Stagnation Pressur . ... .00 0 23,200 pst
Rarapet-Balght 5 s 5.00 E, it
Lateral i Base Level = 10,070 k
Total Base Shear = 13218 k
Baze Moment = 4882056 k-t

Basic Usage

This program performs a simple tabular summary of wind pressures, and basic usage
consists of entering the wind pressure criteria, selecting the number of stories, and
entering the floor to floor heights and exposed widths.

Basic usage follows these steps :

¢ Study your particular wind pressure area and design criteria, and enter the Height,
Exposure, and Gust factors, Pressure Coefficient, Basic Wind Speed, and Importance
Factor. The Wind Stagnation Pressure will be automatically read from an internal
table after the first calculation is performed.

e Enter the distance the building wall extends above the top framing level in the entry
Parapet Height. The load at the top level will be calculated as this height plus
tributary force on ' the distance to the level below.

e Continue to enter the Level Height and Exposed Width for each level that is above
grade. Exposed width is used directly to calculate the tributary wind force at that
level.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.
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Top Press. = 48.07 psf
24 45k

2622k

24E6k

2265k

2032k

Baze Press. = 34,42 psf

Level Farce

e ] B0

13.00 f
-y —

13.00 ft
-y ——

13.00 ft
—p —

13.00
—y ——i

13.00 f

Data Entry Tabs

This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
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General |Force Table

Description Example Problem,

Exposure . ... ... | C L'_I
Seg 97 UAC Definition, Fg 29

Ers Frecsire Coefiicient s n s snnnnneen | 1.4 |_'J
Seg 97 UBC Table 16-H, P332

linpaitance Faelol e e e | 1 I;I
See 97 UAC Table 16~ Pga-33

EasiciindSpeets i | 95 00 il
Seg 97 UBT Windg Speed Mg, Pg 2-38

(s Wind Stagnation Pressure . ... ... ... .. 23200 psf

Parapet Height ... ... ... ... .. .. .. .. 5 00 il ft

Exposure

Enter the type of exposure the structure will be exposed to per section 1994 UBC section 1614.
Exposure B is for terrain that has buildings, forest, or surface irregularities 20 feet or more in height,
covering at least 20 percent of the area within one mile of the structure. Exposure C is for terrain that
is generally open, extending %2 mile or more from the site in any full quadrant. Exposure D is for wind
speeds in excess of 80mph (129 km/h) and has terrain that is flat and unobstructed facing large bodies
of water. Please see the UBC for more in-depth descriptions.

Cq = Pressure Coefficient
This factor, which varies from 0.5 to 3.0, can be obtained from UBC Table 16-H. It pertains to the
general composition of the structure that the wind load will be applied to.

I:Importance Factor
Enter the "I" factor from UBC Table 16-].

Basic Wind Speed
From UBC section 1616 and 1994 UBC Figure 16-1.

Qs = Wind Stagnation Pressure
This value is read directly from UBC Table 16-F, which is stored internally. Based directly on the user
defined Basic Wind Speed.

Force Table Tab
This table is the actual analysis of the wind forces on the structure. The calculated Design
Pressure for each level height will be applied over the Exposed Width to yield the total lateral
force per level. This lateral force will be added down the height of the structure, level by level,
to calculate the Story Shear. Similarly, the lateral force will be multiplied by the appropriate
lever arms to give the Story Moments .

©1983-2003 ENERCALC Engineering Software



72

ENERCALC

General Force Table

Level Height Expozed
ft Width [t
5 ; i
4 h2.00 45.00
3 39.00 45.00
2 26.00 45.00
1 13.00 45.00

Delete Change Add

Level
This is the story label for the level. It will be numbered automatically from the highest floor downward.

The table is automatically sorted in order of highest to lowest "Height".

Height
The user should enter the height of each level above the base for the analysis. This height will be used
to recall the various Exposure Coefficients from the internally stored UBC Table 16-H.

Exposed Width
Enter the width of the structure to which the Design Pressure should be applied, for calculating the

shear force per level.

Add, Change, Delete Buttons
These buttons control your modifications to the table of story information. Pressing Add or Change
displays another window where you can specify the floor information. Here is what it looks like :
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Lewvel ID Number : 5 J
Lenal Height | 650000k AP YKL Ok
(abowve Base)
Exposad Width | 45.000 ¥ | 4| ft x
Cancel
Results & Graphics Tabs

This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results Tab
This table provides a table of the calculated values for each floor level.

Results |Sketch | Design Pressure Liatl

Level| Ce Cq Preszure | _Lateral Story Story

(psf) Fk] | ¥I(k) M [k-ft]
h o |1.4858[ 1. 400 4726 24086 10633
4 (1.382] 1.400 44 89 26.226) 35089 456162
3 (1.302 1.400 4229 24 666 B1.315( 1.253.257
2 (1.198) 1.400 3891 22653 85981 2.371.015
1 (1.060( 1.400 34,43 20327 108.635( 3.783.268
Lateral & Base Level = 10.070 k

Total Base Shear = 128.399 K
Base Moment = 4,768.613 k-1t
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Level
This is the story label for the level. It will be numbered automatically from the highest floor downward.
The table is automatically sorted in order of highest to lowest "Height".

Ce
Based upon the Level Height above the base and the Height/Gust/Exposure factors the user has
entered, this value is read from the internally stored UBC Table 16-H.

Cq
This value is automatically inserted from the previous input.

Design Pressure
For each level, the design pressure is determined by calculating UBC Formula 18-1 for the values
entered. This design pressure is then applied to the Exposed Width to calculate the lateral force being
applied at each level.

Lateral Force
This is the product of the Design Pressure * Exposed Width * Height Between Floors above & below,
and is the force applied to each level for calculating Story Shear and Story Moment.

Story Shear
The Story Shear at each level is calculated by adding the Lateral Forces at and above the current
level.

Story Moment
The Story Moment at each level is the summation of all the lateral forces above the current level times
their moment arms.

Base Totals
This are the total shear and overturning moment at the base of the structure.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.
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Results Sketch |Design Pressure List

Level Farce
Top Press. = 48.07 psf
] 5.00
2445k *%
13.00 f
o2k e —F
13.00 f
24B6k W —
12.00 f
22E5k P —
12.00 f
032k ™ —¢
13.00 f
Baze Press. = 34.42 paf

Design Pressure List
This tab shows the calculated wind pressure for the entire height of the structure you have
entered. The total height is divided into 400 increments and the pressures give. To calculate
the total force per level the individual pressures are totalled for 1/2 the level height above and
below.
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Results | Sketch Design Pressure List

This list shows the pressure gradient used on the multi-stony
model. 400 pressure points are calculated from base to the
top of the parapet. Tributary pressuares at each level are
calculated by taking this pressure *width * incremental height
for the tributan: height above and below the level height.
Height abowve Baze Preszure -
[ psfl ||
0000 48,07
B3.825 43.04
B9.649 43.0
B9 474 47 53
£9.298 47 96
F3.123 47593
G947 4780
63772 47 87
Ba.596 47 84
B34 473
6246 4779
Ba.070 47 7R
678595 47 73
E7.719 4770
B7.544 47 67
67368 47 B4
E7.193 47 61
B7.018 47 59
BE.842 47 BR
BE.6EY 47 53
BE. 451 4750
BE.316 47 47
BE.7140 47 44
B5.965 47 42
B5.7E89 47.39 =|

Sample Printout
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ENERCALC Engineering Software Title : ENERCALC Example Problems Job # 97-000001
PO.Box 188 Dsgnr: MDE Date: 5:07PM, 23 OCT 03
Description : cqllection of example problems
Corona del Mar, CA 92660 \
Voice: 949-645-0151 Scope : All programs in the Structural Engineering Library
www.enercalc.com
[ Rev zRo0m " y B
e o Mo B a0 I R a0 Fage 1
User: KW-D600001, Ver S8 10-Sep-2003 - £
w?f':sa 2003 E \JEF.‘L:ILC E'IJ1-J ;n-:mq 5 oMaare Mu"l Story WI nd Forces CLECAAIENamples sow ANl sis Calcs I
Description Example Problem,
General Information Caleulations per 1997 UBC I
Exposure & 5 Wna Stagnation Pressure 23,200 psf
Cq  Pressure Coefficient 140
Basic Wind Speed 95 0 mph Parapet Height 5.000
Impeortance Factor 1.00
Load Information for Each Level ]
( Lateral
Level  LevelHeight  pypgsedwidth  Ce €q Pressure Force Story Shear  Story Moment
i it I ke k-t
5 45000 1455 1.400 24 456 10633 0.000
4 45.000 1.382 1.400 26.953 35.089 456162
3 45.000 1.302 1400 25499 62042 1
2 45 000 1198 1400 23.751 87.541 2
1 45 000 1060 1400 21452 111.2492
Shear at Base Level = 10.070 k

Total Base Wind Shear = 132,181 k
Total Base Wind Moment = 4,882,056 k-ft

2.8  Multi-Story Seismic Load Analysis

This program provides analysis of lateral seismic forces on multi-story buildings according
to the 1994 UBC lateral force formulas 28-1, 28-6, 28-8 and the diaphragm force formula
31-1. Also included is a section that will assist the user in determining the overall seismic
factor. By entering building dimensions and the number of stories, the basic building
period is determined using the UBC formulas for basic building periods. From this value,
and user defined Z, I, S, Hn, and Ct factors, C/RW limits are checked and overall seismic
factor determined.

Force distribution factors for each level is determined using formula 28-7, and the base
shear applied to each level for the evaluation of story shears and overturning moments.
Also, these forces are used along with formula 31-1 to determine the required diaphragm
forces at each level. Any number of stories may be specified, and the additional top force
FT is applied when required.
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-'“( MERCALC chAECSS\EXAMPLES.ECYW - Multi-Story Seismic Forces
Multi-Story Seismic Forces

Pk T Help | G print

O 2 cancel |  seve
Ll

Gangral 1897 UBC Calculations |Bulldlng Foreas | Blaphragm Forces |

Determine Frocedure Type.. o < I—EI Calculated Values : UBC 1630.2.1 Static Procedure
| I+ f
nta_ gee S £ Seismic Dead Load (Calewlated From Story Shear V)
Constnuction Type [ LgttFame  [7]|  Tably on “Building Forees™ Tab W 3350 k
URIC 1630.2.3 Simplified Static Force Procedure Caleulatad Bace Shasr Wi |V f (BT 1216 &
Ground Flaor Area IW a2 in. Bace Shaar V=011 CalWwa= 304k
P, Zone 4 Min.Base Shear WalllB Z M 1R = 48.7 k
MalR e | 125:Specied [2] Fase Shear Max Lisit V=25 CalW/R= 1258 &
Saismic Impontance Factor [= 1.25

T 5 W oiDeskgn Base Shear....o.ocovvininnnnns B6.9 &
il bt S U SR R I s=tm EI Bt R R e e 4873k

Seismic Source T‘.!'F'&-lﬁ' Faults Capable of Lage Ouakes & High $eismc MNI_'I

Seigmic Cosficients Ha = 1.50 Hy = 2.0
Calculated Values : UBC 1630.1.1 Earthgquake Loads
Soil Profile Type LG tabls 16 [ 50 =] Mok Liged Hers But For Your Relernce
Vi : Eh =% :Design Base Shear . . .. ... .. .. E6.9 k
BRI KGR R Lien L Horiz Seismic Factar EhdN e et 0259
Structural System... | S e walHirome irleeact : Concrebs =] ::r:ical Seismic Factar BB e e ?;183 i
) B
Sh I-fra leract
el B Omega TER. .o 2433 k
Cerstrangth & Global Ductilty Cosfficient R= 5500
Saismic Force Amplification Factor Cmega = 2500
e L oo Divide Factor by 1.4 For Use in Allowable Stress Design? 7
Iax Elarment Story Shear Batio o | 0E7 ﬁ
p : Reliabilily Factor = 2 - 20{rmax "sgi(A)) 13325

Basic Usage
This program is used in areas where seismic forces on multi-story buildings will have

considerable effect on the design of the lateral resisting system.

Enter the values for Z, I, Rw, S, and C based upon your building. The value for C can be
calculated in two ways.....either entering the actual building period -or- the simplified
UBC method of height and Ct factor.

From the entered values the program calculates the overall seismic factor to be used.
This is applied to the story weight Wi entered by you.

The multi-story force analysis is based on filling out a table, one line for each story. You
need to start at the BOTTOM of the table, working upward for each story.

Assumptions & Limitations
The analysis is based upon the 1994 UBC static force formulas, and as such, determine
lateral forces according to the static model approach.
The seismic factor cannot be varied at each level to account for varying dynamic
properties that the user may wish to use to perform alternative studies.

Example
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The data entry for this example is shown in the screen captures that accompany the Data
Entry Tabs and Results & Graphics Tabs sections to follow.

Building Faorze Diaphkragm Force

03k ™ 1551k . —— %
13.00

BRIk ™Y 093k *Y ————F
132.00

1994k 9 093k ™ ——F
12.00

1329k ™ o83k MY 1
13.00

ik ™ c11- ] T —
13.00

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
This tab allows you to select which code method to use to calculate your seismic factor and also
other common values regarding the seismic zone and building.
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General {1994 UBC Calculations | Building Farces | Diaphragm Forces

Description

Example Problem,

Select Governing Code

&+ 15994 & Earlier UBC

1957 UBC

Seismic fone

Seismic fone Factor ; £=

LBC Figure 16-2

¢ Enter Period

Hn to Top Level

Building period

Building Period Calculation. ..

Ct : Construction Type Factor

¥ Enter Height & Ct

| e5.000

SEC

Select Governing Building Code

Select the radio button for the code calculation method you wish to use.

Seismic Zone

Factor Enter the seismic factor which is based on the seismic risk map area (found in UBC Table 23-I).

Seismic Zone Factor
sd

Building Period

The building period can be specified by either:

e Entering the number of stories and CT factor that applies to the type of construction, and allowing
the program to calculate the value using standard UBC equations, or.

e Entering a building period which you have determined

UBC Calculations Tab

This tab provides data entry and calculated values according to 1994 UBC criteria. Please see
that code for further explanations of the values.
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General 1994 UBC |Building Fnrceleiaphragm Fnrcesl

S: Site Response Factor. ... ... .. .. ] [1] |:I Final Calculated Values
9¢ UBC Tahle 16ed Seismic Dead Load (Calculated From Stary Table
e e 2.000 on "Building Forces" Tah A= 3350 Kk
agd UAC Table 16N Horiz Seismic Factar .05z
Y :Design Base Shear 173 k
ImporancetEaein e I 1 I:I
; Ft:Top Force 08972 k
CreEnefiicients e 1.449

UBC Calculations Tab
This tab provides data entry and calculated values according to 1997 UBC criteria. Please see
that code for further explanations of the values.

General 1987 UBC iEluiIding Faorces | Diaphragm Farces |

Determine Procedure Type... Total Mumber of Stories I 5] I :l Calculated Walues : UBC 1630.2.1 Static Procedure
Seizmic Dead Load {Calculated From Stary Shear v

GonstructionType [ LightFrame  [|  Tapia on "Building Farces” Tab i = 335.0 k

UBC 1630.2.3 Simplified Static Force Procedure Calculated Base Shear W=l | /A [RT)= 121.6 k
Ground Floor Area 20000 & fi2 Min.Base Shear R 304 k
Sl CataHn T Fone 4 Min Base Shear V=082 MNw|R /w= 48.7 k
tene .25 Specifed B Base Shear MaxLimit ¥ =25Cal'w /R = 125.6 k
Seismic Importance Factar = 1.25
V:Design Base SHEar .......c.ocvivvennnins 86.9 k
Determing MNa & My, Distance From Known Source | <=2km | :l Ft: Top Force 4873 K
Seismic Source T\,fpi.éq : Faults Capable of Large Duakes & High Seis [ = |
Seismic Coefficients Na = 1.50 Nv = 2.00
Calculated Values : UBC 1630.1.1 Earthquake Loads
Sail Profile Type UIBC tabla 161 D |L| Mot Uisad ﬁere But For Your Refarence
Seismic Coefficients Ca- 066 Cu- 128 EE;;;S:E&”;??; Sheaéh' i 805'295;
i e B 0.413
Structural System... Shear wall-frame interact : Concrete l_'_l \éil“ﬂcal SIS FEBNE B0 on i e
Shear wall-frame interact Do SR ;
Concrate R s R e e e 2433 k
Cwerstrength & Global Ductility Coefficient R= 5.500
Seismic Force Amplification Factor Omega = 2.800
Structure Height Limit 0.01
- Divide Factor by 1.4 For Use in Allowable Stress Desigr|v
Wa Elernent Story Shear Ratio 0, | 067 &
p  Reliakility Factor= 2 - 20/ max *soish 1.3325

Building Forces Tab
This table performs the distribution of total base shear to the various floors, based upon UBC
formula 28-5, 28-6, and 28-7. The resulting distribution of forces will resemble a triangular
distribution with the maximum intensity at the top of the building.
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General | 1997 UBC  Building Forces |Diaphragm Forces

Level] Weight | Ht | Wi*Hi Ft Fx J_atForcelaory She]  Story Mom
75.00] 52.00 3,800.0 26600 2660 2039 265.04
TH.000 39.000 29250 1985 1985 46488 ava.84
Ta.000 26.000 1,950.0 13.300  13.30| BE.83 1,745 86
Ta.000 13.000 9740 B.65 G.65 8023 2788487

EIEE KN R AR

Sum Wi = 335.00k Total Base Shear = 286.88 k

SumWi *Hi = 12,0250 k-t Base Moment = 3,918.4 k-t
- i +
Delete Change Add
Level Level Level
Level #

This is the level # above the base. Base shear and overturning moment are given as the Base Totals
shown at the bottom of the table. These level numbers are modified during the program's
self-modifying process while adjusting to the requested number of levels.

Weight Wi
Enter the weight of each level of the structure in this area. This weight will be multiplied by the overall
seismic factor ZIC/RW for the calculation if Fx.

Height Hi
Enter the height of each level above the base. This represents the vertical distances between each
floor mass Wi.

Wi * Hi
This is an intermediate calculation for FX.

Ft : Top Force
The added top force is calculated only if the building period is greater than 0.7 seconds. This added
top force is equal to 0.07 times the calculated period times the total base shear, and is applied to the
uppermost level of the structure if applicable, this is the top force Ft applied at the top level.

Fx
After all the factors in the equation for Fx are ready, the lateral force to each level of the structure Fx
is calculated using formula 28-7 of the UBC. This force is applied to each level for calculation of story
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shears and overturning moments.

Lateral Force
This is simply a restatement of Fx with Ft added if applicable.

Story Shear
Using the calculated forces at each level, story shear gives the total shear acting at each level, and is
the summation of the lateral forces at each level at and above the current level.

Story Moment
Using the calculated Story Shears at each level, story moment gives the total moment acting at each
level, and is the summation of the lateral forces times moment arms for all levels at and above the

current level.

Base Totals
This item lists the total base shear and overturning moment at the bottom of the structure.

Diaphragm Force Distribution Tab

This table performs an analysis of the forces to be carried by the floor diaphragm, using UBC
formula 12-11.

General | 1997 UBC Building Forces |Diaphragm Farces

Wi Hi Ft Fx |_at Forcelory Shel]  Story Mom
(k) (k) k-1t

Level] Weight

265.04
46.98 a745.84
6693 1,745.96
80.23 278897

1444 4] 2] kM I

Sum Wi = 33500k Total Base Shear = a36.88 K
SumwWi *Hi = 12,025.0 k-1t Base Moment = 3818.4 k-1t

Change Add
Level Level

Wpx
This is the weight of the floor system at each level, and is the same as W i which the user entered in
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the previous table. This value is automatically transferred down from the earlier input cells.

Lat. Force
This is the force that the diaphragm at each level must be designed to adequately carry, and is the
result of UBC formula 28-9. To arrive at the final Fpx, the Fp is calculated at each level and compared
with the maximum value of 0.75ZI times Wi at each level, and the minimum of the two is used.

Diaphragm Fpx

This is the calculated force that must be applied at each level, and is equal to the Lateral Force value
calculated in the preceding table.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown.

General | 1987 UBG Building Forces |Diaphragm Forces |

Lewel| Weight | Ht J Wi* Hi _at Force|:ory She|  Story Mom
(k-
; 265.04
19.95 4598 875.04
13.30) EB.93 1,745 96 s S
.65 8023 2,788.97 uilding Farce iaphragrn Farce
203k 1551k ¢
1300
e MWk ™
1300
1994 ™ a3k ™
1300
—4 —e
vl 12T Tealn 13.29k 93k
Sum Wi = 335.00k Total Base Shear = B6.88 k 1300
Sum Wi * Hi = 12,025.0 k-ft Base Moment = 39184 kft
' ' G4k ™ W3k ™
1300
= & &a
Delete Change Add
Level Level Level

Sample Printout
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ENERCALC Engineering Software Title: ENERCALE Example Problems Job # 97-000001
Dsgnr: OB Date: BE21PM, 230CT03

v Elom 109 Desciiplion : ¢ § 2xam roble

Corona del Mar. CA 92680 t Gollection of =xample problzms

Voice: 9496450151 Scopa: Al programs in the Struclursl Engngeting Llrary

W enercalc.com

et T T Ty o e
[ —— - Fage 1
1:"?533-:‘1:1 FNI;IF'Lfl:.?': Engi mﬁw Jalwaie Mu“' Stow sasmlc Forces o eyl scw Snahils Cales

Des cription Example Problem
General Infermation Calculations are desigred 1o 1997 UBC Requiramems I
Selsmic Zom: 4 Bulkding period 0801 sac
Hin 10 Top Leval GE.00m
amf;gﬁzﬁmﬁ?ﬁs WE S Fbl%ﬂgﬂuc?drh\m Ct: Construction Type Faclor 0.035
Occupancy Calegory 1.258 : Specried Max Element Story Shear Rafiga, 067
Setarnic Importance Factor I2 1.23 - Rebabilly Factor=2 - 200 rag *sariab) 13325
Deermine Na & Nv...
Slte Distance From Known Source == 2km Calculated Values : UBC 16302 1
Seismic Source Type.. Seismic Dead Load (Calculzed From Story
A Faulls Capable of Large Quakes & High Seismic Activity Takile an " Bulding Forcas' Tab W= 3350 k
Selsmyc Cosficlents  Na= 150 Nv= Rl
FIEME L= @ i Cakculated Base Shear  W=Cw | W (RT)= 12156 k
Soll Profile Typ e s0 a Eha = =
Selsmic Cosfclents Ca= 066 Cv= 128 e e V-oacatw )
Sructural System... Zone 4; Mn Basz Shear V=08 ZNv | R/ W= 487 k
Shearwal-frame interact - Concrets Baga Shear MaxLimit W= 25CalWiR= 12556 k
Concrets
- f " IR Final Caoulated Vahwes
cfwers!re--gtr & Glabal Duchity Coefticient R ?.:‘ﬂl:l Hore Selsmic Factar Eh W= 0,259
Seismic Force Ampldication Factor Omega - 2.800 R e 3
Structure Helght Limit 0.0 Verlica Seismic Factar Ev/D= 0413
W :Design Base Shear B 9k
[ Ft: Top Force d8T3 K
| Mote! S cismic Factor Has Been Divided by 1.4 1o Eh‘p 158 k
pive allowable stress values to coincide with 1994 UBC. Em- o8 *Eh 249 3 k
|Eluilding Seismic Forces I
e — R ) T — E— E— T Sioyshen SoryMomert |
Lewel Wi Hi Force @@ Level Farca
k n -l L3 k k k k-t
5 1] 500 i) ] WETY LRSS e el
i T5.00 52.00 39000 26 597 26.587 20388 2651040
3 T5.00 .00 287250 19.948 19.548 46.985 a7 a4
2 T5.00 .00 1.,950.0 13288 13.208 66932 1,745.4963
1 T5.00 13.00 a0 G 649 6648 B0.231 2,78B.965
Told Base Shem 36.880 k
Base Overturming Moment 3.613.408 kN
Diaphragm Forces I
Walght  Lataral Force I?nl"llg"mwlcﬁ:cc; summaton of  Min R Cakulated Wad Reqd  Diaphragm
el Vi e @ s Level bl Lewel Welghts  Force @ Level Force @Level Force @ Level Force: Fpx
k k k k k k k k
3 35,00 1551 1851 A5.000 14439 15515 8BTS 15,8615
1 75.00 26.60 4211 110000 ¥ 538 28713 61.875 a0.938
3 75.00 19.95 G206 185.000 ¥ 538 25158 61.875 a0.938
2 75.00 13.30 7636 260.000 ¥ 538 21.738 61.875 0.938
1 75.00 6.65 gz 335.000 ¥ 538 18.360 61.875 0.938

2.9  Multi-Story Column Load Analysis

This program assists the designer in determining the individual and accumulated loads
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per level on a multi-story load-bearing member. This program will prove to be a
tremendous help in keeping track of loads when many levels are used and different
tributary widths and loading criteria are present.

The program also has the ability to determine live load reductions per 1994 UBC section
1606 Formulas 6-1 and 6-2. The user may input the "r" factor at each level according to
UBC Table 16-C (for roofs).

Loading options for each level include Tributary Area, Dead Load, Reducible Live Load,
and Non-Reducible Live Load. Reducible live loads are automatically reduced by the
calculated reduction factor, and all three loads are combined at each level and summed
down the height of the column.

B ENERCALE G\ECSS | EXAMPLES.ECH - Multi-Story Colwmn Loads
Multi-Story Column Loads
SI:;::; 2 Help | S print ﬂ ¥ cancel W Sava
General & Floor Data | Results |
Dw:l'ipliﬁn 5 Story Bulding
& A | Chiatige: | - Delete | << All Loads These Columns in k >
Level|Jead Load | LiveLoad (psf)  [loorAre Basic' 1’ Nlﬁl e ]Rmed ol Jies i il_&mﬁ_|
i ; 5 S e oL LL {ps) | Rechced | Hon-Red| DLAL Flocr Level
7 s A 59982
ol JU | soom oy 5190 man 20w 182 176282
5 25000 20000 F5000 120000 0020 4| 52500 0KRY 4408 SE46 4200 15856 6208
4 25100 20000 88 000 0000 00ED 3 2000 QB2 4408 5597 24000 107 97 473193
o 2| J00v 0622 4438 5397 MO0 10797 581164
£ 2500 20000 85000 120000 0.080 1] Hom 0s® 5120 6228 24000 11628 BT 443
2 250 20000 85000 120000 0080
| 2500 20000 F5 000 120000 000
Ha]ag 4] ] e]en ki IR EEEN RN 13T
PN W Move Level Down Totals :
190.500% 368548 133000 GO

Basic Usage
Enter the Unit Dead, Live, and Non-Reducible Live loads acting at each level. Also, enter
the tributary area that the unit loads apply to, and the r-value you choose from UBC
Table 16-C. Only the reducible live load will be modified according to the UBC equations.
Be sure to work from the top of the table downward.

Example
The data entry for this example is shown in the screen captures that accompany the Data
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Entry Tabs and Results & Graphics Tabs sections to follow.

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General & Floor Data Tab
This is the main input tab for entering data that describes all the levels in your column. The list
is arranged with the highest levels at the top of the list. Notice the two buttons below the table
: [Move Level Up] & [Move Level Down]. These two buttons move the levels you have entered
up and down in the table.

General & Floor Data

Description 5 Story Building

= Add | Change m [Delete

LevelDead Load  Live Load (psf)  ['loor Are Basic'r'
(psf)  Jon-Reduciblieducibld (i) Reduction Factor
k (1000 1 (W[N]
5 2500 20000 750000 120000
4 25100 20000 660000 210000
3 2500 20000 650000 120000
2
1

25.00 20000 66000 120000
2500 20000 750000 120000

EIEE BN AN

& fidove Level Lip w hove Level Down
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Add, Change, Delete Buttons
These buttons control your modifications to the table of story information. Pressing Add or Change
displays another window where you can specify the floor information. Here is what it looks like :

Floor 1D Humber : FE

Dead Load I_m psf
Mon-Reducible l
Live Load | 20.00 3 psf Ok
Reducible
Live Load | 66.00 3 psf —x
Floor rea | 2.100.0 2tz | Cancel
Reducation Factar | 0.08

Unit Dead Load
Enter the basic dead load to be included in the summary. This load may vary from level to level.

Non-Reducible Live Load
Enter the live load that IS NOT reducible based on tributary area.

Reducible Live Load
Enter the live load that IS reducible based on tributary area.

Floor Area
This represents the tributary area that will be used to determine the actual dead and live load acting
on the column at a particular level. This area may vary from level to level.

Reduction Factor
UBC Section 2306 Reductions : The reductions used in the program to automatically determine the live
load reduction based upon tributary area are based on UBC section 2306. Formulas 6-1 and 6-2 are
used to determine the maximum live load reduction. The user should indicate in the space provided
whether the 60 % maximum reduction rule should be used for the loads added when two or more
levels receive loads.

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results Tab
This tab displays a table of the resulting calculated values for each floor level. The order
of the floors displayed is the same as for the input table.
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Results
<<--- All Loads These Columns in k ==
Ll | Total "R" | Feduced | Total LL | Total L.L.|  Total SLm i@
DL LL (psf) | Reduced | Hon-Fed. | DLHL Floor Lewel
£ TE00] 000 34 59 41 9% (.00 L HE 59 98k
5 F000f  OBE2 6180 G2 2% o 1Mezg 176 262
4 GEEO|  DBEZ 44 5% a4 46 4z 000 13886 65218
K E000f O5E2 44 5% LR AT 400 107 &7 4TE 19
i E000f O5E2 44 5% G AT 2400 107 &7 7 I S
1 E000f 052 6180 B2 2% o0 1Mezg Gar 44%

1444 4] 7] FirH H]
Totals :

190.500k 368.948 138.000 69744

Level #
This level number is automatically entered when the program modifies the table for the chosen
number of stories.

Total Dead Load
Total DL Per Level Equals Unit Dead Load * Tributary Area.

" R " : Maximum Reduction Factor
The maximum reduction factor is calculated from UBC Section 2306, formula 6-1 and 6-2, and
according to the "r" factor entered by the user

Reduced Unit Live Load
This equals the Reducible Live Load * Reduction Factor, and will be used in tabulating the total load to
each level. Total Reduced LL Per Level Equals Reduced Unit Live Load * Tributary Area.

Total LL Non-Reducible
Total Non- -Reducible LL Per Level Equals Reduced Unit Live Load * Tributary Area.
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Total DL+LL Per Level
This is the summation of Dead, Live, and reducible Live load at each level.

Sum @ Floor Level
Summation Of Dead +Live Loads This represents the accumulation of loads along the length of the
column.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.

Sample Printout

ENERCALC Engineering Software Title : ENERCALC Example Problems Job #07-000001
P.O. Box 188 Dsgnr: MDE Date: 9:05PM, 23 OCT 03

o Description : Cajlac sy E SRS
Corona del Mar, CA 92660 P Collection of example problems
Voice: 949-645-0151 Scope : All programs in the Structural Engineering Library
www.enercalc.com

Rev: SEOOOD

1 0 5 0-Sep-2 i Page

User: KW-0B00001. Ver 5.8.0, 10-Sep-2003 - E
|'-:';'-1'483 53'?3 ENJE:!C("-[LC En #creus Softwars MU Itl Story Co"'lm n Loads clecEb\akamp ks ecvweAnalysis Cales

Description 5 Story Building
Load Information for Each Level I
| Floor Dead Load MNon-Reducible Reducible nbutary Floor Area Basic 'r’
Lavel psf Liva Load psf Liva Load fi2 Reducticn Factor
] 15.000 0.000 50.000 1,200.00 0.080
5 25.000 20,000 75.000 1,200.00 0.080
4 25000 20,000 66.000 2,100.00 0.080
3 25000 20,000 G6.000 1,200.00 0.080
) 25000 20.000 66.000 170000 0.080
1 25000 20.000 75.000 1.200.00 0.080
Calculated Loads & Summary I
| Floar Total Dead Load Raduction Readucad duce Taolal Man-Reduced Total Load Sum @
o Factor Live Load Live Load Dead + Live  Floor Lavel
Vel k psf K K k
G 16.000 0.700 34985 41982 0.000 60.0 50.0
5 30.000 0.692 51.800 62 280 24 000 116 3 176.3
4 52500 0.882 44 079 64 458 42000 1860 3652
3 A0.000 0.682 44 979 53975 24000 108.0 473.2
2 30000 D.682 44 979 53975 24000 108.0 581.2
1 20.000 0.682 51.800 62280 24000 1163 697 4
Total DL 140.50 k Totals : 36885 13800 BET 45 K
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Wood Design Modules

The programs in this section provide analysis and design for structural elements
made of wood.

Code References

Program modules for WOOD design are designed to be in conformance with ANSI / AF &
PA National Design Specification (NDS) dated 30 November 2001. All analysis and
design is done using allowable stress design.

Timber Beam & Joist Design
Lets you quickly design single span members with cantilevers. Designed specifically for
simple roof/ceiling/floor framing, up to 8 beams can be designed per calc sheet. Full
stress and deflection analysis & design is provided.

Multi-Span Timber Beam
Multi-Span Timber Beam allows design of up to eight spans on one calculation sheet. Two
modes are available; each span can be considered as simply supported with optional
cantilevers or all can be continuous with cantilevers and varying end fixities. Dead and
live point, moment, and uniform/trapezoidal loads can be applied in any combination.
Alternate span live loading is easily defined. Full AITC stress checks are performed
(including long beams), and reactions, shears , moments, deflections, and stresses are
given.

General Timber Beam
Heavy Timber Beam allows users very detailed design ability, offering up to 23 dead and
live point, moment, and uniform/trapezoidal loads. Fixed, pinned, and free end restraints
and cantilevers are available. All possible dead and live loading's are considered for
calculation of maximum shears, moments, deflections, and combined stresses. Full AITC
stress analysis is performed considering shear/depth reductions and duration of load
factors.

Series of Cantilevered Beams
Series of Cantilevered Beams is perfect for design of simple span & cantilevered roof and
floor systems typically used in warehouse type structures. The need to optimize cantilever
lengths and evaluate deflections and cambers for these systems is completely provided.
The program places live loads at different locations to determine maximum reactions,
shears, moments, and dead and live load deflections. Cantilever bracing, load duration,
and laminations are considered when performing stress checks.

Timber Column Design
Timber Column Design analyzes rectangular and circular timber columns subjected to
axial loads, eccentricities, haunch loads, and lateral moments. Allowable bending and
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axial stress are calculated considering unbraced lengths and interaction formulas.

Plywood Shear Wall & Footing
Plywood Shear Wall Footing greatly simplifies designing typical plywood shear walls. By
using diaphragm shears, drag forces, and vertical stabilizing loads, a complete wall and
footing design will be given. Nailing, wall stability, and footing designs are provided.

Plywood Diaphragm Design
Plywood Diaphragm Design provides fast design of rectangular plywood diaphragms, and
follows '94 UBC table 25-]-1 for blocked and unblocked diaphragms. The program can be
used for either wind or seismic conditions. Boundary loads and diaphragm weight are
used to calculate chord forces and boundary shears, while internal tables generate nailing
schedules.

High-Load Plywood Diaphragm
Plywood Diaphragm Design provides fast design of rectangular plywood diaphragms, and
follows ICBO Report #1952 for 23/32"; plywood diaphragms. The program can be used
for either wind or seismic conditions. Boundary loads and diaphragm weight are used to
calculate chord forces and boundary shears, while internal tables generate nailing
schedules.

Wood Ledger Design
Wood Ledger Design combines vertical and lateral loads applied to ledgers to calculate
maximum shears & moments. Flexible bolting is allowed with maximum loads compared
to Hankinson formula allowable's. Perfect for ledgers supporting roof or floor
diaphragms.

Bolt Groups in Timber Members
Bolt Groups in Timber Members provides an analysis of steel bolts and side plates
transmitting axial loads. Considers reductions for bolt spacing, quantity, plate size, force
direction, and more.

3.1 Multi Span Timber Beam

This program provides design and analysis of simple span or continuous timber beams.
This compact program can let you design wood beams in production line form, letting
you rapidly complete many designs simultaneously. The program can handle up to eight
spans at once. The end fixities of each can easily be modified to model many types of
beams, including (but not limited to):

Simple span beams with cantilevers at one or both ends.

Single span beams with fixed and/or free ends.

Continuous beams with up to nine supports.

Continuous beams with one or both ends fixed or cantilevered.

This flexibility is provided using a Yes/No prompt All Spans Simple Support.
Answering NO tells the program that beams that have pinned ends at the
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same support are connected and continuous over that support.
o Answering YES tells the program that each data entry column represents a
single beam that is unaffected by the beam on either side of it.

Each span can be loaded with dead and live uniform, a partial length uniform, partial
length trapezoidal, and concentrated loads. To further aid your design, you can easily
omit live load on any span to perform alternate span load analysis

K ENERCALC c\ECSS\EXAMPLES.ECW - Multi-Span Timber Bedm Design
Multi-Span Timber Beam Design
SI:;::; 2 Help | T2l Design S print ﬂ ¥ cancel « Sava
Gerea®1 |2 |#3 |#4 |#5 w6 |#7 |8 | Resuits |Skaten | Disgrame | Printing |
Span Description | Beam s OK
= : Moments & Stresses
R S [ 1500 3] Wax. Moment @ Mid-Span 8B ink @ 750
Unbraged Lenglh, ... oovoviviiiinnnns I 0.000 ﬂ ft Max @ Left End. .. ........ 0.0 ink
Bl iy e e | Pinned : Max € Right End . . ... ... .. 00 in-k
oAl R LT b S R B R | Finned : Actyal Allowabla
Bending Steags . . .. ... .. 210 psai 1 5 pei
Wood Section |s128a68 i 5 S
ShearStrass . ... .......... 158 psi 10e.3 psi
BeamWhith &S s | 5125 ﬂ in
BRI o vc ens o o s [ 165003 m Max. Deflection . . .. ........ 0M7in @ TEO#
Seam Type O Sawn & Glulsm O Manufor So. Pine '
Shears & Reactions A Lefl £ Right
Loads... Fpply Live Load This Span 7 n Shear @ Support . . .ovuais 1080 K 100k
Depdload  Lwe Load
Unifarm I 144.0 ﬂ 7R0L0 2 #H Reactions... Dead 108k 1020k
5 Live 0.008 k 0.0k
Start
Etil| G| i o oo : Toal 1080 & 1080k
Trapezoudal I ! E'MH'
@ Lok | Al 3w St [T ooonjh [ Quenr-
: Iﬂ Gl oesti s s e st e s | 0.000 g it
@ ngh‘l I ﬁl ﬂ i B 15.00 3] BT L e S B e 160k
—Localion O T ] e ey 0.0 ik
Point Load #1 | ol s a [ oooodd Ouary Deflection ... 0.0000 in
i £ A |hs at 0,000 24 #
FoimiLoed e z e i - Duui : P 1.000
PoirtLoad #3 K = gossad RO 0.000
Print Load 2| Al Ao at 0.000 4] # [ e meem e oo e
Moment | B A f#  at 0,000 5 i

Unique Features

e Full NDS code checks are made considering length effects on allowable bending
stresses.

¢ A simple flag can be set on any span to ignore all live loads on that span, making
alternate span loading analysis easy.

¢ Very flexible loadings may be applied to each span, including three uniform/partial/
trapezoidal loads.

e The program can perform automatic member depth selection using stress and
deflection criteria. All that is required is for you to specify the allowable stresses and
desired beam width.

Assumptions And Limitations
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User must enter ACTUAL (not nominal) beam width and depth for analysis. The program
calculates the required depth, and the user can then enter the beam depth to be used for

an exact analysis of stresses.
The following span condition is not permitted:

Automatic Member Design

This program automatically selects member depth requirements for single or multiple
span beams. By pressing Design you will access the design window. This screen allows
you to:

e Specify dead, live, and dead+live load Span/Deflection ratio limits.

¢ Specify overstress limits for bending and shear forces.

¢ Specify a minimum dimension to increment beam depths when determining a

required depth.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
This tab contains entries for values that will be used for ALL the beams in the multi-span
system.
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General|#1 |#2 |#3 |#4 |#5 |#6 |27 |#s |

Description 3-Span System, 2 Load Patterns

Operating Mode

& Al Spans Considered as Individual Beams

¢ Spans Considered Continuous Over Suppaorts

Siress

Fb: Base Allowable . ... ... ... ... ... Im psi
Enviz il lawablesssnsanninn i o IW psi
BBl stic M o Ul s S e Im ksi
Losd Duration Factor . ... ... ... IW

R e e e e e r

Operating Mode

This item plays a critical role in governing the calculation procedure for the entire program.

o Spans Considered Continuous Over Support : When two beams share the same support , and
the support fixity for both beams at that support is Pinned, then the two beams are tied together to
form one continuous beam over that support.

¢ All Spans Considered as Individual Beams : When two beams share the same support , they
are always considered as two separate beams and the stresses and rotations in one never affect the
other.

Within each beam span information tab there is a setting for end fixity. Here is how those end fixities
are described according to the selection for this item:

When "All Spans Considered as Individual Beams" is chosen:

o Free will indicate that the end is completely free of the support and adjacent beam.

¢ Pinned will affect the beam according to the end fixity of the adjacent beam. If the adjacent beam
end is Fixed or Free, then the beam will be pinned and not affected by the adjacent beam. If the
adjacent beam is pinned, the two beams are locked together, forming one beam continuous over
the support.

o Fixed will attach the beam end to a rigid boundary element, allowing no rotation or vertical
movement, and not linked to the adjacent beam.

When "Spans Considered Continuous Over Support" is chosen :

o Free will indicate that the end is completely free of the support, allowing translation and rotation.

o Pinned will allow the beam end to rotate but not translate.

o Fixed will attach the beam end to a rigid boundary element, allowing no rotation or vertical
movement.
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[Stress] button & entry
This allows you to use the built-in NDS & Manufactured lumber allowable stress database to retrieve
allowable stresses. When you press the button you will see this selection window. Please see the
section earlier in this User's Manual that give information and usage for the databases.

Wood $tress Database

Species... _Size Clagses to Show

= !

Using 1997 UBC/HDS Stress Values |

2"-»4" Thick, 2" & Wider 5" u 5" & Larger Glued-Laminated

Duulas Fir - Larch

Beams & Stringers Posts & Timbers Manufactured

All stresses in PSI

- <= Sort Order o e
Species |Grade | Class [Fb [Pt |Fv | Fo-Pem|Fo-Pu|E |
Species Grade Class Fh Ft Fv Fc-Fermn Fo-Prll Elastic Grading Acency
Bending Tension Shear Comp.  Comp.  kModulus ’
Douglas Fir-Larch | Select structural | 2-4 1.450 1.000 a5 625 1,700  1.900.000 WCLIB WA Select
Douglas Fir-Larch  |Dense SelectSy BS 1.900 1100 85 730 1,300 1,700,000 WCLIB —
Douglas Fir-Larch  |Mo.1 & Better 2-4 1,150 775 a5 E25 1580 1,800,000 WCLIB WAWPA
Douglas Fir-Larch  |Select structural | BS 1.600 950 85 B25 1,100 1,600,000 WCLIB
Douglas Fir-Larch  |Dense Mo = 1,550 775 B 730 1100 1,700,000 WCLIB +
Douglas Fir-Larch Mo 2-4 1.000 E7R 95 B25 1.500  1.700.000 WWCLIB WhAEA
Douglas Fir-Larch  |No.2 2-4 475 575 a5 625 1,350  1.600.000 WCLIB WWPA Insert
Douglas Fir-Larch  |No.l ES 1,350 675 85 625 925 1,600,000 WCLIB
Douglas Fir-Larch  |No.2 BS 875 425 B85 625 600 1,300,000 WCLIB 5
Douglas Fir-Larch  |MNo.3 2-4 500 325 EL B25 775 1,400,000 WCLIB WhAWPA
Douglas Fir-Larch | Stud 2-4 E75 450 EL B25 850 1,400,000 WCLIB WAWPA Change
Douglas Fir-Larch Construction 2-4 1.000 B0 95 B2 1.650 1,500,000 WWCLIB WhAEA, _—
Douglas Fir-Larch | Standard 2-4 550 375 95 625 1400  1.400.000 WCLIB WWPA
Douglas Fir-Larch | Utility 2-4 275 175 a5 625 900 1,300,000 WCLIB WhWWPA L]
Douglas Fir-Larch  |Dense selectSty BS 1.850 1110 65 730 1,300 1,700,000 WA
Douglas Fir-Larch  |Select structural | BS 1,600 @50 1 625 1,100 1.600.000 WAVPA Delete
Douglas Fir-Larch  |Dense Mol BS 1,550 775 85 730 1,100 1,700,000 WA
Douglas Fir-Larch Mo =11 1.350 675 85 B25 925 1.600.000 WA
Douglas Fir-Larch Dense MNo.2 BS 1.000 500 85 730 700 1,400,000 WA x
Douglas Fir-Larch  |No.2 ES 475 425 85 625 600 1,300,000 WA
Cancel
TR e Y T I | i

Fb-Basic Allow.
Enter allowable bending stress. This value will be multiplied by LDF , Cf, and reduced per unbraced
length (as applicable) to determine Fb-Modified Allowable.

Fv-Basic Allow.
Enter the basic allowable shear stress. This value will be multiplied by LDF to get Fv-Allowable.

Enter the elastic modulus for the beam being investigated.

Load Duration Factor
Load duration factor for each span will be applied to the final allowable stresses (as applicable per code
considering beam slenderness). This factor will be applied to the allowable bending and shear stresses
to increase/decrease the beam's capacity based upon the nature of the applied load.

Repetitive Member Flag
Check this box if the multi-span beam can be considered to be a repetitive member according to NDS
definitions.

Typical Span Tab : #1 to #8
Each tab that shows #1 through #8 specifies information for one of the beams of the
multi-span beam. Tab #1 is the left-most beam and you work to the right to define additional
adjacent spans.
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General #1  |#2 |#3 |#4 |#5 |#e |#7 |#s |
Span Description ||
o e e e e e | 15.00 & f
Unbraced Length . ... ............ .. .. | 0.000 & ft
Left Fisity ... ... ... I Pinned |;|
Right Fisity ... ... ... .. ... I Binned |;|
Wood Section |5.125x16.5
BEamsitihee s sl [ 51254 in
BeartEepthiEis it R n Im ifn
Beam Type i Sawn & GluLam ¢ Manuf or So. Pine
Loads... Apply Live Load This Span 7 [
Dead Load Live Load
Uniform [ 1a403][ 2600 3] #f
Partial | 4 Hdwr St [ ooog f
Trapezoidal =nd Imﬁ
@ Left = d#n  sat [ ooodf
@& Right B Hwit  End ‘Tm]i’ﬁ
Locatian
Point Load #1 | al| 3 ks &t [ o000t
Paint Load #2 »l | Ibs at 0.000 &{ft
Paint Load #3 & Albs o 0.000 4]
Point Load #4 ol s a | oooodf
Moment 3 H# at [ oooodh

Span Description

Enter a brief description of this span. Leaving it blank is fine.

Span
This equals the span distance of a beam segment.

Le:Unbraced Length

If the span will have the compression edge laterally unbraced for some distance, enter the distance
here. This length will be used to determine whether the beam falls into the short, intermediate, or long

beam classification for determination of allowable bending stress.

For continuous beams, remember that the true meaning of this value is distance between points of

contra flexure, and most likely will NOT be the distance between supports.

This entry is the unsupported compression edge length, corrected for span type per AITC/UBC code.

Use the following table as a guide.
Type of Beam Span and Nature of Load

Value of Effective Length, Le
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Single Span beam, load concentrated at center 1.61 Lu
Single Span beam, uniformly distributed load 1.92 Lu
Single Span beam, equal end moments 1.84 Lu
Cantilever beam, point load at unsupported end 1.69 Lu
Cantilever beam, uniform load w/ point load at end 1.69 Lu
Single Span beam, any other load 1.92 Lu

Left Fixity, Right Fixity
Specifies how the ends of the beam will be restrained.

[Wood Section] button and entry
Use this button to display the database of wood sections. The database provides selections
for sawn, glued-laminated, and manufactured lumber. Please refer to the previous chapter
describing using database in the Structural Engineering Library. Pressing [Wood Section]
will display the following selection window:

Select Types to Display i Im i
; - ]

[+ Specify Depth Range
Sawn Glued-Laminated PowerBeam nghil 12.00 5 in
TJ : Parallam TJ :-Timber Strand Versalam
TJ: MicroLam LP:Gang-Lam LWL Custom
TypeINameIWidth Depth |.&rea I|:-: |S:< Ily |Sy IIHMreaISRMreaI &+ (.  =-- Sont Order
Type Marme Area |Width Depth |1 S I s [ [ Area Swx ! Area ﬂ
ing in in ind in3 ind in3 l

AW & 375001500 2500 1.853 1.5A3 0.703 0.a3a 0521 N41R7
Sawn 2-2x3 75000 3.000 2500 3.910 3130 5630 3.750 0521 04173 Select
Sawn 323 11.2600 4500 2500 5.860 4690 18.9380 8.440 05621 04169
Sawn 2ad 52500 1500 3.500 5359 3063 0.984 1313 1.021 05833
Sawn x4 8.7600 2500 3.500 g.932 5104 4857 3.64G 1.021 05333 L
Sawn 2-2nd 105000 3.000 3500 10720 G130 7.880 5250 1.021 05338
Sawn 44 12.2500 3500 3.500 12.506 7146 12505 7146 1.021 05333 Insent
Sawn -2 15,7600 4500 3.500 16.080 9190 26530 11.810 1.021 053365
Sawn 2k 8.2500 1.500 5500 20797 7hAE3 1.547 2063 2621 09167 A
Sawn Ixb 13,7600 2500 5500 34661 12604 7161 b.7e24 2521 09167
Sawn 2-2xh 165000 3.000 5500 41540 15130 12.380 8.250 2521 09170 Change
Sawn I 19.2600 3500 5500 48526 17646 19651  11.229 2521 0Me7? ——
Sawn 3-2xb 24,7600 4500 5500 62,390 22690 41770 13560 2521 09168
Sawn Fxhi 302600 5500 5500 fh2RE 27729 FR2RR 277249 2621 09167 —
Sawn 2 10,875 1.600 7.250 47.635 13141 2.039 2.714 4,380 1.2083
Sawn i 18125 2500 7.250 79391 21.801 5.440 7hEZ 4380 1.2083 Delete
Sawn 2-2x8 217600 3.000 7.250 90270 26.280 16310 10830 43380 1.2083
Sawn 4l 26,370 3600 72600 111148 30661 26404 14802 4,380 1.2083
Sawn 3-2x8 326300 4500 72600 142800 39420 GBROR0 24470 4379 1.2081 x
Sawn ] 41,2600 5600 75000 193359 51663 1034984 37813 46387 1.2500 c I
HEREREEEE e e i | ante

Beam Width
Beam width is defined by the user, and will be used to determine section properties for stresses and
deflections. This value can be modified at any time during the analysis process. The width is also used
as the basis for the Selection procedure to determine required beam depth. The width must be
ACTUAL (not nominal) width.

Beam Depth
Enter the actual depth of the beam, which in turn will be used to determine depth factor (Cf), actual
bending stress, shear stress, and deflections. This value can be modified at any time to refine your
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designs. You can also leave this entry zero, and press [F7] to display the selection window. From there
the program automatically designs the depth of the member.

Beam Type
This selection controls how the Size of Volume factor is calculated. If "Sawn" is selection "Cf" is
calculated. If "GluLam" is selected then "Cv" is calculated. If "Manufactured or So. Pine" selected then

NO factor (Cf or Cv) is calculated.

Apply Live Load This Span?
This entry controls whether or not the live load entered for the span will be used or ignored. A YES/NO
entry here gives you a simple way to try various live load alternates to determine maximum moments

and shears on multi-span beams.

Applied Loads
Uniform
Uniform dead and live load applied to the entire length of the center span. You should be aware that
beam weight is not considered in the program, therefore this input should include allowance for beam

weight. These values may be positive or negative.

Partial Length Distributed
Uniform dead and live load applied over a full or partial length of the center span. X-Left indicates the
distance from the left support to the beginning of the load, and X-Right is the distance from the left
support to the right end of the load. These values may be positive or negative.

Trapezoidal Distributed
Uniform or varying dead and live load applied over a full or partial length of the center span. DL/LL @
Left indicates the dead or live load magnitude at the X-Left distance location. DL/LL @ Right indicates
the dead or live load magnitude at the X-Right distance location. These values may be positive,
negative, or both. X-Left indicates the distance from the left support to the beginning of the load, and
X-Right is the distance from the left support to the right end of the load.

Point Load
Concentrated dead and live load applied to the beam.

Moment
Dead and live moment applied to the beam.

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data Entry Tabs".
Because a recalculation is performed with each data entry, the information on these tabs always
reflects the accurate and current results, problem sketch, or stress/deflection diagram.

Results Tab
This tab gives ALL the calculated values for the span tab selected.
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Results ]Sketch ] Diagrams ] Printing ]

Beam is OK
Moments & Stresses
Max. Mament @ Mid-Span 48.6 in-k 750 ft
Max @ Left End . ... ... ... 0.0 in-k
Max & Right End ... ... ... 0.0 in-k
Actual Allowable
Bending Stress . . .. ... ... .. 209.0 psi 1937 .5 psi
Shearstresssnnsnsnnsaes 15.8 psi 106.3 psi
M= EeflEctopE e s e 0.047 in )] 750 f
Shears 8 Reactions i Left Right
shear @ Support ... 1.080 k 1.080 k
Reactions. .. Dead 1.020 k 1.080 k
Live 0.000 k 0.000 k
Total 1.080 k 1.080 k
Query.....
(11T Ry e e e e e 0.000 : ft
Cluery Shear . ... ... 1.080 k
() o e e e 0.000 in-k
Gl e Bl et h e e e 0.0000 in
L& S e 1.000
e eaayayayayayay ey ey ey ey e 0.000
Le . 0.000 f

Moments & Stresses
These are the maximum values to use for design for this span. The "Mid-Span" moment can occur
anywhere between the two end supports. It is possible that this number is right next to the support.

Max. Moment @ Mid-Span

To determine maximum moments, the following technique is used:

e Fixed end moments are calculated for each span. When LL Flag is set to NO, no live loads are
applied to that span.

e A 16 pass moment distribution is performed on the entire eight span system.

e The resulting end moments are then applied to each beam end and the resulting moments, shears,
and deflections for the span are calculated. Each beam is divided into 250 increments for this
process.

Max @ Left End & Right End
Maximum values for the calculated moments at the ends (or over the supports when a cantilever is
present).
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Bending Stress : Actual & Allowable
Allowable bending stress calculated considering Cf, load duration factor, and from the evaluation of
allowable bending stress, due to the unbraced length. Actual bending stress is the maximum of positive
or negative moment, divided by section modulus of the beam at that span location. Continuous beams
will have this value equal to the maximum stress between the supports.

Shear Stress
Allowable stress is calculated load duration factor applied to Fv (see below). Actual shear stress is the
maximum unit shear stress at the end of the beam. To determine net shear at the beam end, all loads
within a distance d away from the end of the member are subtracted from the end shear. This value is
multiplied by 1.5 and divided by beam width times beam depth. When the beam is continuous over a
support, shear on BOTH SIDES of the support is evaluated.

Max. Deflection
Using the applied loads, support fixities, and moment distribution results, the resulting deflection curve
at 250 points along the beam is searched for the maximum deflection and location. This is the
maximum deflection, considering both upward and downward displacements. Negative sign is
downward deflection.

Shear @ Left & Right Supports
The calculates shears at each support are given. This value is the maximum shear after checking both
sides of the support.

Reactions @ Left & Right Supports
Reactions are calculated using dead load and the live load as selected to be applied for each span.

Query Values
In this area you can enter a distance location along the span, measured from the left support, ad have
the shear, moment, and deflection at that location calculated.

Cf or Cv
This item displays the size factor "Cf" for sawn members or the volume factor "Cv" for glued-laminated
members.

Rb
This value is calculated from the compression edge slenderness of the beam and applied as a factor to
the allowable stress.

Le
This is the effective length used in the calculation of Rb.

Sketch Tab

This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.
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Results Sketch |Diagram5 I F'rintingl

Print Sketch

T R S R Y S Y-S T R 'S S F'Y- B |

144.00 4R EHEEHE B B 44,00

4 15.00 f I

trmax = 43.59 in-k at 749 £t Fram left
Dirnax = -0.0474 in at 749 ft Fram left

DL Reaction = 1.080 k DL Reaction = 1.080 k
LL Reaction = 0,000 k LL Reaction = 0,000 k
Tatal Reaction = 1.080 k Total Reaction = 1.080 k

Diagrams Tab
This displays a moment, shear, and deflection diagram for the beam with the applied loads and
end conditions. Note the two tabs...."Graphic Diagram" and "Data Table". The Data Table tab
provides the entire internal analysis at the 1/500th points within the beam.
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Graphic Diagram |Data Tah|E|

for a particular selection it will not be printed. So these checkboxes are best described as "If

that the information described by the item will be printed. However, if there is no information in
this particular area of the calculations contains data then print it".

This tab allows you to control which areas of the calculation to print. Checking a box will signal

Printing Tab
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Results | Sketch | Diagrams  Printing

Please select printout sections to be printed...
General Information v
Timber Member Infarmation I
Loads I
Marnemnt ¥
Results ¥
Reactions & Deflection v
Query Values v
Motes N
Mote: When all are selected, the software will still omit unused sections

Sample Printout

105
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ENERCALC Engineeting Software Tithe: ENERCALS Evanple Problanis Jeb 57000001
PO, Box 138 D MOB Datez 21PN, 230CT O3
Corona del Mar, CA 92660 Descripliom: Colection of sxample problems

Woice: M9-645-0131 Scope: A1 pragrame inihe Struckural Enginesring Lirany
www.enarcalc.com

[;m 5
M DE0000 i) -SPQ g 1
) EWERL AL Ewoluerrag ot Multi n Timber Beam [w CSGRanE  ow T 0 1 (R

Dhes cription 3-Span Syslam, 2 Load Patlarns
| G eneral Informaton Code Ret 1957 NDS, X003 1BC, 2003 NFPASHID, Base alovables are user defined
b Alow 1,500 pa laatc [ cdudus 1 £
A1 Spans Considened oz Indwdle Beams Fv: Basic Alow 850pa Load Durstion Factor 1250
[ﬂmher Member nformation I
escnption
Span f 1500 M. B.00 1500 1500
Timb=r Seclion S.1:kxlb 5 £115m14 5 5.135x18 % S 1280165 S.128xib S
Beam Vi dh n 5125 5135 5125 5125 5125
Beam Depth n 16.500 16500 1650 16.500 16.500
Emnd Fizty P - By Fn -Fin P - Pl R - Fn Pin- Fix
Le: Uniracsd Lergih f oan i) B.00 1500 1500
P ber Typ= Eulam GluLan Glulaim Elan Siu_am
|Loads g
Live Losaed Ul This Span 7 [T Ho e Yes Ha
Dead Load & 144,00 142 00 144 00 14400 144 00
Live Load e 2E0.00 2E0.00 260.00 2600 26000
Dead Load wim 27500
Live Loacl i 18100
Stort ft 3.000
Erel f 15.000 15.000 6000 15.000 12.000
Dead Laosd 4 Latt it
Cead Laad g Right B
Lve Load @Lef b 324,00
u-.—se:t L-i-ad @ Right 1;:
Al
Erd 1 1500 15000 200 15.000 15,000
Fort #1 DeadLoad b 1,20000
Live Laad 7 1,500.00
@ " 6,00
| Res ulls I
Hmwﬁ:cm- -k EE !g3 L] 2475 ]
= * 7.50 1050 0. &0 5.90
Max { Lt Erd Insk oo 0.0 i) o0a o0
Max @ Right End il on oo o4 0.0 4221
- Adusl i e l=11] 4086 oa 1.084.5 5354
Flbi - Mlawable pe 168375 1,E7E8 04 1,B82.7 18927
Derditeg DK Deedineg DK B enading 0K Beivdineg OH Besding OK
Shenr (@ Let I 108 151 0.00 465 164
Shear & Rignt I 108 151 0.0 41 J00
o Aot ] 158 236 [l ] a2 EEE
Fir Allowablz i 1063 106.3 o4 1063 1063
Shaar M Shaar K Shewsr DK Shear 06 Shaar 0K
[Reactions & Deflection B
el 3 T 1 - ] 164
LL @ L=t k 04an (fh] 0.0 285 (ufih]
Total g Lt k 1.88 1.51 [ A6 164
DL & F I 108 151 0.00 1 56 300
LLdh R I aon aod 0.0 255 oo
Tostal o3 Right I 1.0 1.51 LX) 4.1 Jm0
Man. Detloction n D047 L8 0aca 0.223 L0051
@x- f 750 1050 0.0g 1] G40
[Duery Values
[£ ] B L
IAement in-l oo oo 0n 0.0 0o
Shear I i1 15 o 46 16
Defecton n 10007 10000 0.000a0 000a0 00000
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3.2 Timber Beam & Joist Design

This program provides design and analysis of up to seven simple beams on one
calculation page. We've designed it primarily for rapid design of joists, rafters, and
headers, and other wood members with simple loadings.

As you view the worksheet, you will notice seven side-by-side columns, each of which
represents a single beam. In each of those columns, you can enter beam size data,
allowable stresses, span lengths, and loads and view calculated output consists of
stresses, reactions, shears, and deflections, and span/deflection ratios.

The program automatically applies live loads to the center span, cantilever span, and the
entire span when calculating maximum moments, shears, reactions and deflections. This
eliminates the need for you to change loadings to find all the maximum conditions.

[ ENERCALE o\ ECSS\EXAMPLES.ECW - Timber Beam & Joist Design
Timber Beam & Joist Design

& Print

Lot 7 v | T pesion

ﬂ >< Camcel v" Save

General Span 1 |Span 2 | Span 3 | Span 4 | Span 5 | Span & | Span 7 |

DESCHplON oo v vevvrverernrrenes I—
wood Section | | TJ MicroLam - 1 75x
WAt - oo e e e [ 1se3in
DB . e [ sz &
Tyne: 1~ Sawn " Glulam & Manuf or So. Fine
Stress ]
e B 1.450.0 4] p5i
I e et e 95 0 & psi
Blarstin MOOUIS:: oot v oo s [ 700w 3 ksi
Load Duration Factor ... [ 1oon
Ceter Span |Canli|mr| Repelitie Merber ¥ ~
Center Span = p500 &

Le : Eff. unbraced Length I oooo fi

Desdload  LbeLosd

Uniforn | 2934 | 66.7 3| #
Partial | 4 4 #

Stan = ponkfft  End= IWIT
Point Ld #1 | | L YT
Point Ld 42 | 4l b wm [ o
Point Ld %2 | 3l s & [ oot
Foint Ld % | 3l Hbs &t [ ooogih

Resuits |Slw1¢h I Diagrams | Mobas I Printing |

Beam is OK
Deflection OK
Maments..
Mimax & Cenler 10,40 in-k al 4250 f
Il &0 Bt Support 0.00 in-k
Stress Ratio 0.328
Bending.. 1o A16.9 psi Fis 1.450.0 psi
Shear.. i 3. 15psi Fu 595000 psi
Reactions...
Lett: DL 1247 LL 2833 Max A0A 0 b
Right : DL 1247 LL 3T Max 408.0 bs

Defl. Ratio Limit = I 356.0

Canter Span Deflections...

DL Q018 in (] 4254 L/Dsfl Ralic 5509
LL D04 n @ 4254 L/Defl Ratic  2.556
DL+L SO in & 4254 L/Defl Ralic 1773
Cantilever End Deflections...

BL 0,080 in L/Dafl Ratio 0
DL+HL 0,090 in LiCefl Ratio jal
o 1.000

Bb INes il

Le 0.0a0 1

Unique Features

e The user has the ability to quickly design up to seven beams or joists in this one

program.

e Live loads are automatically skip-loaded when cantilevers are present to get
maximum moments, shears, reactions, and deflections.
e The program checks depth factor and unsupported lengths to calculate allowable
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bending stresses.
e The actual shear stress is calculated at a distance d from each support.

Assumptions & Limitations
e You must enter the actual beam depth and width.
e Beam ends can't be fixed nor can purely cantilever beams be analyzed. For this
condition use either the Heavy Timber Beam or Multi-Span Timber Beam programs.
e Beam weight is not automatically added to entered loads.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
This tab contains only the input for a general description. Because this program designs
individual beams on each tab all the entry information is contained on that particular tab.

General |Span 1 | Span 2 ISpan 3 | Span 4 ISpan 3 | Span & ISpan T |

Description [3 Beams

Beam Tabs : #1 through #7
On each of these tabs you can design a complete beam. Each beam is simply span with an
optional cantilever.
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General  Span 1 |Span 2 | Span 3 |Span 4 | Span S |Span E | Span T I

Descripti O s st |

Wood Section || TJ MicroLam - 1.75x

Width ..o | 1.750 E|: in
Depth ... | 9.250 E|: in

Type: = Sawn = GluLam & Manuf or So. Pine
Stress ||

s o B e e e e e e e 1.450.0 i nsi

B Bl 95.0 | P=i

Elastic Modulus ... ... ... ... | 1.700.0 % ksi

Lozl Elaration Eagiar s IW

Center Span |Canti|ever| Repetitive Member ? v

Center Span = I 8.500 3: ft
Le : Eff. unbraced Length I o.000 ft

Dead Load Live Load
Unifarrm I 25_3i| | EE-?iI #ft

Partial I il | il #ft

Stat=[  oo03f End= [ o003
Paint Ld #1 | ol Hbs  at [ oot
Paint Ld #2 | ol Hbs a [ oot
Point Lo #3 | =il Hbs &t [ ooogt
Point Lo #4 | =il Hbs &t [ ooogt

[Wood Section] button and entry
Use this button to display the database of wood sections. The database provides selections
for sawn, glued-laminated, and manufactured lumber. Please refer to the previous chapter
describing using database in the Structural Engineering Library. Pressing [Wood Section]
will display the following selection window:
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Wood Section Database

Select Types to Display i IW i
[+ Specify Depth Range : —— :
Sawn Glued-Laminated PowerBeam nghil 12.00 : In
TJ : Parallam TJ :-Timber Strand VersalLam
T.k: MicroLam LP:Gang-Lam LYL Custom
T_l,JpeINamelWidth Depth |.-’-‘«rea I|:-: IS:-: II_I,I IS_I,J IIH;’.&reaISm’.&reaI @+ . <- Sort Order
Twpe MName Area |Width Depth ¢ S I ) Lo f Area S ) Area ﬂ
in? in in ind in3 ind in3 J
o EAT oxa 2.0800. 0,500 26500 1.953 1.563 Q.703 2,938 0521 04167
Sawn 2-2x3 75000 3.000 2.500 190 3130 5630 3.750 05621 0473 Select
Sawn 323 11.2600 4500 2500 5.8R0 4690 18.880 8.440 0521 04169
Sawn 2xd 5.2500 1.500 3.500 5,359 3.063 0.9584 1.313 1.021 05333
Sawn e 8.7500 2500 3.500 8.832 5104 4 RR7 3 h4h 1.021 05833 L
Sawn 2-2xd 105000 3.000 3.500 10.720 6.130 7.880 5.250 1.021 05338
Sawn a4 12.2600 3500 3.500 12.505 7146 12505 714k 1.021 05833 Insert
Sawn 32 1657600 4500 3.500 16.080 9190 26580 11810 1.021 05835
Sawn 2k 8.2500 1.500 5.500 20.797 7063 1.547 2.063 2521 09167 A
Sawn ek 137600 2500 5500 34 6R1 12604 7161 57eq 2621 09167
Sawn 2-2xb 165000 3.000 5500 41590 15130 12.380 8.250 25621 09170 Change
Sawn i 19.2600 3500 5500 48526 17k4e 186R1T 11229 2521 0MR7 —
Sawn 3-2xh 247500 4500 5500 2390 22690 41770 185R0 2521 09168
Sawn ] 30,2600 55600 5500 7b6.265 27729 YB.2Bh 27729 2521 09167 .
Sawn P 10875 16500 7.250 47 635 13141 2.039 27119 4380 1.2083
Sawn I 18126 25600 7.250 79.39 21.90M 9.440 7hE2 4,380 1.2083 Delete
Sawn 2-2xf 217500 3.000 7.250 95270 26280 16310 10880 4380 1.2083
Sawn 4xf 25375 3500 7.250 111148 30661 25304 14802 4380 1.2083
Sawn 3-2x8 326300 4500 7.260 142900 39420 55060 24470 4379 1.2031 x
Sawn Fc 412600 5500 7.500 193369  G16R3 103884 37813 4 kA7 1.2500 C I
T<|<g 1|?|n>n|>g| EEE SR B0 0 PR e bR Rl LR 2 nrnriv[i

Width & Depth
Enter the exact dimensions of the beam section being used. You can quickly change this entry to
optimize your design. Also, the automatic member sizing will place a depth here.

Beam Type
This selection controls how the Size of Volume factor is calculated. If "Sawn" is selection "Cf" is
calculated. If "GluLam" is selected then "Cv" is calculated. If "Manufactured or So. Pine" selected then
NO factor (Cf or Cv) is calculated.

[Stress] button & entry
This allows you to use the built-in NDS & Manufactured lumber allowable stress database to retrieve
allowable stresses. When you press the button you will see this selection window. Please see the
section earlier in this User's Manual that give information and usage for the databases.
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Wood Stress Database

Species_ Size Classes to Show

Using 1997 UBC/ND5 Stress Values |

| 2"->4” Thick, 2" & Wider 5" x 5" & Larger Glued-Laminated

Duulas Fir - Larch

Beams & Stringers Posts & Timbers Manufactured

All stresses in P51

- < Sort Order ‘o e
Speciss |Grade | Class |[Fb |Ft [Py |Fo-Pem|Fo-Pa|E |
Species Grade Class Fhb (i Fv Fc-Pem Fo-Prll Elastic Grading Agency
Bending Tension Shear Comp.  Comp.  kModulus J
Douglas Fir-Larch Select structural | 2-4 1,450 1,000 95 B2R 1,700 1,900,000 WCLIB WAAEA, Select
Douglas Fir-Larch  |Dense SelectSy BE 1.900 1100 B 730 1,300 1,700,000 WCLIB —
Douglas Fir-Larch Mol & Better 2-4 1.150 7R 95 B25 1,660 1.800.000 WWCLIE WhiFA,
Douglas Fir-Larch  |Selectstructural | BS 1.600 450 ida) 625 1100 1.600.000 WCLIB
Douglas Fir-Larch  |Dense No.i ES 1,550 775 85 730 1100 1,700,000 WCLIB &=
Douglas Fir-Larch  |Mo.l 2-4 1.000 E75 a5 625 1500 1,700,000 WCLIB WAWPA
Douglas Fir-Larch  |No.2 2-4 87s E75 EL B25 1,350 1,600,000 WCLIB WhAWPA Insert
Douglas Fir-Larch  |MNo.l BS 1.350 E75 B B25 9256 1,600,000 WCLIB
Douglas Fir-Larch MNo.2 BS 875 425 85 B25 600 1.300.000 WwWCLIB @
Douglas Fir-Larch  |No.3 2-4 500 325 95 625 775 1.400.000 WCLIB WA
Douglas Fir-Larch | Stud 2-4 675 450 a5 625 850 1,400,000 WCLIB WhWPA Change
Douglas Fir-Larch Construction 2-4 1.000 650 95 B2h 1,660 1,500,000 WYCLIB WAWPA e
Douglas Fir-Larch | Standard 2-4 EROD 375 EL 625 1400 1,400,000 WCLIB WAWPA
Douglas Fir-Larch | Utility 2-4 275 175 EL B25 400 1,300,000 WCLIB WAWPA -
Douglas Fir-Larch Dense select Sty BS 1.850 1,110 85 730 1,300 1.700.000 WA,
Douglas Fir-Larch  |Selectstructural | BS 1.600 950 ida) 625 1100 1.600.000 WA e
Douglas Fir-Larch  |Dense No.i ES 1,550 775 85 730 1100 1,700,000 WAWPA
Douglas Fir-Larch  |No.l B3 1.350 675 g5 625 9256 1,600,000 WWAWPA
Douglas Fir-Larch  |Dense Mo.2 BS 1.000 500 85 730 700 1.400.000 WA x
Douglas Fir-Larch  |No.2 = 87s 425 B B25 G00 1,300,000 WWANVPA
Cancel
[RTRE IR e I L Y | |
Fb:Basic

Enter the basic code-allowable bending stress here. Do not multiply it by any factors (load duration,
depth, and slenderness). The program will calculate all appropriate factors, apply them to this value,
and display the final Fb:Allowable value in the RESULTS section.

Fv: Basic
As for Fb:Allow described above, enter the basic code allowable shear stress.

Elastic Modulus
The elastic modulus should be entered in KSI, i.e. 1,700 ksi. This value is used to calculate deflections
and allowable stress factors for long slender beams.

Load Duration Factor
This factor will modify the allowable bending and shear stresses. Since this value is applied to
allowable values, your STRESS RATIO values should always be less than one.

Center Span TAB
This tab allows you to enter span length, unbraced length, and loads applied to the main span of the
wood beam.

Center Span Length
Enter the length of the main beam span.

Le: Unbraced Length
Enter the unbraced length of the compression edge of the beam that is to be used for calculation of
allowable bending stress based on possible failure of the beam by lateral-torsional buckling.

Uniform Loads
You can enter dead and live loads applied to the full length of the center span. This load has uniform
intensity for the entire beam length.
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Partial Load
Loads Here you can enter a uniform intensity dead and live load over all or just part of the beam's
center span. X-Left is the starting point of the load with respect to the left support. X-Right is the
ending point. Leaving both X-Left and X-Right zero will apply the load to the entire center span.

Point Loads
Up to four dead and live concentrated load can be applied to the center span. X-Dist. is the load's
location from the left support.

Cantilever Span TAB
This tab allows you to an optional cantilever along with it's unbraced length and the applied loads.

Cantilever Length
Enter the length of the main beam span.

Le: Unbraced Length
Enter the unbraced length of the compression edge of the beam that is to be used for calculation of
allowable bending stress based on possible failure of the beam by lateral-torsional buckling.

Uniform Loads
You can enter dead and live loads applied to the full length of the center span. This load has uniform
intensity for the entire beam length.

Span Point Loads

Two dead and live concentrated load can be applied to the center span. X-Dist. is the load's location
from the left support.

Results & Graphics Tabs

This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results Tab
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Results |5ketch | Diagrams | Motes ! Printing |

Beam is OK
Deflection OK

Moments..
hmax @ Center 10,40 in-k at 4250 f
MG Rt Support 0.00 in-k
Stress Ratio 0.328
Bending.. fb 416.9 psi Fb 14500 ps=i
Shear.. fy 31.15 psi Fy 95.00 psi
Reactions...
Left: DL 1247 LL 2833 Max 408.0 Ibs
Right . DL el UL 2833 Mhlax 4058.0 Ibs

Defl. Ratio Limit = I 356.0

Center Span Deflections...

DL -0.018 in ] 4 24 ft L/'Defl Ratin 5,809

LL -0.040 in &l 4 25 ft L'Defl Ratin 2 556

DL+LL -0.057 in (&) 4 25 ft L/'Defl Hatio 1,775
Cantilever End Deflections...

DL 0.000 in L'Defl Ratin

DL+LL 0.000 in L/Defl Ratio

Cf 1.000

Rh 0.000

Le 0.000 ft

M:max @ Center Span
This is the maximum moment within the center span. When a cantilever is present, any live loads are
skip loaded to determine maximum moment.

Moment @ Right Support
This is the moment at the right support due only to the full dead and live load being applied to the
cantilever.

Stress Ratio
Overall maximum actual / allowable stress ratio for the beam

Bending Stresses
Fb: Allow : Final allowable bending stress after calculating all modifications due to load duration,
depth factors, and reductions for long unbraced compression edges.
Fb: Actual : Actual maximum bending stress along the full length of the beam.

Shear Stresses
Fv: Allow : Final allowable shear stress after applying the load duration factor.
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Fv: Actual : Actual maximum shear stress at either end of the beam.

Reactions
Dead and live load support reactions. Live load reaction is the maximum reaction resulting from
skip-loading when a cantilever is used.

Deflections
These are all the maximum dead and live load deflections and their distance from supports. Live load
deflections result from Skip loading when a cantilever is present. The Length/Deflection ratios are
multiplied by 2 for cantilevers, to adjust them to equivalent simple span deflection ratios.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.

Results Sketch |Diagram5 | Mates I Printing |

Print Sketch

Span 1 |S|:uan2 |Span3 |Span4 ISpanE |SpanE ISpan? |

96,00 #/t bhb bR ERERERERERE L 4 96.00

g S50 I

brnaw = 1040 in-k at 4.24 f fram left
Dimax = -0.0574 in at 4.24 ft from left

Rlmax = 407,999 |bs Rr:max = 407.999 bz

Diagrams Tab
This displays a moment, shear, and deflection diagram for the beam with the applied loads and
end conditions. Note the two tabs...."Graphic Diagram" and "Data Table". The Data Table tab
provides the entire internal analysis at the 1/500th points within the beam.
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Results | Sketch Diagrams |Notes | Printing |

™ LL @ Center ™ LL@ Cant

Span 1 |5pan2 ISpan3 ISpan4 ISpanE ISpanE ISpan? |

Momert  (ft-k)

Eendirtlg Momeénts

28

Location

Print Diagram

23 ; ! ; 4 2.3
It

Shear (k)

0az &Y 2453

3.38
Location

It

eflection [in)
=
=

0. &Y 2453

4 i
Deflection

338

Location

8.3
It

Graphic Diagram |Data Tah|E|

Notes Tab

This tab contains some general notes about the usage of the results of this program.
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Results | Sketch i Diagrams Motes 1F'rinting ]

General Notes...

* Calculations are designed to 19397 MDS and 1897 LIBC Guideline

* Section datahases have been updated as of 2-Apr-15939

* Allowahle stress databases have heen updated to
1897 MDD & 1997 UBEC walues on 2-Apr-19599

¢ [0 determine Cf walues for sawn sections,
the program looks for the identifying wards in the '
"Select”, "No.1", "Standard" and similar typical
words are used to determine Cf category

¢ "Unbraced length" is multiplied by the

following walues to calculate "Le"
When beam depth <= 7", Le =2087* Lu

When 7" < heam depth == 14 3", Le = 162" Lu + ad
When beam depth = 143", Le =184~ Lu

Printing Tab
This tab allows you to control which areas of the calculation to print. Checking a box will signal
that the information described by the item will be printed. However, if there is no information in
for a particular selection it will not be printed. So these checkboxes are best described as "If
this particular area of the calculations contains data then print it".

Results J Sketch ] Diagrams | Moteg Printing

Please select printout sections to be printed...
General Information v
Center Span Data v
Cantilever Span Data v
Results v
Reactions v
Deflections v
Motes [
Mote: When all are selected, the software will still amit unused sections

Sample Printout
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ENERCALC Engineering Software Tithe:: EMERCALT Example Preblems Job £ 57000001
B0, Box 188 Dsgru: MIDE Date: H.:5480, 25 OCT 03
Corona del Mar, €A 92660 Description : Colection of exarple probiems

Viice: 949-645-0151 Scope:  Mlprogramsin the Srucurel Enginesiing Libeary
wwenercalc, com

Timber Beam & Jolst Page |

Soaaw ¢ heE S ot 6 i 0w The b riCaior

[H
Wk £ FANDSE0O0 01 erS BUD, 110:E
i 1380 S0 3 EMERCA LT Ewyhiee

escription
Timber Member Information Cadk Ret 1057 NDS, 2003 IBC, 2003 NFPA SO00. Base allewables are weer defned. I
Timndser 5 ection T MEmLA (7S
Baam Wicth In| 1.750 Ja0d 5155
Baam Dapth in| 8.250 .50 18500
L Unbraced Lengih t a.oo 0.0d 2200
Timbar Grase
Fli - Basic Alow s 14500 1,3000 22mMa
Fy - Basic Alow s 550 850 1650
Efastic Modulus si 1.7000 1, B000 18000
Lead Duration Fador 1.000 1.000 1000
Membar Type Manut®ing Sawn Sawn
Reapsitive Stalus Fepetdue Ha Tl
Center SEn Data .
Span L 850 16.00 2200
Dreeand Loz it X33 10400 335.00
Live L it BEET 9500 550,00
LCmtlwer Span I
=
Span t S.00
Unifom Dasd Load L 1200
Lpifain Live Laad ) 3200
Foint 1 DL b 57200
LL [ <13 gr7.00
@ 1 5000
Resulis Ralic= 0.3zxre 0.8660 1.1436 I
ldmax & Cerer n-k 1040 5380 B40.7T
@x= L 425 7.04 11.00
Idman § Cartileve Nk a.om G354 0.0a
M- Actual P 41629 12670 20005
Flo - Allowable s 14300 1,4300 17417
Nending 0K B ing (K Chesr Srevy
fe - Actusl =] 2 727 1265
Fi - Alawabila 2] 50 a5.o 1650
St 0K Sheeer O Sheat 0K
Reactions .
s - o
@ LletEnd DL [ 12467 643 87 ]
LL I 2B3.33 TE4.00 8,160,00
Idax. DL-LL I 408 00 1411 87 9 845,00
@ Right End DL b= 124 67 165212 3,685,00
LL [[:E4 283 33 2.404.08 G 180,00
Max GL+LL b= 408 O 375619 9, 845,00
Deflectiong | Roia Ok Oefecion Ok Oefeconot _i
Center DLDed n 0B 108 0310
LDet Ratia 5HG.3 17724 B523
Carta LL Def n 0,040 013 o518
LiTef Ratia 25561 a1,z 5034
Cemer Total DeA n D057 0320 Sam
Location t 4250 THIS 11 000
Ll Ratia 17754 50,7 ™Moo
Carflilever DLDe1 ir L0043
Zantlewar LL Def iy 0218
Totad Cant. Defl iny <0262
Lt Ratia 4585

3.3 General Timber Beam

This program provides design and analysis for wood beams with optional cantilevers at

©1983-2003 ENERCALC Engineering Software



118

ENERCALC

one or both ends. A variety of loads and end fixities can be used to model most span
conditions. This program is ideally suited for design and analysis of glued-laminated
beams.

This program is provided as an alternative to the Multi-Span program. It gives more
detailed analysis capabilities, allows more loads to be applied, gives cambers and bearing
stresses, and allows the user to query the program for values at any beam location.

The program divides the beam into 250 span increments and determines maximum
shear, moment, deflection, and stress at each location.

You can apply up to seven full and partial length distributed dead and live loads, up to
eight point dead and live loads, and up to eight dead and live bending moments. These
loads are easily specified by entering the magnitude and location with reference to the
left support.

The beam can have either end fixed or pinned in various combinations. From the user
defined loading condition, allowable stresses, and end fixities, the program calculates
maximum and minimum shears, moments, and deflections.

The user has options to specify automatic calculation of beam weights, reduction of end
shears by loads within a distance d from a support, enter unbraced lengths to govern
allowable stresses, and set a lamination thickness to be used for automatic member
sizing of laminated beams.
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(I ENERCALE o\ ECSS\EXAMPLES.ECW - Genersl Timber Besm Design

General Timber Beam Design

}:;:::’ T Help | T2l Design G5 peint £| P cancel o Save
General |Uniform & Trapsaoidat | Foint & Moment Loads | Sumemary |sketit | Diagrams | Frining | otes |
Dascription | Example Problem #2, Double Cantilevered Beam Rasuls I$1I’H$3 Cales I Daflections I Gueary I
Beam Design OK
Kax Stress Ratio 0723 :1
CenterSpan.......... asono 4t Ly o000 5 # Shess
? Maximum Mament 1533 k-1t 1,661.3 psi
Left Cantilever ... 8500 g ... Ly 8.500 4] # Allowabls . . .. 22454 2,296 2 psi
Right Cantilever . .. .. .. et Lu fi
Ll 6.500 3 6.500 3] Maximum Shear * 1.5 28k 1454
—End Fody———————————— Allewable . .. 438K 2375 psi
MI I 5125360 & FinFin - C FinFix Max Mid-Span Deflection -1B%3 in
Beam Width . . .. ... .. 5125 E in £ FiwsFix = FixFin Length / Deflection Hatio 3402 .
Beam Depth. . ........ 6. 000 E in £ Fin-Free
KMoment Details.,...
Codaen O Glulam May. Pos Mom ... ... 153 28et s 24378
. Manuf. or So. Pine Max. NegMom . ...... 3876 al 00001t
- - Max @ Left Support . . . F31F kft
Wond Species | |Dougie: Fi 24F VB Max @ Right Support .. 8876 k-t
Fb: Base Allawable . ... ... .. .. 2.400.0 4| psi Shears....
B cMllowabls oo cinn sinninnn 1900 ] pei Max & Lefl Support . . . 16.4%
Fe-Pomp: Allowable . . ... ... ... .. 5600 4 psi Max @ Right Support . . 1789k
Elastic Modulus . ... ............ 168000 4 ki Reactions...
) & Lefl Suppert
Repatitve Mamber 7. I Dead Load , . ... 14804 & Max. ... Z7E54K
Load Curation Factor 1.250 @ Right Support
Gt shasr at-dapiH" from suppon 2 r Dead Load . .. . 15151 k Maxz . 31809k

Basic Usage

e Beam Data defines the size and allowable stress for the beam to be analyzed or
designed. Width must always be entered, but Depth can either be entered to
analyze a beam or can be automatically selected.

e Lamination Thickness is used by the selection routine as the minimum increment the
beam depth should be adjusted to.

¢ Allowable Stresses will be modified according to load duration factor, size factor, and
beam slenderness (as applicable).

e Beam Density is only used when the Use Beam Wt entry is set to YES.

¢ Design Data modifies the allowable values and modifies how stresses are calculated.
Load Duration Factor is applied to all allowable stresses. Use Beam Weight is a
YES/NO flag that will automatically add a uniform load to the beam to account for its
own weight. Reduce Shear By d is also a YES/NO flag that, when set to Yes, will
deduct all loads within a distance Beam Depth from each support when calculating
shears.

e End Conditions define how the beam ends are attached to their supports. If
cantilever information is entered for a side of the beam that has been specified as
fixed, that information (including loads) is ignored.

e This program provides plenty of load capability for loading any part of the beam. All
Dist. values position the load with respect to the left support. To apply a load to the
left cantilever, enter the distances as negative.

e Summary gives stress results for the beam analysis. Maximum Moments are given
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for the center span and cantilevers (and their locations). Allowable and Actual
Stresses are also given for the worst case conditions. Reactions and Deflections are
given for dead load only and total load cases.

e Live load is ALWAYS skip loaded to determine the maximum moment in the center
span.

Automatic Beam Sizing
Using the [Design] button you can display a screen that will enable you to set design
parameters and examine a database of wood members for selection of those that satisfy
your criteria.

Design Beam |

—Section Type : : Y
M awimunn Stress B atio 1.00
% Sawn " Glued-Laminated I EI
Tl Bl b irimum T otal Deflection B atio | 240.0 il
" TJ: TimberStrand
& Custom [Uzer Defined) x @
Cancel Go

e Specify maximum deflection ratios for dead and total loads.

¢ Specify overstress limits for bending and shear forces.

e Use "Go" to start the database search. The beam width and lamination thickness
already present in the calcsheet will be used to determine a depth considering
bending and shear stresses and deflections.

Assumptions & Limitations
Live loads are automatically placed in various combinations of center, left, and right
cantilever spans to determine maximum moments, shears, deflections, and reactions.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.
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5854.@] Ibs 704 .QEI b

4200/ d b h bbb e e bbb R R L EEH H saa.00 #m
.00 thor 44 1) 64e.00 Bt

B42.00 #.5t rﬂ_ﬂ' B42.00 #5t

w00 ua CTTET 0] dson00 s

l Ia B0 ft AZ.00 ft I ls.an f

Mmaw = 15325 k-t
Dimax = -1.6932 in

bArmaw (20 left = -73.16 k-t bmax & night = -68.75 k-t
Rrax = 27,953 k Rrmax = 31809k
Wrnax (@ left = 16.491 k Wrnaw 0k = 17.887 k
Defl (& left end = -0.8033 in Drefl (& right end = -0.6425 in

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
This tab provides data entry for all input except loads.
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General |Uniform & Trapezoidal | Point & Moment Loads

Description |Example Problem #2, Double Cantilevered Beam

EEiiiEl S o I 48000 3: flssssi Lu I 0.000 3: ft
Left Cantilever . ... .. .. I 8.500 3: fhiescasasisies Lu I 8.500 3: fi

End Fixity
Wood Section | I 5.125x36.0 & Pin-Pin © Pin-Fix

Bearn Width . ... ... . . | 5.125 4 in " Fix-Fix € Fix-Pin
BEamEEnth one o o I 36.000 3; in {_AFiEiee

= Sawn f* Glulam
" Manuf, ar So. Pine

Wood Species | | Douglas Fir. 24F - v

Fb : Base Allowable ... ... ... ... | 2.400.0 il psi

Fu: Allowable . ... ... ... ... | 190.0 il psi
Fo-Perp: Allowable . ... ... ... I SE0.0 il psi
Elastic Modulus .. ... ... .. I 1.800.0 il ksi
Repetitive Mermber? ... r
Load Duration Factor I 1.250

Calc shear at "depth” from support & -

Center Span
Span distance between the left and right supports for the beam.

Left & Right Cantilever
Specifies the length of the cantilevers, if applicable.

Lu : Unbraced Lengths
These lengths define the length of unbraced compression edge ( Le ) for use in calculating allowable
bending stresses based on beam slenderness.
For cantilevers, you should always consider whether knee braces or other equivalent means of lateral
support are provided to stabilize the compression edge.

End Fixity
This Fixity Code is used to specify the end conditions of your beam.
¢ Pinned-Pinned allows cantilevers at either end, and only rotation of the beam-ends are allowed.
¢ Fixed-Pinned & Pinned-Fixed allow one end to rotate and have a cantilever, while the other end is
rigidly attached to a boundary element (allowing no rotation). If loads are specified with locations
past the fixed support, they are ignored.
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¢ Fixed-Fixed attaches both beam ends to rigid boundary elements. All information for cantilevers and
load locations outside the center span are ignored.

[Wood Section] button and entry
Use this button to display the database of wood sections. The database provides selections
for sawn, glued-laminated, and manufactured lumber. Please refer to the previous chapter
describing using database in the Structural Engineering Library. Pressing [Wood Section]
will display the following selection window:

Wood Section Database

Select Types to Display Low: I 2.00 3‘; in

[+ Specify Depth Range
Sawn Glued-Laminated PowerBeam nghil 12.00 : In
TJ : Parallam TJ :-Timber Strand VersalLam
T.k: MicroLam LP:Gang-Lam LYL Custom
T_l,JpeINamelWidth Depth |.-’-‘«rea I|:-: IS:-: II_I,I IS_I,J IIH;’.&reaISm’.&reaI @+ . <- Sort Order
Twpe MName Area |Width Depth ¢ S I ) Lo f Area S ) Area ﬂ
in? in in ind in3 ind in3 J

o EAT oxa 2.0800. 0,500 26500 1.953 1.563 Q.703 2,938 0521 04167
Sawn 2-2x3 75000 3.000 2.500 190 3130 5630 3.750 05621 0473 Select
Sawn 323 11.2600 4500 2500 5.8R0 4690 18.880 8.440 0521 04169
Sawn 2xd 5.2500 1.500 3.500 5,359 3.063 0.9584 1.313 1.021 05333
Sawn e 8.7500 2500 3.500 8.832 5104 4 RR7 3 h4h 1.021 05833 L
Sawn 2-2xd 105000 3.000 3.500 10.720 6.130 7.880 5.250 1.021 05338
Sawn a4 12.2600 3500 3.500 12.505 7146 12505 714k 1.021 05833 Insert
Sawn 32 1657600 4500 3.500 16.080 9190 26580 11810 1.021 05835
Sawn 2k 8.2500 1.500 5.500 20.797 7063 1.547 2.063 2521 09167 A
Sawn ek 137600 2500 5500 34 6R1 12604 7161 57eq 2621 09167
Sawn 2-2xb 165000 3.000 5500 41590 15130 12.380 8.250 25621 09170 Change
Sawn i 19.2600 3500 5500 48526 17k4e 186R1T 11229 2521 0MR7 —
Sawn 3-2xh 247500 4500 5500 2390 22690 41770 185R0 2521 09168
Sawn ] 30,2600 55600 5500 7b6.265 27729 YB.2Bh 27729 2521 09167 .
Sawn P 10875 16500 7.250 47 635 13141 2.039 27119 4380 1.2083
Sawn I 18126 25600 7.250 79.39 21.90M 9.440 7hE2 4,380 1.2083 Delete
Sawn 2-2xf 217500 3.000 7.250 95270 26280 16310 10880 4380 1.2083
Sawn 4xf 25375 3500 7.250 111148 30661 25304 14802 4380 1.2083
Sawn 3-2x8 326300 4500 7.260 142900 39420 55060 24470 4379 1.2031 x
Sawn Fc 412600 5500 7.500 193369  G16R3 103884 37813 4 kA7 1.2500 C I
T<|<g 1|?|n>n|>g| EEE SR B0 0 PR e bR Rl LR 2 nrﬂ;[ _ance

Depth & Width
Enter the beam width & depth you wish to use, or select the beam from the database (see above).

Beam Type
This selection controls how the Size of Volume factor is calculated. If "Sawn" is selection "Cf" is
calculated. If "GluLam" is selected then "Cv" is calculated. If "Manufactured or So. Pine" selected then
NO factor (Cf or Cv) is calculated.

Wood Species : [Stress] button & entry
This allows you to use the built-in NDS & Manufactured lumber allowable stress database to retrieve
allowable stresses. When you press the button you will see this selection window. Please see the
section earlier in this User's Manual that give information and usage for the databases.
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Wood Stress Database

Species_ Size Classes to Show
Glued-L aminated

Manufactured

| = | 2"->4" Thick, 2" & Wider 5" x 5" & Larger

I--.AII Species--

Beams & Stringers Posts & Timbers

Using 1997 UBC/ND5 Stress Values

All stresses in P51

- Sort Ord -
Speciss |Grade | Class |[Fb |Ft [Py |Fo-Pem|Fo-Pa|E | L

Species Grade Class Fhb (i Fv Fc-Pem Fo-Prll Elastic Grading Agency ﬂ
Bending Tension Shear Comp.  Comp.  kModulus J

Diouglas Fir 16F-ER GLB 1.600 1,000 165 [=11] 1600 1,600,000 Select
Douglas Fir 20F-ER GLB 2,000 1.150 165 [=:1] 1650 1,700,000 —
Diouglas Fir 22F-ES GLB 2200 1100 165 BR0 1.650  1.700.000
Daouglas Fir 24F-E10 GLEB 2400 1.300 165 650 1.750  1.900.000
Diouglas Fir 24F-E12 GLE 2400 1,200 155 650 1,600 1,900,000 o
Diouglas Fir 24F-E13 GLB 2,400 1,250 165 BE0 1,700 1,800,000
Dlouglas Fir 8 GLE GE0 140 EE0 1600 1 100 Insert

ouolas Fir 2 2 400 1 000
E-Rated Southern Ping 20F-E3 GLB 2000 1.1580 200 [==1] 1,700 1,700,000 5
E-Rated Southern Ping 22F - E3 GLEB 2200 1.150 200 650 1.650  1.700.000
E-Rated Southern Ping 24F -E4 GLEB 2400 1,250 200 650 1,750 1,800,000 Change
Hem Fir 16F-E7 GLB 1.600 850 155 500 1150 1,400,000 e
Hem Fir 20F-E7 GLB 2.000 1.050 155 500 1850 1,600,000
Hem Fir 22F-ER GLB 2200 1,080 155 500 1800 1,700,000 -
Hem Fir 24F-EN GLB 2400 1.580 155 500 1850  1.800,000
Herm Fir 2q4F-Elb GLEB 2.400 ga0 155 500 1.400  1.700.000 e
Hem Fir 24F-E19 GLEB 2.400 450 155 500 1.200 1,800,000
Hem Fir / Softwood | 24F-E17 GLB 2.400 750 140 500 1,260  1.800,000
Southern Pine 16F -5 GLB 1.600 1,000 200 5E0 1550 1,400,000 x
Southern Fine 20F -5 GLB 2.000 1,050 200 =11 1850 1,600,000 . i
TR IR I3 I LT I G ihel e e i s -l anee |

Fb-Bending : Base Allowable
Basic allowable bending stress to be used for design and analysis. This stress will be modified based by
slenderness, size factor, and load duration factor.

Fv-Shear
Allowable shear stress to be used in design. This allowable will be modified by the load duration factor.

Fc-Bearing
Allowable bearing stress perpendicular to the grain.

Elastic Modulus
Enter the modulus of elasticity to be used in determining deflections and calculation of F'b for laterally
unbraced beams.

Repetitive Member Flag
Check this box if the multi-span beam can be considered to be a repetitive member according to NDS
definitions.

Load Duration Factor
Load duration factor to be applied to allowable bending and shear stresses. Application of this factor is
in accordance with NDS.

Lamination Thickness
You can specify a lamination thickness to be used to determine the minimum required depth
increment. The program determines the minimum number of laminations of this thickness that are
needed, and rounds up a full lamination. Leave this value set to zero for exact depth calculations.

Calc Shear at "depth" from Support ?
This YES/NO flag allows you to disable the automatic subtraction of all loads within a distance Beam
Depth from a support (when determining design shears).
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Uniform & Trapezoidal Loads Tab

General Unifortn & Trapezoidal |Paint & Moment Luadsl

Uniform Loads Over Full Span
v Auto Calc Beamn Weight 7 Wood Density Im pcf
Dead Load Live Load
Center Span . .. ... .. 360.0 il #ift | 288.0 il #ift
Left Cantilever . .. .. .. I60.0 il #it I 2880 il #1t
Right Cantilever . .. 3I60.0 il #it I 2880 il #1t
Trapezoidal Loads
#1 #2
] I 5 it I il it
DL @ Right .. ... .. R ] w
LL @ Left . ... .. .. 25.0 & #f | il #1t
LL @ Right . .. ... ... 500.0 & #f | il #1t
Start Location . . . .. .. 37.2%0 il ft I 0.000 il fi
End Location . . .. . .. 54 500 il ft I 0.000 il fi
#3 #td
B S e e il #t I il #t
DL @ Right . . ... ... DL ] wi
[l e st il #ft I il #ft
LL@Right .. .. .. CEL BE
Start Location . .. .. .. | 0.000 4 f | 0.000 3 f
End Location . . .. ... 0,000 il ft 0,000 il ft

Uniform Loads Over Full Span

Auto Calc Beam Weight
Check this box to have the program calculate the beam weight and apply it as a uniform loads on
the center and cantilever spans.

Wood Density
Enter the density of the beam. It will only be used if the Auto Calc Beam Weight box is checked.

Center Span Dead & Live Loads

Enter the uniform dead and live loads acting on the center span of the beam. These
entries allow you to apply one uniform dead and live load

to the center span.

Left & Right Cantilever Dead & Live Loads
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Enter the uniform dead and live loads acting on either of the cantilevers. The loads are
applied to the entire cantilever length.

Trapezoidal Loads

This section allows you to enter loads that can have different end magnitudes and can start and end at
any location along the beam.

--->>> Note! Entering ONLY the "Left" value and leaving the "Right" load and BOTH Start
and End location blank will make the load a uniform full length loads.

Load @ Left & Right

These entries define the magnitudes of the ends of the loads. The load magnitude is then linearly
interpolated between the starting and

ending points. These values may be positive or negative to indicate downward or upward force
direction.

Left & Right Locations
The starting and ending extents of the loads are entered here. These values are entered as the
distance from the LEFT support. For loads on

the left cantilever enter a negative value. For loads on the right cantilever the location must be
greater than the "Center Span" length.

Point & Moment Loads Tab
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General | Liniform & Trapezoidal Point & Moment Loads |

Point Loads...
# #2 #3 #4
Dead | 2 s2450 %] | 3 lbs
Live | 282402 2.796.0 3 | 4 |hs
Dist. | -8.500 3| 545003 00003| 0000 3 f
# #a #

Dead | | = 4 Ibs
Live | = = | i

Dist. | 0000 %] 00003 00003 f

Moment Loads...

#1 #2 #3
Dead | —| | —| | 4] in-#
Live | = | = | 2] in-#
Dist. | 0.000 3 | 0.000 3 | 0.000 3 ft
# # #
Dead | = — | 4] in-#
Live | = = | 2] in-#
Dist. | 0.000 3 | 0.000 2| | 0.000 & ft
W
Dead | 4 in#
Live | 2| in-#
Dist. | 0.000 3 ft

Point Loads

Dead & Live Loads
This entry allows you to apply up to eight concentrated dead and live loads to any portion of the entire
beam; center span or cantilevers.

Distance
All distances are referenced from the left support.

Moment Loads

Dead & Live Moment
This entry allows you to apply up to eight moments dead and live loads to any portion of the entire
beam.....center span or cantilevers.

Distance
All distances are referenced from the left support.
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Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Summary / Results Tab
Max. Stress Ratio
Considering all placement options for live loads and examining the maximum moment at all locations
of the beam, this is the maximum stress ratio calculated by dividing that moment by the beam's Sxx
section modulus times the allowable bending stress.

Maximum Moment & Stress
This is the maximum moment used in the "Max. Stress Ratio" calculation and the resulting stress in the
beam. Also given is the allowable moment and stress.

Maximum Shear * 1.5
Considering all placement options for live loads and examining the maximum shear at all locations of
the beam, this is the maximum value multiplied by the code required 1.5 to arrive at a design shear.
Also given are the actual and allowable stresses

Max Mid-Span Deflection
Considering all placement options for live loads and examining the maximum deflection across the
center span of the beam, this the maximum value. Also given is the Length / Deflection ratio

Moment Details
More details about the maximum values for positive and negative moments and support moments are
given.

Shears
This is the maximum shear calculated at both ends. Live load is automatically placed in all possible
location combinations to determine the maximum shear value on each side of the supports. (This
shear is not modified for loads within d distance from end of beam nor multiplied by typical 1.5 shear
factor. Please see Design Shear for those adjusted numbers).

Reactions
For both left and right support, the dead and total load reactions are given. When cantilevers are
present, live load is omitted from the cantilever at the opposite end from the support. Live load is
automatically placed in all possible location combinations to determine the maximum shear value on
each side of the supports.

Summary / Stress Calcs Tab
Bending Analysis
Le
Unbraced length used for allowable bending stress calculation of "C." factor.
Cv
This item will display as "Cv" for glued laminated beams when the volume factor applies and as "Cf" for
sawn or manufactured members when the size factor applies.

Rb
Slenderness ratio for the beam.

CL
Reduction factor that will be applied to the Fb: Basic Allowable to reduce the allowable bending stress
based on unbraced compression edge lengths.
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Sxx & Area
Section properties for the beam being analyzed.

Max. Moment, Sxx Required, Fb:Allowable @ Span
This is a summary of important bending analysis values at the three critical locations in the beam.

Shear Analysis
Design Shear

By dividing the entire beam into 250 increments, the maximum shears are determined by applying live
loads on various portions of the beam to create maximum effects on either side of the supports and
mid-span. Then all loads within a distance equal to the beam depth from the end of beam are
subtracted, and the result multiplied by 1.5.

Area Required
Required shear area of beam calculated by Design Shear / FV:Allowable.

Fv:Allowable
Fv is equal to the allowable shear stress times load duration factor.

Bearing @ Supports
Maximum reactions at each support are divided by allowable bearing stress, and beam width to
determine the required length of bearing.

Summary / Deflections Tab
Dead Load & Total Load Values

Dead load deflections represent the calculated deflections when the entered dead load (and beam self
weight if chosen) is applied to the entire span.
Total load deflections represent the MAXIMUM deflections at each location on the beam.

Deflection, Location & Length/Defl Ratio
This area gives the deflection value, the location from the LEFT support (negative for left cantilever),
and Span Length / Deflection Ration.
Note: negative deflections are downward
Note: For cantilevers the deflection ratio is calculated as (2.0 * Cant. Length) / (Deflection at end).
Because code deflection ratio limits are suggested for simple span beams with two supports a
cantilever represents just 1/2 of the equivalent span.

Camber
This is 1.5 times the dead load deflections

Summary / Query Tab
Locations

Enter the location measures from the left support for where you would like the detailed value
calculated.

Use "LL" at xoooxxxx for Query
This selection instructs the program how to apply the live load for this query value.

Calculated Values
Gives the calculated moment, shear, and deflection for the location specified.

Sketch Tab

This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.
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Summary Sketch |Diagram5 I Printing | Nuteal

Print Sketch

5854.@] b 7041 .EEI bz

samon s b EEHEHEEEEEEEEELEHEEEEEHHEH H sag.00 am
B45.00 #4441 ) 648,00 8t

B42.00 #/t W B42.00 #/t

w00 anFTTT RS T b dsono0

l Ia B i 42,00 ft I L;En i

Mmax = 153.25 k-4t
Dmax = -1.6932 in

bdrnaw (3 left = -F376 k-ft bdrnaw (3 right = -68.75 k-t
Fimnas = 27,853 k Fimax = 31.809 k
Ymas 9 left = 16.497 k Ymax @t = 17887 k
Drefl 2 left end = -0.8083 in Drefl 8 right end = -0.6425 in

Diagrams Tab
This displays a moment, shear, and deflection diagram for the beam with the applied loads and
end conditions. Note the two tabs...."Graphic Diagram" and "Data Table". The Data Table tab
provides the entire internal analysis at the 1/500th points within the beam.

©1983-2003 ENERCALC Engineering Software



Wood Design Modules 131

summary | Sketch Diagrams |Printing | Notes |

Graphic Diagram |Data Table | Print Diagram

119.28
102.24
a5.20
G216
112

240 2F2 25303 33F O3 {02 50,35 Séﬁ? 630
Location

. Shear (k)

1240 1BF2 2503 3. 102 5035 S667 620

Location 1t

BOF 1240 1272 2505 3137 P70 4402 5035 SSE7  GRO
Location 1t

Deflec'::tiun

Printing Tab
This tab allows you to control which areas of the calculation to print. Checking a box will signal
that the information described by the item will be printed. However, if there is no information in
for a particular selection it will not be printed. So these checkboxes are best described as "If
this particular area of the calculations contains data then print it".
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Sumrmary | Sketch |Diagram5 Frinting 1Nutea |

Notes Tab
This tab contains some general notes about the usage of the results of this program.

Please select printout sections to be printed...
General Information v
Linifarm Loads Iv
Trapezoidal Loads v
Foint Loads v
Moment Loads Iv
Summany I
Deflections v
Stress Calcs v
Giuery Walues v
Motes r

Mote: When all are selected, the software will still omit unused sections

Summar‘:.r] Sketch | Diagrarns ] Printing Motes

General Notes...

Calculations are designed to 1997 MNOS and 1997 LUBC |
Section databases have been updated as of 2-Apr-18490

Allowzhle stress databases have been
updated to 1997 MDS & 1897 UBC values on 2-Apr-198!

Tao determine Cf values for sawn sections,

the program looks for the identifying words in the "Stres:
"Select", "Mo. 1", "Standard” and similar
typical words are used to determine Cf category

"Iinbraced length" is multiplied by the following
following walues to calculate "Le"

When heam Lufdepth == 7" Lle=20687 L
When 7" < Lufdepth <= 143", Le =162 * Lu + 3d

When Lufdepth = 143", Le=184% Lu

Sample Printout

Page 1
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ENERCALC Enginesnng Software Title: EMERCALC Example Problems Job # S7-000001
Dsanr. MDBE Dabe: 9:36AM, 250CT 03

P.O. Box 188 Description : cojact

Corona del Mar, CA 92680 » Gollaction of axampls problems

Voice: 3436450151 Scope: Al prograrms in the Structural E nginesring Liorary

WYWW.enercalc.com

Tty SLIN0OG 1 v &0, 10-Sep. 2003 General Timber Beam .Ffal;a !

r: BN-Ca0
o) IBE-H0() EMERCALL Engnesrng Sctwars

Description Example Prablem £2, Double Cantilzvered Beam
General Inform ation Coda Raf. 1997 NDS, 2003 IBC, 2003 MNFPA 5000. Basa allowables are usar dafinad '
P
Section Mame Center Span 4B00% ... Lu 0.00 ft
Beam Width 5125in Left Canlilevar 13101 | S Lu 5.50 ft
Bearn Dapth 40 50010 Right Camtigvar 680K ... .l G.60 Tt
It amber Typa
Fb BaseAllow 2,400.0 psl
Load Dur, Factar 1.250 F & oo 165.0 psi
Beam End Fixity Pir-Fin Fo&llow 3B5.0 psi
E 1,800.0 ksl
Full Length Uniform Loads .
Center oL G000 #1 L. 23600 =M
Left Carlievar oL A60.00 M LL 286.00 wm
Right Cantilever oL 36000 =it LL 280,00 =m
|_Trapezu|dal Loads !
#1 OL @ Laft #M LL @ Left 25.00 #m Sart Lo 72580 1t
DL 2 Right =i LL & Right S00.00 = End Loc S4.500
Paint Loads
k=] B 5 : B 5 5 k1 5 = 5
Live Load 2,824.0lb% 2,756.0bs 143 ks bis [ s
Ldistance -8.500 ft 54 500 ft 0,000 f 0.000 f 0.00a f oo f 0.ooa

Overstressed in Bending !

SparF 48.00°, La Cant= B 501 Right Cant= .50, Baam Width= 5.125in x Dapth = 40.5in, Ends ara Pin-Pin
Max Stress Ratio 0.oao - |
I 2 e M orment 152.3 kRt Maximum Shear* 1.3 268 K
Allaviable a0kt Allowable 428 k
e, Posiive Mormanm 153.26 k-N at 24.377Tn Shaar @ Laf 1640 k
M, Mega e Mamen -3B.76 k-1t at 0000 = Rigt 17 B3 K
M2 @ Lett Supporl FIAT kA Camber. @ Lefl 02fdin
M a= @ Right Suppar -BBTE  h-f @ Center 0722
@ Right 0225
Max, M aliow 000 Reactions. . |
it 131264 ps T 12927 psl Left DL 1480 k o 27 B5K
Fb 000 psi Fv 20625 psl Right DL 1815k [LF Nelk |
Deflections l
enter Span... zad Loa E] a = Dead Load Total Load
Detlection <0482 1In -1.189 In Deflection 0.1831In 0.568 I
...Localian 4126 ft 41260 ...LengthiDef] 1.117.3 3563
LengthdDefl 1,156.0 484 36 Right Cantilever...
Camber [ using 1.5 " DL, Defl ... Deflection 0A500n 0451 in
& Centar 0.7221in L LengihiDiar 1.038.8 J457T7
& Lefi 0.274in
& Right 02250
Page 2
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ENERCALC Engineering Software
P.0O. Box 188

Corona del Mar, CA 92660

Volce: 949 6450151

wwwen ercalc.com

Title : EMNERCALC Example Prokiems Jab # 97-000001
Dsgmr: MDE Date: H36AM. 25 DCT 03
Description @ Collkclion of exampls prablems

Scope: All programa in the Structural Engnzenng Library

General Timber BEeam
Exarmple Prablern #2, Dauble Cantileverad Beam

] : x - Pa. o
User: MALDEO000] Wwbi 58.0, 10-Sep-2003 g =
_[a}10B3-2003 ENERCALC reEanineg Sodw an ol X eoamp ks aow Timber Calos

Description

|§trn: Cales R R ' ' ' ' I

Bemding Analysis
Ck 19865 L& 175031 Sux 1.401.047in3 Arga 207.563 In2
0000 Rb 18.000 Ci 0.0aa
Max Moment Sux Regd Allowable th
& Center 153 26 k-1t 0.00 n3 030 psi
(@ LaNl Suppar TIAT kTt 0.00 n3 0.00 psi
@ Right Support GA.TE k-ft 0.00 n3 000 psi
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34 Series of Cantilevered Beams

This program analyzes and designs a series of statically determinate simple span and
cantilevered beams. This type of framing arrangement is typically used in warehouse type
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structures where long runs of cantilevered and simple span beams provide an economical
framing system. The economy of this type of framing system can be improved when the
positive and negative moments are nearly equal in magnitude, thereby fully utilizing the
beam.

Live load is automatically applied to various span combinations to give maximum
reactions, shears, moments, and deflections. Using the column layout of the calcsheet,
you can model a variety of different framing systems. The following span combinations
can be used to model a line of beams having up to eight beams:

¢ Single Cantilever Simple Span Single Cantilever

¢ Simple Span Double Cantilever Simple Span

e Simple Span Simple Span Simple Span

On each span, you can apply one uniform load, one partial length uniform load, and four
point loads, each having dead and live components.

NOTE!! When entering loads in the various calcsheet columns, keep in mind that the
load is applied to beams and cantilevers located between the supports, NOT JUST TO
THE BEAM REFERRED TO IN THE COLUMN TITLE. This enables you to simply specify the
point load locations, and the program will determine if it applies to the simple span beam
or the adjacent cantilevers.

The program also offers some general design options:
e Automatic live load alternate span placement.
e For laminated beams; specification of lamination thickness for automatic design.
e Consideration of load duration factors for live and/or snow loads.
e The program also offers two unique abilities:
e Automatic Cantilever Balancing. This feature automatically adjusts cantilever lengths
to balance the positive and negative moments.
e Automatic Beam Depth Determination using the calculated moments and shears.
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B ENERCALE cYECSS'\EXAMPLES.ECYW - Cantilewered Beam System
Cantilevered Beam System
Tools & P
L apimze camttevers | 2 W0 | 2 meson | o 0] X ot | o sove
Ganeral | Rignt Cant | key#1 Doutie #1 |wey#2 | Douie 22 | keyea  alw]  Resuits |skateh | Hotes | Prating |
Column Sgacing [ 10, coof | Heam is OK
Koments...
Left £ antilever [ com 3t Max@ LaftBnd. ... 1685 kA
. . Max, Momeni £ Mid-Span. ... _........... G50 kR
BRI Gl pdr a.762 3| MK RGN B e s AB2 ket
Untracad Length I 0,000 Hﬂ.‘
it = Bending Stress...
foodetual 13124 psi
Waaod Section | | 5.0x34.5 EhsAlivable e e 25371 psi
Bear Width 5.000 §| in Shear Stress...
Beam Dapth ,m i MaRimum Shear. o oL L 15,594 |bs
| o 1) (e S e e e 138.2 psi
Heam Type C Gawn & Glulam 0 Manuf ar So. Pine e ol 2375 psi
Loads.  Deadload  Liweload Localiog Deflections... Deadlogd TotalLaag
Uniforn | 04| 1m0 Left Cantilever .. 0102 in 0565 in
Patial | Bl H#t  Ster n.007%] el L LD AB i
Erd 0% it Right Cantileysr . 1217 in 0,807 in
Point Ld #1 67200 3 | 5.760.0 5 lbs 1600% | Maximum Reactions... @Lan & Rioht
Faint Ld #2 f 3 lbs .00 fi aximum Reaction 20870 1bs 22962 1bs
Point Li #9 | 3| Bl 0003 &
Poirt Ld #4 | el Bl D00 e 0,846
Point Ld # - 4] lIbs .00 f P o6 miatoie m e st miein ey i
Paint Ld #6 A o ks 0004 f I i e e e 0.0 fi
Foint L & Hl 4lbs n.uuﬂﬂ

Basic Usage
o If this will be a design calculation, enter the lamination thickness that should be

used when automatically calculating required beam depths.

e Since this system of beams can have numerous arrangements of live load, set Skip
Load Live to YES indicate if you wish the program to perform the extra calculations
to place live loads in all possible locations for maximum values. Indicate the load
duration factor for the type of loads you will be applying, and indicate if cantilever
bracing should be assumed. If no bracing is used, all cantilevers will go through
code checking with the unbraced length equal to 2*Cant. Span.

¢ Enter the column spacing for the system of beams. All beams must be in line with
one another, and up to eleven spans can be used. For more spans, try to look for
symmetry and model accordingly. Then take a first trial estimate of the various
cantilever lengths for the beams.

¢ Although depth isn't required if you will be doing an automatic design, you must
enter a beam width for each span. If you choose the auto design capability, the
program will determine the depth (considering lamination increments) for you.

e Use the Beam Design Data section to specify the material properties for the timber
beam.

¢ Up to nine loads can be applied between each column. The two uniform load entries
allow a full length and partial length load to be applied. The partial length load can
be used to apply a different load to the simple span beam than to the adjacent
cantilevers. Point loads can be applied anywhere between the supports; the
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program uses the X-Dist. values to apply the load to the cantilever or simple beam.

Unique Features
With this program you can either analyze or optimize the design of a series of simple
span and cantilever beams.
¢ By specifying a cantilever at only one end of a double cantilever beam, you can
simulate a Single Cant. - Simple Span - Single Cant. condition.
e The program automatically checks the location of the point loads specified in Simple
Span columns, and determines if they rest on the cantilever or simple span beam.
e The maximum shear and reactions are calculated by skip loading.

When the program flag "Skip Load Live" is set to YES, the live load is placed on spans as
follows:

e For all Simple Span Beams , full live load is always placed on the entire span.

e For maximum Cantilever moments, live load is applied to the cantilever and
adjacent simple span beam.

¢ The following placements apply to cantilevered beams for calculating moments
between supports and maximum end shears and reactions:

e For Maximum Moment t, live load is not applied to cantilevers or simple span beams
between adjacent columns. Live load is applied to the portion of the beam between
supports.

e For Maximum Left Shear , live load is applied to the left cantilever and the simple
span beam is supported by the left cantilever. This value is then compared to the
maximum left reaction (see below) minus this value.

e For Maximum Left Reaction , live load is applied between supports, left cantilever,
and simple span beam supported by the left cantilever. No live load is applied to the
right cantilever or simple span beam supported by the right cantilever.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.

r . ! ¥ v
12 Adlehs 12420008 Sy o
I'TT1 12 48003 T IR L e

SEERRRRARREEE RRRRRRRRRRRXT s IRRERRRRREE)

e BARRR R AR

Automatic Cantilever Length Optimization
Using the [Optimize Cantilevers] button in the toolbar at the top of the screen you can
have the program automatically calculate the proper cantilever lengths to make the
center span "Positive" moments approximately equal to the "Negative" moments at the
end supports. The program performs a cyclical modification of the cantilever lengths and
examines the resulting end moments and center span moments.

This type of optimization is essential when designing these types of beam system
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because the greatest economy of member sizes is achieved.

Optimize Cantilever Lenghs |

The program will now calculate the cantilever lengths
to provide equal mid-span and support moments far
all members with MOMN-ZERCD cantilever lengths.

X &

Cancel Go

Automatic Member Selection

Using the [Design] button you can display a screen that will enable you to set design

parameters and examine a database of wood members for selection of those that satisfy

your criteria. This screen allows you to:

¢ Specify maximum deflection ratios for dead and total loads.

¢ Specify overstress limits for bending and shear forces.

e Use "Go" to start the database search. The beam width and lamination thickness
already present in the calcsheet will be used to determine a depth considering bending
and shear stresses and deflections.

Here's the screen....

Design Beam |

—Section Type
~ Sawn &+ Glued-Laminated

™ TJ : Parallam
= TJ: TimberStrand

Checking Section ;

" Custom [Uszer Defined) x

b asirnum Strezs Ratio I 1.00 il Cancel Desin

inirnum Total Deflection B atio I 240.0 il

Wood Section Database

On all the tabs labeled "Right", "Key", "Double", and "Left" you are provided with a
button to select a wood section from the internal wood member database.
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[Wood Section] button and entry

Use this button to display the database of wood sections. The database provides selections
for sawn, glued-laminated, and manufactured lumber. Please refer to the previous chapter
describing using database in the Structural Engineering Library. Pressing [Wood Section]
will display the following selection window:

Wood Section Database

Select Types to Display Low: I 2.00 3‘; in

[+ Specify Depth Range
Sawn Glued-Laminated PowerBeam nghil 12.00 : In
TJ : Parallam TJ :-Timber Strand VersalLam
T.k: MicroLam LP:Gang-Lam LYL Custom
T_l,JpeINamelWidth Depth |.-’-‘«rea I|:-: IS:-: II_I,I IS_I,J IIH;’.&reaISm’.&reaI @+ . <- Sort Order
Twpe MName Area |Width Depth ¢ S I ) Lo f Area S ) Area ﬂ
in? in in ind in3 ind in3 J

o EAT oxa 2.0800. 0,500 26500 1.953 1.563 Q.703 2,938 0521 04167
Sawn 2-2x3 75000 3.000 2.500 190 3130 5630 3.750 05621 0473 Select
Sawn 323 11.2600 4500 2500 5.8R0 4690 18.880 8.440 0521 04169
Sawn 2xd 5.2500 1.500 3.500 5,359 3.063 0.9584 1.313 1.021 05333
Sawn e 8.7500 2500 3.500 8.832 5104 4 RR7 3 h4h 1.021 05833 L
Sawn 2-2xd 105000 3.000 3.500 10.720 6.130 7.880 5.250 1.021 05338
Sawn a4 12.2600 3500 3.500 12.505 7146 12505 714k 1.021 05833 Insert
Sawn 32 1657600 4500 3.500 16.080 9190 26580 11810 1.021 05835
Sawn 2k 8.2500 1.500 5.500 20.797 7063 1.547 2.063 2521 09167 A
Sawn ek 137600 2500 5500 34 6R1 12604 7161 57eq 2621 09167
Sawn 2-2xb 165000 3.000 5500 41590 15130 12.380 8.250 25621 09170 Change
Sawn i 19.2600 3500 5500 48526 17k4e 186R1T 11229 2521 0MR7 —
Sawn 3-2xh 247500 4500 5500 2390 22690 41770 185R0 2521 09168
Sawn ] 30,2600 55600 5500 7b6.265 27729 YB.2Bh 27729 2521 09167 .
Sawn P 10875 16500 7.250 47 635 13141 2.039 27119 4380 1.2083
Sawn I 18126 25600 7.250 79.39 21.90M 9.440 7hE2 4,380 1.2083 Delete
Sawn 2-2xf 217500 3.000 7.250 95270 26280 16310 10880 4380 1.2083
Sawn 4xf 25375 3500 7.250 111148 30661 25304 14802 4380 1.2083
Sawn 3-2x8 326300 4500 7.260 142900 39420 55060 24470 4379 1.2031 x
Sawn Fc 412600 5500 7.500 193369  G16R3 103884 37813 4 kA7 1.2500 C I
T<|<g 1|?|n>n|>g| EEE SR B0 0 PR e bR Rl LR 2 nrﬂ;[ s

Data Entry Tabs

This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
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General |Right Gant | Key#1 | Double #1 | Key#2 | Double #2 | key#3}  <l»|

Description

Four Bap System : 2 Simple, 1 Bt Cant, 1 Double Cant]

Stress | | Dougias Fi 24F -va

Wood Species : [Stress] button & entry

Fb : Base Allowable
Fv : Allowable
E : Elastic Modulus

Load Duration Factor

Lamination Thickness

Should Live Load Be "Skip" Loaded

Are Cantilewers Braced ¢

2.400.0 3| psi

|
| 190.0 §| psi
|
|

1.800.0 FFEEEEE
1.250

| 1.500 in

I
v

This allows you to use the built-in NDS & Manufactured lumber allowable stress database to retrieve
allowable stresses. When you press the button you will see this selection window. Please see the
section earlier in this User's Manual that give information and usage for the databases.
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Wood Stress Database

Species_ Size Classes to Show
| = | Glued-L aminated

Manufactured

2"->4" Thick, 2" & Wider 5" x 5" & Larger

I--.AII Species--

Beams & Stringers Posts & Timbers

Using 1997 UBC/ND5 Stress Values

All stresses in P51

- < Sort Order ‘o e
Speciss |Grade | Class |[Fb |Ft [Py |Fo-Pem|Fo-Pa|E |
Species Grade Class Fh Ft N ECE R R Elastic Grading Agency ﬂ
Bending Tension Shear Comp.  Comp.  kModulus J

Diouglas Fir 16F-ER GLE 1,600 1,000 165 [=11] 1600 1,600,000 Select
Douglas Fir 20F-ER GLE 2,000 1180 165 [=:1] 1650 1,700,000 —
Douglas Fir 22F-E5 GLE 2200 1100 165 B50 1.650  1.700.000
Douglas Fir 24F-E10 GLE 2400 1.300 165 650 1,750 1.900.000
Diouglas Fir 24F-E12 GLE 2400 1,200 155 650 1,600 1,900,000 o
Diouglas Fir 24F-E13 GLE 2,400 1,250 165 BE0 1,700 1,800,000
Dlouglas Fir 8 GLE GE0 140 EE0 1600 1 100 Insert

ouolas Fir 2 2 400 1 00l
E-Rated Southern Fing 20F - E3 GLE 2000 1,150 200 B50 1,700 1.700.000 @
E-Rated Southern Ping 22F-E3 GLE 2,200 1.150 200 650 1,650  1.700,000
E-Rated Southern Ping 24F -E4 GLE 2400 1,250 200 650 1,750 1,800,000 Change
Hem Fir 16F-E7 GLB 1,600 850 155 500 1150 1,400,000 e
Hem Fir 20F-E7 GLE 2,000 1,080 155 500 1850 1,600,000
Hem Fir 22F-ER GLE 2,200 1,080 155 500 1800 1,700,000 -
Hem Fir 29F-EN GLE 2400 1,150 155 500 1.550  1.800.000
Herm Fir 24F-E16 GLE 2.400 850 155 500 1.400  1.700,000 e
Hem Fir 24F-E19 GLE 2,400 950 155 500 1.200 1,800,000
Hem Fir / Softwood | 24F-E17 GLB 2400 750 140 500 1,260  1.800,000
Southern Pine 16F -5 GLE 1,600 1,000 200 5E0 1550 1,400,000 x
Southern Fine 20F -5 GLE 2,000 1,080 200 =11 1850 1,600,000 . i
TR IR I3 I LT I G ihel e e i s -l anee

Fb : Base Allowable
Basic allowable bending stress to be used for design and analysis. This stress will be modified based by
slenderness, size factor, and load duration factor.

Fv-Shear
Allowable shear stress to be used in design. This allowable will be modified by the load duration factor.

Elastic Modulus
Enter the modulus of elasticity to be used in determining deflections and calculation of F'b for laterally
unbraced beams.

Load Duration Factor
Load duration factor to be applied to allowable bending and shear stresses. Application of this factor is
in accordance with NDS.

Lamination Thickness

Should Live Load be "Skip" Loaded
Use this checkbox specifies whether the program's analysis should place the live load in different
locations to determine maximum values. If unchecked dead and live load will always be placed on each
span.

Are Cantilevers Braced
This checkbox specifies whether the program should consider all cantilevers to have an unbraced
length equal to zero. This allows full stresses to be used for design and analysis. If CHECKED either the
cantilever's span/thickness ratio is very low, or cantilever braces are being used. If NOT CHECKED an
unbraced length equal to 2*Cant. Length is used to determine allowable stresses based on lateral
buckling of the compression face.
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Using the Beam Data Entry Tabs "Right", "Key", "Double", "Left'

At the top you will see the following tabs:
Right Cant----Key #1----Double #1----Key #2---- .....

Each span condition is represented by the tab. All information for that beam is specified in that
column. For example, if we want to analyze a beam with a cantilever off the right end, and that
cantilever supports the left end of a simple span beam we would use the two left-most
columns, labeled :

Right Cant----Key #1

Use any column on the calcsheet to model your system of cantilevered beams.

On each tab you will see an entry called "Column Spacing". Think of the program as setting up
column bays that support the system of beams. Because you will be modifying cantilever
lengths it is far easier to enter the column locations and let the program recalculate key beam
lengths automatically.

Also, when you enter partial length loads and point loads in the "Key Beam" tabs this program
will automatically figure out whether the load is on the cantilevered portion or simple span
portion of the beam system between those support.

Right Cant Tab

This tab is used to enter the information for the left-most beam in your cantilevered beam

system.

¢ It is named "Right Cant" because the beam ONLY has a cantilever to the right. The left end is
bearing on a wall or other end support.

¢ You do not need to use this tab if the left side of your cantilever system is a simple-span
beam that bears on a support at the left and hangs on a cantilever on the right. In that case
do not use this tab by setting the span to "0.0" and the "Key #1" tab is the left-most tab
used in the calculation.
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General Right Cant |key#1 | Double #1 | ey #2 | Double #2 | key #3{

Column Spacing

[ ot

Right Cantilever | 7.588 il ft
nbraced Length | 0.000 ilft
Wood Section | | 5.125%37.5
Bearn YVidth | 51275 il in
Beam Depth | 37.500 il if
Beam Type  Sawn & GlulLam " Manuf or So. Pine
Loads.. Dead | oad Live | oad Location
Unifarm | 96.0 ] | 128.0 4 #f
Pattial | | H#t St o003
End [ o0.00%]
Foint Ld #1 6.720.0 ¥ 5.760.0 5] Ibs 24.00 ¥
Point Ld #2 = 2 Ibs 0002
Paint Ld #53 | ] 4] Ibs XE
Paint Ld #4 | ] 4] Ibs E
Paint Ld #5 = 2 Ibs 0.003]
Poirt Ld #5 i 2 Ibs 0002
Foint Ld # I il I il lbs 0.00%

lv

ft

=8 o=mE o=E oa=n =D o=

Column Spacing

This is the distance between the supports for this beam.

Right Cantilever

This is the cantilever length for this beam that extends past the right support. LOADS THAT WILL BE
APPLIED TO THIS CANTILEVER ARE SPECIFIED ON THE "Key #1" TAB. This is because the program
operates on a column-to-column format. You specify the loads between columns and the program
automatically figures out which member (cantilever portion or simple "key" beam) that the load
actually is applied to based upon the loads' location.

Unbraced Length

Enter the unbraced length of the compression side of the beam that should be used to calculate Rb
and the resulting allowable stress reduction factor "Cl".

Wood Section

See the information given previously on using the built-in wood section database.

You do not need to use the database ! You can enter any beam name in this entry and type in
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the beam Width & Depth. When you use the wood section database it merely fills in the beam name,
depth, and width for you.

Beam Depth & Width
The actual beam Width and Depth to be used for calculation of section properties used in this
design/analysis.

Uniform & Partial Length Loads
Uniform loads apply to the beam between the supports. Any loads that need to be applied to the
cantilever must be entered on the adjacent tab.
Partial Length loads allow you to enter a starting and ending location as a distance from the left
support. Values less than zero and grater than "Column Spacing" are not valid and will be
automatically corrected for you.

Point Loads
Enter any point loads applied to the beam here. The "Location" is the distance from the left support.
Values less than zero and grater than "Column Spacing" are not valid and will be automatically
corrected for you.

Key Tabs
The data entry on this tab is essentially the same as the "Right Cant" tab except that no entry
for cantilevers is available. Instead the actual span of the beam is shown. The "Actual Span" i
calculated by subtracting the cantilevers specified on the adjacent tabs from the "Column
Spacing" specified here.

Also, the loads that you specify here are applied to any beam portion that is in this "Column
Spacing" area. Referring to the image below, this means the right cantilever specified on the
"Right Cant" tab and the left cantilever specified on the "Double #1" tab.
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General | Right Cant  Key #1 |D|:|L|t:|Ie #1 | Key#2 | Double#2 |Key#a! Al

Column Spacing | 4000005

Artual Span 2063 ft
Unbraced Length | 0.000 ilft

Timber Section | | 5.125%19.5
Bearn YWidth | 5125 il in
Beam Depth | 19.500 il in
Beam Type = Sawn & GlulLam & Manuf or Sa. Pine
Loads.. Dead Load Live Load
Uniforrm | 96.0 il I 128.0 il #t
Fartial | il | il #ft Start I u_uua: ft
End I u_uua: ft
Foint Ld #1 6.720.0 ¥ 5.760.0 ] Ibs 8.00 5] ft
Foint Ld # 6.720.0 ¥ 5.760.0 | Ibs 32.00 5 ft
Paoint Ld #3 I il I : Ihg I l].l]l]ﬂ: ft
Point Ld #4 I il I : Ihg I I].I]I]H: ft
Point Ld #5 — +1 b= 0.004 ft
Paint Ld # - -+ b 0.004 ft
Fuoint Ld # | il | 4 lbs I u_uua: ft
Double Tabs

145

The data entry on this tab is essentially the same as the "Right Cant" tab except entries for

cantilevers off both ends of the beam are now available.
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General | Right Cant | Key#1 Double #1 |iey#2 | Double #2 | key#a{  a[»|

Column Spacing | =

Left Cantilever | 6 881 il ft

Right Cantilever I 9.762 il ft

Unbraced Length | 0.000 ilft

Timber Section | I 5.0x34.5

Eearn WWidth | 5 000 il in

Beam Depth | 34500 il if

Beam Type = Sawn &+ GluLam " Manuf or So. Pine
Loads.. Dead Load Live Load

Unifarm | 96.0 3| I 128.0 3| #ft

Partial | ol F#t Sat|  ooo3f

End [ o.00%]f

FPaint Ld #1 6.720.0 ¥ 5.760.0 5] Ibs 16.00 % ft
Fuaoint Ld # i i Ibs u_uui ft
Point Ld # | 3| 3] lbs [ ooogt
Point Ld # | 3| 2] lbs [ ooogt
Point Ld #5 i i lhs u_uui ft
Point Ld #5 i i lhs u_uui ft
Point Ld # | il | il Ibs 0.00 4] ft

Uniform & Partial Length Loads
Uniform loads apply to the beam between the supports. Any loads that need to be applied to the
cantilever must be entered on the adjacent tab.

Partial Length loads allow you to enter a starting and ending location as a distance from the left
support. Values less than zero and grater than "Column Spacing" are not valid and will be
automatically corrected for you.

Point Loads

Enter any point loads applied to the beam here. The "Location" is the distance from the left support.
Values less than zero and grater than "Column Spacing" are not valid and will be automatically

corrected for you.

Results & Graphics Tabs

This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
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on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results Tab
This tab shows all of the calculated values for the beam tab selected on the left.

Results |sketch | Notes | Printing |

Beam is OK

Moments...

e e Er s e e e -108.5 k-ft

Max. Moment & Mid-Span ... ... 108.0 k-ft

Max @ Right End . . ... .. ... ... ... .. -108.2 k-ft
Bending Stress... _

fhooActual .o 1312.4 psi

Bl o b e S R 25371 ps=i
Shear Stress...

T e 15894 |hs

feasactialerrmrrrnrnnnn s e s n e s 128.2 psi

Fu: Allowable . .. ... .. 2375 psi
Deflections... Dead Load Total Load

Left Cantilever . . . . .. -0.109 in -0.566 in

Center Span . 0.047 in 0.B52 in

Right Cantilever . 0217 in -0.807 in
Maximum Reactions... i Left Riaht

Maximurm Reaction 29 879 lbs 22 952 |bs

] 0846

B 0.000

L 0.000 f

Moments
This is the maximum moments between end supports and at the cantilevers (if present).

e For simple span beams on the "Key #?" tabs this moment is caused by dead and live loading. For
cantilevered beams when the Skip Load flag is set to YES, the live load on the adjacent simple span
beams and cantilevers is Skip Loaded to determine maximum moments.

e For beams with left cantilevers (which are the "Double Cant" tabs and the "Left Cant" tab to the far
right in the tab set) the moment at the beam's left support is induced by applying full dead and live
load to the left cantilever AND the simple span beam it is supporting.

e For beams with right cantilevers (which are the "Double Cant" tabs and the "Right Cant" tab to the
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far left in the tab set) the moment at the beam's right support is induced by applying full dead and
live load to the right cantilever and to the simple span beam it is supporting.

F'b-Allow
Using the basic Fb entered under DESIGN DATA, the actual allowable bending stress is calculated
considering Load Duration Factor, Size Factor, and reductions considering lateral buckling failure
(caused by long unbraced lengths).

fb-Actual
Maximum moment divided by section modulus.

Maximum Shear
For cantilevered beams, this is the maximum shear over the support. For calculation of the maximum
shear, the greater of:
o A total of all forces acting on the cantilever
e The maximum reaction minus the total of all forces acting on the cantilever.
e For simple span beams it is simply the maximum end reaction.

fv-Actual
After calculations have determined the maximum shear magnitude at supports, all loads within a
distance Beam Depth from the support (on the governing side of the beam) are subtracted, the result
is divided by the beam's area, and then multiplied by 1.5 to arrive at this true shear stress.

Fv-Allow
Basic Fv entered under the DESIGN DATA section is multiplied by the load duration factor.

Center Deflection
Center Dead Load Deflection results from applying all dead loads to the beam and all contributing
cantilevers and beams which the cantilevers support. Center Maximum Deflection depends upon the
state of the Skip Load flag. If skip loading is not used, dead and live loads are applied to all beams. If
skip loading IS used, the live load is applied to the beam only between supports..... no cantilevers or
beams they support are loaded with live load.

Cantilever Deflections
Maximum cantilever deflections (regardless of Skip Load flag) are calculated by applying dead and live
load to the cantilever and adjacent simple span beam. No live load is applied to the beam between
supports, BUT the opposite cantilever IS loaded with live load.

Maximum Reactions

These are calculated as follows:

o For the left support t this value is calculated by applying full dead and live load to all portions of the
beam between supports and the simple span beam to the left, and NOT APPLYING LIVE LOAD to
the right cantilever or the simple span beam immediately to its right.

e For the right support this value is calculated by applying full dead and live load to all portions of the
beam between supports and simple span beam to the tight, and NOT APPLYING LIVE LOAD to the
left cantilever or the simple span beam immediately to its left.

e For the simple span beams, all loads are applied to the beam.

Cv
This item will display as "Cv" for glued laminated beams when the volume factor applies and as "Cf" for
sawn or manufactured members when the size factor applies.

Rb
Slenderness ratio for the beam.

Le : Unbraced Length
This unbraced length entry ONLY APPLIES TO THE SIMPLE BEAM AND CENTER SPAN OF
CANTILEVERED BEAMS. It is independent of the Are Cants. Braced general entry. This value helps the
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stress checking function to determine if the beam is short, intermediate, or long for purposes of
allowable stress determination.

This entry is the unsupported compression edge length, corrected for span type per AITC/UBC code.
Use the following table as a guide.

Type of Beam Span and Nature of Load Value of Effective Length, Le Single
Span beam, load concentrated at center 1.61 Lu
Single Span beam, uniformly distributed load 1.92 Lu
Single Span beam, equal end moments 1.84 Lu
Cantilever beam, point load at unsupported end 1.69 Lu
Cantilever beam, uniform load w/ point load at end 1.69 Lu
Single Span beam, any other load 1.92 Lu
Sketch Tab

This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.
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Results Sketch |N|:|tes I F'rintingl

Print Sketch

Al 8pans |Right cant | Key#1 | Double #1 | Key#2 | Double #2 | key#al <[]

v ¥ ¥ ¥ ¥
HEHTREHHH JHH R R B

Notes Tab
This tab contains some general notes about the usage of the results of this program.
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Resuls | Sketch Notes |Printing |

General Notes...

* Calculations are designed to 1387 NDS and 1997 UBC Guideline
* Section databases have been updated as of 2-Apr-19949

* Allowahle stress databases have been updated to
1897 NDOS & 1997 UBC values on 2-Apr- 1999

¢ To determine Cf walues for sawn sections,
the program loaks for the identifying words in the '
"Select”, "Mo 1", "Standard” and similar typical
words are used to determine Cf category

¢ "Unbraced length" is multiplied by the

following values to calculate "Le"
When beam depth == 7", Le =20687* Lu

When 7" < heam depth <= 14 3", Le = 1627 Lu + 3d
When beam depth = 143", Le =184 Lu

Printing Tab
This tab allows you to control which areas of the calculation to print. Checking a box will signal
that the information described by the item will be printed. However, if there is no information in
for a particular selection it will not be printed. So these checkboxes are best described as "If
this particular area of the calculations contains data then print it".

Results | Sketch | Notes Printing

Please select printout sections to be printed...
General Infarmation v
Colurmn Bay & Bearm Data ™
Calculated Maoments ™
All Loads v
Unifarm Loads v
Point Loads ¥
Stresses Iv
Reactions v
Deflections v
Motes I

Mote: When all are selected, the software will still omit unused sectians

Sample Printout Page 1
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ENERCALC Engineering Software Title : ENERCALC Example Problems Job # 57-000001
PO Box 168 Dsgre: MDE Dae: 11:484M, 25 OCT 03

Description : 5 )|
Corona del Mar, CA 92660 D ptien: Colaction of example problms

Voice: 94965450151 Scope : &1l programs in the Structural Engineering Library
wwhw.enercale.com
Coer: ANORIO0Y ke 5.0, 10-5ep-2003 Timber Cantilevered Beam Syste Pags 1
SHA03-2003 ENERGALT: Evsineering Sotware kach ystem cieciSiemmples sow Timber Colos
Description Faur Bay Systern : 2 Simple, 1 Rt Cant, 1 Double Cant]
| Genaral Information Code Ref 1997 NDS, 2003 IBC, 2003 NFPA 5000. Base allowables are user defined I
e
Fb . Basa Mlow 24000 pi Fv . Base Allow 13000 ksi Live loads placed lor maximum values
Fu . Base Alaw 1560 psi lozd Duralion Factar 1.550 Cartievers assumed braced for Fo calcs

Column Bay & Beam Data I

Column Spacing L 4000 4000 4000
.. Actud Span ft - 26,50 -- 34.00
Lef Canlilever fi iy B 6,00
Fegft Carfilever m 7.500 . 6.00 nee
Bezam Widh n 1.500 5125 8125 5125
Beam Depih n 7.260 28.500 28500 ZB.S00
Memier Type Sawn  CGluLam  GluLam  Glulam
Mom ents I
Mmax @ Cerer k-t 125.4 364 1222 137.5
Max @ Left End kR -92.5
Max @ Fight Eng M| -137.5 -ene B2 ‘e
Loads I
Dead Load it G960 96.0 95.0 5.0
Live Loag #f|  128.0 1280 1280 1280
Paird#1 DL Ibs| 67200 67200 6720 6720
LL lbs| 57600 57500 57610 57610
@x 2400 4.00 1600 2400
Pairt %2 DL b 8,720.0
LL Ibs 5,760.0
@x ft 32.00
Stresses I
Fio : Allowahblz psl| 3.600.0 oo an an
fo : Aciual peif116,333.5 6282 21132 23m2
Ogmrriress  Oyerstress  Overdress  Oyerstess
e, Shear Ihg 17.705.0 16,1543 155586 104148
Fy : Allpaabie pEi 193.8 1938 1938 1938
v Actual psi| 24421 1658 189EB 1070
Dewrsiress Bhear DK Eaard K Bhear 0K
[Flnc'lium.
Max, Left Reaction lbs{ 79192 161543 295029 95808
Max. Righl Reatlion jpg| 329502 147415 108645 10,4149
Deflections I
Center DL n| -#EEE 0124 -0.358 0657
....Maximum in| -wEaE -0.258 -1.41% =1.294
Lefi Cant. DL n EEEE 0.00%
Maximum n ---- -0.48% .- 0.0oo
Fight Cant DL in| -11.742 - 0.041 -
Maximum n| SR ---- -0.391 -

Sample Printout Page 2
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ENERCALC Engineering Software Title: ENERCALC Examiple Prablams Job # 97-000001
P.O.Box 188 Dsgne: MDE Diabe: 11:40AM, 25 OCT D3
Corona del Mar, CA 92660 Description : Collection of example problems

Voice: 9496450151 Scope: All programs in the Stucturd Enginesring Library
wWww,ENEercale.com

Fiey: Za0000 P

fE OB O i02ep 300 Fags 2

I_ A N o Timber Cantilevered Beam System P PP L - o I

Description Four Bay System : 2 Simple, 1 Bt Cant, 1 Double Cant]

Sketch & Diagram l

L Y v

12 g20ni 12 & 124500 12,180
T A

Y

3.5 Timber Column

This program analyzes timber columns subjected to a combination of axial load (with
optional eccentricities), side bracket load, and applied transverse moment. Either
rectangular or round columns may be analyzed.

In order to properly consider the effects of column slenderness and unbraced
compression edge effects, the user enters the unbraced lengths for each axis of axial
instability, and enters a separate unbraced length for determining the allowable bending
stress about the X axis.
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| ENERCALE o\ ECSS \EXAMPLES.ECW - Timber Column Design

Timber Column Design

SI:t'::f'; P Help | T2l Design & Print ﬂ ¥ cancel « Save
General ||_gau$| FRiasuits |sm¢nlmum5|9nnﬂng|
Description IColumn Subjected to Additional Side Load Celumn OK
DLl RLAHL+IT —DLST
fc | Comprassion 164,44 2% BT 7244 psi
Total Column Height I 10500 a, it Fr: Allowable 34434 5434 G44.34 psi
L 5 for Adial I 11.750 H‘, ft fox (Flexural 87111 124444 855,43 psi
Lg Y- for Axial Im " Fhx : Allewabla 1,750,000 1,750.00 1,750.00 pz
Lu i for Bending (Unbracad Length} I 10,500 a, it Interaction Value 05284 : 1.0 08286 : 1.0 06136 : 1.0
—Column Shape
. FE . B 944,34 pai
= Ractangular  ©  Circular Fe -y 111269 psi
Wood Section Axfl F'c : Allowabla 944 34 psi
Fe:Allow ™ Load Durztion Factor 944,34 psi
Column Depth [ 7.50 3| {iote: This values is ot & simaie mulinlication. 506 KOS coda)
Width | 7m0 Fhic 175008 psi
Fhx ® Load Duration Factor 1.750.08 psi
& Sgwm 80, Plng  Glylam i Manufaciured 4

M k Lu £ d 50,0000
Strass | An_::ual I L i 254627
Bl Adlaw & Lu S d 11,0008
Feo Paraliel 1.250.0 2 pei Cf Banding 1:006E
= 17500 4] psi Rhofleds e A5 55588
E | 1.800.0 4 ksi Fuor Axial Strass Cales.
i Cf; Auxial 1.0008
Load Duration Factor | 1.000 AialeX kL 4 e
Axial Y-¥ k Lu/fd 13.5680

For Bending Strass Cales.

Basic Usage
e Column Dimensions & Lengths. Use the Depth, Width, and Actual/Nominal entries

for rectangular columns, or Column Diameter for circular columns (which is always
considered the actual diameter). The X-X and Y-Y axial unbraced lengths are used to
determine allowable axial stress considering buckling effects. X-X Bending unbraced
length is used to determine allowable bending stress considering length effects.

¢ Allowable Stresses. Enter the allowable basic compressive stress for the column

Parallel to Grain, and allowable bending stress about the X-X (width) axis. These
basic allowable stresses will be modified by the Load Duration Factor, size factor,
axial slenderness, and bending slenderness to give the net allowable stress values.

e Applied Loads. Axial Load can be applied at an optional eccentricity to the column

centerline (creating an X-X moment at the top of the column). Transverse moment
will be considered a maximum moment midspan between the ends. Side load is
applied at a Dist. from CL, creating a concentrated moment between the ends. All
column loads are combined and the incremental points along the column evaluated
for combined axial and bending to give the final results.

Unique Features

Axial load & eccentricity, side bracket load, and applied transverse moment may be
applied to the column for analysis
e Either a rectangular or round column may be analyzed.
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e Complete AITC interaction equations are evaluated.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.

750 in

71

350000 lbs
EEDD.EEI It
EIZIIZIEI.&EI Ib

bz

1 0 b

—_—

5.0010n

10.50F

2,00 ft mot o scale
200 £
(r—

— T

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
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General ||_|:|a|j5|

Description Column Subjected to Additional Side Load

Total Colurmn Height I 10.500 3: ft

Le -X for Axial I 11.750 3: ft
Le ¥- for Axial I .500 3: ft

Lu ¥X for Bending (Unbraced Length) I 10.500 3: ft

—Column Shape

&  Rectangular T Circular

Wood Section | 8x8

Column Depth I 7.50 3: in
Width |Tui|in

* Sawn i So. Pine = Glulam = Manufactured
Stress | I
Fc:Parallel 1,250.0 +{psi
Bl 1.750.0 5] psi
= 1,800.0 3: ksi

Load Dwration Factor I 1.000

Total Column Height
When you wish to analyze a circular column, the diameter is entered here. Please note that any entry

in this location (except zero) will overwrite the depth/width dimensions, and the analysis will continue
for the circular column.

Le XX for Axial
Unbraced length used to calculate compression slenderness. This is the distance between elements

that support the column from failing by deflecting along the "X-X" axis which is along the column's
"width" dimension.

Le YY for Axial
Unbraced length used to calculate compression slenderness. This is the distance between elements

that support the column from failing by deflecting along the "Y-Y" axis which is along the column's
"width" dimension.

Lu XX for Bending (Unbraced Length)
This entry specifies the unbraced length to be used for calculating allowable bending stress in the
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column. This is the distance between lateral supports that brace the beam from failure due to
movement of the compression edge along the column's "X-X" axis (which is the width direction), and
are the k*Lu values used to determine column slenderness.

[Wood Section] button and entry
Use this button to display the database of wood sections. The database provides selections
for sawn, glued-laminated, and manufactured lumber. Please refer to the previous chapter
describing using database in the Structural Engineering Library. Pressing [Wood Section]
will display the following selection window:

Wood Section Database

Select Types to Display

(M I 200 3: in

[+ Specify Depth Range
Sawn Glued-Laminated PowerBeam nghil 12.00 5 in
TJ : Parallam TJ :-Timber Strand Versalam
T.J: MicroLam LP:Gang-Lam LYL Custom
TypeINameIWidth Depth |.&rea I|:-: |S:< Ily |Sy IIHMreaISRMreaI &+ (.  =-- Sont Order
Type Marme Area |Width Depth |1 S I s [ [ Area Swx ! Area ﬂ
ing in in ind in3 ind in3 l

AW & 375001500 2500 1.853 1.5A3 0.703 0.a3a 0521 N41R7
Sawn 2-2x3 75000 3.000 2500 3.910 3130 5630 3.750 0521 04173 Select
Sawn 323 11.2600 4500 2500 5.860 4690 18.9380 8.440 05621 04169
Sawn 2ad 52500 1500 3.500 5359 3063 0.984 1313 1.021 05833
Sawn x4 8.7600 2500 3.500 g.932 5104 4857 3.64G 1.021 05333 L
Sawn 2-2nd 105000 3.000 3500 10720 G130 7.880 5250 1.021 05338
Sawn 44 12.2500 3500 3.500 12.506 7146 12505 7146 1.021 05333 Insent
Sawn -2 15,7600 4500 3.500 16.080 9190 26530 11.810 1.021 053365
Sawn 2k 8.2500 1.500 5500 20797 7hAE3 1.547 2063 2621 09167 A
Sawn Ixb 13,7600 2500 5500 34661 12604 7161 b.7e24 2521 09167
Sawn 2-2xh 165000 3.000 5500 41540 15130 12.380 8.250 2521 09170 Change
Sawn I 19.2600 3500 5500 48526 17646 19651  11.229 2521 0Me7? ——
Sawn 3-2xb 24,7600 4500 5500 62,390 22690 41770 13560 2521 09168
Sawn Fxhi 302600 5500 5500 fh2RE 27729 FR2RR 277249 2621 09167 —
Sawn 2 10,875 1.600 7.250 47.635 13141 2.039 2.714 4,380 1.2083
Sawn i 18125 2500 7.250 79391 21.801 5.440 7hEZ 4380 1.2083 Delete
Sawn 2-2x8 217600 3.000 7.250 90270 26.280 16310 10830 43380 1.2083
Sawn 4l 26,370 3600 72600 111148 30661 26404 14802 4,380 1.2083
Sawn 3-2x8 326300 4500 72600 142800 39420 GBROR0 24470 4379 1.2081 x
Sawn ] 41,2600 5600 75000 193359 51663 1034984 37813 46387 1.2500 c I
HEREREEEE e e i | ante

Depth & Width
Enter the beam width & depth you wish to use, or select the beam from the database (see above).

Column Type

This selection controls how the Size of Volume factor is calculated. If "Sawn" is selection "Cf" is
calculated. If "GluLam" is selected then "Cv" is calculated. If "Manufactured or So. Pine" selected then

NO factor (Cf or Cv) is calculated.

Wood Species : [Stress] button & entry
This allows you to use the built-in NDS & Manufactured lumber allowable stress database to retrieve
allowable stresses. When you press the button you will see this selection window. Please see the
section earlier in this User's Manual that give information and usage for the databases.
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Wood Stress Database

Species_ Size Classes lo Show
I__A“ Species- | = | 2"->4" Thick, 2" & Wider 5" x 5" & Larger Glued-Laminated
Using 1997 UBC/NDS Stress Values Beams & Stingers Pasts & Timbers Manufactured

All stresses in P51

- Sort Ord -
Speciss |Grade | Class |[Fb |Ft [Py |Fo-Pem|Fo-Pa|E | L

Species Grade Class Fhb (i Fv Fc-Pem Fo-Prll Elastic Grading Agency ﬂ

Bending Tension Shear Comp.  Comp.  kModulus J
Diouglas Fir 16F-ER GLB 1.600 1,000 165 [=11] 1600 1,600,000 Select
Douglas Fir 20F-ER GLB 2,000 1.150 165 [=:1] 1650 1,700,000 —
Douglas Fir 22F-ER GLE 2200 1100 165 BA0 1.650  1.700.000
Douglas Fir 24F-E10 GLE 2400 1.300 165 650 1,750 1.900.000
Diouglas Fir 24F-E12 2400 1,200 155 650 1,600 1,900,000 o
Diouglas Fir 24F-E13 2,400 1,250 165 BE0 1,700 1,800,000
Dlouglas Fir 0 GE0 140 EE| 1 1 Insert
o) Fir ( ] b 1 ]
E-Rated Southern Pind 20F-E3 GLE 2000 1,150 200 B0 1,700 1.700.000 @
E-Rated Southern Ping 22F-E3 GLE 2,200 1.150 200 650 1,650  1.700,000
E-Rated Southern Ping 24F -E4 GLEB 2400 1,250 200 650 1,750 1,800,000 Change
Hem Fir 16F-E7 GLB 1.600 850 155 500 1150 1,400,000 e
Hem Fir 20F-E7 GLB 2.000 1.050 155 500 1850 1,600,000
Hem Fir 22F-ER GLB 2200 1,080 155 500 1800 1,700,000 -
Hem Fir 24F-EN GLE 2400 1,150 155 500 1.550  1.800.000
Herm Fir 24F-E16 GLE 2.400 850 155 500 1.400  1.700,000 e
Hem Fir 24F-E19 GLEB 2.400 950 155 500 1.200 1,800,000
Hem Fir / Softwood | 24F-E17 GLB 2.400 750 140 500 1,260  1.800,000
Southern Pine 16F -5 GLB 1.600 1,000 200 5E0 1550 1,400,000 x
Southern Fine 20F -5 GLB 2.000 1,050 200 =11 1850 1,600,000 . i
TR IR I3 I LT I G ihel e e i s -l anee

Fc:Parallel

Allowable compressive stress parallel to the grain, when length effects do not apply.

Fb:Bending
Allowable bending stress in the column when bracing effects do not apply (Le = 0).

E : Elastic Modulus
Elastic modulus of wood column used.

Load Duration Factor
Short term stress increase factor to be applied to allowable stresses.

Loads Tab
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General Loads |

Dead Load Live Load Short Term Load
Axial Load I il I 2.500.0 il l 3.500.0 il lbs
Eccentricity 7.50 : in
Applied Moment | il | il | L) in-#
Eccentric Side Load | 1.2000 3] [  550.0 3] | 7] lbs
.aide Load Eccentricity
| so004| So000% | 0000 %in
side Load Dist. above Base
| sooo4| soo0F | ooo0f
Equivalent Load @ Mid-Height
108.64 49 559 0.00 lbs
Side Load Moment 342857 1571.43 0.00 in-#

hlax. Design Maoment  40,928.57 20,321.43 26.250.00 in-#

Axial Load
This defines the axial load applied to the top of the column. It can be applied, optionally, at the
eccentricity defined below.

Eccentricity
Eccentricity of the axial load defined above. This eccentricity is in reference to the X-axis only, and may
be entered as positive or negative.

Applied Transverse Moment
This is a user-defined moment applied to the column between supports. This represents a magnitude
only, and is added to the other moments calculated.

Eccentric Side Load
Enter the vertical load applied eccentrically to the column between top and bottom ends. Based upon
the distance and height entries to follow, this load is transformed into an equivalent lateral point load
on the column to determine the moment it induces.

Side Load Eccentricity (Distance from column Centerline)
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This defines the distance from column centerline to the point of side load application.
For axial load, positive ecc. = positive moment.
For side load, positive ecc. = positive moment

All positive moments will be added to obtain Max. Design Moment .

Equivalent Load @Mid-height
This load is determined from the following formula :
P'=Ecc. *L'*P /L 2L = Total column height
Applied laterally at mid-height of the column to determine the moment induced from the side bracket
load. This moment = P' * L/ 4.
Side Load Moment This moment = P'L/4

Maximum Design Moment
From the previously entered loads, moments and eccentricities, a final maximum moment is
determined to be used for analysis.

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results Tab
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Results |5ketch | Motes | Printing I

Column OK
DL+LL DL+ L+5T DL+5T
fc : Compression 164.44 226 BY 172.44 ps=i
Fc : Allowable 044 34 044 34 844 34 psi
thx Flexural 871.11 1,244 44 955 43 psi
Fbx : Allowable 1.760.00 1.760.00 1,760.00 psi

Interaction Yalue 05284 : 1.0 0.8286 : 1.0 0.6136 : 1.0

Foo:kx 844 34 psi
Bt 1,112.89 psi
F'c : Allowable 944 34 psi
F'o:Allow ™ Load Duration Factor 8344 34 psi
(Note: This vailes is nat 2 simpie mutiniication. see NOS coda)
F'bhx 1,750.00 psi
F'bx * Load Duration Factor 1,780.00 psi
Faor Bending Stress Cales.. .
Max k Lu/d &0.0000
Actual K Lu s d 25 ARZT
Min. Allow k Lu f d 11.0000
Cf.BEending 1.0000
Eb:(led/b¥)n5 5.5539
For Axial Stress Calcs....
Cf : Axial 1.0000
Axial B¢ k Lo f d 18.800
Axial - k Lo fd 13.600

fc : Compression
Equals the total axial and side load divided by the column area. Remember, when Nominal is chosen,
the true net column dimensions are used.

Fc : Allow Axial Compression Stress
The allowable axial stress as defined in the items to follow, multiplied by the load duration factor.

fbx : Actual Flexural
Equals the Maximum Design Moment divided by the actual section modulus of the column specified.
This equals the total bending moment divided by the column's X-X section modulus.

F'bx : Allowable Bending
The allowable bending stress as defined in the items to follow, multiplied by the load duration factor.

Interaction Value
This is the typical interaction equation used for timber column design. It is defined in the
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NDS code, and other codes and references. This is the final calculation of all values in the
interaction equation to determine the final state of combined stresses.

For Bending Stress Calculations

Max k Lu/d
Allowable k Lu/d For Rectangular Columns = 50
For Circular Columns =43.

"K" represents the minimum value of Lu/d at which the column can be expected to perform as a Euler
column. This is taken as :

e Rectangular Columns: 0.671 * [ E / (FC * LDF ) ]%2

e Circular Columns: 0.582 * [ E / (FC * LDF ) ]%2

k Lu/d
This equals : Le / Column Depth

Min. Allow K Lu/d
This represents the value of k Lu / d at which the effects of slenderness must be considered. This is :
e Rectangular Columns: 11
e Circular Columns: 9

C-f : Bending
Defines the stress reduction factor to be applied when the column depth exceeds 12" and bending
stresses are present.

Rb: (Led/b”2)~ .5
This is the slenderness factor based upon the defined effective length "Le". It is used to determine the
adjusted allowable bending stress based upon column slenderness under beam action (Compression
face stability)

For Axial Stress Calculations

Axial ( Le-xx * k * / Column Depth)
This is the actual slenderness of the column that will be used to calculate allowable Fa values when the
column is checked about out-of-plane buckling movement about the columns X-X axis (which is
parallel to the width of the section)

Axial ( Le-yy * k * / Column Width)
This is the actual slenderness of the column that will be used to calculate allowable Fa values when the
column is checked about out-of-plane buckling movement about the columns X-X axis (which is
parallel to the width of the section)

Sketch Tab

This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.
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Results Sketch |Nntea | Printingl

780

-

3500.00 Ibs
EEEII:I.&EI Ibs
EEIEIEI&EI b

—
bz
1 0 lbs

50010

1050 .

3.00 ft nat to zcale
200
ih—
Notes Tab

This tab contains some general notes about the usage of the results of this program.
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Results | Sketch Notes |Printing |

General Notes. ..

Calculations are designed to 18997 KOS and 1997 LUBC |
section databases have been updated as of 2-Apr-189493

Allowable stress databases have been
updated to 1997 MDS & 1837 UBC values on 2-Apr-198!

To determine Cf wvalues for sawn sections,

the program looks for the identifying words in the "Stress
"Select", "Mo. 1", "Standard" and similar
typical wiords are used to determine Cf category

"Unbraced length” is multiplied by the follovwing
following values to calculate "Le"

When bheam Lufdepth == 7", Le=206% L
When 7" < Lu/depth == 14 3", Le = 162" Lu + 3d

When Lufdepth = 143", Le = 1847 Lu

Printing Tab
This tab allows you to control which areas of the calculation to print. Checking a box will signal
that the information described by the item will be printed. However, if there is no information in
for a particular selection it will not be printed. So these checkboxes are best described as "If

this particular area of the calculations contains data then print it".

Results | Sketch | Motes  Printing

Please select printout sections to he printed...

General Information v
Loads v
Summary v
Stress Details v
Motes r

Mote: When all are selected, the software will still omit unused section:

Sample Printout
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EMERCALC Engineering Software
P.O. Box 188

Corona del Mar, CA 92660

Voice: 949-645-0151

www. enercalc.com

Title : ENERCALC Example Froblams Job# 97-000001
Dsgnr: MDE Date: 1:55PM, 25 OCT 03
Description : Colection of exa mplz problems

Scope: All pragrams in the Structural Engingering Library

Rew SACOO
Us er- 194 0800001, Wer 350, 10 Sep. 2003
¥ ) 1156500 20008 ENEHCALL Erigire ering 5 ottaars:

Paga 1

cieciimamples = on: Timbar Calos

Timber Column Design

Description

Column Subjected to Additional Side Load

|Gan&ra! Information

Caode Ref: 1997 NDS 2003 IBC 2003 NFPASDO0. Base allowables are wser defined. '

Winnd Sactinn, ... Relt _ Tofal Calimn Heaht S 1 Le 35 for Axial 1175 F
Rzdangular Colunin Load Duration Factor Le ¥ far Auia 840 R
Column Depth 7 E00n Fe Lu £ for Bending 10,50 &
‘Width ir Fl
Sawm E - Elastic Modulus 1 500 ks
Loads
Live Load Shart Term Load
Bowial Load 000 lbs 000 |be
Eccentricily Coddn
Eccentric Side Load 0o lbs Dol bs
Load Eccantiicty OO in 000 in
e Bage o0 f 00 ft
Equivalz vl Loac @ Md-Hezight 5381 ks 000 lbs 000 bs
Sids Load Womment 1428571 in#% 000 in-# 0o in-#
Max Design Mament 14.285.71in-o 0.00in-o 0.0 in-=
2]
E Surnimary l Column OK
Jsing @ BxE, Wigth= 2 30in . Depth= 7.50in, Total Column Ht= 10 50
QL+ 1L+ +¢ I +5T
fe . Compression 242 42 ps 1242 ps 24242 pa
Fa: Allowable 344 34 ps 944 34 pei
fbx : Flzwural G pw
Flie . Bllowalbla a0 pa
Intzrachicn alus 019348 02554 03554
| Stress Details
Fp:x.X 244 34 psi For Bending Stress Calcs_..
Fo:YY 954 26 pa Wlax k*Lu 7 d A0
o Allowakls 944 34 pm Actual K'Luofd 2545
Feallew * Lead Dur Facter 4434 pa Win_Allow KLu [ d 11.00
Fh 1 737 40 psi CiBending 1.0
F'bx ¥ Load Durafion Factar 1737 40 p= Rb:-i{ledib~2]*~5 T E37
For Axial Stress Cales...
Cf A 1 000
Arial X%k Lufd 1257
Avial ¥ kLudd 1855

3.6 Plywood Shear Wall

This program provides complete design and analysis of shear walls constructed of
plywood sheathing over wood studs. Plywood can be applied to one or both sides, and
you can specify up to five applied lateral loads and five vertical loads to the wall.
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R ENERCALE c\ECSS\EXAMPLES.ECYH - Plywosd Shear Uall & Footing

Phwood Shear wall & Footing

Tustes T Help | G print

Applied lateral loads can be from uniform forces (diaphragm connection) or concentrated
loads (collector load transfer). Additionally, a concentrated moment can be applied to the
wall, allowing you to transfer moments from upper level wall sections to the current wall.

Vertical loads can be applied as uniform or concentrated, and will act to stabilize the wall
for overturning. You can use the concentrated load entries to apply end
uplift/compression forces from a wall above to the current section.

Values which can be specified for the wall construction are; plywood thickness, plywood

grade, nail size, number of sides applied, stud spacing, sill thickness, and seismic factor.

All of these values will be used to determine allowable shear capacity and nail spacing of
the wall sheathing, sill bolting requirements, and wall uplift provisions.

Also provided by this program is the ability to design a supporting footing. The footing
length, width, and thickness can be modified to achieve acceptable soil pressures,
shearing stresses, overturning stability, and bending reinforcement requirements.

E| o cancel | o Save

Ganeral quaUs | Foating I Resuits |3Kﬁ‘1ch I Pﬂl‘l‘ﬂﬂﬂl
Description eatical Pt & Unif. Loads k Lateral Shear & Drag Loads Fummary |5Imnsnn Hold Downs & Sl Bnmnul
Design (K
Wall Summary...
. g Liing 1852 Thick on 1 skiels, Malingi: ot indl) Eiges, ot 124 (@ Flakd
Wall Dimensions... G Chear = 366,368, Copaciy = 4300008 > OK
WialkLangth 2 cois vl sl i 15,000 4 ft Wall Overkeing = 62,964 654, Resiing Moment= 37,125,080, End Uplt =1 T2t 64l
Wall Height . ... 12,000 3] Mz, ol Prpssures) 4 Lot =628 el @ Rignt = 771 gt
Footing Summary...
WP RGeS | 15.00 ﬂ psf Wan, Fooling Shear = 70608, Mlowabie = 10054088 -> 0K
fiending Reliorcement Fegd i Let= 08502, ) Fight= 04302
L T B R el el 0:E00 Wi Ovarbiring Stshity P = 2 251 11
| F ing in Qi ign
Sheathing Data... Cail Prassurps.. To Lef To Rigk
LB & 15ids 2 Sides Eco. of Resullant @ Fooling Centeriine 3B S.045 1
Plywood Grade . .. ............ [ Suuctuatl [ Soil Pressure@LEFT Side of Foofing G52 .00 paf
Nail Siee I—EIN Soil Pressure @ RIGHT Side of Footing 000 F71.40 pst
Thick - = Moments...

HERITBES - o viiennibostibentites iiss I 15432 in Actial MU@' Lefiwall EﬁuE 508355 1708
Stud SPAeiNg . ... | 16.000 E it actual #u @) Right Wall Edge 20017.06 214000 -
End Post Dimension . ... ... 260 & in Shsars...mee' Reinforcing Required 043 043 in2
Wall - B4 UBC Seismic Factor Zlp Cp <o w25 ) ' fram Lef:Wall Edpe 5641 2332 pai

Similar 19597 UBC Factor Divided by 1.4 . . | 0183 VULES ) ' fram Right Wall Edge 2758 7.363 pai
; i Thi = Allowahle ¥ 109545 L1545 psi
Meminal Sl Thick. ... L. | F m
= = Oyertuming...
Crezrfuming Moment E9E32T3  B9ET G4
Resiting Moment 175,289.06  156.789.06 fi-#
gI::meﬂr.lming,}'.-blazd:lil'rlgfR;zllin 2510 1 223 1

Basic Usage

e Lateral Loads can be specified by the user, and are applied to the top of the wall.
Uniform loads are applied from an attached diaphragm, and Concentrated loads due
to transfer of collector forces (drag struts). A Moment can also be applied to transfer
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reactions from a wall section above to the current wall.

e Vertical Loads allow you to apply uniform floor loads, concentrated beam loads, and
uplift/compression loads due to end reactions from a wall above.

¢ Design Data specifies all values affecting the plywood sheathing selection.
Thickness, grade, number of sides, and nail size all affect the program's selection of
required nailing. Wall Length, Height, and Weight are used to calculate unit shear,
lateral wall weight, and moments created by lateral loads applied at the top of the
wall.

e The Summary section provides the results of the wall design, giving plywood
thickness, nailing, allowable and actual shear values, uplift, check values and end
hold down requirements, and footing design data.

¢ Footing Analysis is where you can define the footing width, thickness, and projection
beyond the end of the wall.

¢ Refining the Wall and Footing Design is simply a matter of recalculating the
worksheet and refining wall construction and footing sizes.

Unique Features
e This program has all the capabilities to design an entire plywood shear wall/footing
assembly in one pass. The what-If ability can quickly modify the design criteria and
give the user many design options and resulting calculations quickly.
e The footing design capability of the program can quickly determine the proper size
footing to satisfy soil pressure and overturning requirements, normally a very
tedious procedure.

Assumptions & Limitations

¢ Allowable plywood shear wall values are taken from UBC Table 23-I-K-1 for
Structural I and II. The program assumes two times the allowable value for one side
is allowed, when both sides are sheathed.

e All loads are considered to be applied at the top of the wall.

¢ ACI equation 9-3 is used for footing analysis and design.

e All lateral loads are considered short term and ACI load factors are applied
accordingly.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.
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1200k

15.00¢m—

Data Entry Tabs

213008 4 HTE T 21300

asaoosen L HFEHITTITT 45000 s

1300.00 Ibs 546.00 Ibs 1300.00 Ibs
' v ;
12.0? Ft-#
L ]
A0 00 #/4

<m0 00

A 00,00 Ibs
15.00 ft

*!*

S

3.00 f 15.00

.00

21.00

-

This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab

The data in this section defines the material parameters used in determining the necessary nail
spacing for the shear wall. YOU enter Plywood Grade, Thickness, Nail Size, and Number of
Sides Applied, and the program determines the allowable shear values from its internally stored
UBC 25-K table. The nail spacing and allowable shear values are given.
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General |L|:|a|:|5 | Footing I

Description Yertical Pt & Unif. Loads & Lateral Shear & Drag Loads

Wall Dimensions...

Wall Length . .. ... ... ... ... | 1%5.000 3: ft
= i L e e e I 12.000 3: ft

S [T s s e e 15.00 : psf

HtfLength . ... 0.800
Sheathing Data...

# Plywood Layers & 1Side ¢ 2 Sides

Blywond Grade v | Stuctural | | - |

Mail Size . .. ad
Thickness . . .. ... ... ... ... ... .. 15/32" in

%

o 1 RS oy | e e e B 16.000 & in

End Post Dimension . . ... ... ... ... 7.50 : i

Wall . "94 UBC Seismic Factor Zlp Cp -or-
similar 1997 UBC Factor Divided by 1.4 .. 0.182

Maminal Sill Thick. ... ... ... ... .. | 2y | Iy

o g

Wall Length

Enter the desired wall length to be used for the analysis. This length will be used to determine the

shear per foot from lateral loads for design purposes, the wall weight, and will be carried through to
the section for footing design.

Wall Height
The wall height entered will be used to determine overturning moments on the wall for uplift

calculations and overall stability moments. All lateral loads are applied at this height above the top of
footing. Also, this height is used to calculate the wall weight for vertical loads.

Wall Weight

Enter the actual weight of the wall here. This weight is not used to contribute lateral seismic loads,
only vertical loadings for uplift, soil pressure, and overturning calculations.

Ht/Width
Ratio Wall height divided by wall length.

Sheathing Data
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# Plywood Layers
Enter either 1" or 2" to indicate whether one or both sides of the wall will have plywood sheathing.

Plywood Grade
Select Structural I = 1" or Structural II = 2". These values should conform to the values allowed in the
UBC.

Nail Size
Enter 6, 8, or 10" to indicate the penny size of the nails to be used.

Sheathing Thickness
This represents the nominal thickness of sheathing used on one or both sides. Enter this thickness in
decimal form. These thicknesses should be only those which are available in UBC Table 23-I-K-1.

Stud Spacing
Enter the stud spacing which will be used as the sheathing attachment. The program checks whether
stud spacing is 16" or less for some sheathing combinations to determine if higher values may be used.
See the footnotes of Table 25-K for further information on which combinations are applicable.

End Post Dimension
This information will be used to determine the Simpson (or equivalent) connector to be called out for
resisting uplift.

Seismic Factor For Wall Wt
Enter the seismic factor to be applied to the wall's weight for calculating that lateral force.

Nominal Sill Thickness
This program stores bolt values from UBC Table 23-1-K-1, and uses UBC code section 2311.2,
paragraph 2, which states Allowable shear values used to connect a wood member to concrete or
masonry are permitted to be determined as one-half the tabulated double shear values for a wood
member twice the thickness of the member attached to the concrete or masonry.

Loads Tab

This program allows the user to apply lateral loads to the top of the wall, and have these lateral
loads transformed to a per foot shear on the wall for design calculations. Both uniform and
concentrated lateral loads are allowed, giving you the ability to model diaphragm and drag strut
loadings.
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General Loads |F|:u:|ting|

Overburden Load Over Footing I |i| nsf

Vertical Loads...

PointLoad#1 | 13000 %]lbs  at[ o000 3
Point Load #2 Im lbs  at ITui’ﬁ
Point Load #3 546.0 §{lbs  at rTl:li[ﬁ
Unform#1 | 150.0 %] #f | ooofte | 7o03f
Unform#2 | 213.0 | #f | sooffto | 15004 f

Lateral Loads... [Met after apoling seismic factors)

Uniform Shear @ Top of Wall

I 100.00 il #ft = 15.000% = 150000 [bs
Uniform Shear @ Top of Wall
l 100.00 il Hft = 15000 ft = 1.,500.00 bs
Strut Force Applied @ Top of Wall .. .. ... l 2.000.00 il lbs
Strut Farce Applied @ Top of Wall .. I 1.500.00 il Ibs
Maoment Applied @ Top of Wall ... . I 12.00 il ft-#
Total Applied Lateral Loads . . ... 6,500,000 Ibs

17

Overburden Load over Footing

This is a uniform load resting over the wall footing. It is applied over the entire footing....even where

there might be a wall area present.

Vertical Loading

The user can also apply vertical loads to the wall to account for vertical floor, roof, beam, or column

loads. These loads are included in overturning and soil pressure calculations.

Point Load & X-left

The user can enter up to three concentrated loads applied to the wall. Enter the distance from the left

side of the wall to where the loads is applied.

Uniform....& X-left, X-Right

The user can also enter up to two partial or full length uniform loads to the wall. X-Left indicates the
distance from the left side of the wall to the beginning of the load. X-Right indicates the distance from

the left end of wall to the end of the load.

Lateral Shear Applied To Wall
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This input item represents the uniform shear force applied to the top of the wall. Uniform indicates the
load is applied to the wall along its entire length (such as a load transferred to the wall from a
horizontal diaphragm).

Strut Force Applied @Top Of Wall

The user can also apply a concentrated load at the top of the wall height. This strut force is provided
to apply collector loads (drag struts) to the wall.

Moment Applied to Top of Wall
When you have a wall on the level above that must have its lateral forces and overturning moment
transferred to the wall below (i.e. wall being designed), you can enter the moment here and it will be
included in the calculations for uplift at the end of the wall and for footing calculations. Positive sign (
+ ) applies the moment to the wall in a clockwise direction (increasing soil pressure at the right side of

the wall). To apply the vertical components at the end of the wall on the story above, use the Point
Load entry of the Vertical Loads section.

Footing Tab
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General | Logds Footing

Footing Dimensions...

Ers e A o o i R 4] f

e e ) 15.000 ft
Fast Right Edge of Wall . .. ... ... ... | 3.000 3: ft
Footing Length 21.00 ft

FootingEvidih st l 23 500 3: ft
BEootingeihickiescimsmstras st i 15.00 3: ir

Concrete Weight . ... ... ... ... ... I 145.00 3: pcf
HebarpiEovars e | 3.000 3: in
I 3.000.0 3: psi

B i 60.000.0 3: psi
Min. Steel As % . .. oL | 0.0012

Footing Dimensions

Past Left Edge of Wall
Enter the distance from the left edge of wall to the left end of the footing here. Modifying this value

will alter soil pressure and overturning stability. A non-zero value will be the projection of the footing
beyond the edge of the wall.

Wall Length

The Wall Length previously entered is automatically transferred to this cell, and used as the basis of
determining footing calculations (considering left and right footing projecting lengths).

Past Right Edge of Wall
Enter the distance from the left edge of wall to the left end of the footing here. Modifying this value

will alter soil pressure and overturning stability. A non-zero value will be the projection of the footing
beyond the edge of the wall.

Footing Length
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This is the summation of wall length and the distance the footing projects beyond ends of the wall.

Footing Width
Enter the footing width to be used is calculations of soil pressure and stability.

Footing Thickness
Enter the footing thickness to be used to calculate of soil pressure and stability.

Concrete Weight
Enter the concrete density to be used to calculate the added vertical load due to the footing weight. If
you wish to omit the automatic inclusion of footing weight in soil pressure calculations, set this value
to zero.

Rebar Cover
Enter the distance from the bottom of the footing to edge of the reinforcing.

f'c
Compressive strength of concrete.

Fy
Tension yield strength of reinforcing.

Min As %
Enter the absolute minimum reinforcing area ratio here. The actual required reinforcing area is
calculates as follows:

e The required steel percentage is calculated by first finding the required steel area due to bending
moments: % Req'd = (1/m) * (1-[1-(2*m*Ru)/Fy)V2 12

o If this percentage is greater than 200/Fy then it is compared to your Min. As % value, and the
maximum used.

o If it's less than 200/Fy, it is multiplied by 1.33 and again compared to 200/Fy. The minimum of
those two values is then compared to your Min. AS % value and the larger used

e The actual area required is equal to the As% value calculated previously multiplied by the footing
width and (Footing Thickness - Rebar Cover).

Results & Graphics Tabs

This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results / Summary Tab
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Results | sketen | Printing |

SUMIary ]Simpann Hold Downs & Sill Bolting |

Design OK
Wall Summary...
Using 15£22" Thick Structural | on 1 sideds, Mailing is #d at 2 in @ Edges, £d at12 in @ Fie
Aoplied Shear = 486 ZHR, Capacity = S50.000#% = 0K
Wiall Dverturning = 20,976 6%, Resising Moment = 61,411 514, End Uplit = 1,204 241bs
Max. Soil Pressures: @ Left = 256 2psf, @ Right = ££2 2psf

175

Footing Summary...
Max. Footing Shear = & $2psi, Allowable = 109 54psi

Eending Feinforcement Feg'd @@ Left = 0.43in2, @@ Right = 0.43in2

Minirnum Cwerturning Stability Fatio = 2073 11

Lateral Forces Acting in Direction

Soil Pressures... To Left. . To Right. ..
Ecc. of Resultant @ Footing Centerline 43285 5.025 ft
Soil Pressure @ LEFT Side of Footing 856.83 0.00 psf
Soil Pressure @ RIGHT Side of Footing 0.00 883.23 psf
Moments...
Actual WMu @ Left\Wall Edge 759853 7,981 92 ft-#
Actual Mu @ Right Wall Edge 214102 2,147 02 ft-#
Steel Reinforcing Required 0.43 0.43 in2
Shears...
Ul 85 @ 'd' from LeftWall Edge 8.557 2.332 psi
U85 @ 'd' fram Right Wall Edge 2332 8.87b psi
Allaweable Vi 109 545 109,545 psi
Overturning...
[:]'U'Ertuming Moment 29, 719.23 89 719 23 f-#
isti 189 468 .56 186 406 56 f-#
T s e 2412:0 2007911

Wall Summary

This gives a complete summary of all values calculated for the shear wall.

Footing Summary

This gives a complete summary of all values calculated for the footing.

Soil Pressures

Using the lateral loads and vertical loads (including footing weight), the actual soil pressures are given.

The program automatically checks cases where the resultant is outside the kern as well as inside.

Moments

Calculated moments in the footing taken at the face of the wall.

Shears

Calculated one-way shear stresses in the footing at a distance (footing thickness - rebar cover) from

the end of the wall. Allowable shear equals 2.0 * f'cl%

Overturning
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Overturning Moment : Total overturning moment acting on the footing/wall system, taken about
the bottom/outer edge of the footing (lateral weight of the footing is ignored).

Resisting Moment : Total overturning moment acting on the footing/wall system, taken about the
bottom/outer edge of the footing (lateral weight of the footing is ignored).

Factor of Safety : Total Resisting Moment/Total Overturning moment. It is recommended that this
value be greater than or equal to 1.5.

Results / Simpson Hold Down

Results |sketen | Printing |

Summary Simpson Hold Downs & Sill Bolting

Choices for LEFT Side of Wall to Footing.....
Liplift Force @ Left end of Wall 1.304.34 |bs
HD2A, Capacity = 2775lbs
HOZ, Capacity = 2815lbs

PHDZ, Capacity = 3610lbs
HD5A, Capacity = 4010lbs

Choices for RIGHT Side of Wall to Footiny.....
Liplift Force @ Right end of Wall 1,105.54 |bs
HOZA, Capacity = 27 75lbs
HOZ, Capacity = 2815lbs
PHDZ, Capacity = 3610lbs
HOSA, Capacity = 4010/bs

Sill Bolt Size & Spacing...

1/2" Anchor Bolts (capacity = 845 |bs) 21.74 in

5/8" Anchoar Balts (capacity = 1,320 |bs) 33.89 in

34" Anchoar Bolts (capacity = 1860 |bs) 47 92 in
Sketch Tab

This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.
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Results Skstch |Printing |

213008 FPAL T T 21300 5
asooo s J 3T EEETTTL 450,00 81

1300.00 Ibs 546.00 Ibs 1300.00 Ibs
I y :
12.0? Ft-#
[ ]
000 /4
0.0 HA
o AEHAH 0000 be
) 15.00 ft u

12.00 |k

e
1500 e

B e e e e S S e e

3.00 15.00 3.00

21.00

Printing Tab
This tab allows you to control which areas of the calculation to print. Checking a box will signal
that the information described by the item will be printed. However, if there is no information in
for a particular selection it will not be printed. So these checkboxes are best described as "If
this particular area of the calculations contains data then print it".
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Results | Sketch  Frinting

Please select printout sections to he printed...

General Information

Loads

Footing

Summary

Simpson Hold Down Options

Footing Analysis

Mote: When all are selected, the software will still omit unused sections

Sample Printout Page 1

A 7« T

<]
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EMERCALC Enginearing Software

Title: EMNERCALC Emample Prablems

179

Jab # 97 00000

P.0. Box 138 Dsgnr: HDB Date: 311PM, 250CT 3
Corona del Mar, CA 92660 Deseription ! Colleclion of exsingle preblems

Voice: 343 6450151 Seope: Al programs in the Structural Engineering Libvary
W, ener calc.com

Ui AR enn womoms Plywood Shear Wall & Footing i I
Description Vertical Pt & Unif, Loads & Lateral Shear & DOrag Loads

| General Information

Code Raf: 1997 MDS, 2003 IBC, 2003 NFPA S0D. Base alovakies are usar deinad

# P lywaood Layers 1 Wyal Langih 15.000 £ m?ﬂ Lim ersion 350N
Plywood Grads Sfructural | Wal Height 12000 Seismic Fador 0183
Nail Size Bd Wial Weghl 15000 psf Maminal Sil Thick 200
Thizkness 15#32" Ht I Lamqih 081D
Stud Spacing 16.00 in
'Loads I
Vertical Loads..
Point Load # 1 1,3000 be at 1500 &
Point Losd & 2 DoD Be at oaoot
Point Load # 3 Do0 ks at t
Unifarm Load & 1 150.00 2% oaot 1o 1500
Uniform Logd & 2 0OD &t poot o 000
Lateral Losads...
Unifarm Sheer @ Top ofWall 100,00 &4 * 150008 = 1,500.00 |bs
Unitarm Shear &@ Topofnal 100.00 ¥ ~ 15.0001 = 1,500.00 Ibe
Sirut Force Applled €8 Top of Wall 2,00000 bs
Sing Farce Applied & Top of Wall 000 bs
Mamenl Applied &@ Tap afal Do &t
Funtlng ERRE VR Y RS S - - - 2 : - .
Pag Let Edgs ofvval 30001 Concrate W gh 14500 pct
Wl Length 15000 # Feba Cower 300 in
Pas Right Edge= of Viall Foof o 3,00040 psl
F ooting Length 21 000 # Fy £0,00000 psi
F eating Wickh 2501 Min, Steel A5 % 0.00120
Footing Thickness 1500 Im
Summary Design OK
Wall Summ ary...

Footing Summary..

Wax. Footing Shear = 7.36ps1 Allowable = 109.54ps|  -= OK
Bending Reinforcement Raq'd @ Lent = 0.43In2, @ Right = 0.43in2
Minimum Overturning Stability Ratio = 2.231 .1

Using 15/32" Thick Slructural | on 1 side/s. Nailing is 8d at 4 in@ Edges. 8d at 12 in & Field
Applied Shear = 366 .30M, Capacity = 430 000%M > OK
Wall Crwerturming = 62 364 6f-#  Remsting Moment =37 125 0ft-#, End Upkit=1 722 64lbs
Max. Soll Pressures” (@ Left = 628.5pst, @ E‘Ight: T71.1pst
Sill Botting 142 Bolts @ 27 67in, 5/8° Bols @ 43.14in, 3/4" Baits @ 48.00in

|Simpson Hold Down Options

Chokes RILEFT Side of Wall e Fodiing....

HO2A, Capacity = 2F75lbs
HO2, Capacity = 2815lbs

PHDZ2, Capacity= 3610lbs
HOSA, Capacity= 4010lbs

Sample Printout Page 2

 halces for RIGHT Sida of Vil 1o F odting.....
HO2A, Capacity = 2775lbs
HO2, Capacity =2815lbs
PHD2, Capacty = 3610lbs
HDSA, Capacity = 40101bs
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EMERCALC Engineering Software Title: ENERCALC Example Problems Job & 9/-000001
Osgnr: MOE Date: 311 PM, 25 0CT 03
£0-Bax 1 Description : Callsction of sxample prablen
Corona del Mar. CA 92860 p : Collection of example problems
Voice 343-845-0151 Scope: All programs in the Structural Engineenng Library
www.enercalc.com
["Aww: EBIOD % 9 X Page 2
| User: KW-DR0000 1, \ver .0.0. 10- Sep 2003 age .
|_I:‘I=:|-23§-r:ll‘:-ﬂr3 515':':1} E"l'=|l="-°"ill:u St e PIWDOd Shear Wall & Fﬂﬂtll'lg cieet o mmpks sea Tirber Caics l
Description Wertical Pt & Unif Loads & Laterd Shear & Drag Loads
| Footing Analysis |
Lateral Forces Acting in Drecluon
Soil Pressures... To Laft.. To Right. .
Ecc. of Resultant & Faoting Centerline 3811 f 5048 ft
Soil Pressure & LEFT Side of Footing 626 52 psf 0.00 psf
Sail Pressure & RIGHT Sie of Foating 0.00 psf TE110 psf
Mo ments,.. A N R
Actual Mu @ Left Wall Edge 503 55 BE1S 04 f-2#
Actual Mu @ Fight Wall Edge 201706 f-# 21002 i
Shears..
wulB5 & 'd' fram Laft Wall Edge 5641 psi 2332 ps
vw'BS @ d' from Right Wall Edge 2,268 psi 7.3E3 ps
Allaweable Wn 10 545 psi 10545 ps
Owerturning...
Cwertuming Moment 59 B33 33 f-# B9 B32 23 f-#
Resisting Momeant 175 28906 ft-# 155 783 06 f-#
Cwerturning Stabilty Ratio 2510 223 1

3.7 Horizontal Plywood Diaphragm

This program provides analysis and design of horizontal rectangular plywood diaphragms
subjected lateral loads from wind or seismic forces.

This program calculates nailing requirements and shear values using UBC Table 23-1-]-1,
including blocked and unblocked diaphragms. For conditions where high diaphragm loads
create shears exceeding those available from the UBC table, you can use the High Load
Plywood Diaphragm program, which uses ICBO Report #1952 for diaphragm design using
23/32" plywood applied according to the reports requirements.

Loads due to diaphragm self weight and lateral loads applied to the diaphragm boundary
are allowed. To analyze diaphragms subjected to wind loads only, specify diaphragm
weight as zero and seismic factor as 1".

Up to four partial or full length uniform loads can be applied to the diaphragm boundary
in both the North-South or East-West direction. The partial length ability allows you to
model seismic wall weight or wind loads on portions of the building with different
tributary areas.

The program calculates total shear and unit shear for each of the four sides of the
diaphragm, chord forces at 1/4 points, and will determine diaphragm nailing density and
cut-off requirements for various diaphragm shear capacities.
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A unique feature of the program allows the user to vary the nail size, plywood thickness,
plywood grade, and member size and have the allowable shear values for the particular
specification recalled from an internally stored table. The program will then calculate the
minimum nail density reduction distances from each wall, based upon the actual shear
variation across the diaphragm.

|8 ENERCALE G\ECSS\EXAMPLES.ECIH - Plywoed Disphragm

Phwood Diaphragm

é[:;::; P Help | &b Print E| 7% cancel W Save
General |Un||'o|m Lomas |POImmaus Imanhranm Gonsuchon | Rasults  Dlaphragm Design |S|¢etcn|
Description | st ating Zone-Nailing Areas Nail Pattern, Allmwable Shear & Cutoff Distance... Zona
Nail Spacing Shear Distanca
Diefinition Value from End
] i L
b At Morth ¥all 25312 7350 0.0
2nd zone 23,12 20,0 4368
Morth-South Length . ... 0oL 260.00 A4 fi i 412 2850 64,48
Easf-Wast Length. .. c.oooiiaiiiaaia 180.00 44 & CenlarTans BEA2 200
hithord, . ............ ... ...
:““:ﬁm '; :"’ i : 3nd zone 45,12 5.0 65,64
sl bR R R el 2nd Zane 253,12 RELID 264
DiaphrgmWaight . . ... ... L. I 12.000 g psf Al South Wall 232 73510 000
Wall - " Senice Level Seismic Faclor  -or- ST ot DIZune
Strength Design Factor Divided by 1.4 . . I 0163 gl 2pacing ear 1sfance
i i : Definition Value from End
I& Diaptragm Blacked T ~ in #t 3
Blocking Direction . . .. . .. |—rrrﬂnrth-5 Gl At Wast Wall 2312 735.0 (1 ]{b 4]
2nd zone 253 12 B&0.0 000
3rd zona 46,12 Jesn 10,
Centar Zong 66,12 2200
Jed zone 4612 3e5.0 1368
2nd Zone 283,12 BEbLE (% 9]
At East Wall 2312 7350 0.
Allow. Shears per 2003 IBC Table 2306.2.1

Basic Usage
¢ Before using the program, establish a North/South axis system to use for reference.

This will make data entry and interpretation of results much easier, since all
program input and output makes reference to such a layout.

e Diaphragm Lengths & Chord Separations. Enter the length and width of the
rectangular diaphragm, then enter the chord separations. We have provided the
ability to separate chord distance from building dimensions to allow use of beam
lines as chords, typically needed when the exterior walls have discontinuities.

e Diaphragm Weight only needs to be entered when seismic forces are being used,
and will be multiplied by Short Term Factor before generating lateral loads. For wind
analysis, set this item equal to zero.

e Short Term Factor will be applied to diaphragm weight and applied boundary loads
to generate lateral forces. For wind analysis, this should be set to 1". For seismic
analysis, enter the overall structural seismic factor.
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¢ Blocked/Unblocked and Load Direction are used when retrieving allowable
diaphragm shear values from the internally stored UBC tables.

e Applied Boundary Loads are used to transmit wind or seismic forces to the
diaphragm. For wind analysis , the wind load on the tributary portion of the exposed
structure is entered. For seismic analysis , enter the actual tributary weight before
applying a seismic factor.

¢ Review Nailing Requirements. This table is used to iteratively design the diaphragm
on a ZONE basis. Each row represents the diaphragm construction for the nail
spacings listed under Spacing Req'd. The values YOU enter for Framing Size,
Plywood Thickness, Plywood Grade, and Nail Size will be used to retrieve an
allowable Shear Value from the internal UBC table. The Zone Distance indicates how
far from the wall that particular construction and nail spacing must be used.

o If Zone Distance is "0", then that particular nail density (diaphragm construction) is
NOT NEEDED . The next lower nail spacing/construction type should be used at the
wall. When no shears exceed the allowable for 6", 6",12" spacing, all Zone Distances
will be "0", and the "typical" nail density/ construction type should be used.

¢ Refine Plywood Values and recalculate as required so that the nail density and shear
values can adequately resist the shears.

¢ Print or Save the data for the worksheet, Reset all values to zero to start a new
problem, or use the Access Menu to choose another program.

Unique Features
¢ Allows quick design of rectangular plywood diaphragms with self and varying length
applied loads.
e User may vary chord spacing according to needs and obtain chord forces at 1/4
points of span (or other locations as specified).

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
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General |Unifarm Loads | Point Loads | Diaphragm Construction

Description Illustrating Zone-Mailing Areas

Dimensions...
Marth-South Length . .. .. ... .. ... .. .. .. I 260,00 il ft
East-West Length . .. ... ... ... .. ... ... I 180.00 il ft
o e e e l 260,00 il ft
EastoWestiChord o s s s s I 180.00 il ft
Diaphrgm Weight ... ... .. .. ... ... ... | 12.000 il psf
Woall - " Semvice Level Seismic Factor  -or-

otrength Design Factor Divided by 1.4 .. I 0.182

Is Diaphragm Blocked ? ... .. ... v
Blocking Direction . .. . .. .. I North-5outh

North/South Length
This defines the North-South dimension of the diaphragm. This length will be used to:
e Calculate the total lateral load due to the diaphragm's self-weight (multiplied by seismic factor).
e Used to divide the total shear at the east and west walls due to north-south forces, resulting in a
shear per foot value which the diaphragm must resist.

East/West Length
Please see the description above, except reverse all the directions.

Distance Between Chords
Normally, the user will enter the same values here as the diaphragm lengths. When the distance
between the chords is more or less than the length, enter these new distances here, and they will be
used to determine the chord forces. An example where this might be necessary is when a building has
a very broken up side and there is no way to run a continuous tension chord member along the wall.
In those cases you would use a line of beams with heavy straps tying them together when interrupted
at a connection or other break,

Length/Width Ratio
Equals Maximum Dimension/Minimum Dimension(most codes limit to 4:1).

Diaphragm Weight
Defines the actual self-weight of the plywood diaphragm (before any adjustments for seismic factor).
This value will be multiplied by the Length, Width and Seismic Factor to determine the total lateral
force acting. This weight is in addition to the Applied Boundary Loads as detailed below.
SET THIS ENTRY TO 0" FOR WIND LOAD ANALYSIS. Enter the wind loads in the section titled Applied
Load in N/S & E/W Direction.

Seismic Factor
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Working stress level seismic factor will be applied to the diaphragm self weight and boundary loads to
determine the total lateral force acting on the diaphragm. Remember, enter all lateral loads without
any factors applied.

Various codes specify this value in either "Working Stress" or "Factored Loads". For instance the recent
UBC and IBC codes use a higher "factored" load factor that needs to be divided by 1.4 before entering
it here.

If you are using the program to analyze a diaphragm subjected to WIND loads , enter a 1" in this area
so the boundary loads you enter will be applied directly (and unfactored) to the diaphragm. Also, DO
NOT ENTER DIAPHRAGM SELF WEIGHT, as it does not apply to wind load conditions.

Blocked/Unblocked

This entry specifies the proper UBC table to use when retrieving the allowable diaphragm shears.

Uniform Loads Tab

General Uniform Loads |Paint Loads | Diaphragm Caonstruction

Motel Seismic factor will be applied to these loads

Boundary Loads Acting North & South

#1 | [N 3 #ft  from | 0.00 3 to | 180.00 3 ft
#3 | 1.154.00 il#fﬁ fram | 30.00 2| to | 180.00 il ft
e I il#fﬁ from | 0.00 & to I 0.00 il ft
#4 | il#fﬁ from | 0.00 & to | 0.00 il ft
Boundary Loads Acting East & West

] | 1.154.00 il#fﬁ from | 0.00 & to | 50,00 il ft
#2 | 115400 3 ¥t  from | 0.00 3 to | 200.00 3 ft
#3 | il#fﬁ fram | 0.00 & to | 0.00 il ft
#4 | il#fﬁ frorm | 0.00 & to | 0.00 il ft

Boundary Loads Acting North & South

The user may specify loads applied per foot at the diaphragm boundary, such as lateral weight of
attached walls, mansard roofs, equipment, or loads applied due to wind forces on the exposed
tributary height areas. These loads act North-South and are resisted by shear in the East & West walls,
and create tension cord forces in the North & South walls.

These loads can have starting and ending locations. Assuming that North is "Up" in a plan view of the
diaphragm, these locations are measured with respect to the westerly side of the diaphragm and
extend eastward (in other works left to right). Entering both locations as "0.0" will apply the loads the
full diaphragm dimension.

When performing a seismic analysis, enter these loads as ACTUAL TRIBUTARY WEIGHTS, which will be
multiplied by the Short Term (Seismic Factor by the program.

When analyzing a diaphragm subject to wind loads, enter the applied wind loads due to wind force on
tributary areas in this location. Also, Diaphragm Weight should be zero, and the Short Term Factor
equal to 1",
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Boundary Loads Acting East & West
The user may specify loads applied per foot at the diaphragm boundary, such as lateral weight of
attached walls, mansard roofs, equipment, or loads applied due to wind forces on the exposed
tributary height areas. These loads act East-West and are resisted by shear in the North & South walls,
and create tension cord forces in the East & West chord locations.

These loads can have starting and ending locations. Assuming that North is "Up" in a plan view of the
diaphragm, these locations are measured with respect to the Northerly side of the diaphragm and
extend Southward (in other works top to bottom). Entering both locations as "0.0" will apply the
loads the full diaphragm dimension.

When performing a seismic analysis, enter these loads as ACTUAL TRIBUTARY WEIGHTS, which will be
multiplied by the Short Term (Seismic Factor by the program.

When analyzing a diaphragm subject to wind loads, enter the applied wind loads due to wind force on
tributary areas in this location. Also, Diaphragm Weight should be zero, and the Short Term Factor

equal to 1".

Point Loads Tab

GeneraIIUnifurm Logds FPointLoads |Diaphragm Construction

Motel Seismic factor will be applied to these loads

Point Loads Acting NORTH-SOUTH...

#1 | | 4 lbs at | 0.000 & ft
#2 | 4 lbs at | 0.000 3 ft
#3 | 4 Ibs at | 0.000 3 ft
#4 | 4 lbs at | 0.000 3 ft
Point Loads Acting EAST-WEST...
#1 | 4 Ibs at | 0.000 3 ft
#2 | 4 Ibs at | 0.000 3 ft
#3 | 4 Ibs at | 0.000 3 ft
#4 | 4 lbs at | 0.000 4 ft

Boundary Loads Acting North & South
The user may specify loads applied per foot at the diaphragm boundary, such as lateral weight of
attached walls, mansard roofs, equipment, or loads applied due to wind forces on the exposed
tributary height areas. These loads act North-South and are resisted by shear in the East & West walls,
and create tension cord forces in the North & South walls.

These loads can have starting and ending locations. Assuming that North is "Up" in a plan view of the
diaphragm, these locations are measured with respect to the Westerly side of the diaphragm and
measured Eastward

When performing a seismic analysis, enter these loads as ACTUAL TRIBUTARY WEIGHTS, which will be
multiplied by the Short Term (Seismic Factor by the program.

When analyzing a diaphragm subject to wind loads, enter the applied wind loads due to wind force on
tributary areas in this location. Also, Diaphragm Weight should be zero, and the Short Term Factor
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Boundary Loads Acting East & West
The user may specify loads applied per foot at the diaphragm boundary, such as lateral weight of
attached walls, mansard roofs, equipment, or loads applied due to wind forces on the exposed
tributary height areas. These loads act East-West and are resisted by shear in the North & South walls,
and create tension cord forces in the East & West chord locations.

These loads can have starting and ending locations. Assuming that North is "Up" in a plan view of the
diaphragm, these locations are measured with respect to the Northerly side of the diaphragm and
measured Southward

When performing a seismic analysis, enter these loads as ACTUAL TRIBUTARY WEIGHTS, which will be
multiplied by the Short Term (Seismic Factor by the program.

When analyzing a diaphragm subject to wind loads, enter the applied wind loads due to wind force on
tributary areas in this location. Also, Diaphragm Weight should be zero, and the Short Term Factor

equal to 1".

Diaphragm Construction Tab

This tab has all the entries used to define the construction of the diaphragm. Just as a beam
has the shear forces higher the closer you get to a support, so the diaphragm works the same
way. This table is designed so that you can specify a diaphragm construction with higher shear
capacity the closer you get to the end walls.

There are two areas "North & South Walls & and "East & West Walls". Each of these two
sections let you specify the diaphragm construction from one end of the building to the other.
Note in the top section it starts with "At North wall", goes downward through some "zones",
and then ends with the other wall...."At South Wall".

This table let you specify the changes in diaphragm construction THAT CAN BE USED if the
shear at each end reaches a high enough level. TO SEE WHICH CONSTRUCTION NEEDS TO BE
USED LOOK AT THE "Diaphragm Design TAB.

Example 1: If you have a diaphragm with very low loading you will probably not need anything
more than the least thickness and nailing grade. In this car you will just need what is shown for
the "Center" region....it just happens that this "center" zone extends all the way out to the end
walls.

Example 2: If you have a very highly loaded diaphragm you will need very tough construction
at the walls to take the high shear loads. The highest specification shown below is in the top
and bottom entries and shows 3x framing. On the "Diaphragm Design" tab you will be given
distances and nail spacing that will result in shear capacities that change from the lowly-loaded
center region to the highly loaded outer regions. The entire purpose of this concept of "zones"
is to develop a nailing pattern that results in the most economical diaphragm construction for

the expects shear requirements of the diaphragm.
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General | Uniform Loads | Point Loads Diaphragm Construction

Morth & South Walls....

Thickness
Frarming in Grade Mail Zize

At North Wall 3 | =] Gragecocc [=] | 10d] -]

2nd Zone 3 | 12 [2]| Gradecocc =] 104 -]
Jrd Zone | 2x |_| | 152 |;|| Grade C-D,C-C |;| |1Dd|_;|
Center Zone I 2x |_| I 142" |;|| Grade C-D,C-C |;| |1|:ld|;|
Jrd Zane | 2 |_| | 152 |;|| Grade C-D,C-C |;| |1Dd|_;|
2nd Zone ax | T |;|| Grade C-D C-C |;| |1Dd|;|
At South YWall | 12 2| GradecDcc =] [10d] ]
West & East Walls.... o

Framing in Grade Mail Size
At West Wall 3 | 12 [=]| cradecDcc =] | 10d ][]
2nd Zone 3x I T |;|| Grade C-D.C-G |;| |1Eld |;|
3rd Zone | 2u |_| | 102" |;|| Grade C-D,C-C |;| |1Dd|_;|
Center Zane | 2 |_| | i |;|| Grade C-D,C-G |;| |1Dd|;|
3rd Zone | 2u |_| | 102" |;|| Grade C-D,C-C |;| |1Dd|_;|
2nd Zone 3x I T |;|| Grade C-D.C-G |;| |1Eld |;|
At East Wall 3 |12 2] cradec-Dcc =] |10d] <]

Framing Size
Enter a 2" to indicate 2x nominal framing or 3" for 3x nominal framing. This framing size will be used
to determine the allowable shear capacities per UBC Table 23-1-J-1.

Plywood Thickness
Select the plywood thickness to be used. This thickness should entered in decimal form, and consistent
with the allowed thicknesses presented in UBC Table 23-1-]-1.

Plywood Grade
This defines the plywood grade to be used, and is consistent with the definitions in the UBC Table
23-1-J-1.

Nail Size
Enter the size of nail to be used with the plywood specified. The nail size should be entered as 6" for
6d, 8" for 8d, or 10" for 10d.
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Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results Tab
This tab displays the overall maximum shear and chord force values at the walls.

Results |Diaphragm Design I Sketch I

Diaphragm Shears...
Marth South
Total Shear 104 532 895 085 lbs
shear per Foot 582 40 02825 #ift
YWi'ast East
Taotal Shear 83 552 B8 E71 Ibs
shear per Foot 32181 341.81 #ft
Chord Forces... North/South Walls — EastAwest Walls
i@ 1/4 * Length 11,267 .7 lbs 281100 |hs
& 152 * Length 152901 lbs 373279 lbs
i@ 34 * Length 115742 |bs 27 3612 lbs
Length / Width Ratio 1.444 1

Total Shear
From the loading, seismic factor, and diaphragm dimensions entered, the total and unit end shears are
calculated using basic statics.

Unit Shear
This equals a wall's total shear divided by its length.

Chord Forces
From the loading, seismic factor, dimensions and distances between chords entered, the chord forces
at 1/4 points of diaphragm span are given.

Diaphragm Design Tab
The primary purpose of the results on this tab is to indicate the distance from each end wall
that a AT LEAST a certain nail spacing is required.
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Results Diaphragm Desian 15P:Etl:h ]

Mail Pattern, Allowahle Shear & Cutoff Distance... Zone
Mail Spacing Sil=ah Distance
Definition Walue frorm End
i it ft

At Morth Wall Zia A Fas.0 0.00

2nd zone s e Ba0.0 43 65

3rd zone 46512 a85.0 B4 45
Center fone Bh 12 2890.0

3rd zone 4512 3850 B354

2nd Zone 25312 B50.0 42 B4

At South YWall 2312 7350 0.00

fong
ail Spacing Shear Distance
Diefinition Walue frorm End
in Hft ft

At West Wiall 2312 7350 0.00

2nd zone 26312 Ba0.0 0.00

3rd zone 4512 3850 10.80
Center fone EE 12 290.0

3rd zone 46512 a85.0 13.68

2nd Zone 258312 B50.0 0.00

At East WWall e Fas.0 0.00
Allow. Shears per 2003 IBC Table 2306.3.1

Nail Spacing Definition
This item is always constant, and defines the nail density to be used for the material specified on that
row.
When a non-zero Zone Distance number is displayed for the row, it indicates that the plywood material
should be nailed at this spacing or greater, out to that distance from the wall.
A typical spacing identification looks like this: 2.5", 4", 12". The first number (2.5) indicates the nailing
required at the boundary and continuous plywood panel edges. The second number (4") is the spacing
required at all other plywood panel edges. The third number (12") indicates the nailing required in the
interior regions of the plywood panel. Note: 10" maximum spacing is usually allowed for floor
diaphragms.

The user may specify the distances of each side of the load from a wall to define a partial length load.

Shear Value
For the diaphragm construction specified and nail spacing indicated on the line, the allowable
diaphragm shear value is retrieved from the internally stored UBC tables and displayed here. When
displayed as zero, this indicates that the program does not contain any data for this combination of
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framing size, plywood thickness, plywood grade, nail size, and nail spacing.

Zone Distances
This table provides the designer with an easy way to determine the allowable cut-off points for
different nailing densities. The table basically represents the diaphragm from one end to the other. You
may specify a particular diaphragm construction to be used for the noted zones by changing the Nail
Size, Plywood Grade, and Thickness values for each nailing density line. From your entered data, the
program will calculate where that specific nailing area may be stopped (measured from the wall) and
the lower diaphragm capacity used (indicating the transition in actual shear stresses).

o Between the wall and Zone Distance, the diaphragm construction must meet or exceed the shear
values listed for that row.

o When the Zone Distance equals zero, this indicates that particular diaphragm specification for the
particular nailing is not required.

¢ When the Zone Distance is displayed as "NA", this indicates that the actual diaphragm shears are
higher than the diaphragm specification is capable of taking.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.

The sketch is designed to show the various nailing "zones" in different colors. Within each zone
a certain diaphragm design is required according to the framing size, thickness, grade, and nail
spacing that are developed in the previous input and "Diaphragm Design" tab.
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Results | Diaphragm Design  Sketch

[ es12
. 46,12
. 25,312
. 2,312

Sample Printout

Print Sketch

4368 ft

B4.45 ft

EE.E4 ft

4264 ft

LL 0,80t H.E:a ft

191
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ENERCALLC Engineering Software Tille : EMNERCALC Exampls Problams Job # 97-000001
P.0. Box 188 Dsgmr: MOE Dabe: 4-05PM, 25 0CT 03

Corona del Mar, CA 92660 Description @ Colzchon of =xarmple problems
Woice: 9496450151

Scop: &l programs in the Structurd Enginesring Library
www.enercalc.com
| Do i 550,10 Sep 2003 Horizontal Plywood Diaphragm Fag
| [5] E;&&@Eﬁﬂ?ﬂm:ﬂ Sotware a‘p g oo E emmples sow Tmber Cacs
Des cript on Nustrating Zone-Mailing Areas
i General Information Code Ref: 1947 HOS, 2003 1BC, 2003 MFPA 5000
Marh-South Length 280000 ft Diaphrgm Waight 12.00 psl
Ead-Wes1 Langh 180,00 Tt SeEame Factor 0.183
HarkSoulth Chord 28000M Ciaphragm is Blocked
Ead-yWest Chord 18000 ft Elckng Drection honh-South
| Boundary Loads Acting Morth & South
#1 1.154.00 = Trom pomn o 180.0oom
¥2 1.154.00 = Trom jgooom  to 180,000 1
#1 it from 0.000 ta Dooos
F4 # Trom ooolft o nooo
| Boundary Loads Acting East & West
D%, m 2 a !
#£2 1,154.00 from 0.oDaft  to 200.000A
3 # from poooh to nooon

#4 #h fram 0ot to nooon
| Morth & South Walls  Design Data & Nailing Requirements

" hllow, Shears per 2003 IBC Table 2306.3.1

r (]
Framing  Thicknsss Grade Mail Siza Spacing Value Digtance
n In e m
A1 Marth Wall 3 iy Grade C-0 C-C 10d 23112 as50 0aa
Ind zane ] 1 Grade C-0.C-C 10d 25412 500 4368
3rd zone 2y 1ur Grads C-0.C-C 10d 48,12 win G448
Cantarzons i | ir Grads C-0.C-C 10d BE12 2900
Ard Tong X i Grade C-0 C-C 10d 4612 50 T
2nd zone 3 i Grads C-0 C-C 10d 15412 £50.0 4264
A1 South wall 3 1ur Grads C-0.C-C 10d 2312 735.0 0.00
iLEut & West Walls Design Data & Mailing Requirements Allow. Shzars par 2003 [BC Table 2306.3 1
ear one
Framing  Thickness Grade klail Sz= Spacing Value Distance
in in Ll ft
A1 Wiast Wall 3 1 Grads C-0,C-0C 10d 23,12 750 (]
2nd zone G 1 Grade C-0,C-C 10d 154,12 £50.0 000
3rd zone 2 1°r Grade C-0,C-C 10d 4812 150 10,80
Cantarzona 2 "r Grads C-D,C-C 10d 6612 0.0
rd Tome X ilrs Grade C-0,C-C 10d 4612 B50 1368
2nd zone kS 1 Grade C-0,C-C 10d 15412 £50.0 000
A1 Easl Wall kS 1r Grade C-0,C-C 10d 2312 735.0 0ao
IrShnr & Chord Forces
Diaphragm Shears. .. Ldarih South West Eaz
Total Shear 1048317 Ibs 95084R |bs 83.551.7 bs BEET1.2 lbs
Shear per F oot SE2.40 # E2B25 &1 3151 #A 34181 &=
Chord Forces...
& 1i4™ Length 11,267.7 Ibs 26100 bs
& 112~ Length 15,2901 Ibs 17,3279 bs
& ¥4~ Length 11,574.2 lbs 736 2hs

L ength / WaAdth Fatio 1.444
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ENERCALC Engineering Software Title : ENERCALC Example Problams Job B 97-000001
P.O. Box 188 Dsgnr: MOE Date: 4:.05PM, 25 0CT 03
Description : C i xamp )

Corona del Mar, CA 92660 P Caollection of example problems

Voice: 949-645-0151 Scope : All programs in the Structural Engineering Library
www.enercalc.com

Rav. 5EI000

ot AL \ a) 1 H Page 2

Usel: KA-0GO0001, Ver 5.8.0, 10-Sep-2003 C
& ‘I:EIQ B3-2003 EHEF![,-II.ILC EI'Iq:I'Iu-_‘IiII:IJ Soflware H o rlzontal PIYWOOd D]aph 'agm clecif e ampRsacw Timber Cacs

Description lllustrating Zone-Nailing Areas

| Sketch & Diagram i

3.8 High-Load Plywood Diaphragm

This program provides analysis and design of horizontal rectangular plywood diaphragms
subjected lateral loads from wind or seismic forces.

This program calculates nailing requirements and shear values using ICBO Report #1952
for diaphragm design using 23/32" plywood applied according to the report's
requirements. Loads due to diaphragm self weight and lateral loads applied to the
diaphragm boundary are allowed. The program is used to analyze diaphragms subjected
to only wind loads by specifying diaphragm weight as zero and seismic factor as 1".

Up to four partial or full length uniform loads can be applied to the diaphragm boundary
in both the North-South or East-West direction. The partial length ability allows you to
model seismic wall weight or wind loads on portions of the building with different
tributary areas.
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The program calculates total shear and unit shear for each of the four sides of the
diaphragm, chord forces at 1/4 points, and will determine diaphragm nailing density and
cut-off requirements for typical diaphragm shear capacities.

A unique feature of the program allows the user to vary the nail size, plywood thickness,
plywood grade, and member size and have the allowable shear values for the particular
specification recalled from an internally stored table. The program will then calculate the
minimum nail density reduction distances from each wall, based upon the actual shear
variation across the diaphragm.

B ENERCALE G\ECSS | EXAMPLES.ECI - High-Load Plyweod Diaphragm

High-Load Phywood Diaphragm

SI:;::; 7 welp | g Print ﬂ X cancel | o Sova

Ganeral | Usiform Loads | PointLoags Diaphtaam Sonstruction | Resuits |Diasnragen Desian | Sketen | Prnting |

Design Data & Nailing Requirements Diaphragm Shaars

Horth South

North & South Walls.... Rnoany Total Shear 194852.9 Ibs 2054120 Ibs
, , | SheerperFoot 1,0825 #ft 1,141.2 #ft
Framing Plywood  #Linesof  Boundary @ (her
Siza Grade Fastaners Spacing Edges wast East
ALRGAITNSIS] i [ swent [S]Y 2 [RI) 2 [EISS Total Shear 167627.2 Ibs 1628477 Ibs
2nd zons EIEEE N E EEE - Shear per Foat 4665 #it 451.8 #it
Center Zone | 3x =] | s =] | 2 [E]] ¢ [=] i
HorbiSoulh Walls Easliest Walls
Ind Fons [ =] | swn [=] [ 2 [J] 25z 2 ikl 15,508 6 I
@ 144 * Lengeh Lt | 1 784225 Ihs
ArSouth Wall | 3 [=] [ s =] | 2 [E] 2 2] 2 @ 1427 Langth 20,824 9 Ibs 102778 Ibs
@0 314 T Length 15,8100 Ibs 77304 3 Ibs
E Spacing
ast & West Walls.... in
Framing Fiywood #Lines of  Boundary @ lher Length / Width Ratio | Tl |
Size Grade Fasteners  Spacing Edges

Arwastwal | 3 [2] [ strucweatn =] | 2 [=] | 2 =] 2
2nd zone | 3= =] [ srueusstn =] | 2 [=] ] 25 =]
Center one | 3 [ =] [ strustesatn [ =] [+ =]
Znd Zone | 3= =] | stucteeatn =] | 2 =] ] 25 =]
ArBastWall | 2 [=] [smewan =] [ 2 [2] [ 2 =]

LS T S |

Basic Usage
¢ Before using the program, establish a North/South axis system to use for reference.

This will make data entry and interpretation of results much easier, since all
program input and output makes reference to such a layout.

e Diaphragm Lengths & Chord Separations. Enter the length and width of the
rectangular diaphragm, then enter the chord separations. You can separate chord
distances from building dimensions to allow use of beam lines as chords, typically
needed when the exterior walls have discontinuities.

e Diaphragm Weight only needs to be entered when seismic forces are being used,
and will be multiplied by Short Term Factor before generating lateral loads. For wind
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analysis, set this item equal to zero.

e Short Term Factor will be applied to diaphragm weight and applied boundary loads
to generate lateral forces. For wind analysis, this should be set to 1". For seismic
analysis, enter the overall structural seismic factor.

e Fastener Size can be either 10d nails or 14 gauge staples.

e Applied Loads are used to transmit wind or seismic forces to the diaphragm. For
wind analysis, the wind load on the tributary portion of the exposed structure is
entered. For seismic analysis, enter the actual tributary weight before applying a
seismic factor.

¢ Review Nailing Requirements. This table is used to iteratively design the diaphragm
on a ZONE basis. Each row represents the diaphragm construction for the nail
spacings listed under Spacing Req'd. The values YOU enter for Framing Size,
Plywood Thickness, Plywood Grade, and Nail Size will be used to retrieve an
allowable Shear Value from the internal UBC table. The Zone Distance indicates how
far from the wall that particular construction and nail spacing must be used.

e If Zone Distance is Zero, then that particular nail density(diaphragm construction) is
NOT NEEDED . The next lower nail spacing/construction type should be used at the
wall. When no shears exceed the allowable for 6", 6",12" spacing, all Zone Distances
will be 0", and the typical" nail density/construction type can be used.

¢ Refine Plywood Values and recalculate as required so that the nail density and shear
values can adequately resist the shears.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
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General |Unifarm Loads | Point Loads | Diaphragm Construction

Description Using Staples

Dimensions...

Morh-Sowth Length . ..o L I 360,000 3: ft
East-West Length . . ... .. ... ... I 180,000 3: ft

[ o i T i I60.000 3: ft
s 0 i 180,000 3: ft

Bigphrgm Seighl oo oottt e e e i 22.00 3: psf

Wall "84 LIBC Seismic Factor £1p Cp -or-

similar 1997 UBC Factor Divided by 1.4 . I 0.182
P e o e e I 14ga | :I

North/South Length
This defines the North-South dimension of the diaphragm. This length will be used to:
e Calculate the total lateral load due to the diaphragm's self-weight (multiplied by seismic factor).
e Used to divide the total shear at the east and west walls due to north-south forces, resulting in a
shear per foot value which the diaphragm must resist.

East/West Length
Please see the description above, except reverse all the directions.

Distance Between Chords
Normally, the user will enter the same values here as the diaphragm lengths. When the distance
between the chords is more or less than the length, enter these new distances here, and they will be
used to determine the chord forces. An example where this might be necessary is when a building has
a very broken up side and there is no way to run a continuous tension chord member along the wall.
In those cases you would use a line of beams with heavy straps tying them together when interrupted
at a connection or other break,

Length/Width Ratio
Equals Maximum Dimension/Minimum Dimension(most codes limit to 4:1).

Diaphragm Weight
Defines the actual self-weight of the plywood diaphragm (before any adjustments for seismic factor).
This value will be multiplied by the Length, Width and Seismic Factor to determine the total lateral
force acting. This weight is in addition to the Applied Boundary Loads as detailed below.
SET THIS ENTRY TO 0" FOR WIND LOAD ANALYSIS. Enter the wind loads in the section titled Applied
Load in N/S & E/W Direction.

Seismic Factor
Working stress level seismic factor will be applied to the diaphragm self weight and boundary loads to
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determine the total lateral force acting on the diaphragm. Remember, enter all lateral loads without
any factors applied.

Various codes specify this value in either "Working Stress" or "Factored Loads". For instance the recent
UBC and IBC codes use a higher "factored" load factor that needs to be divided by 1.4 before entering
it here.

If you are using the program to analyze a diaphragm subjected to WIND loads , enter a 1" in this area
so the boundary loads you enter will be applied directly (and unfactored) to the diaphragm. Also, DO
NOT ENTER DIAPHRAGM SELF WEIGHT, as it does not apply to wind load conditions.

Fastener Size
Enter 10" to indicate 10d nails, or 14" to indicate 14 gauge staples.

Uniform Loads Tab
General Uniform Loads |F'|:|int Loads | Diaphragm Construction

Motel Seismic factor will be applied to these loads

Boundary Loads Acting North & South

#1 | [N & #f from | 0.00 3 10| 180.00 §f
#2 | 115400 3 #R from | 3000 319 180.00 §ft
#3 | il#fﬁ frarn | 0.00 il tl:ul 0.00 il ft
#4 | il##ﬁ fram | 0.00 il tnl 0.00 il ft

Boundary Loads Acting East & West

#1 | 1.154.00 3|#4 fom | o000 4 to| 360,00 3 f
#2 | 1.154.00 3 ¥4 from | e0.00 4 10| 3s0.00 3 f
#3 | ili#ﬁ frarn | 0.00 il tnl 0.00 il ft
#4 | il#fﬂ frarn | 0.00 il tnl 0.00 il ft

Boundary Loads Acting North & South
The user may specify loads applied per foot at the diaphragm boundary, such as lateral weight of
attached walls, mansard roofs, equipment, or loads applied due to wind forces on the exposed
tributary height areas. These loads act North-South and are resisted by shear in the East & West walls,
and create tension cord forces in the North & South walls.

These loads can have starting and ending locations. Assuming that North is "Up" in a plan view of the
diaphragm, these locations are measured with respect to the westerly side of the diaphragm and
extend eastward (in other works left to right). Entering both locations as "0.0" will apply the loads the
full diaphragm dimension.

When performing a seismic analysis, enter these loads as ACTUAL TRIBUTARY WEIGHTS, which will be
multiplied by the Short Term (Seismic Factor by the program.

When analyzing a diaphragm subject to wind loads, enter the applied wind loads due to wind force on
tributary areas in this location. Also, Diaphragm Weight should be zero, and the Short Term Factor
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Boundary Loads Acting East & West

The user may specify loads applied per foot at the diaphragm boundary, such as lateral weight of
attached walls, mansard roofs, equipment, or loads applied due to wind forces on the exposed
tributary height areas. These loads act East-West and are resisted by shear in the North & South walls,
and create tension cord forces in the East & West chord locations.

These loads can have starting and ending locations. Assuming that North is "Up" in a plan view of the
diaphragm, these locations are measured with respect to the Northerly side of the diaphragm and
extend Southward (in other works top to bottom). Entering both locations as "0.0" will apply the
loads the full diaphragm dimension.

When performing a seismic analysis, enter these loads as ACTUAL TRIBUTARY WEIGHTS, which will be
multiplied by the Short Term (Seismic Factor by the program.

When analyzing a diaphragm subject to wind loads, enter the applied wind loads due to wind force on
tributary areas in this location. Also, Diaphragm Weight should be zero, and the Short Term Factor

equal to 1".

Point Loads Tab

GeneraIIUnifurm Loads FPoint Loads |Diaphragm Construction

Motel Seismic factor will be applied to these loads

Point Loads Acting NORTH-50UTH...

A I il lbs at | 0,000 il ft
#2. ... | il Ibs at | 0.000 il ft
H I il lbs at | 0,000 il t
#4 | il lbs at | 0.000 il ft
Point Loads Acting EAST-WEST...

R | il Ibs at | 0,000 il ft
#2 | il lbs at | 0000 il ft
He I il lbs at | 0,000 il ft
#4 | il lbs at | 0000 il ft

Boundary Loads Acting North & South

The user may specify loads applied per foot at the diaphragm boundary, such as lateral weight of
attached walls, mansard roofs, equipment, or loads applied due to wind forces on the exposed
tributary height areas. These loads act North-South and are resisted by shear in the East & West walls,
and create tension cord forces in the North & South walls.

These loads can have starting and ending locations. Assuming that North is "Up" in a plan view of the
diaphragm, these locations are measured with respect to the Westerly side of the diaphragm and
measured Eastward

When performing a seismic analysis, enter these loads as ACTUAL TRIBUTARY WEIGHTS, which will be
multiplied by the Short Term (Seismic Factor by the program.
When analyzing a diaphragm subject to wind loads, enter the applied wind loads due to wind force on
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tributary areas in this location. Also, Diaphragm Weight should be zero, and the Short Term Factor
equal to 1",

Boundary Loads Acting East & West
The user may specify loads applied per foot at the diaphragm boundary, such as lateral weight of
attached walls, mansard roofs, equipment, or loads applied due to wind forces on the exposed
tributary height areas. These loads act East-West and are resisted by shear in the North & South walls,
and create tension cord forces in the East & West chord locations.

These loads can have starting and ending locations. Assuming that North is "Up" in a plan view of the
diaphragm, these locations are measured with respect to the Northerly side of the diaphragm and
measured Southward

When performing a seismic analysis, enter these loads as ACTUAL TRIBUTARY WEIGHTS, which will be
multiplied by the Short Term (Seismic Factor by the program.

When analyzing a diaphragm subject to wind loads, enter the applied wind loads due to wind force on
tributary areas in this location. Also, Diaphragm Weight should be zero, and the Short Term Factor

equal to 1".

Diaphragm Construction Tab
This tab has all the entries used to define the construction of the diaphragm. Just as a beam
has the shear forces higher the closer you get to a support, so the diaphragm works the same
way. This table is designed so that you can specify a diaphragm construction with higher shear
capacity the closer you get to the end walls.

There are two areas "North & South Walls & and "East & West Walls". Each of these two
sections let you specify the diaphragm construction from one end of the building to the other.
Note in the top section it starts with "At North wall", goes downward through some "zones",
and then ends with the other wall...."At South Wall".

This table let you specify the changes in diaphragm construction THAT CAN BE USED if the
shear at each end reaches a high enough level. TO SEE WHICH CONSTRUCTION NEEDS TO BE
USED LOOK AT THE "Diaphragm Design TAB.

Example 1: If you have a diaphragm with very low loading you will probably not need anything
more than the least thickness and nailing grade. In this car you will just need what is shown for
the "Center" region....it just happens that this "center" zone extends all the way out to the end
walls.

Example 2: If you have a very highly loaded diaphragm you will need very tough construction
at the walls to take the high shear loads. The highest specification shown below is in the top
and bottom entries and shows 3x framing. On the "Diaphragm Design" tab you will be given
distances and nail spacing that will result in shear capacities that change from the lowly-loaded
center region to the highly loaded outer regions. The entire purpose of this concept of "zones"
is to develop a nailing pattern that results in the most economical diaphragm construction for
the expects shear requirements of the diaphragm.

NOTE!. ..The next four items should be verified with ICBO Report #1952. This report is
available from the International Conference of Building Officials, Workman Mill Road, Whittier,
CA. (818) 699-0541.
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General | Uniform Loads | Point Loads  Diaphragm Construction

Design Data & Nailing Requirements

Spacing
Horth & South Walls.... irn

Frarning Flywood #Lines of  Boundary @ Other
Size Grade Fasteners  Spacing Edges

At North wall I 3] |;| I Structural ] |;| I 7 |;” 5
2nd zone | 3 =] | swewatn [ 2 [=]f25|=] 3
Center Zone | Iy |_| | Structural |1 |;| | 2 |;|| 4 |;| 4
2nd Zane | w | -] | Stucral | | = | I ) |_;|| 25 | -] 3
At South Wall | e |_| | Structural || |;| | 2 |;|| 2 |;| 2
East & West Walls.... Spacing

Framing Flywood — #Lines of  Boundary @ Other
oize Grade Fasteners  Spacing Edges

Atwest wall | 3 [-] | stucturatn [ -] | 2 [=] | 2 2] 2
Znd zone | 3 ] | strueturatn [-] | 2 =] | 25 =]

Center Zone I 3 [ -] I Structural Il | - | I 4 |:I 4
2nd Zone | 3 =] | stuetwrarn [-] | 2 [=] |25 -] 3
At EastWall | 3 || | stuctwratn [=] | 2 [=] | 2 [=] 2

Framing Size
Enter a 2" to indicate 2x nominal framing or 3" for 3x nominal framing. This framing size will be used
to determine the allowable shear capacities per UBC Table 23-I-J-1.

Plywood Grade
This defines the plywood grade to be used, and is consistent with the definitions in the UBC Table 25-]
(See below). Enter 1" for Structural I, and 2" for CDX.

# Lines of Fasteners
You have the option of specifying either 1 or 2 lines of fasteners.

Boundary Spacing
Nails or staples can be spaced at either 2", 2.5" or 4" at the plywood panel boundary and continuous
edges.

Spacing at Other Plywood Edges
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o Nails or staples can be spaced at either 2", 3" or 4" at all other plywood panel edges.
¢ No shear values are available for 10d nails using 2" Other spacing, nor for 3" Other spacing

combined with 2" Boundary spacing.
e No shear values are available for the following combinations of Boundary/Other spacing: 4"/2",

2.5"/2", 2||/4||.

Results & Graphics Tabs

This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information

on these tabs always reflects the accurate and current results, problem sketch, or

stress/deflection diagram.

Results Tab

This tab displays the overall maximum shear and chord force values at the walls.

Results |Diaphragm Design | Sketch | Frinting i

Diaphragm Shears...

Matth South
Total Shear 194852 4 s 2054120 |hs
shear per Foot 1,082 5 #t 1,141 .2 #ift

st East
Total Shear 167927.2 |bs 1626477 Ibs

ABB.5 #ift 451 8 #ift

Shear per Foot

Chord Forces...

MohiSouth Walls

Easthvest Walls

@ 114 * Length 12.509.6 g 75472 5 |bs

@ 1/2* Length 20,824 9 |bs 1021778 Ibs

@ 34 * Length 15,8100 lhs 77,304 3 lhs
Length / Width Ratio 2080

Total Shear

From the loading, seismic factor, and diaphragm dimensions entered, the total and unit end shears are

calculated using basic statics.

Unit Shear

This equals a wall's total shear divided by its length.

Chord Forces

From the loading, seismic factor, dimensions and distances between chords entered, the chord forces
at 1/4 points of diaphragm span are given.
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Diaphragm Design Tab
The primary purpose of the results on this tab is to indicate the distance from each end wall
that a AT LEAST a certain fastener spacing is required.

Results Diaphragm Design |katch | Printing |

Horth & South Walls....
Shear Zone
Yalue Distance
Hft ft
At MoghWall ... 1,200.0 3600
2nd Fone .. SO0.0 a7.84
e R R N B i e A e G00.0
DA FONE s s S00.0 g4 96
SRR ses s s s s 1,200.0 Jg.88
East & West Walls....
AtWestWall L. 1,200.0 0.00
R e S00.0 0.00
B e e e e e s G000
PhdiEone s s s S00.0 0.00
B e [ 1,200.0 0.00

Shear Value
For the diaphragm construction specified and nail spacing indicated on the line, the allowable
diaphragm shear value is retrieved from the internally stored UBC tables and displayed here. When
displayed as zero, this indicates that the program does not contain any data for this configuration.

Zone Distances
This table provides the designer with an easy way to determine the allowable cut-off points for
different nailing densities.

The table basically represents the diaphragm from one end to the other. You may specify a particular
diaphragm construction to be used for the noted Nail Density by changing the Nail Size, Plywood
Grade, and Thickness values for each nailing density line. From your entered data, the program will
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calculate where that specific nailing area may be stopped (measured from the wall) and the lower
diaphragm capacity used (indicating the transition in actual shear stresses).

o Between the wall and Zone Distance, the diaphragm construction must meet or exceed the shear
values listed for that row.

e When the Zone Distance equals zero, this indicates that the particular diaphragm specification for
the particular nailing is not required.

¢ When the Zone Distance is displayed as NA, this indicates that the actual diaphragm shears are
higher than the diaphragm specification is capable of taking.

Sketch Tab

This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.

Results | Diaphragm Design  Sketch |F'rinting |

Print Sketch
36.00 ft
8704 ft
B4.95 ft
. &5l 3898 R
. 2.5“-' 3“
M-

Printing Tab
This tab allows you to control which areas of the calculation to print. Checking a box will signal

©1983-2003 ENERCALC Engineering Software



204 ENERCALC

that the information described by the item will be printed. However, if there is no information in
for a particular selection it will not be printed. So these checkboxes are best described as "If
this particular area of the calculations contains data then print it".

Results | Diaphragm Design | Sketch Printing

Please select printout sections to be printed...
General Information
Boundary Loads
Foint Loads
morth & South Mailing
East &West Mailing

CURE AR Y BV B

Shear & Chord Forces

Mote: When all are selected, the software will still omit unused sections

Sample Printout
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EMERCALC Engineering Software Thie : ENERCALC Example Problams Job # 37.000001
P.O. Box 188 Dsgnr: MDE Date: 10:Z44M, 26 OCT 03
Corona del Mar, CA 92660 Description : ¢ glledtion of example problems
Voice: 9436450151 Scope: All programs in the Rructural Enginesring Library
www.enearcale.com

Uirer FW-DDO0D1. Ve 6.0, 10-Sep-2003 High<oad Plywood Diaphgram Page |
{£]108% X0E ENER CALC Enginsating Satwars e e amplet eos Timber Cales

Description =sing Staples
General Information Calculations are designed to 1997 NDS and 1997 UBC Reguirements
Maorth-South Length 360.00 Diaphram Weight 2200 psf
East-'\Weast Langth 18000 f1 Saismic Factor 01830
Marth-South Chord 360,00 Fastenar Size 14ga
Eag-West Chord 180.00 1
Boundary Loads Acting Morth & South Boundary Loads Acting East & West
#1 1,154 rom . 1 to o #1 1,154 from i to 5 |
#2 1,154.00 #R” from I0000f te 1800007 #2 1.,154.00 #f from EOODD 12 360 000 fi
#3 #h from fl 1o . #3 # from ot ]
#4 #h from ft tao it #4 #if from f o il
Morth & South Walls  Design Data & Nailing Requirements I
pacing
Framing Plywaad # Lines of Boundary Other Shear Zone
Size rade Fastensrs Spacing dges Waluz Distancs
At Marth Wall 3x Structural 1l 2 in 2in 1,200 0 ## 3e.00 f
2ne zons 3x Structural 1l 2 25 in 3in 200.0 #1 #8784 R
Ceanter Zone 3x Structural 1l 2 4in 4 in EO0.0 #8
2nd Zone 3x Structaral 1l 2 2.5 in 3in 900.0 #% G496 R
At South Wall 3x Structural Il 2 2 in 2 in 12000 #M 3588 R
lEast & West Walls Design Data & Nailing Requirements I
pacing
Framing Plywaod # Lines of Boundary @ Other Shear Zane
Size Grade Fastanars Spacing Edgss Yaluz Distancs
At West Wall 3x Structural 11 2 2 n 2 in 1 200.0#% 000 #f
2nd rone 3x Structural 1l 2 2.5 in 3 in 00.0#% 000 #
Center Lone 3x Structural 1l 2 4 n 4 in G00.0#%
2nd Zone 3 Structural 1l 2 25 in 3 in [00.0#Mh 000 f
At East Wall 3x Structural 1l 2 2in 2 in 1,200 0#M 000
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ENER

CALC Engineering Software Title : ENERCALC Example Problems Job # 97-000001
ne 123 Dsgnr: MDE Datesabs A, Zo

3.9 Timber Ledger

This program provides design analysis for wood ledgers carrying vertical and lateral
loads. It is intended for buildings where ledgers are bolted to concrete or masonry walls,
and transfer all loads to the wall via single shear in the bolts.

Vertical uniform dead and live loads, vertical concentrated dead and live loads, and
horizontal shear can be applied to the ledger. Vertical loads are used to calculate
maximum moments and shears considering that the ledger is a continuous beam over the
bolted supports.

For the concentrated loads, you enter the distance from a bolt, and the load spacing. The
program will then calculate the number of loads that are applied to the ledger between
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bolts, combine that moment diagram with the uniform loads, and calculate maximum
moments and vertical reactions at the bolts.

The vertical and horizontal loads are combined to give a resultant maximum force and
application angle. The Hankinson formula is then applied to determine the maximum
allowable force at that angle.

You may enter live load and short term load duration factors, ledger width and depth,
bolt diameters, and whether the ledger is bolted to concrete or masonry (for use of UBC
allowable increases to bolt shear values). Both ledger and bolts are checked for
combination of DL+LL, DL+ST (short term), and DL+LL+ST.

| ENERCALE o\ECSS EXAMPLES.ECW - Ledger with Yertical & Latersl Losds
Ledger with Vertical & Lateral Loads

}:;:::’ 2 Melp | 55 Peint £| . cancel W Save
General |Lsdgar Lo | REsuits |Sk,e1¢h|
Deseription whith Unifoim Load, against concrete Wood Stress & Bolts OK
!! + 1L l:_l +* ET [2 + + BT
Bending Stress Ratio 0104 0077 0098
Shear Stress Ratic 363 0.287 0341
Ldaers Wikdth i
i [ 3swgn Diag Stress Ratio 0.607 -1 0.4521 0.575 11
Ledger Depth Im in
_ Madmum
Bolt Diamatar I_E"' in Mavimum Force  Allowahle Force _ Ratg
_ ; Bolt Forces 1,150.00 1,883.75 lhs 0E07
Ealt Spacing | 24,000 g in
o
Atached o Conerite ¥ {2 i . L
& 1981 & Earller UAC Mazximum Moment... 230000 1.800.00 230000 in-#
Bidg Code Used Heelsatun Benting Stress 12034 102001 13034 psi
L Ll e Stress Ratin 0.104 80717 0.098
Maximum3Shear... B2 55 549,32 B29.56 |bs
Shear Slress. 4308 373 4305 psi
Stress Dougles Fr - Larch, Nal Stress Ratio 0.363 0267 0.341
; Stress Summarny
Fb Allow I 1.000.0 ﬂ psl Max. Vertical Load 1.150.00 93000 1,150.00 Ibs
Fy Allow I 95.0 g psi Allow Varical Load 1,883,775 201455 201455 |bs
Loas Duration Factors, May, Horzantal Load 0.00 312,00 200 lbs
Live Load I 1.250 Al Horzantal Load 3.175.00 337820 337840 be
Angle of Resuitant 0.0 deg 709 deg 748 deg
Zhart Term I 1.330 i
Diagonal Component 1.150.00 255 11957 Ibs
Lumibrer Spacies for Bolt Valees Per NDS Table B4 Allow Diaganal Farea 1 FA3 75 240613 207228 bz
| u Maote: Uesing '34 LBC Table 23+4-F for allowabla boltvalues

Basic Usage
e Determine Dead and Live Loads. Since the program assumes repeating concentrated

loads, you can enter the vertical loads as either uniform or a single concentrated
load at a specified spacing.

e Horizontal Shear is entered as Ibs/foot and is multiplied by the bolt spacing to get
the tributary load per bolt. When you have combined drag strut and unit shears
acting on the ledger, be sure to resolve them to a Ibs/foot value.

e Enter Ledger Depth, Width, and Allowable Stresses. You must enter the exact
member size (not nominal). You can use the timber database to get these values.
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e The Against Concrete entry is used to determine whether the UBC modification to
allowable bolt values should be used for single shear against concrete.

e Enter Bolt Size and Spacing. The program supports 2" -> 1" bolts, and will adjust
the allowable values for the nearest size category.

Assumptions & Limitations
When calculating moments due to point loads, the program does not check an infinite
number of location combinations when the point load spacing is an uneven multiple of
the bolt spacing. It will, however, check if the Offset distance is greater than the Bolt
Spacing, and move the load over to a new offset equal to Bolt Spacing - Offset

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.

FEUOHRATAI R AT A T AR E AT EE T 4474300

1025 i82.00 in X 32.00 i T

\ +

?D.D&Ibs

5 00 #40

2400in | 2400in | 2400in
Typ. Spac. Typ. Spac. Typ. Spac.

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
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General |Ledger Load |

Description kith Uniform Load. against concrete
Ledger Width | 2 500 il in
Ledger Depth I 5.500 il in
Bualt Diarneter | T |;| in
Balt Spacing | 24 000 il in
Attached to Concrete 7 v

1931 & Earlier UBC
& 1994 & Later UBC & NDES

Bldg Code Used

Stress | | Diouglas Fir - Larch, Utility
Fhb Allow | 275 1) il psi
Fu Allow | 95 0 il psi
Load Duration Factors. ..
Live Load | 1.250
Short Term | 1.330

Lumber Species for Bolt %alues Per MDS Table 8A

Ledger Width & Depth
Exact sizes of ledger.

Bolt Diameter & Spacing
Enter the bolt diameter and spacing you wish to use. You can quickly change these values and
recalculate to arrive at a satisfactory design.

Attached to Concrete ?
Enable this checkbox when the ledger is bolted to a concrete or masonry wall. This changes the way
bolt values are pulled from UBC table 25-F. When the ledger is against concrete, the double shear
values for a member 2 the width are used.

Building Code Used
Select the building code you are using. This controls the allowable bolt values to be used. If "1991 &
earlier UBC" is chosen then 1994 UBC Table 23-I-F allowable bolt values are used. If "1994 &
Later UBC and NDS" is chosen then the bolt design value are from NDS 8.2 / UBC 2336.2.
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[Stress] button & entry
This allows you to use the built-in NDS & Manufactured lumber allowable stress database to retrieve
allowable stresses. When you press the button you will see this selection window. Please see the
section earlier in this User's Manual that give information and usage for the databases.

Wood $tress Database

Species... _Size Clagses to Show

Duulas Eir - Lorch | = | | 234" Thick, 2" & Wider 5" x 5" & Larger Glued-Laminated

Using 1997 UBC/NDS Stress Values | Beams &k Stringers Posts & Timbers M anufactured

All stresses in PSI

SotOder @ :
Species |Grade | Class [Fb [Pt |Fv | Fo-Pem|Fo-Pu|E | HEEET o e

Species Grade Class Fh Ft Fv Fc-Fermn Fo-Prll Elastic Grading Acency
Bending Tension Shear Comp.  Comp.  kModulus ’
Douglas Fir-Larch | Select structural | 2-4 1.450 1.000 a5 625 1700 1.900.000 WCLIB WA Select
Douglas Fir-Larch  |Dense SelectSy BS 1.900 1100 85 730 1,300 1,700,000 WCLIB —
Douglas Fir-Larch  |Mo.1 & Better 2-4 1,150 775 a5 625 1850 1,800,000 WCLIB WAWPA
Douglas Fir-Larch  |Select structural | BS 1.600 950 85 B25 1,100 1,600,000 WCLIB
Douglas Fir-Larch  |Dense Mo = 1,550 775 B 730 1100 1,700,000 WCLIB +
Douglas Fir-Larch Mo 2-4 1.000 E7R 95 B25 1,500  1.700.000 WWCLIB WhAEA
Douglas Fir-Larch  |No.2 2-4 475 575 a5 625 1,350 1.600.000 WCLIB WWPA Insert
Douglas Fir-Larch  |No.l ES 1,350 675 85 625 925 1,600,000 WCLIB =
Douglas Fir-Larch  |No.2 BS 875 425 B85 625 600 1,300,000 WCLIB 5
Douglas Fir-Larch  |MNo.3 2-4 500 325 EL B25 775 1,400,000 WCLIB WhAWPA
Douglas Fir-Larch | Stud 2-4 E75 450 EL B25 850 1,400,000 WCLIB WAWPA Change
Douglas Fir-Larch Construction 2-4 1.000 B0 95 B2 1.650 1,500,000 WWCLIB WhAEA, _—
Douglas Fir-Larch | Standard 2-4 550 375 95 625 1.400  1.400.000 WCLIB WWPA
Douglas Fir-Larch | Utility 2-4 275 175 a5 625 900 1,300,000 WCLIB WhWWPA L]
Douglas Fir-Larch  |Dense selectSty BS 1.850 1110 65 730 1,300 1,700,000 WA
Douglas Fir-Larch  |Select structural | BS 1,600 @50 1 625 1,100 1.600.000 WAVPA Delete
Douglas Fir-Larch  |Dense Mol BS 1,550 775 85 730 1,100 1,700,000 WA
Douglas Fir-Larch Mo =11 1.350 B7E 85 B25 925 1.600.000 WA
Douglas Fir-Larch Dense MNo.2 BS 1.000 500 85 730 700 1,400,000 WA x
Douglas Fir-Larch  |No.2 ES 475 425 85 625 600 1,300,000 WA
Cancel
TR e Y T I | i

Fb & Fv Allowable
Basic allowable bending & shear stresses. These values will be increased by the Live Load and Short
Term Load Duration factors when calculating allowable stresses for the three load combinations.

Live Load Stress Increase
This is a factor that will be applied to the allowable bending and shear stresses for calculation of final
allowable values when live load is used within the three different load combinations.

Short Term Stress Increase
This is a factor that will be applied to the allowable bending and shear stresses for calculation of final
allowable values when the horizontal shear load is used within the second two load combinations.

Ledger Load Tab
NOTE! This program assumes the segment of ledger that you are designing behaves as a
continuous beam, with negative moments over the bolts transferring to adjacent ledger
sections. The point loads you enter will be used as is, so if your point load spacing is different
from the ledger bolt spacing, enter the bolt offset such that the greatest moment will be
generated using the continuous span assumption.
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General Ledger Load

Lnifarm Load. ..
Dead Load

Live Load

FPuaoint Load...
Dead Load

Live Load
Spacing
Oftset

Harizontal Shear

Uniform Load

520 00fa il

223.00 4| #ft

156.00 5| #

Enter the uniform dead and live load applied to the ledger.

Point Load & Spacing

211

Enter the concentrated dead and live load that will be applied to the ledger at a typical spacing. This

entry is intended for you to enter repeating loads from framing members.

Point Load Offset

This is the distance of the first point load from a ledger anchor bolt. The point loads will be

automatically repeated in calculations from this point onward using the Point Load Spacing value.

Horizontal Shear

This is the shear applied to the ledger along its longitudinal axis. Be sure to adjust combined drag load
and unit shears to a proper value.

Results & Graphics Tabs

This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information

on these tabs always reflects the accurate and current results, problem sketch, or

stress/deflection diagram.

Results Tab
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Results IEHEtEh I

Diagonal Stress Ratio > 1.0 !

DL+ DL+ 5T DL+ +5T
Bending Stress Ratio 0.430 0.322 0.460
Shear Stress Ratio 0468 0.308 0.1
Diag Stress Ratio 1.429 1 0.960:1 1.381:1
Ml &xirmum
Maximum Force  Allowable Force Fatio
Bolt Forces 1,486.00 1,039.73 lhs 1429

DL +LL DL + 5T DL+l +5T

Maximum Moment... 297200 2 080.00 237200 in-#
Bending tress 168.42 117.87 168.42 psi
Stress Ratio 0.490 0.322 0.460
MaximumShear... 107193 FE0.21 1071.93 |bs
shear Stress 5568 3857 5563 psi
Stress Ratio 0.469 0.308 0.441

Stress Summary

MWax. “erical Load 1 486.00 1,040.00 1. 486.00 |hs
Allowe Wertical Load 1937 40 2 061.50 206150 |bs
hax. Horizontal Load 0.00 312.00 3200 |hs
Allowe Horizontal Load 5437 50 5.785.450 5.785.80 |hs
Angle of Hesultant S0.0 deg /33 deg 781 deg
Diagonal Component 1, 486.00 1,085.79 1.5618.40 |bs
Allow Diagonal Force 103973 1,131.43 1,099.84 |hs

Maote: Bolt Design Yalue from MDS 8.2 f IUBC 2336.2

Load Combination Columns
Each of the three columns represents different combinations of the dead, live, and lateral loads.

Maximum Moment
This is the maximum moment in the ledger, analyzed as a continuous beam, considering
uniform and point loads.

Maximum Moment & Stress Ratio
Actual bending stress for the ledger using the Maximum Moment. Actual bending stress divided by
allowable stress (after it is modified by the appropriate load duration factor).

Maximum Shear & Stress Ratio
Maximum shear stresses at the bolts considering vertical loads and a continuous span beam.

Stress Summary

Maximum Vertical Load
Using the applied uniform dead and live loads and point loads, the maximum vertical bolt reaction is
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calculated.

Allowable Vertical Load

Allowable bolt shear value perpendicular to grain in wood members, adjusted by the load duration
factors.

Maximum Horizontal Load
This is simply the applied horizontal shear * bolt spacing.

Allowable Horizontal Load

Load Allowable bolt shear value perpendicular to grain in wood members, adjusted by the load
duration factors.

Diagonal Component

Using a square root sum of the squares combination of the maximum vertical and horizontal loads to
the bolts, the resultant force is calculated.

Angle of Resultant
Angle of application of the Diagonal Component.

Hankinson Allowable

Using the Resultant Angle and allowable parallel and perpendicular to grain stress values, the final
allowable force is calculated, to be compared with the Diagonal

Sketch Tab

This tab provides a sketch of the beam with loads and resulting values shown. Using the
[Print Sketch] button will print the sketch in large scale on a single sheet of paper.
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Results Sketch

FELUOHRATE AR AR AT b TR bbby b T 4474300

» L 10,25 i82.00 in > 32.001in

?D.Di":IS

85 00 40

] 2400in | 2400in ] 2400in |
Twp. Spac. Typ. Spac. Typ. Spac.

Sample Printout
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EMERCALC Engineering Software Title: ENERCALC Example Proolems Job # 97-000001
PO. Box 188 Dsgnr. MDE Date: 112940, 26 OCT 03
o Description : gz { example o
Corona del Mar, CA 92680 BSCNPUON . Collection of example problems
Voice: 949-645-0151 Scope: All programs in the Structural Engineering Library
www.enercale.com
f :::n iﬁng:l:cal o1 5 B0, 10.56p- 2003 Timber Ledaer Design Page 1
E I;:HWQ-Q':Q‘Q Enl El"' CALT Erhnulil:n_ﬁcmar.- g g chesSSiearmples s oee Timbe O alos
Description With Uniform Load, against concrate
[General Information  CoceRer 1997 NDS, 2003 |BC, 2003 NFPA 5000, Base am-}}a'u'éé’éré'ij'se'."d}éiifié&"“’
Ledger Width 35000In Uniform Load Folnt Load
Ledger Depn 8.500In Dead Load 520 D0FT Dead Load 000 Ibs
Ladger is Balted 1o Concrete : Live Load 223 .00#%M Live Load 000 Ibs
Bolt Diameter 1 Spacing 000t
Balt Spacing 24.0001n Horzonta Shear 156 .00 # Crset 0001In
Load Duration Fackors... Daouglas Fir - Larch, Utilily
Live Load 1.220 Fb Allowable 275.0 psi
Short Term 1.330 Fy Allowable 95.0 psi
| Ledger Stresses
Load Combination : DL+ LL DL + 5T DL+LL+ST
Maedmum harment 2,972 00 In-# 2,080.00 in# 2972.00 in#
Bending Stress 166 42 psi NT 8T psi 168 42 psi
Stress Rabo 0.490 0322 0.480
MadimumShean 1071 .93 s 7021 lbs 1.071.93 Ibs
Shear Stress 5568 psi 3897 psi 55.68 psi
Stress Rafbo 0.469 0.208 0441
' Bolt Loading MNete: Bolt Design Value from NDS 8.2/ UBC 23 Using:

Stress Summary DL # LL DL+5T DLHLL#ST
Mas. Verticd Load | 485.00 lbs 1,040.00 Ibs 1 A86.00 lbs
Allow wartical Load | 937 50 |bs 208150 Ibs 2.061.80 lbs
Mz . Harizontal Load 0.00 lbs 312.00 Ibs 312.00 |os
Allow Harizantal Load 5437 50 los 5,785 50 Ibs 578580 lbs
Andle of Resuftant 90.0 degrees 73.3 degrees 78.1 degrees
Diagonal Camponent | 48600 10 1,085.79 Ibs 151840 D%
Allow Diagonal Force |,039.73 1os 1,131.43 Ibs 1,099.84 |bs
Final 5trass Ratio 1425100 0.960 @ 1.00 1381 : 100

l Summary I Diagonal Stress Ratio > 1.0 !

Stress Summary DL+LL DL+ST DLH L+5T
Wiood Benading Stress Raoo 0490 :1.00 0322 :1.00 0460 1 1.00
Wood Shear Stress Ratio 0459 :1.00 0308 :1.00 0441 100
Balt Stress Ratio 1429 11,00 0960 :1.00 1.381 ;1,00

3.10 Bolt Group in Timber Member

This program analyzes bolts in wood members subjected to forces either parallel or
perpendicular to the center of gravity of the bolt group. It considers single or double
shear, wood or metal side plates, load duration and side plate stress increase factors, and
the reduction effect on bolt groups when forces are parallel to a rows of bolts.

The program performs two functions. When the number of bolts is unknown for a given
load and member size, the program can determine the number of bolts required in each
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row considering the bolts-in-a-row capacity reduction effects.

When the bolt group configuration is known, an analysis of the bolt group combines all
input and determines the allowable bolt group load.

Special features allow the user to use either wood or steel side plates on one or both
sides, and have all the associated effects considered. The program also provides a listing
of the minimum required edge distances, end distances, bolt spacing, and row spacing
which are applicable to your input. You can then cross check your values to ensure
everything is within limits.

[ ENERCALE c\ECSS\EXAMPLES.ECW - okt Groups in Tinaher Menbers
Bolt Groups in Timber Members
SI:;::; P Help | S print ﬂ ¥ cancel « Sava
General | Fesults |S|w1cn|
Dw:l'ipliﬁn smng metal plates & hoth sides Bolt Emup QK
Appllad Load: ;<o s iin i 12.000:00 Ihs
A A e e e i 27 74200 lbe
Appligd Load . ............. 12.000.00 3 Ibs Code Allrwable Bol Cpachy . . . ....o.... 288010 Ibs
Lead Direction # Parallel To Rows ¢ Parpendicular To Rows Check Adequacy for Applied Load...
B S R S R 123,000 in2
HRows of Bels . Iﬁ Aplata .............................. 4,000 in2
#Bolts pet Row. ... m A permber "'Apla!e """"""""" 07E
Ara Rows Slaggered 7. ... H Basic AllowperBolt .. ... 0w A 57500 [bs
Spacing Btwn Rows .. ... I 400 a in Bolt Cap Reduction Factor. . . ... ... .00t B.9700
Spacing Btwn Balis . .. ... ... I 400 g in Allgwable Lead perBokt . .............0 000 346775 lbs
Shear Type . .. . " Single Shear & [Diouble Shaar Eoft Growp Capacity . ... ..o 27,4200 lbs
Two Parallel Rows being used as one row ¥ o
MemberWidth. . ... ........ I 5125 g in
Momber Depth .. .. ......... I 24000 a in Required Clearances...
Min. centercenter spacing of bolis in & row 3.000 in
Min, spacing between adjacent ows of bolts 1675 in
Side Plate Data,,, End distance with force ACTING toward END 5,250
Side Plate Depth ... [ 0.250 ] it End sistance with farce NOT ACTING toward END 3,000 in
Sids Plate Thickness [ 8.000 3 in Edge Distance with farce ACTING toward END 1.125 in
Lead Dueation Factor. .. ... .. 1.00 Edlge Distance with foree MOT ACTING foward END 3.000 in
Side Plate Factor ... .. ... .. I 1250 Maximum Row Spacing 5,000 in

Basic Usage

To Determine # Of Bolts Required: Enter all data except the number of bolts per
row. You can estimate almost all of the sizes, because the program'’s first bolt quantity
can be used as a starting point for refinement of nearly all other values. You can refine all
the input data except the number of bolts, then enter the number of bolts per row and
refine the other data items. When you enter a number in the Number of Bolts In A Row
cell, the bolt analysis section will show the results of the complete analysis of the bolt
group.

To Analyze A Bolt Group: Enter all the design values and calculate. The bolt group
capacity will be shown for your use.
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Assumptions & Limitations

¢ All loads must be applied along one axis and act through the center of stiffness of
the bolt group. No provisions are made in the program for eccentric loadings.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.

400in  400in _ 400in _ 525in

T T T

00.00 #./

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering

data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
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General

Description lUsing metal plates @ both sides

Azl ek i I 12.000.00 3: Ibs

Load Directian & Parallel To Rows ¢ Perpendicular To Rows

Bolt Diameter . .. .. .. .. ... .. I 374" |

#FRows of Bolts . ... .. ... ...

#Bolts per Row ... ... ... ... Iﬁ
Are Rows Staggered 7. ... . N

Spacing Btwn Rows ... ... .. Im in

Spacing Btwn Bolts . .. ... . .. IW in

Shear Type . ... " Single Shear & Double Shear

Member Width . . ... .. ... I 5125 3: in
v e e R S ———— I 7.250 3: in

Side Plate Data. ..

oide Plate Depth . . . ... .. I 0.250 3: ir
Side Plate Thickness . . .. I 2.000 3: in

Load Duration Factar . . .. .. .. 1.00

SidedR afetEarin R I 1.250

Applied Load
Enter the applied load here

Load Direction
Enter the direction of the applied loading with respect to the grain of the members. This item
is used to determine the allowable basic capacity of the bolts specified.

Bolt Diameter

Enter the bolt diameter to be used in the design or analysis. The diameter should be entered in
decimal form, and should coincide with a bolt listed in UBC.

# Of Rows Of Bolts

Indicates the number of rows of bolts to be used. This item should always be entered, whether or not
your are performing a design or analysis.

# Of Bolts In A Row
An entry here may or may not be made. If no entry is made, the program will use all other values,
along with Applied Load Parallel To Rows to determine a minimum number of bolts per row which will
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be needed. If an entry is made here, it will be used in the Bolt Group Analysis to determine the
capacity of the bolt group.

Staggered?
If the bolt group is staggered, enter 1 to indicate this.

Spacing Between Rows
When two or more rows of bolts are used, this is the spacing between those rows.

Spacing Between
Bolts his is the spacing between each bolt in a row, and will effect the calculations when bolts are
staggered and spaced very close.

Shear Type : Single or Double
Specify whether the bolts are in single or double shear. Single shear will typically mean that two
members are being attached, while Double would mean that three are used, such as a wood member
being bolted between two steel plates.

Member Width & Depth
Enter the width and depth of the main wood member for which the bolt capacities should be retrieved.

Load Duration Factor
If the load applied to the bolt group is of short term nature, enter the desired factor which will increase
the bolt capacity. Typically a value of 1.33 is used.

Side Plate Factor
If metal side plates are used, the user may desire to enter a load factor which will increase the bolt
capacity. Typically a value of 1.25 is used.

Side Plate Data
Width is measured parallel to the depth of the member, and thickness is measured parallel to the width
of the member. The program will automatically double the side plate area when Double Shear has
been specified.

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results Tab
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Fesults |5ketch |

Bolt Group OK

Applied] Eoad s e e 12,000.00 |bs

Capaciysnsnnasnannannmsnannnn 37 323.00 |bs
Code Allowahle Bolt Capacity . ........... 28600 Ibs
Check Adeguacy for Applied Load...

............................... 37156 inZ

member
“E"plate .............................. 4.000 in2
Amemher f“ﬂ"plate .................. 5289
Basic Allow perBalt . ... .. .. ... L. 357500 |bs
Bolt Cap Reduction Factar . . . ... ... ... .. ... 0.5700
Allowable Load per Bolt . ... .. ... 311025 |bs
Bolt Group Capacity . ... ... ... .. ... ... ... 37,323.00 |bs
Two Parallel Hows being used as one row ¢ Mo
Required Clearances...
Min. center-center spacing of bolts in a row 3.000 in
hlin. spacing between adjacent rows of bolts 1.875 in
End distance with force ACTING toward END 5.2580 in
End distance with force NOT ACTING toward END 3.000 in
Edge Distance with force ACTING toward END 3.000 in
Edge Distance with force NOT ACTING toward END 1.125 in
Maximum How Spacing £.000 in

Applied Load & Capacity
These are the results of the analysis giving applied and allowable values.

Code Allowable Bolt Capacity
This indicates the basic allowable load per bolt, considering direction of load to grain, diameter, and
width of main member. If there is no available bolt value from the table, 0" will be displayed.

Amember, Aplate, Ratio
These values are used to calculates a reduction factor based on the ratio of member area to the side
plate area.

Basic Allowable Per Bolt

This value is the result of multiplying the basic bolt capacity by the Load Duration Factor and Side Plate
Factor.

Bolt Capacity Reduction Factor
The reduction factor also considers the number of bolts in a row. This factor is applied to the Basic
Allowable Per Bolt (see next) to determine the actual allowable bolt value considering the group's
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effect. The factors can be found in the Design Handbook published by the American Institute of
Timber Construction.

Allowable Load per Bolt
This is the Basic Allowable per bolt times the "Bolt Capacity Reduction Factor".

Two Parallel Rows being used as one row ?
This Yes/No item reports whether the program is considering two adjacent rows as one row because of
limitations on bolt row spacing and spacing between bolts.

Req'd Bolt Clearances
Based on code requirements, the minimum spacings and edge & end distances are given here.

Sketch Tab

This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.

Results Sketch

400in . 400in 400k . 525in

e | —

000.00 #H
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Sample Printout

ENERCALC Engineering Software Title : ENERCALC Example Problems Job # 97-000001
P.O.Box 188 Dsgnr: MDE Date: 11.58AM, 26 OCT 03

Description ; C ion I 1
Corona del Mar, CA 92660 P allection of example problems

Voice: 949-645-0151 Scope : All programs in the Structural Enginaering Library
www.enercalc.com
L AL DEA0001, Ver 5,80, 10-Sep-20 i i Page 1
ﬁi’gEKB‘:gﬂq:%ug FEREﬁrL‘GBE%U -lpegfnil"—fégjr e Bolt G roup in Timber Member checsSeramples ecw Timber Calcs
Description Using metal plates @ both sides
| General Information Code Ref, 1997 UBC
TS
Applied Load 12.000.000bs #Rows of Bolts 2 Load Duration Factor 1.000
Blt Diameater 34" # Bolts per Row 4 Side Flate Factor 1.250
Member Width 5.125in Spacing Btwn Rows 400000 Rows Are NOT Staggered
IMember Depth 24.00010n Spacing Btwn Bolts 40000n Ferce is Parallel To Rows
Side Flate Data . Bolts are in Double Shear
Side FPlate Deph 0.2500n
Side Plate Thickness 5.0000n
|_§heck Adequacy for Applied Load... !
Amamber 123.000 in2 Basic Allow per Bolt 357500 Ibs
Aplate 4000 in2 Bolt Cap Reduction Factar 09700
Amember/Aplate 30 750 Allowable Load per Bolt 346775 Ibs

Bolt Group OK

Using 2 rows with 4 - 3/4" bolts per row, Row Spacing = 4.00in, Bolt Spacing =4.00in
27,742.00 lbs == Applied Load = 12,000.00 |bs

|Req'd Clearances t
Min. center-center spacing of bolts in a row 3000 in
Min. spacing between adjacent rows of bolts 1.875 in
End distance with force ACTING teward EMND 5.250 in
End distance with force MOT ACTING toward END 3.000 in
Edge Distance vath force ACTING toward END 1125 in
Edge Distance wath force NOT ACTING toward END 3.000 in
Maximum Row Spacing 5000 in
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4 Steel Design Modules

The programs in this section provide analysis and design for structural elements
made of steel.

Code References

Program modules for STEEL design are designed to be in conformance with the AISC
9th Edition Allowable Stress Design and AISC Third Edition LRFD Design.

Limited load combinations supported are:

Allowable Stress Design: ASCE 7 Section 2.4.1, IBC 2003 Section 1605.3.1, 2003
NFPA 5000 Section 35.15.1 (which ties back to ASCE 2.4.1) and 1997 UBC Section
1612.3.2.

Load & Resistance Factor Design : ASCE 7 Section 2.3.2, IBC 2003 Section 1605.2.1,
2003 NFPA 5000 Section 35.15.1 (which ties back to ASCE 2.3.2) and 1997 UBC Section
1612.2.1.

Multi Span Steel Beam
Multi Span Steel Beam allows design of up to eight spans on one calculation sheet. All
spans can be simply supported with optional cantilevers or can be continuous over
supports with optional cantilevers and end fixities. Dead and live point, moment, and
uniform/trapezoidal loads can be applied. Alternate span live loading is easily defined.
Code stress checks are performed for W, S, H, M, C, MC, T, P, L, LL, WT, ST, and MT
sections, including provisions for thin compression elements and details of Appendix C.
Reactions, shears, moments, deflections, and stresses are given.

Steel Beam Analysis & Design
Steel Beam Analysis & Design supplies more extensive design ability than the multi-span
program. Up to 26 point, moment, and uniform/trapezoidal loads may be applied, minor
axis bending, secondary members, duration of load factors, and optimal section selection
is available.

Torsional Analysis of Steel Beams
Torsional Analysis of Steel Beams can fully analyze and section beams subjected to
distributed and point eccentric loads, bending moments, and twisting moments. The
beam can have pin/pin or fix/fix torsional and bending fixity conditions, and all results
use new procedures for rotation and stress calculations. Of course, full AISC allowable
stresses are calculated based on slenderness, bracing, and moment variations.

Steel Biaxial Column Design
Steel Biaxial Column Design includes all the beam analysis capabilities of our Steel Beam
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4.1

program, simultaneously about both axes, and combined with eccentric axial loads.
Support fixity, unbraced lengths, side sway, effective length factors, and live/short term
load combinations are all included in the evaluation of AISC combined stress equations
H1-1, H1-2, and H1-3.

Composite Steel Beam

Composite Steel Beam provides detailed analysis of steel sections anchored to a concrete
slab. Among the many items considered are solid slabs, slab over formed metal deck,
partial composite action, and center/edge slab location. Concrete density, stud capacity,
bottom flange cover plate, and effective slab width can also be specified. Loads may be
point, uniform, or trapezoidal, and are divided into dead, construction, and live types. In
addition to full stress evaluation, shear connector spacings, reactions, and load case
deflections are given.

Steel Base Plate Design

Steel Base Plate Design allows you to design or analyze a square steel column base plate
subjected to axial loads and bending moments. This program allows up to five designs
per sheet and access to our extensive steel section databases. Number of bolts, area,
capacity, location, support pier dimensions, concrete strength, and duration of load
factors are all considered in generating the interaction equations determining stresses
within the plates.

Bolt Group Analysis

Bolt Group Analysis distributes direct and torsional in-plane loads on a bolt group with up
to 16 bolts to find the maximum load on each bolt.

Multi-Span Steel Beam

This program provides design and analysis of simple span or continuous steel beams. It
allows you to design steel beams in production line form, letting you rapidly complete
many designs simultaneously, and can handle up to eight spans at once.

The end fixities of each can easily be modified to model many types of beams, including
(but not limited to):

e Simple span beams with cantilevers at one or both ends.

¢ Single span beams with fixed and/or free ends.

¢ Continuous beams with up to nine supports.

¢ Continuous beams with one or both ends fixed or cantilevered.

This flexibility is provided by allowing you to:

e Set a flag telling the program to consider all beams that have pinned ends to be
either continuous over the support (attached to the adjacent beam) or consider each
span is simply supported.

e For each beam, you can specify fixed, pinned, or free support conditions for each
end. This allows you to model any type of span support condition you will encounter
(limited to eight spans/nine supports).
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Each span can be loaded with a uniform dead and live load, a partial length uniform dead
and live load, a partial length trapezoidal dead and live load, up to four point dead and
live loads, and one concentrated dead and live moment. To further aid your designing
ability, you can easily omit the inclusion of live load on any span to perform alternate
span load analysis. For each span, the program determines maximum center and support
moments, shears, reactions, and deflections.

[ ENERCALC c\ECSS\EXAMPLES.ECY - Multi Spar Steel Beam Design
Multi Span Steel Beam Design
}:;:::’ 2 Help | 121 Design G5 peint £| P cancel W Save
oereral #1 |22 |#3 |#s |25 |#6 |#7 |ee | Results [skateh | Dingrams | Prnting |
Span Dascription I Beam is OK
Span B.000 3 & Moments...
Unbraced Langth I—EH.DEID # ax. Moment @ Mid-Span . . . 2.0 k-t (] 000
o Maxgh Let End. . ... ... ... 0.0 k-fi
Laft Fixity Free Maxg@ Right End . . ... .. 124.4 ki
Rigat Fiity [ pinned -] Bending Stress... '
Steed Section | | w2ix111 Aelul. . 6,456 3 psi
Alowebln 23 760 0/psi
Loads |Sac1|nn Progerties | Shear Stress...
Loads... Agnly Live Load This Span 7 ~ mufalhle 1:316-1;'3:] Ez:
................ A0,
Unifarmn | 1.750 3 | 1.450 3 K Max. Deflection 0082in & 0004
Partial | 3 BEL Stan 000l f Spenleflection Ratig . ... ... 2,330.4
i End won g Left A3 Right
fipeit Shear @ Support n.00k 3 B0k
@Let | 0850 3 | 0.650 3 kif Stan o005 f
; Reacti
@ Right | H | Kt End]  gong]f DAl ook 5369
_Loeation e oo 0k 1403 k
Font Ld#1 | S| | HE o.00-2] ft Tatal oo 0@k GBIT2k
Point Ld 22 | ﬂ | ﬁ n ooo 3l Ouery Values....
Location . ........... IWER
Point Ld # | =N K 0.00 3 #
: Moment. . .......... 0100 k-t
Point Ld#4 | ER Bk 0.00 4] BhEBr. . e 000k
Moment | | ] ket 0.00 3] f Deflaction ... e

Basic Usage
¢ Review Scope of Design/Analysis Task. It is essential that you fully understand the

use of this program, since its flexibility is the key to your rapid design of dozens of
steel members. Remember that each worksheet column represents a single span
between two supports, regardless of the end support conditions. When cantilevers
are used, they are considered a span, even though one end is free.

e Spans, Supports, and Allowable Stresses. After you have reviewed the beams you
wish to design (and how they will be entered using the programs All Spans
Continuous feature and end fixity flags), enter this information in the top section of
the worksheet. Remember, when you recalculate the worksheet later to get the
results, you can always revise the support fixity data to change any mistakes you
might have made.

e LL Flag, Unbraced Lengths, and Load Duration Factor. Use the Live Load Flag to
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signal whether the live loads you will enter should be applied to the span. You can
make changes to these flags to model different live load conditions. Unbraced length
specifies the distance between lateral supports of the compression edge. Load
duration factor will allow allowable stress increases.

e Distributed Loads. You can apply up to three distributed loads to each span,
although the input for each is somewhat different. The first item applies the dead
and live load entered to the full span. The second item applies a uniform magnitude
dead and live load over all or a portion of the span. The third item allows you to
specify a full trapezoidal load to any portion of the span.

¢ Point Loads & Moments. Point and moment dead and live loads can be applied
anywhere on each span. Loads with negative X-distances, or distances that are
longer than the span are ignored.

¢ Modify beam sizes. To refine your design, either type in a new section name and
recall the data from the database (see next) and review the stresses and deflections.

Unique Features

e This program has the unique ability to easily analyze and design beams with a
variety of span and support conditions.

e Full AISC code checks are made considering length effects on allowable bending
stresses.

e A simple flag can be set on any span to ignore all live loads on that span, making
alternate span loading analysis easy.

¢ Very flexible loadings may be applied to each span, including three
uniform/partial/trapezoidal loads.

e The program can perform automatic member selection using stress and deflection
criteria. All that is required of you is to specify the allowable stresses and desired
beam widths.

Steel Section Database
Built into the software is a complete database of common rolled sections available from
various mills in the United States. On each tab labeled #1, #2, etc. there will be a button
that looks like this:

Steel Section

This button displays the steel section database as shown below.
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Steel Section Database

—Section Type to Display —5Steel Database
W HP JR C 1S HS5T L WT ‘ & AISCHth ¢ AISCHSth  © AISCTth © AISCEth € Korean
S M B MC P HSS-P LL MT
WF BP JRC ST ‘ Square Rectangular ‘
4 W : :
Nare |area | Depth |width|sx [ | sy Jw |0 | SedinBiis
Section Hame Area Depth Wall Thickness = S Fixs Zr =]
inZ in in ind ind in ind ||
TS2:2x3M6 1.270 2.000 0188 0.665 0.668 0.726 0.&
TS2u2u1/d 1.530 2.000 0.250 0.766 0.766 06594 1.0
TS2u260/26 1.860 2.000 0313 0,820 0,880 0.630 11
TS2 562 53416 1.640 2500 0188 1.420 1.140 0.930 1.2
TS2 562 G144 2.090 2500 0.250 1.690 1.350 0.839 1%
T52.5:2.5:5/16 3110 2.500 0313 3580 2.390 1.070 1%
TS3m3x3ME 2.020 3.000 0188 2.600 1.730 1130 21
TS3m3x1/4 2530 3.000 0.250 3160 2100 1.100 2EF
TS3m3x5/16 ERRII 3.000 0.313 3.580 2390 1.070 3L
Al Tl 2.350 3500 0.1a8 4,290 2.450 1.340 25
TS3.5x3.5:14 3.090 3500 0.250 5,290 3020 1.310 3
T53.543.5:5/16 3730 3.500 0.313 B.090 3480 1.280 47 a
TSdr4x3M16 2770 4.000 0188 B.590 3.300 1.540 S Modif
TS dudy1 /4 2590 4.000 0.250 8220 4110 1510 4t Hoaly
TS4r4:5/16 4,380 4,000 0.313 9,580 4.790 1.480 5%
TSdndu3/8 5.080 4.000 0.375 10.700 5.350 1.450 B.&
TSdndut1/2 £.360 4.000 0.500 12.300 B.130 1.330 8.0
TS4.5:4 5:3416 3140 4500 0.1as 9.600 4270 1.750 5L
TS4.5xd. 514 4.080 4,500 0.250 12100 B.360 1.720 E.:
TSEREx3ME 3.520 5.000 01es 13.400 5,360 1.950 EB.Z
TSERGx1 4530 5.000 0.250 16.900 B.780 1.920 8.0
TSh=Ex5ME B.E10 5.000 0313 20100 2.020 1.830 9% x
TR e A I I I | vl Cancel
[T Depth Range: [T Class Range:

On this window there are various controls and options.....

Steel Database : Allows you to select between several common shapes databases.

Section Type to Display: Allows you to select which steel section designation to display in the list.
These shapes conform to the American Institute of Steel Construction shape designations. To make your
selection simply move the mouse over the letter(s) and when the highlight activates left-click once with
your left mouse button.

Depth Range: This item allows you to specify depth limits to be used for selecting which sections to
display in the list. When the checkbox to the left is not checked the selection wording and entries will not
appear and all sections will be displayed. These dimensions are compared to the "Depth" dimension of the
sections.

Class Range : This item allows you to specify the limits in "Depth Class" to be displayed in the table. The
"Depth Class" of a section is the first numeric number in the sections name. For instance a wide flange
W14x22 is in depth class "14". a channel C9x15 is in depth class "9", and a L 5x3x1/4 is in depth class
"5".

Equal & Unequal Legs : These two buttons appear when you have selected section type "L" which are
single angles. The limit the display of the list to angle with equal dimension or unequally dimensioned
sides.

Equal Legs, Long Leg Vertical, Short Leg Vertical: These three buttons appear when you have
chosen to display section type "LL". These control the display of sections between pairs of angles with
both sides of equal length, of unequal side length angles paired with the LONG side together, and unequal
side length angles paired with the SHORTside together.
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Square & Rectangular Tubes: These two buttons appear when you have chosen section types TS or
HSS-T. These are square tubular sections. You can choose to display only square tubes or alternately

tubes with unequal sides.

Sort Tabs for Database Table : Immediate above the database list of sections you will see tabs looking

like this....

When selected each tab will sort the list in the order described by the text on that tab.

Sort order : These two buttons allow you to chose the list order of the sections. The sorting order will be

according to the sort tab selected and shall be in ascending or descending order.

Database Table Itself : The main area on the window will be where the steel sections are displayed as a

result of all of your choices as described above.

[Select] : This button is displayed when you have clicked on the [Section] button when you press
[Select] the section in the list that is currently highlighted will be selected and the name and data brought

into your calculation.

[Insert]: Use this button to add a steel section to the database. When pressed you will see the following

window:

Mew Steel Section Data Entry |

Section Name I MyVerpOwn 4x12 Tube
Type | s B
Depth Class | 36]
AISCHandbook Ediion | AISC9th [~

Ares I 0 inZ [ x=x I 0 ind
Depth I 0 in [ iy I o ind

Flange Width I 0 in

Flange Thickness I 0 in o I 0 in
YWweb Thickness I 0 in Yo I 0 in

Cancel OK
X v

The only really important item to enter is the "Type" item. This specifies what standard
rolled section type your section is. This item is used internally by the program to decide
which stress analysis method to use for determining the sections allowable stress, how

to consider unstiffenned elements, and many other code checking items.
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[Change]: Will display the same window as above but allow you to change section properties.

[Delete] : Will enable you to delete sections. Note: No sections in the supplied database can be deleted.
Only Sections that you ad can be later deleted.

[Cancel]: Exit the steel database window.

ASD & LRFD Design Modes
Allowable Stress Design and Load & Resistance Factor Design as specified by the
American Institute of Steel Construction is provided by this program. Only screen
captures and descriptions for ASD are presented in this book. More detailed LRFD
documentation will be added and will be available in the electronically delivered versions
of this book. Check these locations for electronic media:

¢ Latest Adobe Acrobat PDF documentation file here:
ftp://208.36.30.226/sel5.pdf.

¢ Latest Windows Help system file here : ftp://208.36.30.226/enercalc.hip.

e Internet HTML help documentation presented as web pages at
www.enercalc.com/sel_help.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
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General |1 |#2 |#3 |#¢ |#s5 |#6 |#7 |#s |

Description 3 Span System, 2 Load Patterns

—Cperating Mode
Al Spans Considered as Individual Bearmns

& Spans Considered Continuous Over Supports

Eay==hiinldiGtressis i m e et I 36.00 ksi

Operating Mode

This item plays a critical role in governing the calculation procedure for the entire program.

o Spans Considered Continuous Over Support : When two beams share the same support , and
the support fixity for both beams at that support is Pinned, then the two beams are tied together to
form one continuous beam over that support.

¢ All Spans Considered as Individual Beams : When two beams share the same support , they
are always considered as two separate beams and the stresses and rotations in one never affect the
other.

Within each beam span information tab there is a setting for end fixity. Here is how those end fixities
are described according to the selection for this item:

When "All Spans Considered as Individual Beams" is chosen:

o Free will indicate that the end is completely free of the support and adjacent beam.

¢ Pinned will affect the beam according to the end fixity of the adjacent beam. If the adjacent beam
end is Fixed or Free, then the beam will be pinned and not affected by the adjacent beam. If the
adjacent beam is pinned, the two beams are locked together, forming one beam continuous over
the support.

o Fixed will attach the beam end to a rigid boundary element, allowing no rotation or vertical
movement, and not linked to the adjacent beam.

When "Spans Considered Continuous Over Support" is chosen :

o Free will indicate that the end is completely free of the support, allowing translation and rotation.

o Pinned will allow the beam end to rotate but not translate.

o Fixed will attach the beam end to a rigid boundary element, allowing no rotation or vertical
movement.

Fy
Steel yield stress used to determine allowable F'b and Fv.

Typical Span Tab : #1 to #8
Each tab that shows #1 through #8 specifies information for one of the beams of the
multi-span beam. Tab #1 is the left-most beam and you work to the right to define additional
adjacent spans.
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Genersl #1  |#2 |#3 w4 |#s5 |#e |#7 |#s |

Span Description |
Sparn | 8.000 4| ft
Unbraced Length | 0.000 & f
Left Fixity I Free |;|
Right Fixity I Pinned |_;|
Steel Section i | w21X111
Loads |Seu:tiu:un Properties |
Loads... Apply Live Load This Span 7 I
Dead Load Live Load
Unifarrm | 1.750 il | 1.450 il kAt
Partial | + A kit stat[  0.00%]f
Trapezoidal =i Wﬁ
@ Left | 0.850 il I 0.650 il k/ft StaHIWﬁ
@ Right | 4 & kit End Wﬁ
Location
Paint Ld #1 | il | il k I u_uua: ft
Paint Ld #2 I il I il k I u_uua: ft
Point Ld #3 | 4 4 k [ ooodt
Point Ld #4 | 4 | 3k [ ooog]t
Morment I il I il h-ft Imﬁ

Span Description
Enter a brief description of this span. Leaving it blank is fine.

Span
This equals the span distance of a beam segment.

Unbraced Length
If the span will have the compression edge laterally unbraced for some distance, enter the distance
here. This length will be used to determine whether the beam falls into the short, intermediate, or long
beam classification for determination of allowable bending stress.

For continuous beams, remember that the true meaning of this value is distance between points of
contra flexure, and most likely will NOT be the distance between supports.

Left Fixity, Right Fixity
Specifies how the ends of the beam will be restrained.
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Steel Section
This is where you specify the rolled steel section to be used in the design. There are two ways to
enter & specify the section.

e Use the [Section] button to retrieve the section from the built-in steel database. See the description
given previously for more information.

e Type in the section name and the program will automatically look through the database for a match.
Upper or lower case is fine. If found the name and numeric section properties will be retrieved into
this calculation. The numeric properties will be seen on the "Section Properties" tab.

Apply Live Load This Span?
This entry controls whether or not the live load entered for the span will be used or ignored. A YES/NO
entry here gives you a simple way to try various live load alternates to determine maximum moments
and shears on multi-span beams.

Applied Loads Tab

Uniform
Uniform dead and live load applied to the entire length of the center span. You should be aware that
beam weight is not considered in the program, therefore this input should include allowance for beam
weight. These values may be positive or negative.

Partial Length Distributed
Uniform dead and live load applied over a full or partial length of the center span. X-Left indicates the
distance from the left support to the beginning of the load, and X-Right is the distance from the left
support to the right end of the load. These values may be positive or negative.

Trapezoidal Distributed
Uniform or varying dead and live load applied over a full or partial length of the center span. DL/LL @
Left indicates the dead or live load magnitude at the X-Left distance location. DL/LL @ Right indicates
the dead or live load magnitude at the X-Right distance location. These values may be positive,
negative, or both. X-Left indicates the distance from the left support to the beginning of the load, and
X-Right is the distance from the left support to the right end of the load.

Point Load
Concentrated dead and live load applied to the beam.

Moment
Dead and live moment applied to the beam.

Section Properties Tab
This secondary tab is where the steel section properties are listed. The properties shown here are used
for the calculation.
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Loads =ection Praperties |

Areg 32 700

Depth rm it
Width m in
Tf [W in
T IW ifn
[ Im ind
lyy | 274.000 ind
rt IW in

The typical steel section measurements are given for the section chosen. When certain sections are
used, the measurements will not conform to the typical W section naming conventions used here:

e For Tubes , Flange Thickness and Wall Thickness will both be set equal to the tube's wall
thickness. rT is not used.

e For Pipe, Flange Thickness and Wall Thickness both equal the pipe's wall thickness. Flange

Width and Depth will both be set to the pipe's outside diameter. rT is not used.

For Channels , rT equals the distance from the flat face to the center of gravity of the section.

For Tees , rT equals the distance from the top of the flange to the center of gravity of the section.

For Double Angles , rT equals the spacing between the backs of the angles.

For Single Angles , rT is not used.

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results Tab
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Results ISI-:etch | Diagrams | Printing !

Beam is OK
Moments...
hlax. Moment & Mid-Span . . . 0.0 k-t (& 0.00
Ma}{ @ LEﬁ End ........... |:||:| k'ﬁ
Max @ Right End ... .. ... .. 1344 ket
Bending Stress...
Actual .. B 496 3 psi
Allawablesssnnrnsnnssnnans 23,7600 psi
Shear Stress...
Actual . 26711 psi
Allowable .o 14 400.0 psi
Mazx. Deflection 0.082in & 0.00f
span/Deflection Ratio .. ... .. 2.330.4
Left & Right
Shear & Support 0.00k 31.60 k
Reactions...
Dead . ........ ..... 0.00 k 53.68 k
[ e e e 0.00 k 14.03 k
Total ... ... .. . 0.00 k BY.72 k
Query Values....
Location . . ... ... ... 0.000 ilﬁ
3] T 0.00 k-t
Shear. .. ... ... ... .. 0.000k
EleflEmtnma e e -0.0524 in
Moments

These are the maximum values to use for design for this span. The "Mid-Span" moment can occur
anywhere between the two end supports. It is possible that this number is right next to the support.

To determine maximum moments, the following technique is used:

¢ Fixed end moments are calculated for each span. When LL Flag is set to NO, no live loads are
applied to that span.

e A 16 pass moment distribution is performed on the entire eight span system.

e The resulting end moments are then applied to each beam end and the resulting moments, shears,
and deflections for the span are calculated. Each beam is divided into 250 increments for this
process.

Bending Stress

Allowable bending stress calculated considering Cf, load duration factor, and from the evaluation of
allowable bending stress, due to the unbraced length. Actual bending stress is the maximum of positive
or negative moment, divided by section modulus of the beam at that span location. Continuous beams
will have this value equal to the maximum stress between the supports.
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Shear Stress
Allowable stress is calculated load duration factor applied to Fv (see below). Actual shear stress is the
maximum unit shear stress at the end of the beam. To determine net shear at the beam end, all loads
within a distance d away from the end of the member are subtracted from the end shear. This value is
multiplied by 1.5 and divided by beam width times beam depth. When the beam is continuous over a
support, shear on BOTH SIDES of the support is evaluated.

Maximum Deflection
Using the applied loads, support fixities, and moment distribution results, the resulting deflection curve
at 250 points along the beam is searched for the maximum deflection and location. This is the
maximum deflection, considering both upward and downward displacements. Negative sign is
downward deflection.

Shear @ Support
The calculates shears at each support are given. This value is the maximum shear after checking both
sides of the support.

Reactions
Reactions are calculated using dead load and the live load as selected to be applied for each span.

Query Values
In this area you can enter a distance location along the span, measured from the left support, ad have
the shear, moment, and deflection at that location calculated.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.
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Results Sketch |Diagram5 I F'rintingl

Print Sketch

#1 a2 |#3 |24 |5 |#e |47 |48 |
320k bR R L 320 km
1sokr th T T T T T T T

J 2004 I

bdrnaw = 0.00 k-ft at 000 f from left
Drrnax = -0.0823 in at 0.00 F Frarm left

b rnax @ right = -1:34.39 k-ft

DL Reaction = 0.000 k DL Reaction = 53.631 k
LL Reaction = 0,000 k LL Reaction =14.032 k
Tatal Reaction = 0.000 k Tatal Reaction = 67.723 k

Diagrams Tab
This displays a moment, shear, and deflection diagram for the beam with the applied loads and
end conditions. Note the two tabs...."Graphic Diagram" and "Data Table". The Data Table tab
provides the entire internal analysis at the 1/500th points within the beam.
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Results | Sketch Diagrams |Printing |

Print Diagram
g1 #2 o3 |xa |os |xs |e7 |#s |
Location (ft) Moment (kip-feet) chear (kips) lection |=
0.0000 -134 2967 361234 | 000007
0.2345 -128 4064 254651 | 00003
04692 225122 250567 | 00017
0.7047 -116.7133 246484 | 00024
0.9396 111 0096 24.2401 | 000239
11745 -105.4012 238317 | 00032
1.4094 -9 23881 234234 | 00034
16443 -84 4703 230151 | 00036
18792 291477 22 6067 | 00035
2114 -23.9205 221984 | 00034
2.3490 -TBT885 21.7901 | 00032
25839 NI 213817 | 00029
23188 £338103 209734 | 00025
30537 529642 205651 | 00020
3.2886 532133 20,1567 | 0.0015
25235 LA 55T 19,7484 | 00008
3.7584 -49.9974 19.3401 | 0.0001
2.9933 A5 5323 129217 | -0.0006
4 2282 411626 185234 [-0.0015
il lv L A9 A48 | norine

A AR
1] A4 A 2L ]pMr

21
1

1

Graphic Diagram  Data Table

-
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Results | Sketch Diagrams |Printing |

Print Diagram

-36.56
o312
10969
—146.25
18281
-‘5219.3?

166,03
S0z .49

L 20 . 581 1034 1386 1738 2001 2443 2F05 348 350
Bending Moments :
Location 1

] .Shnlaar (k)

24 0z 1286 17,

Location

Beam |-Shla'ar’d'

Deflection  (in)
=
=

3.29 G.81 16.34 13.86 17}.38 2081 2443 ZF8O3 348 330
Location 1t

i
eflec

=

tion

Graphic Diagram |Data Tab|E|

Printing Tab
This tab allows you to control which areas of the calculation to print. Checking a box will signal
that the information described by the item will be printed. However, if there is no information in
for a particular selection it will not be printed. So these checkboxes are best described as "If
this particular area of the calculations contains data then print it".
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Results | Sketch | Diagrams  Frinting

Please select printout sections to be printed...

Feactions & Deflections

Gehneral Infarmation ™
Span Infarmation v
Loads v
Maorment [+
Results ra

v

v

Guery Yalues

Mote: When all are selected, the software will still omit unused sections

Sample Printout
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ENERCALC Engineering Soflwae Tithe : ENERCALC Example Problems o # 57 -0OCA0
P.0. Box 189 Dsgre: MDE Dates 12:56PM, 26 OCT 03
Corona del Mar, CA 92660 Dt ription ! C ollection of example probiems

Woice: 9496450151

Soop Al programs inthe Sructural Engnearing Lisrary

Wi aLenercalc. com

Ren SO =

Page 1
Ween: BR-IGIODA, WerS 6 0. 1058 A -
e Multi-Span Steel Beam

% G LAT RS G Tk e |GG

|
L

Description 3 Span System, 2 Load Pattems

[ General Information Code R=t BISC Sh ASD, 1567 UBC, 2003 I8¢, 2003 NFFA 5000
Fy - Yiek Stress 3 .00 ks Laad Dursbon Factor 100
Spans Considered Corinuous Ower Supports
I -
| Span Information i
Dasmiphion
Span fi BOD a5 35,00 8.00 as.00 3500
Steel Section w2111 WIHA1L WIINILL W2ixii1 w2111 welanin
Ermd Fiadly FEs-Ph FEFh FuFh FEi-F Fli-Fin Pu-FE
Unbraced Length i Dao Daoo 0.0a 0.00 o000 D40
| Loads ]
| Lo ——
Live Load Usad The Shan 7 Yes o Yes Yea Tes Yes
DeadLead ki 1.750 1750 1.750 1.750 1.750 1.750
Live Laad kM 1.450 1450 1450 1.450 1.450 1.450
Dead Load ki 0.850 0Aasa
Live Laad km Q&30 0A30
Start t G000 G000
End 1 8.000 25000 25 000
DL @ Let It 0.850 0,850
ﬂl.g FrsiiH: ki
LL &g L (1] 0.650 0.650
LL & Right (11, ]
Stant i
End 1 8.0a0 5.000
Pont#1 DL [ 10250 B.004 10,250
LL k B.750 B.50
@ X | 15.000
| Results
Blimax @ Cntr k-t Dao 56.84 26 A8 aoo 324385 2168
= i oaop 14.70 1810 0.00 14.93 17.73
Max @@ Let End k-1 Dao -134 .40 -300.70 0o -196.40 4TS TE
Max @ Right End k-£ -134.40 -300.70 Aapas -198 40 AT578 -40335
1! Actual P G 4563 14,5350 70 89,5899 2957.0 22857.0
Fla : Alloweabla ] 23.760.0 23,760.0 23 7e0.0 Z3,760.0 23,760 .0 23760.0
: BendfingOH  Berding 0K Bending 0K 9 OH 3 OH 1.0
! Adual i 2674 30534 B2089 33473 6,091.7 E047 B
Fwv : Bllewabla [ | 144000 14,400.0 14 400.0 144000 144000 14 400.0
| Shaar O Shaar 0K Shaear DR Shaar OH Shaw OH Sheasr OW
| Reactions & Deflections I
Sheai i Lat k .00 3612 8405 0.00 5393 T1.55
Shear i Right k M &L 35.53 7345 3950 T207 6595
Reactione...
DL fp Latt k aop =3.69 7342 0.00 58562 .24
LL & Let k oo 14.03 2600 0.00 3381 66.38
Tl (@ Lefl k a.oo B7.72 ap42 0.00 8853 143.82
I'J!.g Right ] S35 73142 37 49 5852 72 AE.74
LL F-!lg"rl k 1402 2600 35487 39 G5 38 2922
Total i Right k B7 T2 55 42 7345 98 .53 14362 G595
Ma. Defiection in -000E2 noe2 -0.500 0.0 -0 621 0347
mE= T anoo 29.40 1633 0.00 138r 17ar
SpaniDetection Ratio 2,3304 BIT25 8382 (=% P BFE.5 1208.7
| mﬂ Values I
Locatian 1 a.oo 0.0o Dao 0.00 0.00 o.oo 0.0 0.0n
Shaar k aoo 36.12 5405 0.0o 0.00 5593 71.55 0.00
sloment ki 0.00 134,40 30070 Do 0.00 40840 ATETE D40
Blax. Defeclion in 108 0.0d oao 0.0a 0.30 0.0 0.aa d.00
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4.2 Single Span Steel Beam

This program provides analysis and design for single span steel beams. Each beam may
have a variety of end fixities, applied loads, factors governing allowable stresses, and
cantilevers.

For rapid design of many simple span beams and multi-span continuous beams, the
Multi-Span Steel Beam program may prove to be more useful. This program is primarily
for beams that have more detailed loadings or are bent about the minor axis.

Fixed and pinned supports can be used at either end, and pinned ends may have a
cantilever, allowing analysis of the following types of beams:
¢ Fixed/Fixed, Pinned/Pinned/ Fixed/Pinned, or Pinned/Fixed
e Single span, single cantilever with opposite support fixed or pinned, or double
cantilever.

A maximum of 26 loads may be applied to the beam:
e Seven point loads
e Seven applied moments
¢ Seven full or partial length distributed loads
e Two full or partial length trapezoidal loads

Each of these loads may have dead, live, and short term load magnitudes. In addition,
the beam'’s self weight can be added to the applied dead loads, and you can optionally
include live loads with short term loads (seismic design usually omits live loads).

A variety of factors can be specified which effect the AISC code stress analysis of the
beam. Unbraced compression flange lengths, minor axis bending, primary or secondary
member status, and load duration factors can all be modified for the beam you are
analyzing or designing.

To help you specify AISC sections to be analyzed, an internal database system gives you
access to over 4,000 sections from the 6th, 7th, 8th, and 9th edition AISC handbooks.

You can either type in a section and have its properties automatically recalled, or display
a window to scroll through the database of sections. Sections available include W, H, S,
M, C, MC, B, JR, TS, P, WT, ST, MT, L, and LL.

A comprehensive analysis procedure provides reactions, shears, moments, and deflection
for various load placement combinations to determine maximum and minimum values. A
very thorough AISC code check procedure determines allowable bending and shear
stresses for all members, considering compact section criteria and lateral buckling due to
slenderness effects.
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-'“( SMERCALC cECSS EXAMPLES.ECY - Single Span Steel Beans
Single Span Steel Beam

SI:t'::f'; P Help | T2l Design & Print ﬂ ¥ cancel « Save
General |l.ln|fo|m | Trapezoigal | Goncenrates | Momants | Section | Resuils |Ske1¢h | Biagrams | Printing |
Description  [Faxed Cantilevered Beam Summary Loat Combinations |
Load Combination Hesults....
Thesa columns sre Dead + Live Load placed a5 noled
Conler Bpan -« oo rwibiisieieias 48 500 E if Paceddor DL LL LL+BT LL LL+ET
- . Mo Ve Ody  fhConke DOy Gk Qo
T B N e u_uun% Crir s 135 45 17 11934 Bt
Right Cantilever . . .. ............. I.EUDE fi Crde W 2H A SEE 278
Lu ; Unbraged Length .. . ......... 16.000 -2 # Overall blax M= fut
@ Left 249 50606 27118
- End Fidily i1 Right 4541 54 407
C Pin-Pin L T S e = Fix-Pin T Fix-Frag
W g Left Saar 3197 SAE 3078 ]
W & Rt 340 288 FdD 2408
Steel Section [ WITX114
Ot Del, 4670 0377 060 437 030 37 n
: Left Defl [.000 00E 0000 B000 00800 000 n
By s .00 kei RightDefl 0407 D210 D47 0210 0148 02i0m
Load Duration Factor, . 000000000000 1.000
o . Guery Loc
Include LLw/ST2 ... ... ... ] Ao 0000 Lo 050 0000 &t
Used aniy in combingtions with Short Term loads
Winor fds Bending? . r
: ; R LA sa8 337 5447 ns87 078 Hark
Elagtic Modulus . .. ... ... ... ... 0k
e s [ 2s.000 ki R@ R SR WS 40 NS 07 Sk

Basic Usage
e Beam Data. From the actual span condition of the beam to analyze, enter the center

span and cantilever lengths as applicable. If you happen to enter a cantilever length
past a support that is specified as Fixed (see "End Conditions"), that length will be
ignored . You will also need to specify the unbraced compression flange length to be
used for calculating allowable bending stresses, and specify whether to add beam
weight loads or use live load during Short Term load cases.

e Applied Loads. This program provides plenty of load capability for loading any part
of the beam. "All Dist " values position the load with respect to the left support. To
apply a load to the left cantilever, enter the distances as negative.

e Section Properties can be entered by using the built-in section property databases.
Please see the following two sections on using this capability. The analysis of the
beam is performed using the numbers visible on the calcsheet, so you may enter
any values here you wish. Just make sure their use is similar to the database.

Steel Section Database
Built into the software is a complete database of common rolled sections available from
various mills in the United States. On each tab labeled #1, #2, etc. there will be a button
that looks like this:
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Steel Section

This button displays the steel section database as shown below.

Steel Section Database

—Section Type to Display Steel Database
W HF JR C T5 HSST L wWT ’75“ AISCOth ¢ AISCEh ¢ AISCTh ¢ AISCEh ¢ Korean
S M B MC P  HSS-P LL MT
wWF BP JRC ST | Square Rectangular |
a v - ;
Mare |aces | Depth | wigth |56 [ | 5o | |0 ] Sl 2
Section Hame _ Awes | Depth | 'wall Thickness e S Bl Fu |-
inz in in ind in3 in ind ||
TS2u2r3ME 1.270 2.000 0188 0.EES 0.BE3 0726 0.
TS2u241/4 1.550 2.000 0.250 0768 0.7EE 0694 1.6
TS 2245426 1.860 2.000 033 0.880 0.880 0630 1.3 S
T52542 54316 1.640 2.500 0188 1.420 1.140 0.330 1.4
TS52.5:2.541/4 2050 2,500 0.250 1.6590 1.380 0899 1.0
T525:2.545/16 3110 2.500 0313 3580 2.390 1.070 1.5
T53x3x3ME 2020 3.000 0188 2600 1.730 1130 2.1
TS3u3x1.44 2030 3.000 0.250 3160 2100 1.100 2E
TS 3w3«n/E 3110 3.000 0.313 3580 2.390 1.070 3L
C TSR PSR 2.350 3.500 0,188 4.290 2450 1.340 2.5
TS3Ex36417/4 3080 3500 0.250 5.290 3020 1.310 3%
TS3 5436516 3730 3500 0313 £.030 3.480 1.280 4.: a
TS4xdu3ME 2770 4.000 0,188 £.590 3.300 1.540 3.4 Modif
TSdwdxl /4 3590 4.000 0.250 8220 4110 1.510 4r L
TS54=d=51E6 4360 4.000 0313 9,680 4730 1.480 5.5
TSdudu3sa 5.080 4.000 0.375 10,700 h.360 1.450 E:
TSdudul/2 £.360 4.000 0.500 12.300 E.130 1.3590 8.
T54.5:4 52316 3140 4.500 0188 3600 4.270 1.750 Hil
T54.5ud Brl 4.030 4.500 0.250 12100 5,360 1.720 E.é
TSExEx3E 3520 5.000 0,188 13.400 5.360 1.950 E.:
TS5uEx1/4 4.550 5.000 0.250 16.900 E.780 1.920 8.l
T55x5:5/M6 5610 5.000 033 20100 a.0z20 1.890 9% x
L] e A T T I Ak Cancel
[T DepthRange: [T ClassRange:

On this window there are various controls and options.....

Steel Database : Allows you to select between several common shapes databases.

Section Type to Display: Allows you to select which steel section designation to display in the list.
These shapes conform to the American Institute of Steel Construction shape designations. To make your
selection simply move the mouse over the letter(s) and when the highlight activates left-click once with
your left mouse button.

Depth Range: This item allows you to specify depth limits to be used for selecting which sections to
display in the list. When the checkbox to the left is not checked the selection wording and entries will not
appear and all sections will be displayed. These dimensions are compared to the "Depth" dimension of the
sections.

Class Range : This item allows you to specify the limits in "Depth Class" to be displayed in the table. The
"Depth Class" of a section is the first numeric number in the sections name. For instance a wide flange
W14x22 is in depth class "14". a channel C9x15 is in depth class "9", and a L 5x3x1/4 is in depth class
"5".

Equal & Unequal Legs : These two buttons appear when you have selected section type "L" which are
single angles. The limit the display of the list to angle with equal dimension or unequal dimensioned sides.

Equal Legs, Long Leg Vertical, Short Leg Vertical: These three buttons appear when you have
chosen to display section type "LL". These control the display of sections between pairs of angles with
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both sides of equal length, of unequal side length angles paired with the LONG side together, and unequal
side length angles paired with the SHORTside together.

Square & Rectangular Tubes: These two buttons appear when you have chosen section types TS or
HSS-T. These are square tubular sections. You can choose to display only square tubes or alternately
tubes with unequal sides.

Sort Tabs for Database Table : Immediate above the database list of sections you will see tabs looking
like this....

When selected each tab will sort the list in the order described by the text on that tab.
Sort order : These two buttons allow you to chose the list order of the sections. The sorting order will be
according to the sort tab selected and shall be in ascending or descending order.

Database Table Itself : The main area on the window will be where the steel sections are displayed as a
result of all of your choices as described above.

[Select] : This button is displayed when you have clicked on the [Section] button when you press
[Select] the section in the list that is currently highlighted will be selected and the name and data brought
into your calculation.

[Insert]: Use this button to add a steel section to the database. When pressed you will see the following

window:
New Steel Section Databntry |
Section MName | MyVerpOwn 4x12 Tube
Tywpe | 15 l;]
Depth Class | 36]
AISCHandbook Edition | AISC9th | -]

Area I—l] inz [ I—l] ind
Depth I—l] i [ iy I—l] ind
Flange Wicith [ o

Flange Thickness l—l] in o I—l] in
YWweb Thickness I—l] in Yo I—l] in

Cancel OK
X v

The only really important item to enter is the "Type" item. This specifies what standard
rolled section type your section is. This item is used internally by the program to decide
which stress analysis method to use for determining the sections allowable stress, how
to consider unstiffenned elements, and many other code checking items.
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[Change]: Will display the same window as above but allow you to change section properties.

[Delete] : Will enable you to delete sections. Note: No sections in the supplied database can be deleted.
Only Sections that you ad can be later deleted.

[Cancel]: Exit the steel database window.

ASD & LRFD Design Modes
Allowable Stress Design and Load & Resistance Factor Design as specified by the
American Institute of Steel Construction is provided by this program. Only screen
captures and descriptions for ASD are presented in this book. More detailed LRFD
documentation will be added and will be available in the electronically delivered versions
of this book. Check these locations for electronic media:

¢ Latest Adobe Acrobat PDF documentation file here:
ftp://208.36.30.226/sel5.pdf.

e Latest Windows Help system file here : ftp://208.36.30.226 /enercalc.hip.

e Internet HTML help documentation presented as web pages at
www.enercalc.com/sel_help.

Example
The data entry for this example is shown in the screen captures that accompany the Data
Entry Tabs and Results & Graphics Tabs sections to follow. Here is a basic sketch:

22.? k 22.@ k ?.I:Iik
05 kAPt HEE R R R b b e D85 o

0.02 ket Wﬂw:lr 0,50 kit

4G50 ft T JJ.ED i

I ==

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.
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General Tab

General |Unif|:|rm |Trapeznida| Concentrated I homents | Section I

Description Fixed-Cantilevered Beam
Center Span. .. ................ | 48 500 il ft
e ANt EvE | 0000 il ft
Right Cantilever . .. ... ... .. .. .. | ?_5|]|]i| ft
Lu: Unbraced Length . .. .. .. .. ... | 15_|]|]|]i| ft
—End Fixity

" Pin-Pin  Fix-Fix € Pin-Fix & Fix-Pin " Fix-Free

Steel Section | | WwW27X114

[ e e e e e e e I 1.000

i [ [ I
Liged! onhs in combinations with Short Term loacls
Minor Axis Bending ®.......... .. '

Elastici ol s sttt I 290000 k=i

Center Span
Span distance between the left and right supports for the beam.

Left & Right Cantilever
Specifies the length of the cantilevers, if applicable.

Unbraced Flange Length
This is the user specified unbraced length of the compression flange, used to determine the allowable
stress based on flange buckling criteria.

End Fixity
The steel beam can have any of four different end fixity combinations; Fix/Fix, Pin/Pin, Fix/Pin, Pin/Fix,
or Fix/Free. If cantilever data is entered past a support that has been specified as fixed, that cantilever
data is ignored.
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Steel Section
This is where you specify the rolled steel section to be used in the design. There are two ways to
enter & specify the section.

e Use the [Section] button to retrieve the section from the built-in steel database. See the description
given previously for more information.

e Type in the section name and the program will automatically look through the database for a match.
Upper or lower case is fine. If found the name and numeric section properties will be retrieved into
this calculation. The numeric properties will be seen on the "Section Properties" tab.

Fy
Yield stress of the steel used for the member being analyzed. All allowable stresses are calculated in
accordance with AISC Specifications.

Load Duration Factor
Load duration factor is applied to the calculated allowable stresses and displayed as Allowable Stress in
the Summary section.

Include LL with ST?
Typically when short-term loads are from seismic events, the live load is not used. This YES/NO entry
specifies whether your live loads will be used with short-term loads.

Minor Axis
This YES/NO flag specifies whether the beam is bent about the X-X axis or the Y-Y axis. When set to
YES (1"), the beam is bent about the Y-Y axis.

Elastic Modulus
Although rarely does this need to be changed, enter the elastic modulus of the steel material.

Uniform Loads Tab
Up to seven full or partial length uniform loads with dead, live, and short term components may
be applied anywhere on the span. The "Start" and "End" values refers to the distance from the
left support to where the beginning of the distributed load is applied. To specify loads on the
left cantilever use negative distances.
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General Uniform | Trapezoidal | Concentrated | Mnmentslaectinnl

Auto Calcof BeamWeight ... ...........cceene... v

Uniform Loads...

#1 #2 #3 #4
e [ mEDE[  H[  F[ e
e [ ooy H  #[ @
L | | R —
Stat | ooo0f | oo00% | ooo00d| o000 fi
End | sss00% | 00003 | oo000%| o000 fi
#9 #b #7
Dead | ol o 1
Live | 1| ol =
Shart | 9| ol =

Stat | ooo0% | oooof | o000t
End | oo0o0f | oo0003 | o0.o000%f

Auto Calc Beam Weight?
If the user desires, the simple span moment from the chosen steel section is added to the actual
moment for design and analysis, by entering a 1" here.

Trapezoidal Loads Tab
Two full or partial length trapezoidal loads with dead, live, and short-term components may be
applied anywhere on the span. The end magnitudes can be positive, negative, or of opposite
signs. The "X-Left" and "X-Right" values refers to the distance from the left support to where
the beginning of the trapezoidal load is applied. To specify loads on the left cantilever these
values should be negative.
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General I Unifarm  Trapezoidal |Cuncentrated I Morments | Section I

Trapezoidal Loads...

#1:Dead Ld @ Let: | 3] @HRight | 3* kit
Live Ld @& Left: I 0.025 3: & Right : I 0.500 ] kit
ShortLd @ Left: | 3] @HRight | = kit

# Left I 37.250 3: . * Right :I 55500 3: ft

#2DeadLd @ Left: | 3 @ Right | ] kit
Lveld  @Left: | 3] @ Right | 3] kit
ShortLd @ Left : | & @Right | & kit

# Left I 0.000 3: ft ¥ Right I 0.000 3: ft

Concentrated Loads Tab
You may apply up to eight point loads with dead, live, and short-term components. The Dist.
value refers to the distance from the left support to where the point load is applied. To specify
loads on the left cantilever, Dist. should be negative.

General I UnifclrmiTrapeznidal Concentrated |ru1|:|ments I Bectinnl

Point Loads...
#1 #2 #3 #4
Dead | [ E [ 123003 | s2e5% | =
Lie [ 10, 5uu:| [ 10500%] [ 27964 | + k
shot | g | & | Cl Hk
Location | 95003 | 41.000% | s5500% | 0.000 4 ft
#5 #b #7
et [ F[ A Hk
e [ A A &
L | —
Location I 0.000 3| I l]l]l]l]:ll 0.000 5 ft

Moments Tab
Up to eight moments with dead, live, and short-term components may be applied anywhere on
the span. Moments with a positive sign impart a counterclockwise torque to the beam
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(following the right hand rule). The "Location" values refers to the distance from the left
support to where the moment is applied. To specify loads on the left cantilever this value
should be negative.

General I Linifarm ITrapeznidaI I Concentrated  Moments |Sectinn |

Moment Loads...
#1 #2 #3 #4
e [ H[ H[ H[ g
e [ A F[ [ g
L T —
Location | o0o000% | o0o000% | o000% | 00003
#5 #b #7
Dead I il I i” A1 k-t
C
S ———
Location |  ooo03 | o0.000% | o0.000% f

Section Data Tab
This secondary tab is where the steel section properties are listed. The properties shown here are used
for the calculation.

General|UnifnrmlTrapezn:|idal Cancentrated | Moments  Section

Steel Section WETHT14

Depth 27 290 in YWeight 113.79 #ft

:

Wyeh Thick 0.570 In L 4,090.000 ind
Width 10.070 in lyy 159.000 ind
Flange Thick 0.930 in Sxx 2qq 743 in3
Area 3350 in2 =YY 31.579 in3
Rt 2580 In F-3x 11.049 in

e
Ll

r-yy 2179 in

The typical steel section measurements are given for the section chosen. When certain sections are
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used, the measurements will not conform to the typical W section naming conventions used here:

e For Tubes , Flange Thickness and Wall Thickness will both be set equal to the tube's wall thickness.
rT is not used.

e For Pipe, Flange Thickness and Wall Thickness both equal the pipe's wall thickness. Flange Width

and Depth will both be set to the pipe's outside diameter. rT is not used.

For Channels , rT equals the distance from the flat face to the center of gravity of the section.

For Tees , rT equals the distance from the top of the flange to the center of gravity of the section.

For Double Angles, T equals the spacing between the backs of the angles.

For Single Angles, rT is not used.

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results / Summary Tab
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Results |5ketch | Diagrams | Printing |

summary |Load comuinations |
Beam OK
Mazimum VYalues.... _Actual _Allowahle
hlornent A05.05 k-t 63574 k-ft
Bending Stress 20,22 ksi 21.45 ksi
fh / Fh 0.943:1
Static Load Case Governs Stress
Shear A4 8R5 k 223996 k
Shear Stress 353 ksi 1440 k=i
fv / Fv 0.245:1
Maximum Center Defl, 0670 in
Maximurm Left Cant Defl 0.000 i,
Maximum Right Cant Defl 0.407 i,
Max. Defl. -0.670in
Length / { dl} 8579 1
Length / (dI+l) 44181
Maximurm Shear @ Left 84 87 k
Maximurm Shear @ Right 39.40 k
Maximum Left Reaction 54 87k
Maximum Right Reaction o7 3k
Fa calc'd per Eg. E2-2, KLt = C
| Bear, Major Axis, (102,000 * Ch / Fy)*5 <= LT <= (510,000 * Ch J Fy)*5 , Fb per E
| Beam, Major Axis, Fhper Eq. F1-2, Fh=12,000 Ch AFS (% d)

Maximum Values

Using the beam span, applied loads, section properties, unbraced length, and member data, the
maximum bending and shear forces and stresses are listed. More details of how the allowable bending
stress is calculated is given at the beginning of the Steel chapter in this manual, and in the worksheet
area titled Allowable Stress Analysis Values.

fb/Fb
This is the actual bending stress divided by the allowable.

fv/Fv
This is the actual shear stress divided by the allowable.

Deflections

Center span deflection is the maximum magnitude (positive or negative) between the supports.
Deflection at left and right will only be given when cantilevers are present, and are the deflections at
the ends of the cantilever.
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Shears

Shears are calculated equal to the end reaction for beams with fixed ends or pinned ends without
cantilevers. When a cantilever is present, shear at both sides of the support are evaluated.

Reactions
These are simply the left and right beam reactions due to the load combinations used.

Results / Load Combinations Tab
This section of the summary area displays, in tabular form, the beam's moments, shears,
deflections, and reactions for different dead, live, and short term loading patterns. When no

cantilevers are used, many of these areas will be blank or equal to others. It is from this
tabulation of values that the maximums are selected.

Moments M+ and M- are determined by checking 250 points along the span for maximum and

minimum values. Moments at the left and right end are calculated at the supports for conditions
with cantilevers or fixed ends.
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Results |5ketch |Diagram5 ] Printing |

Summary Load Combinations ‘
Load Combination Besults....
These columns are Dead + Live Load placed as noted
Flacedfor DL LL LL+5T LL LL+5T
Max Walue  Only i Center @ Center @@ Cants @ Cants
Cntr b+ 136.58 245 07 119.34 k-
Chtr M- 29049 -A0R06 27116
Crverall Max b = 50506
i@ Left 290439 -A0506 27116
i&@ Right -45 41 -45.41 2407
W @ Left 54,87 .97 54,87 30,78 k
V@ Rt 39.40 2288 35940 2408
Chtr Defl, -0.670 -0.377 -0.670 0,377 -0.330 0377 in
Left Defl 0000 [0.000 [0.000 0.000 0000 0.000 jr
Right Defl 0407 0.210 0,407 0210 0148 0210 in
...Cluery Loc 0.000}5
0,000 [0.000 0.000 0000 0,000 i
R i@ Lit 54 87 31.97 54 87 Nna7 3078 .97k
R @ Rt 5731 31.55 48,07 .55 40,78 N.55k

Notes on Allowable Stress Determination
In this section, various messages will be displayed indicating what factors governed the
calculation of allowable bending stress. The internal AISC code checking system can evaluate
allowable stresses for all members EXCEPT SINGLE AND DOUBLE ANGLES. Although the
program will calculate actual bending stresses, THE DESIGNER MUST DETERMINE IF THE
BENDING IS VALID, DUE TO THE UNEQUAL CROSS PRODUCT NATURE OF THE SECTION.
For all sections, allowable stress calculations are based on lateral-torsional buckling tendencies
and compact section criteria. You will notice that a message regarding allowable axial stress will
also be displayed, and this is only valid for the Steel Column program.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.
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Results Sketch |Diagrams | Printingl

EE.E'IIJ k

Print Sketch

22.@ k ?'Di k

QESKAHAEHEHITRE R R R b b b D5 o

0.02 ket WTTHTTW: 050 kit

brnaw = left = 505,05 k-t
Lrmiax = 54,863 k
Wmaw @ [eft = 54863 |

Diagrams Tab

AR50 ft T JJ.ED f

Mmax = 505.05 k-
Dimax = -0.6699 in
bmax (& right = 84,07 k-ft
Rmax = 57,305 k
a2k = 39,403 k
Drefl 22 right end = -0.4073 in

This displays a moment, shear, and deflection diagram for the beam with the applied loads and
end conditions. Note the two tabs...."Graphic Diagram" and "Data Table". The Data Table tab
provides the entire internal analysis at the 1/500th points within the beam.
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Results | Sketch Diagrams |Printing |

Graphic Diagram |Data Tal:ulel Print Diagram |

C LL @ Center & LL+5T 3 Center C LL+5T @ Lft & Cntr
 LL@ Lf & Cntr  LL+5T @ Entire Span  © LL+5T @ Rt & Cntr
 LL @ Rt & Cntr

 LL @ Cants Only

a.40 102 664 222¥ Z¥89 3351 3943 MF6 G038 S50
Location it

=
Bending Mortients

& 540 M02 1664 2227 2FE0 35 2043 a4lFE s0ae S0
Beam Shear .
Location it
0.21
016
0.10
0.0%
— 0.0
E oo
0,13
S o
£ .05
o .03 |
o 0.3
[ 0. S40 M02  16s4 27 zrao zhsd zhaz adFe sbas sko
Deflection )
Location 1t
Printing Tab

This tab allows you to control which areas of the calculation to print. Checking a box will signal
that the information described by the item will be printed. However, if there is no information in
for a particular selection it will not be printed. So these checkboxes are best described as "If
this particular area of the calculations contains data then print it".

©1983-2003 ENERCALC Engineering Software



258 ENERCALC

Results | Sketch | Diagrams  Frinting

Please select printout sections to be printed...
General Information [+
Distributed Loads v
Trapezoidal Loads I~
Point Loads v
Maorments v
Summary I
Force & Stress Summany I
Stress Check Messages I
Section Froperies v

Mote: When all are selected, the software will still omit unused sections

Sample Printout
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EMERCALC Engineering Software Tille : ENERCALC Example Problems Job F37000001
P.O. Box 188 D sgini: MOB Date: 256PI, 2600T 03
Cotona del Mar, CA 02660 Descriplion ! Callaction af example probiems
Violce: M3-645-0151 Seope: All programs in the Structural Enginessrng Lbrary
W, BTENCAIE, COIM
Féy smmn f Page 1
“;,;a*,:r:::.wé‘a Joape Steel Beam Design - I
Description Flreed-Cantlevered Beam
General Information Code Raf NSC Sth ASD, 1897 USC, 2003 IBC, 2003 MFPA SOO0 I
L WET ¥ ks
Stee| Section : K114 Fixed-Finmed Laad Duralian Fadar 1.00
Cantar Span 4583 n Bm . Ackded 1o Loads Elastic Modulus 28 000.0 k=
Let Cart. 0ol LL & ST Don't A Together
Fight Camt TSR
L Unbraced Length 1600 ft
Distributed Loads .
r1 g1 ¥3 4 #-5 ®E a7
DL a.s1o ki
LL 0.340 ki
=7 kit
Stait Location T
End L ocatian 55.300 T
Trapezoidal Loads
# DLELet LL @ Laft 0025 STi@let ki Stat  372E0 1
DL @ Right LL @ Rugitt 0500 ST Rigt kit End 55500 t
Point Loads
F1 ¥ 2 #3 F4 #2 we w7
Diead Laad 12,300 12,300 4.245 k
Lin'e Lol 10.300 10.500 2796 k
Short Tem k
Location 9.500 d1.000 35.500 T

s

Static Load Casa Gowverns Stress
ging: W2T<114 sedion. Span = 43.50t, Fy= 36 0ksi, Laft Cant. = 000k, Right Cant. =7 501
End Fidly = Fixed-Pinned, Lu=16.001, LDF = 1.000
Adual A walile
M ameant E0E05T k-t 535744 k4
[Max. Detaciion Q5T In
- Bending Stress 20,220 ksi 21 448 b3 LengihiDL D et ok
fa iF 02R 1 LengthiDL+LL Def) a8
Shear 54 869 i 279 596 |
f : Shear Stress 52T ksi 14400 ha
uiFy 024511

Force & Stress Summary

e = THEBa columng are Dead + Live Load placed 88 noled —»»

oL LL LL+5T LL LL+5T
[Agamun, ook A3 Cenfer & Center, b Cants
Toflas Il + 50508 k-t 136.58 245,07 11534 k-1
[FF- P -Z80.449 -305.06 -2M.16 k-n
a1 dp Laft =230.48 30506 27116 k=M
Ifax M i@ Right 4541 4541 B 07 k-n
Shear i@ Let 5487 k a7 5487 E k
Shear @ Righ FA0k 1268 3940 408 r
Cerbar Dell. DETOIn 0377 LE7 D37 -0.330 0377 n
Let CanD=n 0 .00gin 0000 Daoog D.000 D.00d 0.000 n
Right Carml Dzt 0407 in aza D407 0210 D148 0.X0 n
Ouery Ded @ 0.000 ¢ 4000 0,060 0000 0,360 0.000 n
Feaction @ Lat 5487 neT 54687 .67 ERg HATk
Feactian @ Rt 57 1155 4807 #1.55 4078 55k

Facalc'd per Eq. E?-7 'Lt = Cc
1 Beaim, Major A, (102,000 * Ch J F*8 <= L¥T <= {10,000 * Cb / F*5 , P per Eq. FI6
| Boam, Majer A, Fb per Eq. F18, Fo= 12000 Ck & /{1*d)
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EMERCALC E|1gi|1ga|i“g Software Tithe : EMNERCALC Example Pmbkms Job# BT-000001
P.0. Box 188 Dsani: MDE Dae: Z:56FM, 26 OCT 03
Corona del Mar, CA 92660 Description : Callection of eoanmla problarms

Voice: 949.645.0151
wwwLenercale.com

It"\'..-t_l_!llll.' = 3 A Paga 2
OO Lt S0 e RO Steel Beam Design I

SCope AN programs in the Struciural Engingesing LErary

nEanTy ot e oo Eenrples eow: Seel Calos

Description Fiwed-Cantilevared Beam

:_Sectiun Properties WaT X114 |I
Rerm - o R TR Toaen
Widih 10.070in |-ex 4,080.00 ind -y 2178 n
Web Thick 0 578 in -y 1808 00 1nd Fit 2580 in
Flanga Thitknass 0.8300n S-xx 29974303
Arga 33.501In2 Sy N5

Sketch & Diagram I

Lo Ea Toute b

“Hﬂl'!ﬁl'iﬂ.;n Fli’rﬂl'llﬂfh Ih.frr'-rl*l'rl;.ﬂ.;l-'r;ll'““"'

nayd g ry vy yy CAR
HI1Z2 W|Al 222 A 32 OBCE MM T3 580

-
= .0 340
Hending Moments R
I Locaion M

R

Ninm = 50811

]
]
]
B
ks

ol

b = 03N

=R =Ry

Wina @ 120 mmen Wrand fehls BIeE . L5
(PR Lmm = 5130 E e
o (o= 500 Vem g e Bak L3 .70

Jed dghiend = O.van ML
"{i a
Heam Shrar

s by

TEENEE N T
Locsmn (1

i '|r T L N L
Leflection
Locekn i

4.3 Steel Beam w/Torsion

This program analyzes rolled AISC steel W, H, S, M, C, B, JR, and MC I sections and
channels subjected to applied loads causing torsion within the beam. Both plane and
bending stresses are determined in addition to typical AISC code checks for compactness
and lateral-torsional buckling.

Two end fixity combinations are allowed to separately determine torsional and bending
stresses; Pinned/Pinned and Fixed/Fixed. With these end fixity conditions combined with
torsional analysis, a variety of load and span conditions can be analyzed.

In order to perform the extensive torsional analysis, the typical torsional equations
presented in the AISC publication (Torsional Analysis of Members ©1983 ), have been
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derived and used to calculate analysis values at 250 span increments. Only cases # 3, 4,
6, 7, and 12 have been incorporated:
e Case 3: Ends torsionally pinned with a concentrated twisting moment applied
between supports.
e Case 4: Ends torsionally pinned with a uniform load applied to the beam at an
off-center eccentricity.
e Case 6: Ends torsionally fixed with a concentrated twisting moment applied
between supports.
e Case 7: Ends torsionally fixed with a uniform load applied to the beam at an
off-center eccentricity.
e Case 12: Left end torsionally fixed, right end torsionally pinned, uniform load
applied to the beam at an off-center eccentricity.

These stresses are combined with the actual stresses from normal X-X axis bending and
compared with allowable values based on compactness and lateral buckling criteria.

Final stresses are determined by combining major axis bending and shears with torsional
moments. Normal and shear stresses from plane bending are combined with torsional
bending, warping shear, and pure torsional shear forces to give a final analysis of the
actual stresses, deflections, and rotations of the beam's slenderness effects.

] ENERCALE c\ECSS\EXAMPLES.ECY - Torsiensl Analysiz of Steel Beam
Torsional Analysis of Steel Beam
SI:I::;I; P Help | 1=l Design & Print ﬂ > cancel o Save
General |l.ln|fo|m Loads | PointLoads | Momants | Section Props | Resuits ISkehch | tagrams | Panting |
Description  [Single olfset point load @ mid-span Summary Detals |
Bending... DL 48 DL+LL  DLHL+ST
Flange Bend +Vam A9 473 273 Z27aksi
Beam Span . 15,000 3 Allowable... 2378 2378 2378 2376 Kei
Stress Hatio,, 0.821 0159 0.959 0.953
Unbraced Length ... ... 0000 E ft
Shear....
i
Torsional End Fixity Pin-Pin I :I bt il 873 143 10:66 10066 ki
Bending End Fisity . . ooooeenn _EPin-Fin Web Bend + Warp E51 148 10 10 ks
Allreable 1440 14,45 14,40 14.40
Stregz Ratio..... LN 0134 0740 0.740
Stedl Section | WIEKED
M t=:  Left ket
Cantar 4334 12,66 55,40 5540 k-ft
B e P R S 36,00 ks Hight kAt
£33 HUmH bRl L Reactions : Lt 1470 i@ 8w 180k
Elagtic Modulug . .............. 29 0000 ksi Right 30 a7 1267 1267 k
Deflections : .052 0.0E 0.0 0.080 i
o deDist e Max 120 .50 7.0 T4
Rotations : 0048 iz QL.057 0057 rad
L2 Dist e Max B ] £.80 Ga0Ht
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Basic Usage

e Enter the span length of the member. (Please note that cantilevers are not allowed.)
Torsional Fixity indicates whether the flanges are capable of Warping . Warping is a
condition where the two flanges can move so that they are no longer parallel.
Bending Fixity indicates if the ends are free to rotate about the beam's X-X axis.
When Pin/Pin is chosen for either end, no end normal bending or warping torsional
moments will occur.

¢ If your beam is subjected to loads of a short term nature, Load Duration Factor can
be used to increase the allowable stresses. You can also specify to include the
weight of the beam as a uniform dead load automatically from the member you've
chosen. When the beam's compression flange is unbraced for lateral buckling, enter
the distance you wish to use for allowable stress calculations.

e Applied Loads. We've provided the capability to enter up to 14 loads on the
member, all of which create torsional or normal bending stresses. All loads also have
dead, live, and short term components. Uniform and point loads can be applied at
eccentricities causing torsion. Bending moments create purely normal axis bending,
and twisting moments apply a concentrated torque to the beam. (i.e. opposing point
loads at equal lateral eccentricity).

e Section Properties can be entered by using the built-in section property databases.
Please see the following two sections on using this capability.

Unique Features
e Combine applied bending loads with torsional loads for a complete stress analysis of
the entire beam.
¢ Specify different end fixities for bending and torsional analysis procedures.
e Handles up to 14 different loads which can be dead, live, or short term.

Assumptions & Limitations

Only wide flange and channel type sections are allowed....tubes, pipes, tees, and angles
are not supported.

Steel Section Database
Built into the software is a complete database of common rolled sections available from

various mills in the United States. On each tab labeled #1, #2, etc. there will be a button
that looks like this:

Steel Section

This button displays the steel section database as shown below.
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Steel Section Database

—Section Type to Display —5Steel Database
W HF JR C T5 HSS-T L WT ‘F AISCHth  AISCEth ¢ AISC?th © AISCEth € Karean

S M B MC P HS5-P LL MT

wWF BP JRC ST ‘ Square Rectangular ‘

4 W : :
Nare |area | Depth |width|sx [ | sy Jw |0 | SedinBiis
Section Hame Area Depth Wall Thickness | S Fisnt Zx |-
inZ? i i ind in3 in ind ||
TS2u263/ME 1.270 2.000 01aa 0.668 0.668 0726 0E
TS2u2x1 /4 1.590 2000 0,250 0.7ER 0.7E6 0.694 1.0
TS2x245/26 1.860 2000 033 0.8a0 0.880 0.690 11
TS25x2 5u3/1E 1.640 2500 01aa 1.420 1.140 0.530 1.4
TS25x2 5ul1/4 2.080 2500 0.250 1.690 1.350 0859 1%
T52.5425:5/16 2110 2500 0313 3.580 2390 1.070 1.5
TS533NE 2.020 3.000 01as 2,800 1.730 1.130 21
TS33x1/4 2530 3.000 0.250 3160 2100 1.100 2E
TSm3xEE 3110 3.000 033 3580 2.390 1.070 ar
1 /15 2390 3600 IR 4.290 2.450 1.340 2.5
T53.5:3.5:1/ 3.090 3500 0,250 B.2490 3.020 1.310 3%
TS3.5x3.5u5/16 3730 3500 033 E.090 3.480 1.280 4.7 a
TSdxd4x3116 2770 4.000 01aa E.590 3.300 1.540 s Modif
TS dudy1 /4 2590 4.000 0.250 8220 4110 1510 4t Hoaly
T54x445116 4,360 4.000 033 9,580 4,730 1.480 7
TSdudeasa 5.080 4.000 0375 10.700 5.350 1.450 B
TSdudu1 /2 B.360 4.000 0.500 12.300 E.130 1.280 ar
TS54 Fxd Bu3/1E 3140 4 500 01aa 9.600 4.270 1.750 AL
T54.504. 5174 4.090 4500 0,250 12100 R.3E0 1.720 E.:
TShubw3/ME 3520 5.000 0182 13.400 5360 1.950 B2
TShubR1/4 4 530 5.000 0.250 16.900 E.780 1.820 ar
TShuRxEME RE1D 5.000 0313 20100 8.020 1.880 93 x
TR e A I I I | -l (i
[T Depth Range: [T Class Range:

On this window there are various controls and options.....

Steel Database : Allows you to select between several common shapes databases.

Section Type to Display: Allows you to select which steel section designation to display in the list.
These shapes conform to the American Institute of Steel Construction shape designations. To make your
selection simply move the mouse over the letter(s) and when the highlight activates left-click once with
your left mouse button.

Depth Range: This item allows you to specify depth limits to be used for selecting which sections to
display in the list. When the checkbox to the left is not checked the selection wording and entries will not
appear and all sections will be displayed. These dimensions are compared to the "Depth" dimension of the
sections.

Class Range : This item allows you to specify the limits in "Depth Class" to be displayed in the table. The
"Depth Class" of a section is the first numeric number in the sections name. For instance a wide flange
W14x22 is in depth class "14". a channel C9x15 is in depth class "9", and a L5x3x1/4 is in depth class "5".

Equal & Unequal Legs : These two buttons appear when you have selected section type "L" which are
single angles. The limit the display of the list to angle with equal dimension or unequal dimension sides.

Equal Legs, Long Leg Vertical, Short Leg Vertical: These three buttons appear when you have
chosen to display section type "LL". These control the display of sections between pairs of angles with
both sides of equal length, of unequal side length angles paired with the LONG side together, and unequal
side length angles paired with the SHORTside together.

Square & Rectangular Tubes: These two buttons appear when you have chosen section types TS or
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HSS-T. These are square tubular sections. You can choose to display only square tubes or alternately
tubes with unequal sides.

Sort Tabs for Database Table : Immediate above the database list of sections you will see tabs looking
like this....

When selected each tab will sort the list in the order described by the text on that tab.
Sort order : These two buttons allow you to chose the list order of the sections. The sorting order will be
according to the sort tab selected and shall be in ascending or descending order.

Database Table Itself : The main area on the window will be where the steel sections are displayed as a
result of all of your choices as described above.

[Select] : This button is displayed when you have clicked on the [Section] button when you press
[Select] the section in the list that is currently highlighted will be selected and the name and data brought
into your calculation.

[Insert]: Use this button to add a steel section to the database. When pressed you will see the following
window:

Mew Steel Section Data Entry |

section Mame I MyVeryOwn 4x12 Tube
Type | s B
Depth Class | 36]
AISCHandbook Ediion | AISC9th [~

Area I—l] inz [ I—l] ind
Depth I—l] i [ iy I—l] ind
Flange Wicith [ o

Flange Thickness l—l] in o I—l] in
YWweb Thickness I—l] in Yo I—l] in

Cancel OK
X v

The only really important item to enter is the "Type" item. This specifies what standard
rolled section type your section is. This item is used internally by the program to decide
which stress analysis method to use for determining the sections allowable stress, how
to consider unstiffenned elements, and many other code checking items.

[Change]: Will display the same window as above but allow you to change section properties.
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[Delete] : Will enable you to delete sections. Note: No sections in the supplied database can be deleted.
Only Sections that you ad can be later deleted.

[Cancel]: Exit the steel database window.

ASD & LRFD Design Modes
Allowable Stress Design and Load & Resistance Factor Design as specified by the
American Institute of Steel Construction is provided by this program. Only screen
captures and descriptions for ASD are presented in this book. More detailed LRFD
documentation will be added and will be available in the electronically delivered versions
of this book. Check these locations for electronic media:

o Latest Adobe Acrobat PDF documentation file here:
ftp://208.36.30.226/sel5.pdf.

e Latest Windows Help system file here : ftp://208.36.30.226/enercalc.hlip.

¢ Internet HTML help documentation presented as web pages at
www.enercalc.com/sel_help.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.

EI.IIIQ k.

Tuiiuﬂe ing Ben inﬁu:ur!iu:un
15,00 ft

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
This tab provides data entry for everything except loading on the beam.
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General | Uniform Loads | Faint Loads | Moments I Section Props

Description l5ingle offset point load @& mid-span

Beam Span. .. ............... | 15.000 il ft
Unbraced Length . ... ... ....... | 0.000 il ft
Tarsional End Fixity . ... . | Pin-Pin |;|

EEnting B Ryt e e | P Pin I;I

Steel Section | I Ww12<440

R e e et | a6 o0 ksi

Load Daration Factor .. ... ... ... | 1.000

ElEE e el s s s s | 29.000.0 ksi

Beam Span

Enter the span length here. No cantilevers are allowed.

Unbraced Length
This is the user specified unbraced length of the compression flange, used to determine the allowable
F'b based on flange buckling criteria.

Torsional End Fixity
Enter the end fixities to use in determining the restraint case to be selected. The end fixities should be
thoroughly understood, since warping restraint is difficult to achieve in actual practice.

Bending End Fixity
Enter the end fixity combination that will be used to calculate bending moments due to applied loads
(not torsional forces). Only Fix/Fix and Pin/Pin conditions are allowed.

Steel Section
This is where you specify the rolled steel section to be used in the design. There are two ways to
enter & specify the section.

e Use the [Section] button to retrieve the section from the built-in steel database. See the description
given previously for more information.

e Type in the section name and the program will automatically look through the database for a match.

Upper or lower case is fine. If found the name and numeric section properties will be retrieved into
this calculation. The numeric properties will be seen on the "Section Properties" tab.

Fy
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Yield stress of the steel used for the member being analyzed. All allowable stresses are calculated in
accordance with the latest AISC Specifications.

Load Duration Factor
This factor applied to the calculated allowable stresses and displayed as Allowable Stress in the
Summary section.

Elastic Modulus
Although rarely does this need to be changed, enter the elastic modulus of the steel material.

Uniform Loads Tab
Up to seven full or partial length uniform loads with dead, live, and short term components may
be applied anywhere on the span. The "Start" and "End" values refers to the distance from the
left support to where the beginning of the distributed load is applied. To specify loads on the
left cantilever use negative distances.

General Uniform Loads |Paint Loads | Marments I Section Props |

Auto Calc Beam Weight '
Uniform Loads...

Dead Load Live Lozd Short Termn
| 1.000 3| | 0.450 3 | 4] ki

EeE iinmeE =il e I 4 500 3: in

#2. | R g 2 ki
Ecc. from Beam CL. .. .. .. I 0.000 3; ifn

e = ol & ki
Ecc. from Beam CL . ... . .. I 0.000 3: in

#4. | = g ] Wi
EeE Tt EeamE S I 0.000 3: in

Point Loads Tab
You may apply up to eight point loads with dead, live, and short-term components. The Dist.
value refers to the distance from the left support to where the point load is applied. To specify
loads on the left cantilever, Dist. should be negative.
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General | Uniform Loads  Foint Loads |ru1|:|ments | Section Props

Point Loads...
Dead Load Live | oad Short Term
#1..... | — | = | k

=]

Eccentricity I 6.000 3; in Location 3.000

22l | 5 | g |
Eccentricity I 0.000 3: in Location 0.000

] sl 3 |
Eccentricity I 0.000 3: if Lacation 0.000

# 7 | 7 |
Eccentricity I 0.000 3: in Lacation 0.000

#5. .. | s | 1 |
Eccentricity I 0.000 3: in Location 0.000

#.. 3 | 3 |

Eccentricity 0.000 & in Location

=

- =

- =

[l u‘_|l_l_ :_|LL :_|¢ :_|¢ u‘_|l_l_
- =

-
=
=
=
=
- [
=+

Moments Tab
Up to eight moments with dead, live, and short-term components may be applied anywhere on
the span. Moments with a positive sign impart a counterclockwise torque to the beam
(following the right hand rule). The "Location" values refers to the distance from the left
support to where the moment is applied. To specify loads on the left cantilever this value
should be negative.
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General | Liniform Loads

Bending Moments...
Dead Load

Foint Loads Moments |Section Praps

Live Load Short Term

#1..|

1 | 1) kA
Location . . . I 0.000 3: ft

#2..'

Torsional Moments...

1 | ¥ KA
Location . . . I 0.000 3; ft

#1..|

1 | 3 kA
Location . . . I 0.000 3; ft

#2..'

Section Properties Tab

1 | il
Location . . . I 0.000 3: ft

269

This secondary tab is where the steel section properties are listed. The properties shown here

are used for the calculation.
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General | Linifarm Loads I Foint Loads | Moments Section Frops

| SteelSection | /18XE0

Section Properties...

Diepth Im in Area IW in2

Wb Thick m in | xx m ind

Flangs Width [ 7.555 in yy [ s0100 ind

Flange Thick m in S wx m in3
Syy | 13263 in3

Torsional Properties...

Sw o 1 m in4 YWeight m

Sw : 2 [ o000 ind af [ 21786 #

Sw : 3 [ oooo ind  Qw [ e0790

Eo [ o000 J [ 2240 ind

Whio Im inz a Im in

W2 [ oooo in2  Cw [ 3.855.533

b HK m in T IW in

yy [ 1e87 in

The typical steel section measurements are given for the section chosen. When certain sections are
used, the measurements will not conform to the typical W section naming conventions used here:

e For Tubes , Flange Thickness and Wall Thickness will both be set equal to the tube's wall thickness.
rT is not used.

e For Pipe, Flange Thickness and Wall Thickness both equal the pipe's wall thickness. Flange Width

and Depth will both be set to the pipe's outside diameter. rT is not used.

For Channels , rT equals the distance from the flat face to the center of gravity of the section.

For Tees , rT equals the distance from the top of the flange to the center of gravity of the section.

For Double Angles, T equals the spacing between the backs of the angles.

For Single Angles, rT is not used.

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
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on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results / Summary Tab

Results |Sketch I Diagrams | Printing |

summary |Details |

Beam OK

Max Flange Bending Stress . ... ... L. 22.79 ksi
iy 2376 k=i

Flange Stress Ratio . . ... ... ... .. 0.959 :1
Max Elannesshear Sties s 1066 ksi
Allmwabilei e 14.40 ksi

ElaneetStte s e 0.740 : 1
N e blef| et mp e e 0.080 in
Max. Rotation . ... ... ... 0.05742 rad

Fa calc'd per Eq. E2Z-1, K*LY < Ci
| Beamn Passes Table BE.1, Fhper Eq. F1-1, Fh= 086 Fy

Maximum Flange Bending Stress
This is the maximum flange bending stress (See Results/Details tab).

Maximum Flange Shear Stress
This is the maximum flange or web shear stress (See Results/Details tab).

Maximum Deflection
Center span deflection is the maximum magnitude (positive or negative) between the supports.

Maximum Rotation
Using the applied loads and their torsional eccentricities, the maximum rotation and its location from

the left support is given.

Results / Details Tab
This section provides analysis results for various combinations of dead, live, and short term
loads. Each column gives values for the combination listed at the top.
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Results |5ketch I Diagrams I Printing |

Summany Details |

Bending... oL LL OL+1L DL+ +5T
Flange Bend +¥arp 19.50 473 22.79 22,79 ksi
Allowable, 2376 2376 2376 2376 ksi
Stress Fatio... .. 0821 0.199 0959 0.959
Shear....
Flange Bend+\Warp+Tors
873 1.93 1066 1066 |
Web Bend +Warp E.B1 1.45 210 810 i
Alloweable. 14.40 14.40 14.40 14.40
Stress Ratio... . 0607 0.134 0740 0740
Moments: Left -ft
Center 43.24 1266 R5.40 5540 k-ft
Right k-ft
Reactions : Left 14.70 337 18.07 18.07 k
Right 9.30 337 1267 1267 |k
Deflections : 0.062 noa 0.020 0.030 in
Cox-Dist to Max F20 .50 .20 201t
Rotations : 0.046 noma 0.057 0.057 rad
ocDist to Max G.80 .40 B.90 B.90 f

Bending

This item gives stresses in the flange due to combined bending and torsional loads. The forces act
parallel to the span of the beam, and are fb stresses to be compared with the allowable bending stress
F'b. To determine the maximum value presented here, a stress diagram is internally constructed at 250
points along the beam and is then evaluated for maximum values.

Bending + Warping Bending stress is calculated by dividing the actual moment by section modulus.
Warping torsional stress is calculated by Es * Wno * j" is calculated using the typical torsional
equations found in the AISC reference, and varies along the span with torsional moment.

The allowable bending stress is evaluated considering beam slenderness.

Shear

This item gives shearing stresses in the flange and web due to the combined action of bending and
torsional stresses.

Flange The flange shearing stresses have three components: bending, warping, and Torsional. Bending
flange shear stresses are calculated using (V*Qf)/(Ixx* Tf).

Warping shear stress is calculates using (Es*Sw*j"")/Tf. Torsional flange shear stress is calculated
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using (G*Tf*j').
Web The web shearing stresses have two components: bending and torsion. Bending web shear
stresses are calculated using (V*Qw)/(Ixx* Tw). Torsional web shear stress is calculated using

(G*Tw*j").
The allowable shear stress = 0.4 Fy.

Moments
M+ and M- are determined by checking 250 points along the span for maximum and minimum values.

Reactions
These are simply the left and right beam reactions due to the load combinations used.

Deflections
Center span deflection is the maximum magnitude (positive or negative) between the supports.

Rotations
Using the applied loads and their torsional eccentricities, the maximum rotation and its location from

the left support is given.

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the
[Print Sketch] button will print the sketch in large scale on a single sheet of paper.
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Results Sketch |Diagram5 | Printing |

Print Sketch

145 KAtrr kbR EE R b b b a5

TorzioBending

-

1500

] en%inﬁ Qrgion

Frmas =18.074 k

brnaw = 55,39 kAt
Dimax = 0.0797 in

Fmax =12.674 k

Diagrams Tab

This displays a moment, shear, and deflection diagram for the beam with the applied loads and
end conditions. Note the two tabs...."Graphic Diagram" and "Data Table". The Data Table tab
provides the entire internal analysis at the 1/500th points within the beam.
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Results | Sketch Diagrams |Printing |

Print Diagram |

55.40
40 .26

Graphic Diagram |Data Table |
44.32

mTe
T

Location 1t

1.0

584
Location 1ty

Az

143

4

20z

282

A1

12.07
15.06
12.05

Beam |:‘Shear 50

0.a0
-0.01
-0.02
0.0z
0.04
0.04
0.05
0.06
0.0ov
0.0

{

Deflection

Location 1t
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Results | Sketch Diagrams |Printing |

Graphic Diagram Data Table |
Location {ff) Mament (kip-feet) shear (kips) lection il
00000 00000 180750 | 00000
01000 1 8002 17530000018
02000 35860 17 7850 | 000326
03000 habi2 17 6400 | -00055
0. 4000 71140 17 4850 | 00073
05000 88562 172500 -0.0091
0 B000 105840 17 206000109
07000 122072 170600 | -00127
08000 129560 16415000145
08000 156802 16770000163
10000 17 3500 166250 | -00181
14000 19,0052 164800 | -00198
12000 206460 16,3350 | 00216
13000 2D 22D 161800 | 00233
14000 238340 16,0450 | 00250
1 5000 254812 168000 | 00268
1 6000 27 (640 167550 | 00284
17000 2ER322 156100 | 00301
1 8000 301360 164650 | -00318
18000 317252 163200 | 003324
20000 332500 161750 | 00351
21000 347602 160200 | 00367
qui 4 | ?I }F}?Irlrﬁﬁ el T | 4 4 22EN ] N NSes ;I

Printing Tab

This tab allows you to control which areas of the calculation to print. Checking a box will signal
that the information described by the item will be printed. However, if there is no information in
for a particular selection it will not be printed. So these checkboxes are best described as "If
this particular area of the calculations contains data then print it".
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Results | Sketch | Diagrams  Printing

Please select printout sections to be printed...
General Information v
Uniform Loads v
Bending Morments v
Taorsional Maoments v
Paoint Loads [+
Summary v
AISC Check Messages [+
Surmmary Analysis [+
Section Propeties [+

Mote: When all are selected, the software will still amit unused section

Sample Printout

277
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ENERCALC Engineering 5oftware
P.O. Box 188

Corona del Mar, CA 660

Voice: 249.645.0151

Tithe: EMERT ALL E =am piz F oblkems SJobe # 97000001
Dsgor: MEE Dafe: 330PM, 26 0CT 03
Description : Calledion of example prablems

SEope Al progranye in the Srustural E ngineeing Libary

i EROHTE
User. HEDSIIM 1. Ve 180, [08ep000 Steel Beam wi Torsional Loads

Description Single offsel point laad & mic-span

General Information Code Rot AISE 0 ASD, 1597 UBG, 2003 BT, 2003 NFP A 5000 i

Sted Secton WI2X a0 Fy JE00 ks
Load Dualian Fadar 100
Beam Span 1500 1t Heam Wi lgrored
Torsicnal End Fisty Finsin Unbraced Largih oaon
Bending End Fisty PmnFin Elasic Moduus 2900000 ks
| Point Loads I
= :
~ocad Loas Live Load “Shoet Ternr Eccenineiy Location,
¥ 2,000 K £.000 In 300 f
Summary Beam OK
Using V12440, Span =15 D0f, Fy= 36 Oksi, End Fiaty: Bendings PirnedPinned, Torsion= Pirned-Pinned
Wax Flange Bendng Siress 23.54 ksl
Allowabls 2376 ksi
Flange Sress Ratio oaa1 Max. Deflecton 0.0700n
hax Flange Shear Stress 8.76 ksl iax. Rotation 0.05204 rad
Allowable 14.40 ksi
Flange Stress Ratio 06808 ;1
Summary aAnalysis
hixe, BL=LL +
Flangs Bend + Wang 2154 ks ki 7154 ks 23154 ksi
Allowable,, 2378 ksi 2378 ksi 21 7E ks 23,76 ksi
Stress Ratltu.. 0811 i1 (R R | 0.9 31
Flange Benc\iarp+Tars 976 kg kel 2376 kel 8.76 ksl
Web Bend +Wearp 636 ke i &35 ka 6.36 ksi
Allowabls... 14.40 ke 14.40 ksl 1440 kgl 14,40 ksl
Stress Ratio,.. DE0B s 1 :1 DB0E 21 D608 14
Memerns  Let ] k-t [ ] k-f
Cermhar 21,60 k-4 k- M G0 k-4 21 60 k-f
Right k4 k-t 'R ] k-
Reacions Let 720k k 720k 720k
Right 18Dk K 180k 180k
Defiections 0070 in n LOTin 0afMn
o M-Dis ta memimiam G50 & 1500 fi G501 G50/
Rotations 0052 rad rad 0052 rad 0052 rad
.. 3Didd ta m admLm 590t f 500 % 590 A

Fnl:al:ip:rEq EM, K'LEk=<Cc
| B Passes Tahle B 1  Fboper Eq. F1-1, Fb=0EE Fy

-LBI:'E on Properties I

Sedion Name

W1 220k Sw 1l 235651nd Wiglght 40.081 &m
epth 11.240 In Sw. 2 0.009 In# [ 2.140010n
Wil Thick D225 1N Sw: 3 0009 In# I3 5125510n
Flange Width BO05In ar 1134 ryy 149332In
Flange Thick D515in Dar 27 9349
Bres 11 .B00 in2 J 0a7Tind
| wx 10000 ind Ea oaoa
I yy 44100 In4 Wno 22 BE4In2
5 51 426in3 Winz 0000in2
5wy .18 ind Cw 1439100

a 65 159580
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ENERCALC Engineering Software Title : ENERCALC Example Preblems ~ Job #97-000001
P.0. Box 188 g:g:rri:p;vi'lgtf_ 3 Date: 2:30PM, 26 OCT 03
Corona del Mar, CA 92660 - Collechon of example problems
Voice: 949-645-0151 Scope : All programs in the Structural Engneering Library
www.enercalc.com
I_EElJﬁuUJDuUM\U |Ua[._,51lB " _;f| “_d_Ptt,P
| Usar ] far 58, -Sap- 200 e«
| (£)1683-2003 ENERCALC Enginesr |F::| Software ee eam w orsiona oads cizrifiecamples sow Sesl Calcs

Description Single offset point load @ mid-span

| Sketch & Diagram

b

| -
g

Wima = 2160k
Emas = 0OTDEN

Fmac = 72000 Fmas = 1800k

Shear (&)

Ao )

|'S 141 2.2 442 S0 ras =X~} 0aA7 .02 13449 RN
Beamn Shear ;
Locetion (1

Sad rds . 13 50
Locelion i

4.4 Steel Column

This program can analyze or design a standard AISC steel section subjected to axial loads
and simultaneous bending moments about each axis. A variety of factors can be specified
which effect the AISC code stress analysis of the beam. Unbraced compression flange
lengths, minor axis bending, primary or secondary member status, and load duration
factors can all be modified for the beam you are analyzing or designing.

Fixed and pinned supports can be used at either end, allowing analysis for the following
types: Fix/Fix, Pin/Pin, Fix/Pin, Pin/Fix, or Fix/Free.

Axial dead, live, and short term loads may be applied to the column at eccentricities for
both axes. Also, concentrated moments, point loads, and distributed loads can be applied
to the column as beam-type loads, causing moments about the X-X and Y-Y axis from
dead, live, and short term components .

To help you specify AISC sections to be analyzed, an internal database system gives you
access to over 4,000 sections from the 6th, 7th, 8th, and 9th edition AISC handbooks.
Data for these sections was acquired from many published sources, and represents the
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only standard rolled sections economically available to constructors in the United States.

You can either type in a section and have it's properties automatically recalled, or display
a window to scroll through the database of sections. Sections available include W, H, S,

M, C, MC, B, JR, TS, P, WT, ST, MT, L, and LL.

A comprehensive analysis procedure provides moments and maximum and allowable axial
and bending stresses. A very thorough AISC code check procedure determines allowable
bending stresses for all members, considering compact section criteria and lateral

buckling due to slenderness effects.

| ENERCALE G\ECSS'\EXAMPLES.ECYH - Steel Column

Steel Column

é[:;::; P Help | T2l Design &b Print E| P cancel  Save
General |Point & Dist Loacs | Moments | Section Prossries | summary |Details | Skaten | Prnting |
Description wial Load w/ ¥ & Eccenlricilies Column Design OK
Combined Stress Ratios
Doaglosg Livelosd Dead +Lwve DL+ Shor
AJSC Formula Hi - 1
Eahoman:Halght s s obs s s s I 16.500 ﬂ' it AISC Fomula HI -2
_ ) _ ) ) AISC Formula HI-3 05753 03499 D90B3 04396
Cistznce between bracing pravanting deflection along Axis ...
et LD IR U o o e e s e | 24,000 E, it Asial & Bending Sir -
Yorlabmeadi e e I 182500 E& _Deag v oL+ DL + Shon
Fa: Allowatle 16.226 16,226 16226 21.580 ksi
KA SdeswWaY e = Restrainad  Fras o Sway a: Actual 1.204 0916 2310 1.384 ksi
¥-Y Sidesway . ... ...... & Haestrained  Frea to Sway
Fhatd : Adlaw [F1-6] 21.600 21.600 21 600 28728 ksi
L R R S R [ tom 3 Flioax; Allow IF1-7) & [F1-6] _
R s ﬁl.mu 21600 21600 21600 3B7IBKsi
Ih : %% Actual J058 1.350 4.201 058 ksl
- End Finitios
& Fin-Pin " Pin-Fix  Fix-Frae C Fin-Fix ) Fix-Pin F oyt Al [F1-5] 27.000 Z7.000 27.000 35910 ksi

Steel Section | W14X159 1 2y Actual 2508 623 iETIT 0530

; : Stress Check Comments....
B 3.0 ksl Y0UAxlS ! Fa ealed per B E21, IPLK < Ge
X a5 | Beam, Maje Mk, {102,000 % Gt Fy )5 <= LET <= (516,000 * 08 F Fy).
Include Live v Shart Tam Loads .. ] Y0 Aads - | Besm, Medoe Ak, P per Eq, F1-8, Fb 212,000 Ch ALY * )
Load Duralion Factor. . . ... ..... | 1.330 E ¥ s Fa el per B, 21, K0LK < G
WY fodis | Bedm, Minte A, Pasoss Tabie BS 1, Fb =075 F F21
Elastic Modulus . ... ... ... .. ... .. I 29.000.0 ks : d 3 yper Eq

Flioyy : Allow [F1-7] 8. [F1-8]

R 2E.080 27800 35910 ksi

Basic Usage

e From the actual span condition of the column, enter the total column height to be
used for slenderness and moment calculations. By entering 1, 2, 3, 4, or 5 you can

easily specify a variety of support conditions.

However, this fixity is assumed about

BOTH AXES. At one end of the column, you can't have Y-Y bending fixed while
allowing X-X axis rotation. You will also need to specify the unbraced lengths to be
used for calculating bending and axial stresses.

e When you are using condition 5", Fix/Free, the bottom of the column is considered

fixed.

e The X-X axis is always considered the major axis. Entering Y-Y axis loads, moments,
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and axial eccentricity will generate minor axis bending.

e Sidesway indicates whether the column is free to deflect in the direction of the Y-Y
or X-X axis. Sidesway effects the internal calculation of Cm. Effective length factors
will be applied to the unbraced lengths to determine actual lengths for determining
allowable axial stress (but not for determining allowable bending stress).

e This program provides plenty of load capability for loading any part of the column.
Axial dead, live, and short term loads can be applied with an eccentricity on each
axis, resulting in concentrated moments being applied to the top of the column
along with the axial load. Those moments will be combined with the applied loads
about each axis to determine total combined stresses. The tabular load entry area
allows you to specify point loads, moments, and uniform loads to the column, with
each having dead, live, and short term components. All Dist. values position the load
with respect to the Bottom of the column.

e Section Properties can be entered by using the built-in section property databases.
Please see the following two sections on using this capability.

¢ Reviewing Forces and Stresses. In the Summary section of the worksheet, the
results of AISC stress combination equations H1-1, H1-2, and H1-3 will be listed.
Also, actual and allowable axial and bending stresses are given.

Unique Features
As mentioned earlier, the user can either have a column automatically selected using your
design criteria, or specify a section to be analyzed.
You can specify bending loads on the column in addition to the axial loads, and all loads
can have dead, live, and short term components.

Any W, H, S, M, B, JR, C, MC, TS, P, WT, ST, MT, L, or LL sections listed in the databases
will have a thorough AISC code working stress analysis performed, including checks for
lateral buckling and compactness for all provisions including appendix C.

Assumptions & Limitations
The unbraced lengths used for axial stress slenderness and lateral torsional buckling
calculations are considered to be the same.

Steel Section Database
Built into the software is a complete database of common rolled sections available from
various mills in the United States. On each tab labeled #1, #2, etc. there will be a button
that looks like this:

Steel Section

This button displays the steel section database as shown below.
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Steel Section Database

—Section Type to Display —5Steel Database
W HP JR C 1S HS5T L WT ‘ & AISCHth ¢ AISCHSth  © AISCTth © AISCEth € Korean
S M B MC P HSS-P LL MT
WF BP JRC ST ‘ Square Rectangular ‘
4 W : :
Nare |area | Depth |width|sx [ | sy Jw |0 | SedinBiis
Section Hame Area Depth Wall Thickness = S Fixs Zr =]
inZ in in ind ind in ind ||
TS2:2x3M6 1.270 2.000 0188 0.665 0.668 0.726 0.&
TS2u2u1/d 1.530 2.000 0.250 0.766 0.766 06594 1.0
TS2u260/26 1.860 2.000 0313 0,820 0,880 0.630 11
TS2 562 53416 1.640 2500 0188 1.420 1.140 0.930 1.2
TS2 562 G144 2.090 2500 0.250 1.690 1.350 0.839 1%
T52.5:2.5:5/16 3110 2.500 0313 3580 2.390 1.070 1%
TS3m3x3ME 2.020 3.000 0188 2.600 1.730 1130 21
TS3m3x1/4 2530 3.000 0.250 3160 2100 1.100 2EF
TS3m3x5/16 ERRII 3.000 0.313 3.580 2390 1.070 3L
Al Tl 2.350 3500 0.1a8 4,290 2.450 1.340 25
TS3.5x3.5:14 3.090 3500 0.250 5,290 3020 1.310 3
T53.543.5:5/16 3730 3.500 0.313 B.090 3480 1.280 47 a
TSdr4x3M16 2770 4.000 0188 B.590 3.300 1.540 S Modif
TS dudy1 /4 2590 4.000 0.250 8220 4110 1510 4t Hoaly
TS4r4:5/16 4,380 4,000 0.313 9,580 4.790 1.480 5%
TSdndu3/8 5.080 4.000 0.375 10.700 5.350 1.450 B.&
TSdndut1/2 £.360 4.000 0.500 12.300 B.130 1.330 8.0
TS4.5:4 5:3416 3140 4500 0.1as 9.600 4270 1.750 5L
TS4.5xd. 514 4.080 4,500 0.250 12100 B.360 1.720 E.:
TSEREx3ME 3.520 5.000 01es 13.400 5,360 1.950 EB.Z
TSERGx1 4530 5.000 0.250 16.900 B.780 1.920 8.0
TSh=Ex5ME B.E10 5.000 0313 20100 2.020 1.830 9% x
TR e A I I I | vl Cancel
[T Depth Range: [T Class Range:

On this window there are various controls and options.....

Steel Database : Allows you to select between several common shapes databases.

Section Type to Display: Allows you to select which steel section designation to display in the list.
These shapes conform to the American Institute of Steel Construction shape designations. To make your
selection simply move the mouse over the letter(s) and when the highlight activates left-click once with
your left mouse button.

Depth Range: This item allows you to specify depth limits to be used for selecting which sections to
display in the list. When the checkbox to the left is not checked the selection wording and entries will not
appear and all sections will be displayed. These dimensions are compared to the "Depth" dimension of the
sections.

Class Range : This item allows you to specify the limits in "Depth Class" to be displayed in the table. The
"Depth Class" of a section is the first numeric number in the sections name. For instance a wide flange
W14x22 is in depth class "14". a channel C9x15 is in depth class "9", and a L5x3x1/4 is in depth class "5".

Equal & Unequal Legs : These two buttons appear when you have selected section type "L" which are
single angles. The limit the display of the list to angle with equal dimension or unequal dimension sides.

Equal Legs, Long Leg Vertical, Short Leg Vertical: These three buttons appear when you have
chosen to display section type "LL". These control the display of sections between pairs of angles with
both sides of equal length, of unequal side length angles paired with the LONG side together, and unequal
side length angles paired with the SHORTside together.

Square & Rectangular Tubes: These two buttons appear when you have chosen section types TS or
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HSS-T. These are square tubular sections. You can choose to display only square tubes or alternately
tubes with unequal sides.

Sort Tabs for Database Table : Immediate above the database list of sections you will see tabs looking
like this....

When selected each tab will sort the list in the order described by the text on that tab.
Sort order : These two buttons allow you to chose the list order of the sections. The sorting order will be
according to the sort tab selected and shall be in ascending or descending order.

Database Table Itself : The main area on the window will be where the steel sections are displayed as a
result of all of your choices as described above.

[Select] : This button is displayed when you have clicked on the [Section] button when you press
[Select] the section in the list that is currently highlighted will be selected and the name and data brought
into your calculation.

[Insert]: Use this button to add a steel section to the database. When pressed you will see the following

window:
New Steel Section Databntry |
Section MName | MyVerpOwn 4x12 Tube
Tywpe | 15 l;]
Depth Class | 36]
AISCHandbook Edition | AISC9th | -]

Area I—l] inz [ I—l] ind
Depth I—l] i [ iy I—l] ind
Flange Wicith [ o

Flange Thickness l—l] in o I—l] in
YWweb Thickness I—l] in Yo I—l] in

Cancel OK
X v

The only really important item to enter is the "Type" item. This specifies what standard
rolled section type your section is. This item is used internally by the program to decide
which stress analysis method to use for determining the sections allowable stress, how
to consider unstiffenned elements, and many other code checking items.

[Change]: Will display the same window as above but allow you to change section properties.
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[Delete] : Will enable you to delete sections. Note: No sections in the supplied database can be deleted.
Only Sections that you ad can be later deleted.

[Cancel]: Exit the steel database window.

ASD & LRFD Design Modes
Allowable Stress Design and Load & Resistance Factor Design as specified by the
American Institute of Steel Construction is provided by this program. Only screen
captures and descriptions for ASD are presented in this book. More detailed LRFD
documentation will be added and will be available in the electronically delivered versions
of this book. Check these locations for electronic media:

¢ Latest Adobe Acrobat PDF documentation file here:
ftp://208.36.30.226/sel5.pdf.

¢ Latest Windows Help system file here : ftp://208.36.30.226 /enercalc.hip.

e Internet HTML help documentation presented as web pages at
www.enercalc.com/sel_help.

Example
The data entry for this example is shown in the screen captures that accompany the Data
Entry Tabs and Results & Graphics Tabs sections to follow.

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
This tab provides the data entry for all items in the calculation except loadings.
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General |Paint & Dist. Loads | Moments | Section Properties

Description Wxial Load w/ % & ¥ Eccentricities

EoldmpEein i e e I 16.500 3; ft

Distance between bracing preventing deflection along Axis.....

e T e T e I 24.000 3: ft
B8 e 1 8 e e e I 18.500 3; ft

A-X Sidesway L &+ Restrained " Free to Sway
Y- Sidesway ... &+ Restrained " Free to Sway

—End Fixities
i* Pin-Pin = Pin-Fix = Fix-Free i~ Fix-Fix  © Fix-Pin

Steel Section | | W14X159
O I 3.0 3: ksi
Include Live wi Short Term Loads ... o

el ElGEram PaEior s e I 1.330 3:
Elastic Modulus . ... ... ... I 29.000.0 ksi

Column Height
The total column height is used to calculate moments applied to the column as Applied Loads.

Distance between bracing preventing deflection along Axis
This is the actual unbraced length of the column with respect to the X-X and Y-Y axis. This unbraced
length will be multiplied by the effective length factor to determine the overall slenderness of the
column about each axis.

The "X-X Unbraced" length entry specifies the distance between elements that are bracing the column
against movement along it's local X-X axis. For wide flange beams this is parallel to the flanges.
Similar definition holds for bracing lengths for the Y-Y axis movement.

Sidesway Status
Indicate whether or not the column is subject to sidesway. Enter a 1" if sidesway will be restrained, 0"
if it will not. Sidesway is used for determining CM.

Kxx & Kyy Values
This effective length factor should be evaluated by the user according to the actual conditions present
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or anticipated. Reference is made to Table C1.8.1 and Figure C1.8.2 of the 1989 AISC specification and
other sources on structural stability. These factors will modify the Unbraced Length value to determine
the actual unbraced length to be used in the analysis.

End Fixities
The steel column can have any of five different end fixity combinations; Fix/Fix, Pin/Pin, Fix/Pin,
Pin/Fix, or Fix/Free. These refer to the bottom and top column ends respectively. However, the end
fixities apply to BOTH X-X and Y-Y axes.

If you are designing a column with end moments calculated from another program (e.g. FastFrame),
set the support fixity to Pin/Pin and enter the end moments as Top and Bottom moments. DO NOT
USE FIXED/FIXED support condition.

For all the end fixity combinations, remember the order is Bottom/Top. For example, Fix/Pin = Fixed @
Bottom and Pinned @ Top.

Steel Section
This is where you specify the rolled steel section to be used in the design. There are two ways to
enter & specify the section.

e Use the [Section] button to retrieve the section from the built-in steel database. See the description
given previously for more information.

e Type in the section name and the program will automatically look through the database for a match.
Upper or lower case is fine. If found the name and numeric section properties will be retrieved into
this calculation. The numeric properties will be seen on the "Section Properties" tab.

Fy
Yield Strength Indicates the yield strength of the steel section.

Include Live Load w/ Short Term Loads ?
Typically when short-term loads are from seismic events, the live load is not used. This YES/NO entry
specifies whether your live loads will be used with short-term loads.

Load Duration Factor
Load duration factor is applied to the calculated allowable stresses and displayed as Allowable Stress in
the Summary section.

Elastic Modulus
Although rarely does this need to be changed, enter the elastic modulus of the steel material.

Point & Distributed Loads Tab
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General Point & Dist. Loads |ru1|:|ments | Section Properties |

Axial Load... ; e
i i Axial Eccentricity...
CE [ :
I [EEUEI A Mnmentsl 8.000 3: i
Live 42 800 X k :
I EI W Mnmentsl 14.000 3: in
Short Term | il k
Point lateral Loads...
Along ¥-Y (x-x moments)
Dead Load Live Load Short Term Height
| 1.000 3 | =l | 3k [ 2000 3t
Along ¥-X (y-y moments)
Dead Load Live Load Shaott Termm Height
| 10004 | | | 3k | 16000 3t
Distributed lateral Loads...
Along ¥-Y (x-x moments)
Dead Load Live Load Short Term
| 1.000 3 | 3 | kit
Start End
| s000% > | 12000 3f
Along ¥=% (y-y moments)
Dead Load Live Load Short Term
| 2.000 3 | El | A kit
Start End
| 12000 3 ->| 15000 3ft
Axial Loads

287

Specify your the axial loads acting on the column. Positive values apply compression to the column.

Axial Eccentricity

Enter the eccentricity from the geometric center of the column to the location where the axial load is
applied if you want to consider the effect of axial load induced moments in your design.

Point Lateral Loads

Using these entries you can apply lateral loads between the endpoints of the column. Loads applied
"Along Y-Y" are applied parallel to the Y-Y axis of the steel section. For a wide flange section this is

parallel to the web.

The "Height" location of the application of the point load is measured with respect to the bottom of the
column. Note! Be careful if you are using "Fixed" column ends NOT to apply point loads at
a 0.0 or Column Height location.....they will not act on the column and simply be taken by

the end rigid supports.

Distributed Lateral Loads
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Using these entries you can apply uniform lateral loads between the endpoints of the column. Loads

applied "Along Y-Y" are applied parallel to the Y-Y axis of the steel section. For a wide flange section
this is parallel to the web.

The "Start" and "End" Locations are entered as the distances from the column base,

Moments Tab

These entries allow you to specify applied moments at the top, bottom, or between the ends of
the column. When entering a moment between the ends enter the "Distance above base" as
the distance above what you are considering the bottom of the column. The important thing is

that the distances you enter for all applied loads uses the same end of the column as the
reference.

Note: Do not apply a moment to a "fixed" end of the column. You are just applying the load to
a rigid end and none of the moment will create bending in the column.

General | Paint & Dist. Loads Moments [Section Properties

Applied Moments...
X-X Azis Moments

Dead Load Live Load Short Term
At TOR | =l | o 4 kAt
Btwn. Ends | 12.00 il | il | il k-ft
Distance above base 14.000 | %
At BOTTOM | 12.00 il I il | il k-t
Y-Y Axis Moments
Dead Load Live Load Short Term

MTOP | =N ol T ke

Btwn. Ends | il I il 5 koAt
Distance above base 0.000 i ft
At BOTTOM | il | il | il k-ft

Section Properties Tab

This secondary tab is where the steel section properties are listed. The properties shown here
are used for the calculation.
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General | Paint & Dist. Lnadslhﬂuments Section Properies

Steel Section | W14X 159

Depth 14 920l Weight i158.53 #ft

W'eb Thick 0.745 in [ 1.900.000 ind

Width 15.565 in lyy 748.000 ind
Flange Thick 1.190 in SHy I3 572 Ind
Area 46.70 N2 Sy 96.113 in3

Rt 4.300 | in f-3% E.378 in

i s
i

F-3y 4.002 in

The typical steel section measurements are given for the section chosen. When certain sections are
used, the measurements will not conform to the typical W section naming conventions used here:

e For Tubes , Flange Thickness and Wall Thickness will both be set equal to the tube's wall thickness.
rT is not used.

e For Pipe , Flange Thickness and Wall Thickness both equal the pipe's wall thickness. Flange Width

and Depth will both be set to the pipe's outside diameter. rT is not used.

For Channels , rT equals the distance from the flat face to the center of gravity of the section.

For Tees , rT equals the distance from the top of the flange to the center of gravity of the section.

For Double Angles, rT equals the spacing between the backs of the angles.

For Single Angles, rT is not used.

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Summary Tab

The summary area provides results of combining all generated moments about both axes with

axial load stresses. The three AISC interaction equations indicate the state of combined stresses

within the column.

e Formula H1-1 The result of applying the values calculated in the following section to AISC
interaction formula H1-1.

e Formula H1-2 The result of applying the values calculated in the following section to AISC
interaction formula H1-2.

e Formula H1-3 This is the result of applying the values calculated in the following section to
AISC interaction formula H1-13, and is only used for column selection if fa/Fy 0.15. When

©1983-2003 ENERCALC Engineering Software



290

ENERCALC

fa/Fa exceeds 0.15, this value will be displayed as N/A.

summary | Details | Sketeh | Printing |

Column Design OK

Combined Stress Ratios
Dead Load Live Load Dead+ Live DL + Shor

AISC Formula HT - 1
AISC Formula HT - 2
AISC Formula H1 -3 0.5793 0.3499 0.9083 0.4356

Axial & Bending Stresses...

Dead Live DL+LL DL + Short
Fa: Allowable 16.226 16.226 16.226 21.580 ksi
fa: Actual 1.394 0.916 2.310 1.394 ksi
Fhizo: Allow [F1-6] 21.600 21.600 21.600 28.728 ksi

Flizoeo: Allowe [F1-T] & [F1-8]
21.600 21.600 21.600 28.728 ksi

fb : xx Actual 3.058 1.350 4.201 3.058 ksi

Fhyy : Allow [F1-6] 27.000  27.000 27.000  35.910 ksi
Fhoyy : Allows [F1-7] & [F1-9]
27.000  27.000 27.000  35.810 ksi

b : vy Actual 9.599 B.234 15.717 9.599 ksi

Stress Check Comments....

33 Axis | Facalc'd per Eg. E2-1, K*LY < Cc

HH Ais o | Bearn, Major Axis, (102,000 * Ch/ Fyi® 5 <= LirT <= ($10,000 * Ch / Fyy®.
HH Axis | Beam, Major Axis, Fhoper Eq. F1-%, Fb=12,000 Ch Af /(] * d)

Y Axis | Facalc'd per Eg. E2-1, KALY < Cc

Y Axis | Beam, Minor Axis, Passes Takle BS, Fh =075 Fy per Eg. F2-1

Axial & Bending Stresses
This table presents the results for different combinations of loadings on the column and their resulting
calculated actual and allowable stresses.

Stress Check Comments
In this section, various messages will be displayed indicating what factors governed the calculation of
allowable bending stress. The internal AISC code checking system can evaluate allowable stresses for
all members EXCEPT SINGLE AND DOUBLE ANGLES. Although the program will calculate actual
bending stresses, THE DESIGNER MUST DETERMINE IF THE BENDING IS VALID DUE TO THE
UNEQUAL CROSS PRODUCT NATURE OF THE SECTION.

Details Tab
This tab present more details of the intermediate values calculated for the analysis of the
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allowable axial and bending stresses for the column.

Also given is the lateral deflections of the column for each axis as a result of applied lateral
loads and a moment applied from an eccentric axial load.

Summary Details |Sketch | Printing |

F'ex: DL+LL 123,277.0 psi F'ex: DL+LL+5T 163,958 4 psi
Flay: DL+LL 20,8371 psi Flay: DL+LL+ST 28 353.3 psi
Cry DL+LL 1.00 Chx DL+LL 1.00
Crmy DL+LL 1.00 Chy DL+LL 1.00
cmy DL+LL+ST 1.00 Chyx DL+LL+ST 1.00
Cry DL+LL+ST 1.00 Chy DL+LL+ST 1.00
Max ¥ Axis Deflection -0.065 in at 0240 ft

Max %¥-% Axis Deflection 0199 0n at 9460 ft

Stress Check Comments....

3 Ads - Facale'd per Eg. E2-1, KALY < Cr

3 Rds | Bearn, Major Awis, (102,000 * Ch J Fyit5 <= LT <= (510,000 * Ch ! Fyi™
3 Axis | Beam, Major Axis, Fhper Eg. F1-%, Fho= 12,000 Ch 20 (] * d)

" Axis | Facalc'd per Eg. E2-1, K*Lir < Cc

' Axis | | Beam, Minor faxds, Passes Table BS 1, Fh= 075 Fy per Eq. F2-1

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.
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Summary | Details  Sketch |F'rinting|

&xial DL = 6510k
Suial LL = 4280k

fiwial 5T = 0.00k
SN
(4
(3
—a

16.50 f

{1} 5 iz Dist Ld: DL=1.0, LL=0.0, §T=0.0 kMt 5.00-1;
£ iz Dist Ld: DL=2.0, LL=0.0, 5T=0.0 kAt 12,00
%’X-K Az Point Load: DL=1.0, LL=0.0, ST=0.0 k @ 2.0
Y A Point Load: DL=1.0, LL=0.0, 5T=00k @ 1E.0
{BpMwTop: DL=12.0, LL=0.0, 5T=0.0 k-t
%M wBetween : DL=12.0, LL=0.0, ST=0.0k-ft
Mw:Bottomn : DL=12.0, LL=0.0, ST=0.0F

Print Sketch

. Ak
. [ Kﬁrx o
L

e

Printing Tab

This tab allows you to control which areas of the calculation to print. Checking a box will signal
that the information described by the item will be printed. However, if there is no information in
for a particular selection it will not be printed. So these checkboxes are best described as "If
this particular area of the calculations contains data then print it".
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Summary | Details | Sketch Printing

Please select printout sections to he printed...
General Infarmation
Axial Loads
Lateral Point Loads
Lateral Uniform Loads
Applied Moments
Sumrmary
AISC Check Messages
Stresses Components

Analysis Values

U Y B B B B R B B B

Section Properies

Mote: When all are selected, the software will still omit unused sections

Sample Printout
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ENERCALC Engincering Solware
P.0. Box 188

Corona ded Mar, CA 92660

Violee: 949-645-0151

W enercalc.cmm

Tithe: ENERCALC Example Problems
Dagne: MDE

Job # 57000001
Date: 4.33PM, 26 0CTO3

Descnpthon : Coleclion of sxanple problems

Scope :

All programs in the Structural Engireering Library

| Use r- BIAHDE0000 1. U 15.8.0, 10-52 pL000
| 11 g Zome

190000 ENERCALLG Eig et an

Description

Steel Column

Axial Load w/ x &% Eccentricities

Fage 1
GAEGIER [ p RS S0A e Caks

| General Inform ation Code Ref ASC HhASD, 1957 UBC, 2003 1BC, 2003 NFPA 5000 I

Steel Section Widx159 Fy 3500 hwi XX Sideswary ; R e=imin=d
Duration Factor 133D T- Sldeswary R estrainad
Calumn H elght 18500 t E laslic Modulus 28,000 00 ki
Emd Fisxily Binfin M Uekar e 240000 w0 1.000
Live & Short Term Loads Mal Combined L Unbraced 18.500 ¢ Ky 1000
|Loads
Axial Load...
Dead Load G510k Eee. for ¥-¥ Axis Mom enls B00D in
Liwe Lesad AZED K Erc for vV &8s Mamens 14000 1
Short Tenm Load [
Poirt lateral Loads... 2L L ST Heigit
Alang ¥-7 ($ong pos mom 2nis) 1.000 [ 2000 #
Alang K- { ymamants § 1.000 K 16000 ft
Digtributed lateral Loacs.. L = Stat _Erd
Alang - 1000 5000 = 12,000 t
Alang xK-X 2000 12000 --» 15.000 ¢
Applied Mormants I
E-X Awis Moments LL Al ST
ALTOP 1200 K& Height
Betwezn Ends 1200 (15 14000 &
At BOTTOM 1200 [ 3
Summary Column Design OK
Secton : Wl4<139, Height = 16500, Axlal Loads DL= 6510, LL= 4230, 5T = DOOE, Ecc.= BADIN
Unbrasad Lengihe X-X = 18.50f, Y¥= 24001
Cambined Shress Ralios _Desd Vi DL = Ll DL+ ST+ (LU IfChagen
ASE Farmula H1 -1
ASC Farmula H1 -2
ASC Farmula H1 -3 05793 03435 0 2083 04356
XX Axis :Fa eale'd per Eq. E2-1, K'Lir <Ce
XX Axis : | Beam, Major Axis, (102,000 * Ch [Fy "5 == LkT == (510,000 * Cb IFy)*5 ,Fb per Eq F1-6
XX Axs ;| Beam, Major Axis, Fbﬁ Eq. F1-8, Fb = 12,000 Ch AF [ {1* d)
Y'Y Axis : Fa eale'd per Eq. E2-1, K'Lk =Ce
Y'Y Axis ;| Beam, Minor Axis, Passes Table BS 1, Fb= 0.7 Fy per Eq. F241
Stressas
Allowable & Actual Sliesses Dead L DLelL DL+ Short
Fa Allaweable 1823 ks 18.23 ks 18.23 k=i 2 5B ksi
far - Actunl 135 ks 0.52 ks 2.9 b 1.5 ksi
Fhowoe ;. Alow[F1-8] 21680 hei 21 B0 kg 21 .60 kei 2873 kei
Fleso: : Alow[F1-7] & [F18] 2160 ke 21 .60 ke .60 kei 2873 kei
fla - mx Actual 306 ksl 1.35 kd 4.20 k=i 306 ksl
Fhoyy : Alow[F1-5] 2700k= 27.00 ks 27.00 ksi 3591 ksi
Fhoyy : Alow[F1-7]14 [F148] 2700 k= 27.00 ks 27.00 ks 359 ks
fb : yy Achual GED ks 823 ks 1672 ks 360 ksi
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ENERCALC Engineering Software Tille: ENERC AL T Example Protlems Job # 57000001
P.O. Box 188 Degnr HMDE Date 4:33FM, 26 OCT 03

o H i 1
Corana del Mar, © A 92660 CRCAPHON | Colledion of esample prablems
\olce: 949.645.0151

5 o Al programs 0 the Struciural E ngnesnng Library
wanw. enercalc. com
1TH -
Usk © FVWOS00001, e 1 5,80, i0-5p-2003 Fape 2
1553-2003 EMEACALE Eilie sty Setane Steel Column oiwchieT anp ke eow e sl Ca

Description Axial Loadwi X &Y Eccentricities

| Analysis Values I
Fawx- DL+LL 123277 pa Cm:x OL+LL 1.00 Chex DL+LL 1.00
Flay: DL+LL 28837 pa om:y DL+LL 1.00 Choy DL+LL 1.00
Flaw: DL4LL+ET 163958 pd Ty DL+LL+ST 1.00 Chie DL4LL+ST 1.00
Flay. DL+LL+ST 33.353 pd Cm:y DL+LL+ST 1.00 Chy DL+LL=5T 1.00
flax ¥-¥ Axis Deflection DOESin o G240 Tlae - Asis Dedection 4.19%in ot 460t
| section Properties Wi 4x189 . ) i
Depthn 1458 n Weiaht 15R.E3 st == 1500 Blmd
ek 15 565 in Area 46,70 n2 l=yy 748 004
Wigks Thick 0.7450n Rt 4300 in S 253.672in3
Flangs Thickness 1.1500n S-yy 36.113In3
T BTN

Ty 4.002in

| Sketch & Diagram

sl BL= G5 1
Ao LL = a2 5k
AT
i g
|
(1]
0_""_g
.
=3
I
£ & &
g |
=3 O 3
E
e
ot v
]I T
-
=
r
-
=
e
> i e e ; BT, Lz, BT
() T Min Berbroon - DL 12, LL=4, D=4
(FrilivTap : DLeis, i Lol OF mllad
& P L F Al PNt Lowd; Dz, (izEg B zie @ dan

19 7% Adde el Load L= L 1S0% WS TR
12 -4 Aale ik L DLaZ, LL=Ow OT=0 kpd 2154
{1 a2 Aale Dokl = Dim, LL=0g GT=0 kpd 60 12

4.5 Composite Steel Beam

This program provides design and analysis of AISC steel sections acting compositely with
a concrete slab interlocked along its compression flange. Factors provided for in the
program include:
e The concrete slab can be either full depth or cast over formed steel decking, with rib
orientation perpendicular or parallel.
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e The concrete slab may extend past one or both sides of the beam.

¢ An optional steel plate may be attached below the bottom flange to allow
strengthening of existing beams.

e When formed steel deck is used, stud capacity reduction factors are automatically
calculated.

¢ Normal or lightweight concrete may be used for both design and deflection
calculations.

e Shear connector requirements are given at six locations along the span, based on
shear variations.

e Construction Only loads can be used to represent formwork that will be removed
after curing to allow full composite action.

e Both shored and unshored construction techniques are analyzed by the program.

You can load the simple span beam with up to 17 distributed loads and 15 point loads.
Distributed loads can be full or partial length, and all loads are separated between:

¢ Loads applied during and after construction (Dead Loads).

¢ Loads applied after 75% concrete curing (Live Loads).

e Loads applied ONLY before 75% curing (Construction Only).

Both shored and unshored conditions are examined for stresses and deflections. The
program determines deflections for both shored and unshored conditions. Also, the user
may specify different concrete properties for use in determining section properties for
deflection calculations, in addition to transformed section properties for strength analysis.

The program can use any section from the internal AISC databases. Also provided is
automatic member selection using criteria the user has specified.
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-'H( MERCALC chECSS\EXAMPLES.ECW - Composite $tee] Beam Derign
Composite Steel Beam Design

}:;:::’ T Help | T2l Design 55 peint £| P cancel W Save
Ganeral |Dead Loads | Live Loss | Const Loads | Soction Fress | Rests [seeich | Disgrrens | Friti |
Description art 2. Ribs Peipendicular, Shawing Auto-Design e Im Chs Im I Reactions |Hﬂ'hﬂ'l=>8¥ﬂr=.*ﬂ€|
0K Shored & Unshored
Stress Checks for Shored & Unshored Cases...
BaamSpan. ... ... ... ... ... .. | 60,500 g ft
Heam Spars | §| ft :
it R SR i & Bottom of Beam 2093 H9N0 i

Boam Location .. ................. = Center " Edga Linshored DL Stress 210029 235933 psi
Partial CompasieAction ... l Actial Shear Stress 393648 14 4000 psi
__StesiSection || WAGK143 Eefbud S GHickiss
Slah & Shear Studs... {MdiiSe + MilSirans) 28 134 E 324000 pai
Slab Thickrass = s | 6.500 E in MWl S Strans(tog) 343 4 18000 psi
Stud Diamater. ...l I 0.750 E in Afternate Unshored Stress Check @ (Mdl + Wl f Ss

Stud Heahl o 4,000 E in J3EE54 27 3800 pa
Metal Deck Data

Dack Rl HBIGHE .+ + 2 s e e e s e nases ,m in Shored Concrate Stress Check. . (Mdll+ MIF /£ (Strans:top = &} ;

: £ 4 7212 18000 psi

et el e R R E R e R S R el 16. 000 ﬂ in

RibWiIdh - e e R e R 10.000 ﬂ in

Hib Qrientation . . . . ...... & Pempendicular ) Parallal
Material Data...

E ¥ R e F e e e ol 360 2| Ksi

L e A e s I 4.000.0 E pel

Concrete Dansdy . . .oocovvvvinnian I 145.00 g pef

Elastic Modulus . ... 00000 29.000.0 ks

Basic Usage
e Enter Beam and Slab Data

e Enter the beam span to be used for calculation of moments and deflections, and the
spacing between beams to be used for calculation of effective slab width.

e Enter the total slab thickness (distance from top flange to final surface). When metal
deck is used, enter the data to describe the deck ribs. This will be used to calculate
transformed section properties.

¢ Location should be set to 1" when the concrete slab only extends past one edge of the
beam. To achieve the greatest economy of design, Partial can be set to YES to enable
calculation of the minimum number of connectors allowable to achieve the minimum
interlock to satisfy stress requirements.

¢ Enter Design Data. This sections allows you to enter the allowable material strengths
for beam, slab, and shear connectors. Stud height will only be used when metal deck
stud capacity reductions are required.

e Applied Loads :

¢ Uniform loads apply to the entire span. Trapezoidal loads MUST BE POSITIVE , but
can be of any starting and ending magnitude and any start or end location. Point
loads may applied anywhere on the span.

¢ Loads Applied Before 75% Curing are dead loads that will be applied to the beam
for the duration of its life. If the beam is shored, the dead load will be applied to the
composite section, not the beam alone, since all loads will be supported by the
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shores until curing has reached 75%.
e Loads Applied After 75% Curing are typical live loads applied after the concrete has
cured.
¢ Loads Applied During Construction are applied to the beam only during curing, and
are taken out of the calculations for final, long term stresses. When the beam is
shored, this type of load has no meaning.
¢ Section Properties can be entered by using the built-in section property databases.
Please see the following two sections on using this capability.
e Reviewing Forces and Stresses. In the Summary section of the worksheet the actual
and allowable bending and shear stresses will be listed. Also, various moments, shears,
deflections and reactions due to six load placement conditions will be given.

Unique Features

¢ User may have the program automatically select the lightest section from the AISC
section database.

¢ An additional steel plate can be added to the bottom flange of the beam to
strengthen existing sections.

e The program allows the use of lightweight concrete. Different n values are
calculated to determine section properties for strength design and for deflection
calculations.

Steel Section Database
Built into the software is a complete database of common rolled sections available from
various mills in the United States. On each tab labeled #1, #2, etc. there will be a button
that looks like this:

Steel Section

This button displays the steel section database as shown below.
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Steel Section Database

—Section Type to Display —5Steel Database
W HF JR C T5 HSS-T L WT ‘F AISCHth  AISCEth ¢ AISC?th © AISCEth € Karean

S M B MC P HS5-P LL MT

wWF BP JRC ST ‘ Square Rectangular ‘

4 W : :
Nare |area | Depth |width|sx [ | sy Jw |0 | SedinBiis
Section Hame Area Depth Wall Thickness | S Fisnt Zx |-
inZ? i i ind in3 in ind ||
TS2u263/ME 1.270 2.000 01aa 0.668 0.668 0726 0E
TS2u2x1 /4 1.590 2000 0,250 0.7ER 0.7E6 0.694 1.0
TS2x245/26 1.860 2000 033 0.8a0 0.880 0.690 11
TS25x2 5u3/1E 1.640 2500 01aa 1.420 1.140 0.530 1.4
TS25x2 5ul1/4 2.080 2500 0.250 1.690 1.350 0859 1%
T52.5425:5/16 2110 2500 0313 3.580 2390 1.070 1.5
TS533NE 2.020 3.000 01as 2,800 1.730 1.130 21
TS33x1/4 2530 3.000 0.250 3160 2100 1.100 2E
TSm3xEE 3110 3.000 033 3580 2.390 1.070 ar
1 /15 2390 3600 IR 4.290 2.450 1.340 2.5
T53.5:3.5:1/ 3.090 3500 0,250 B.2490 3.020 1.310 3%
TS3.5x3.5u5/16 3730 3500 033 E.090 3.480 1.280 4.7 a
TSdxd4x3116 2770 4.000 01aa E.590 3.300 1.540 s Modif
TS dudy1 /4 2590 4.000 0.250 8220 4110 1510 4t Hoaly
T54x445116 4,360 4.000 033 9,580 4,730 1.480 7
TSdudeasa 5.080 4.000 0375 10.700 5.350 1.450 B
TSdudu1 /2 B.360 4.000 0.500 12.300 E.130 1.280 ar
TS54 Fxd Bu3/1E 3140 4 500 01aa 9.600 4.270 1.750 AL
T54.504. 5174 4.090 4500 0,250 12100 R.3E0 1.720 E.:
TShubw3/ME 3520 5.000 0182 13.400 5360 1.950 B2
TShubR1/4 4 530 5.000 0.250 16.900 E.780 1.820 ar
TShuRxEME RE1D 5.000 0313 20100 8.020 1.880 93 x
TR e A I I I | -l (i
[T Depth Range: [T Class Range:

On this window there are various controls and options.....

Steel Database : Allows you to select between several common shapes databases.

Section Type to Display: Allows you to select which steel section designation to display in the list.
These shapes conform to the American Institute of Steel Construction shape designations. To make your
selection simply move the mouse over the letter(s) and when the highlight activates left-click once with
your left mouse button.

Depth Range: This item allows you to specify depth limits to be used for selecting which sections to
display in the list. When the checkbox to the left is not checked the selection wording and entries will not
appear and all sections will be displayed. These dimensions are compared to the "Depth" dimension of the
sections.

Class Range : This item allows you to specify the limits in "Depth Class" to be displayed in the table. The
"Depth Class" of a section is the first numeric number in the sections name. For instance a wide flange
W14x22 is in depth class "14". a channel C9x15 is in depth class "9", and a L5x3x1/4 is in depth class "5".

Equal & Unequal Legs : These two buttons appear when you have selected section type "L" which are
single angles. The limit the display of the list to angle with equal dimension or unequal dimension sides.

Equal Legs, Long Leg Vertical, Short Leg Vertical: These three buttons appear when you have
chosen to display section type "LL". These control the display of sections between pairs of angles with
both sides of equal length, of unequal side length angles paired with the LONG side together, and unequal
side length angles paired with the SHORTside together.

Square & Rectangular Tubes: These two buttons appear when you have chosen section types TS or
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HSS-T. These are square tubular sections. You can choose to display only square tubes or alternately
tubes with unequal sides.

Sort Tabs for Database Table : Immediate above the database list of sections you will see tabs looking
like this....

When selected each tab will sort the list in the order described by the text on that tab.
Sort order : These two buttons allow you to chose the list order of the sections. The sorting order will be
according to the sort tab selected and shall be in ascending or descending order.

Database Table Itself : The main area on the window will be where the steel sections are displayed as a
result of all of your choices as described above.

[Select] : This button is displayed when you have clicked on the [Section] button when you press
[Select] the section in the list that is currently highlighted will be selected and the name and data brought
into your calculation.

[Insert]: Use this button to add a steel section to the database. When pressed you will see the following
window:

Mew Steel Section Data Entry |

section Mame I MyVeryOwn 4x12 Tube
Type | s B
Depth Class | 36]
AISCHandbook Ediion | AISC9th [~

Area I—l] inz [ I—l] ind
Depth I—l] i [ iy I—l] ind
Flange Wicith [ o

Flange Thickness l—l] in o I—l] in
YWweb Thickness I—l] in Yo I—l] in

Cancel OK
X v

The only really important item to enter is the "Type" item. This specifies what standard
rolled section type your section is. This item is used internally by the program to decide
which stress analysis method to use for determining the sections allowable stress, how
to consider unstiffenned elements, and many other code checking items.

[Change]: Will display the same window as above but allow you to change section properties.
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[Delete] : Will enable you to delete sections. Note: No sections in the supplied database can be deleted.
Only Sections that you ad can be later deleted.

[Cancel]: Exit the steel database window.

ASD Design Modes
Allowable Stress Design as specified by the American Institute of Steel Construction is
provided by this program. Only screen captures and descriptions for ASD are presented
in this book. Check these locations for electronic media:

¢ Latest Adobe Acrobat PDF documentation file here:
ftp://208.36.30.226/sel5.pdf.

e Latest Windows Help system file here : ftp://208.36.30.226 /enercalc.hip.

e Internet HTML help documentation presented as web pages at
www.enercalc.com/sel_help.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
All of the information for the beam design except for loading is entered on this tab.
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Genersl |Dead Loads | Live Loads | Const Loads | Section Props

Description Part 2, Ribs Perpendicular, Showing Auto-Design

BeamiSpansas s I 60.500 3: ft
SRS R e I 18.000 3: ft

Beam Location . ... ... L & Center ¢ Edge
Partial Composite Action .. ... ... ... H
Steel Section | [ WA0X149

Slah & Shear Studs...

Slab Thickness . .. .. ... ... ... I 6.500 3: in
Stud Diameter . .00 I 0.750 3: in
otud Height ..o o I 4000 3: in

Metal Deck Data

LBl e I 2 500 3: in
R S DaCINg e e e I 16.000 3: in
B s e e e I 10,000 3: in

Rib Orientation . . ... ... .. @ Perpendicular " Parallel

Material Data...

F¥ocneenmnnnnnnnnsssnnnnnnns | 36.0 4] ksi
P B T T T T T T T T T T I 4 000.0 3: pEi

Concrete Density .. ... ... ... .. ... I 145.00 3: pcf
Elastic Modulus . ... ... L. I 290000 ksi

Beam Span
The beam span length is used for determination of effective flange width and evaluation of moments

and shears.

Beam Spacing
Enter the center to center spacing for the beam to be used to determining effective flange width.

Beam Location
This specifies whether the beam is an interior beam with slab extending a distance of (Trib Width)/2
on each side of the beam. If beam to be designed will have slab on only one side select "Edge". If the
slab extends on both side select "Center". This item will be used to determine the effective flange
width for the composite section.

Partial Composite Action
Designer may choose whether or not to use a reduced shear force if transformed section modulus
supplied is greater than that required. If user does not use partial action, shear force calculated from
AISC equations 1.11-3 & 1.11-4 is used to determine connector requirements.

Steel Section
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This is where you specify the rolled steel section to be used in the design. There are two ways to
enter & specify the section.

e Use the [Section] button to retrieve the section from the built-in steel database. See the description
given previously for more information.

e Type in the section name and the program will automatically look through the database for a match.
Upper or lower case is fine. If found the name and numeric section properties will be retrieved into
this calculation. The numeric properties will be seen on the "Section Properties" tab.

Slab Thickness
This is the TOTAL THICKNESS of the structural material over the top of the beam. If you are using
metal decking with concrete fill this thickness is the deck height plus concrete topping.

Stud Diameter
The diameter of the shear studs is measured at the base, not the maximum head diameter. This
dimension is used to calculate stud capacities using internal tables and reduction equations if metal
deck is used.

Stud Height
The stud height is used to calculate stud capacities when metal decking is used.

Metal Deck Notes
When metal decking is used, the program automatically decides what concrete area is to be used.
When the deck ribs are oriented parallel to the beam, the total actual concrete area (based on the rib
dimensions and effective flange width) is used for calculations. The center of area is adjusted for the
area distribution as it occurs (it varies due to ribs). When ribs are perpendicular to the beam, only the
concrete area between the top of the slab and top of the ribs is used.

Deck Rib Height
Rib height is the total depth of the metal decking (distance from the top flange of the beam to the top
surface of the decking). Used along with Rib Spacing and Rib Width to determine the net concrete area
for composite section properties.

Rib Spacing
Center to center spacing of the metal deck ribs. This is used with Rib Height and Rib Width to
determine the net concrete area for composite action.

Rib Opening Width
When viewed from above the decking, this represents the width of the CONCAVE section of the metal
deck which will be filled with concrete. Used with Rib Height and Rib Spacing to determine the net
concrete area for composite action.

Rib Orientation
This entry indicates if the metal deck ribs are parallel with the steel beam. If parallel, the transformed
section properties will include the concrete area within the Rib Opening Width areas. If perpendicular,
that area will not be used. Also, shear stud reduction factors will be used.

Fy
Indicates yield strength of structural steel to be used. For unshored construction, .89 Fy is used as a
maximum allowable steel stress for service loading conditions.

f'c
Indicates design strength of concrete to be used. Allowable compressive stress for design at top of slab
is limited to .45 f'c.

Concrete Density
Density Unit weight of concrete, and is used to determine the n ratio to be used in calculation of
transformed moment of inertia, to be used in deflection calculations.
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Elastic Modulus
Although rarely does this need to be changed, enter the elastic modulus of the steel material.

General Information About Loads
¢ Negative loads should not be entered. Negative moments will cause tension in the concrete,
which is not acceptable in this program!!

e For SHORED conditions, no load is applied to the steel beam alone. Upon removal of the
shores when 75% curing has been attained, all load is transferred to the full composite
section. Construction Only loads are meaningless and never used.

e For UNSHORED conditions, the steel beam alone supports the BEFORE 75% loads and
Construction Only loads. You Must Insure Adequate Lateral Support Of The Compression
Flange So Lateral Buckling Does Not Occur. When the shores are removed, the Construction
Only loads are assumed to be removed, and the full composite section takes live loads.
Theoretically, when the Construction Only load is removed, the beam deflection decreases,
thus causing tension in the concrete. This Effect Is Ignored By The Program.

Dead Loads Tab
"Dead Loads" in this program are Loads Applied BEFORE 75% Curing. These loads are
considered typical dead loads, placed on the beam for its entire life.

Auto Calc Beam Weight uses the area of the beam and standard density of steel PLUS the
area of the slab (considering metal deck ribs if used) and entered concrete density to add in the
total beam weight as a uniform dead load on the span. (This is done internally).

Load locations are measured from the left support going to the right.
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General  Dead Loads |Live Loads | Const Loads | Section Props

These loads are applied BEEFORE concrete
curing and are long term loads.

Auto Calc Beam Weight | |

Full Span Uniform Loads...
#1 | 1.750 il kit Hote!
i3 I il k fft Weight of concrete slab

: must be entered as an
i I EI kit applied dead load.
#4 | il k/ft
Point Loads...

#1 0.650 il k Location I 20.000 3: ft
#2 0.650 il k Location I 40,000 3: ft

|
|
#3 | il k Location I 0.000 3: ft
|
|
|

#4 il k Lacation I 0.000 3: ft
#5 il k Lacation I 0.000 3: ft
#5 il k Location I 0.000 3: ft

Trapezoidal Loads...

i) Left g Ricght Start End

#1 | - ikt | o003 E]I]ilﬁ

- [

| | Hut [ oooE=] o000t
| | Hut [ ooo =] o000t

Live Loads Tab

"Live Loads" in this program are Loads Applied AFTER 75% Curing. These loads are considered
typical live loads that may or may not be applied to the span
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General | Dead Loads  Live Loads |Const Loads

These loads are applied AFTER concrete
curing and are long term loads.

Full Span Uniform Loads...

ilk

#1 | [T 4] kit
#2 | 4] kit
#3 | 4 kit
#4 | A kit
Point Loads...

#1 | 0.310 3 k
#2 | 0.310 3 k
#3 | & k
#4 | + k
#5 | + k
#B |

Trapezoidal Loads...

i L eft

i) Right

1 3]

| 31

=] 31

Laocation
Laocation
Location
Location
Location

Location

Section Props

[ 20.000 3]t
[ 0000 3t
[ oooo 3t
[ oooo 3t
[ oooo 3t
[ oooo 3t

Start End
[ ooo§=] o003t
| o003 =| o004
| o003 = o004

Construction Loads Tab

These loads are only considered for UNSHORED construction. These loads cause dead

load stress in the STEEL SECTION ONLY. When the concrete has attained 75% curing, these
loads are assumed to be removed and only the other two types of loads will be used. These

loads are ignored for shored construction.
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General | Dead Loads | Live Loads  Const Losds |Section Props

These loads are applied BEFORE concrete
curing and are REMOWVED afterward.

Uniform Loads...
#1 018020l Location | 0,000 il ;,;,l E0.500 ilﬁ

#2 | 3: kAt Location | u_uuuil}}l u_uuuilﬁ
#3 | = kit Location | o0.000 3 == o0.000 3f

Point Loads...

#1 | 3: k Location I 0.000 3; ft
#2 | 3: k Location I 0.000 3; ft
#3 I 3: k Location I 0.000 3: ft

Section Properties Tab

This secondary tab is where the steel section properties are listed. The properties shown here

are used for the calculation. Also given are the calculated transformed section properties for the
beam
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General | Dead Loads | Live Loads I Const Loads  Section Props I

Steel Section WwinX149

Depth | 38.200 in
YWidth 11.810 in
Flange Thick 0.830 in

YWy'eb Thick I 0.630 in
Area I 43.80 inZ
Wiieight I 148 78 #t

lxx . Steel Oinly | 9.780.00 ind

Optional Bottom Flange Cover Plate...

Plate Width I 3: in
Plate Thick I 3: in

Transformed Sction Properties...

l-steel g 780.00 ind
o steel : top 512.04 in3
= steel : bottom 512.04 in3
| transformed 26,324 27 ind
Strans : top 271071 in3
Strans : bot 752,36 in3
otrans ; eff @ bot 752,36 in3
n*otrans © eff @& top 21 806.0 in3
X Axis from Bot 34.99 in

Wh g 100% 788,40 k

Optional Bottom Flange Cover Plate
These two entries allow you to add a steel plate to the bottom flange of the beam. Many times existing
beams are strengthened by raising up the beam to release loads, welding on a plate to the bottom
flange, and then releasing the beam so that the cover plate comes into play creating different
transformed section properties.

I-Steel
Moment of inertia of the entire steel section (with added cover plate), but not including concrete area.

S-Steel-Top
Section modulus of steel section with added cover plate (not including concrete area), for calculation
of top of beam stresses.

S-Steel - Bottom
Section modulus of steel section with added cover plate (not including concrete area) for calculation of
top of beam stresses.

I-Trans Effective
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Transformed moment of inertia of the section when concrete slab is combined with the steel section
(and optional cover plate). Used to determine the transformed section modulus and for live load
deflection calculation. If partial composite action has been specified, this value is adjusted for the
effect of partial composite action

Ieff = Isteel + [(Itrans-Isteel) * (V'h/Vh)12]

Where V'h is the adjusted shear stress based on the number of shear connectors used. If partial action
has not been specified, the full value of Icomposite is used.

S-Trans Top
Transformed section modulus at top of steel beam. This is used to calculate n*STR for use in
calculating concrete stresses.

S-Trans Bottom
Transformed effective section modulus including concrete area and optional cover plate. Also used to
determine partial shear force when S-tr required is less than S-tr supplied for calculation of required
number of shear connectors.

Actual STR Effective
This is the actual STRANS being used. The effective transformed section modulus is the calculated
STRANS modified for partial composite action (i.e. for a reduced number of shear studs).

n * S-tr Top
Modular ratio Es/Ec times the transformed section modulus at the top of the composite section (top of
the slab). Used to determine the service load concrete stress (which should be less than .45 f'c).

X-X Axis Bottom
Distance measured upward from the bottom of the steel section (not bottom of the optional cover
plate), to the neutral axis of the transformed section. Used only to determine transformed section
modulus of the steel section.

V-Horiz @ 100%
Horizontal shear, calculated as the minimum of AISC equations 1.11-3 and 1.11-4:
0.85 * f'c * Ac/2 -or- AS * Fy/2.
Used to calculate required shear connectors unless partial composite action is allowed.

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results / Results Tab
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Results |Shear Studs | Deflection I Reactions i Momerts, Shears, Misc

OK Shored & Unshored
Stress Checks for Shored & Unshored Cases...

Actual Alloweable
i@ Bottom of Beam 2259323 239598 p=i
Inshored DL Stress 21,002.9 23.999.8 psi
Actual Shear Stress 35935.8 14, 400.0 psi
Unshored 5tress Check....
(hldliSs + MIStrans) 29024 6 32,4000 psi
Wl f Strans(top) 343.4 1.800.0 psi

Alternate Unshored Stress Check : (hWdl + M £ S=
33 F95 4 27 3600 psi

=hared Concrete Stress Check.. ihdl + MID / (Strans:top ™ n)
7912 1,800.0 psi

Stress Checks for Shored & Unshored Cases
The stress checks in this area MUST BE SATISFIED if the beam is to be used at all. These are basic
stress checks for composite beams.

@ Bottom of Beam
This value is the maximum stress if both loads applied after 75% curing (but not construction only
loads) are applied to the fully composite section.
Stress = (MDL + MLL)/ STRANSFORMED

Unshored Dead Load Stress
This stress results from applying Loads before 75% and Construction Only loads to the steel beam
only. This is the maximum moment the steel beam will have to support by itself. (You need to check
the beam for lateral buckling and compact section criteria).
Stress = MDL/ SSTEEL

Actual Shear Stress
This is the maximum shear stress in the beam web from all combinations of applied loads.

Unshored Stress Check

The stress checks in this area MUST BE SATISFIED if the beam can be constructed without shoring.
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This section provides information checking whether or not the section can be constructed as an
unshored member, (1.35+.35MLL/MDL)*SS

This value is the maximum allowable Strans that can be allowed to determine unshored stresses. This
equation effectively limits the steel beams tension stress to 0.89 Fy. You will notice that the stress
check (below) compares the actual maximum unshored steel stress against 0.89Fy.

(Mdl / Ss + MIl / Strans )
This equation calculates the maximum steel stress at the bottom of the member for unshored
construction. This stress must not exceed 0.89Fy.

MIl / Strans(top)
This equation calculates the maximum concrete compressive stress for unshored construction.

Alternate Unshored Stress Check
This check compares the load combination (Mdl + Mll) / Ss, the total moment divided by the steel
section modulus. If this stress is OK, the applied loads will not overstress the steel section acting alone,
therefore composite action isn't really being taken advantage of (except for deflection control).

Shored Concrete Stress Check

(MDL + MLL )/(STR:TOP*n) : This equation calculates the maximum concrete compressive stress for
shored construction.

Results / Shear Studs Tab
This section gives details of the shear connector requirements, and allows you to specify the
actual number of shear connectors used when examining an existing beam.
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Resuttz  =hear Studs IDeerctin:nn IReactin:nns |ru1n:|ments, Shears, Mizc

Actual # Studs | m 3: per 1/2 heam span

Stud Capacity 13.30 k

Total req'd 1/2 Span 60 studs

Wh @ 100% 70840 k

“'h:rnin 70840 k

Yh o Used 78840 k

Zaone 1 from 0000 f  to 10083 f | Use 20 studs
Fone 2 from 10083 ft to 20167 ft |, LUse 18 studs
Fone 3 from 20167 ft to 30250 % | Lse 22 studs
Zone 4 from IN250ft to 40333 f , Use 19 studs
Fone 5 fram 40333 ft to SOMM7 ft , LUse 21 studs
Zane B from S0M7 ft to BOSOOfi , Use 20 studs

Actual #Of Shear Studs Used

This is an optional entry, and can be used when you want to analyze an as built beam. If this entry is
0", the program calculates the required number of studs, and the shear stud spacing values reflect that
force. If you enter the actual number of studs per %2 span in this location, that number will be
multiplied by the allowable shear connector capacity and the result shown as Shear Force Used For
Connector Design".

Vh @ 100%

This is the maximum horizontal to be resisted (by code), calculated as the minimum of AISC equations
1.11-3 and 1.11-4:
0.85 * f'c * Ac/2 -or- AS * Fy/2.

Vh Minimum

When partial composite action has been allowed, this value is Vh @ 100% adjusted by the formula:
V'h=Vh*[(SREQ'D-SSTEEL)/(STRANS-SSTEEL)] 2

This force is the minimum force which the connectors should be designed to resist. If no entry has

been made for OPTIONAL ACTUAL STUDS....., the shear stud spacings will be listed for this value,

otherwise Shear Force Used For Connector Design (below) will be used to determine spacings.

Shear Force Used For Connector Design
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This is either the maximum value of either Vh Minimum or Vh @ 100% adjusted for partial composite
action (see above), or if a non-zero number has been entered for Actual Number of Shear Studs, that
value is multiplied by allowable connector capacity and used.

Total Studs Required
The shear force is divided by the individual connector capacity to determine the number of connectors
required between the point of maximum shear and zero shear. If partial action has been chosen, the
adjusted shear force is used, otherwise the result of AISC formula 1.11-3 & 1.11-4 is used.

Shear Connector Table
This table lists the shear connectors required between the distance ranges shown.

Results / Deflection Tab
Deflections for both shored and unshored conditions are listed. The deflections are calculated
for various combinations of loads at 250 points along the span, and the maximums listed.

Results | Shear Studs  Deflection IReaminns |h-1:::ments,5hears,ru1isc

| : Transformed 26 3583.43 ind
| : Effective 26 353.43 ind

{ Mate: ILEff for deflections wses concrete weight for modular ratio "n" )

Deflections

shared Unshored
Before 75 % Curing 0.701 in 1.890 in
Canstruction Loads Only 0.071 in 0.181in
After 75% Curing 0.537 in 0.537 in
Total Uncured Deflection 0.772 in 2.081in

Length/Defl. Ratio . . . . .. 5409 J48.5
Composite Deflection 1.235 in 2427 in
Length/Defl. Ratio. . . . .. 5863 2991

I-Transformed
This is the overall transformed moment of inertia before any modification has been made for partial
composite action.
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I-Effective
Transformed moment of inertia after allowance has been made for partial composite action.

Results / Reactions Tab

This tab gives the support reactions for various combinations of dead, live and construction
loads.

Results | Shear Studs | Deflection  Reactions M-:uments,Shears,Misu:I

Reactions...

Load Combinations.. .. Lett _i@ Right
Dead + Constuction 5904 k 5903 k
Composite 41,15 k 41.14 k
hax DL + LL 9474 k 94 73 k

Results / Moments, Shears, etc. Tab
This tab displays a breakdown of the moments & shears for the various combinations of load
types.
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Results | Shear Studs | Deflection iReau:tiu:uns Moments, Shears, Mizc

Mazimum Moments

Dead Load Alone

Dead + Const
Live Load Only

Dead + Live

Support Shears
Shear & Left

shear @ Right

Fbo: Al
n . strength

r : Deflection

813.84 k-t

89620 k-ft
523.94 k-ft

1.437.79 k-t

84,74 k
ST A I

23.76 psi
5.04

7 .96

Effective Flange Width. ..

Based on Beam Span
Based on Beamn Spacing

Effective Width

19125 1t
15.000 ft

15,125 ft

Const. Only

315

This values is due to Loads applied Before 75% and Construction Only Loads being applied to the

beam.

Const. + Composite

This values is due to Loads applied Before 75% and Loads applied After 75% being applied to the

beam.

Max. Shear

This value is the maximum shear at each end due to all combinations of loads.

Effective Flange Width
Based On Span
Center Beam Location
Edge Beam Location

Based on Beam Spacing
Center Beam Location
Edge Beam Location

SPAN/4
SPAN/12+Bf

BEAM SPACING
(BEAM SPACING + Bf)/2
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Effective Width
The effective width is the minimum of the above three equations.

Sketch Tab

This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.

Fesuttz Sketch |Diagrams |F‘rir|ting |

Print Sketch

0.ESk 0.ES

-Dead Loads-- + +

1.75 kaHlIIIIIIHF-THHHHHHFWHHHHHHHHHE kit
v

-Live Loadz-

13 kAR b b b R L35 o

-Conztriction

vk L TP TR TR o6

! B0t 1

M : Dead Load = 813.84 k-ft
M DL+ LL = 143773 k-ft
b aw. Shored Deflection = 1.2383 in
Euncrﬁéﬁﬁ:}%nz k Ma:-: Unzhored Deflechion = 24273 in Rr=94727k
£ B B B B B

Area Between Ribs

Diagrams Tab
This displays a moment, shear, and deflection diagram for the beam with the applied loads and
end conditions. Note the two tabs...."Graphic Diagram" and "Data Table". The Data Table tab
provides the entire internal analysis at the 1/500th points within the beam.
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Resuts | Sketch Diagrams |printing |

Print Diagram |

1.

G2

Graphic Diagram |Data Table |

1,437.79
1,294.1
1,160,232
1,006.45
—B62AT

PUFAER-
=ETEL

.

Bending Momients

4032

1223

G035

LA

48,32

3614

Location 11t

F.a8F 2206 32003

=]

Location 11t

4223

2614

27 2%o5 3005

17

Fa

1

1

RS

':‘Shearﬁ'ﬁa

tion

=701

(LN
-0.14
-0.23

0.41

0.55

0.6

0.23

0.96

-1.10

124

Beam
Defle

1

C

Location 11
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Results |Sketu:h Diagrams |F‘rir|ting I

Graphic Diagram Data Table |
Locatian MWarment sheat arDeﬂeciI
00000 (.0000 24 7424 | 00000
04033 A7 9608 93 4026 | 00264
02067 5173 92 2422 | 00528
1.2100 112 3696 909818 | 00792
16133 148 8175 2 7HE 0055
2mey 184 7811 38491201312
24200 220 2004 g7 2408 01580
28233 205 1354 859006 | 0184
22267 285 5661 84 7402 [ -0.2101
2B200 223 4925 224899 02360
40333 356 9146 822396 (02618
4 4367 2808324 209892 | 02875
4 5400 427 2460 FAT389(-0.3130
52433 454 1552 724880 | 03384
5 B4EBT 485 5801 72382 03636
& 0500 516 4607 FH 9879 | 03886
54533 546 8570 F4 7376 04135
B E2RET EYR 7440 724872 04281
72600 GOG 1367 722368 | -0 4625
T BRI B35 0201 FO 9260 | 04868
0eey BE3 3992 Ba.7362 | -05107
24700 Ba1 2740 B2 4850 05344
RN |

Printing Tab
This tab allows you to control which areas of the calculation to print. Checking a box will signal
that the information described by the item will be printed. However, if there is no information in
for a particular selection it will not be printed. So these checkboxes are best described as "If
this particular area of the calculations contains data then print it".
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Results |Sketu:h !Diagrams Prirting

Please select printout sections to be printed...

Cesign Input

Dead Loads applied befare ¥5% curing
Live Loads applied after 759% curing
Construction Loads

Summany

Shear Studs & Shear Transfer
Ceflections

Feactions

Analysis Yalues

Section Propeties

Sample Printout

S NIE Y Y S B Y Y B IR

EEE

319
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ENERCALC Engineering Software Tithe : EMNERCALT Exanple Problems Job # 47-000004
P.0. Box 188 Dsgm: MOE Date: S.29PM, 260CT 03
Corona del Mar, CA 92660 Description : Collection of e ample problems
Virice: 349-645-0151 S0 A programs in the Stiuctural Endgneaning Libeary
www.enercale.cam
Feru: S0
e Faga 1
%m%mﬂhﬁﬁﬂﬁn COH’IPGS“E S'IEE| BEIITI olecEiemamplessow: eel Cakes I
Dasc I“IP'IIU il Part 2, Ribs Perpendicular, Sh nwlng ALra-Des) gn
Design Input Code Ref AISC ShASD, 1957 UBG. 2003 IBC, 2000 NFPA 5000 I
Section Mame WHOK 140 Fy 36,00 ksl
Beam Span 60,500 ft fe 4 000.00 psi
Eeam Spacing 18000 ft Concrets Densty 145,00 pcf
Slab Thickness 6,500 im Stud Diarmeter A750in
Deck Rin Height 2500 in Stud Heighe 4000 in
Rib Spacing 16000 im Beam welgnt mot added
Rib Width 10000 im Using Full Composite Action
Rib Orizntation Pempendicular Elaslic Modulus 20 D000 ksi
Beam Location Slab Bolh Sies
| Dead Loads { appiied before 75% curing!

ull Span [ 5
#1 1.750 kit #1 0650 k 20 Dadft
#3] ht #1 0650 k 40 000t
|Live Loads  (apoiied after 759 curing) I
Funll Spin Uniform Load s, Point Loads...
#1 1.350 Wit #1 G0k 20 oo
#] kit #1 a0k 40 DOa
Construction Loads j
Pl Loads... Unifomn Loads...
#1 K n #1 0180 kM = aos0an
OK Shored & Unshored
U=ing: W4 D149, Span= G0.50f, Sia Thickness= &500in, Deck Rib Ht= 2 50in, Rib Spac= 18.00in, Rib Width= #3%in w Slab Bpth Side
Stress Chicks for Shored & Unshored Casos..,
&) Bottomn of Beam Acdual = 22,932 .3 psi Allwable= 238998 psi 0K
Unshored OL Stress Actual = 2100219 psi Allowablz= Z39598 psi [
Actual Shear Stross Actual = 35365 8 psi Allowable= 14,4000 psi 0K
Unghored Stress Check..
MdliSs + WMilFSirans) Aciual = 22024 6 psi Allowable = 324000 psi 0K
MIl ¥ Stransitop) Actual = 343 4 psi Allwable= 18000 psi 0K
Alternate Unshored Stress Chack - (Mdl+MIl} / Ss 33/954 27 3600 psi
Shored Concrate Strass Check....Mdl +MID S (Stranstop * n) 7912 18000 psi

Yehear Studs & Shear Transfer

a2 V| 1 A7 A

Tostol =]l 1.2 Span 6 ek 00 Ry Ha I
wiz 1l 0o i IVi83E e 2Doduzs
Zots i ! i 2 e duis
Zuiz il n A 22 dus
Zutz iy 1 I . e »odus
TP (1] 1 K 21 A
Zoiz iy 1 I Ldse 2T ducs
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EMERCALC Engineering Software Title : EMERCALC E xainple Prablem s Job & 87-D00001
P.O.Box188 Dagnn MDE Date: 8:29FM, 26 0CT 03
- . i iption : ¢ g
Corona del Mar, CA 92660 escription : Collection of example probiems
Voice: 949.645.0131 Seope: Al program 2 imthe Studural Engineening Library
P e
s, enercal c.oom
| n::i'ﬂgum1 Wars A0, 10-58 p20ds c ite Steel B Page 2
o 1A 0 HIE‘JZEFI.IL'E hﬂllr‘mf-ﬂ DmpDSI & ee eam L% 58 W A R DR S e Caks

Description Part 2, Ribs Perpendicular, Shawing Auta-Design

| Deflections
| - Trensformed 6B 4T nd |- Eff=cgre= 26 36D 45ind
Shored Wi bk sl
Before T3 % Culing Q.70 in  (ater shores ran owed ) 1.880in
C enstructian L eads Only a.071 in 0191 in
Ater 75% Curirg 0.537in 0.3537in
Tolal U neuied D electian 0.772in ! L1 940.% 2081 in L! 3488
Composile Deflection 1.23Bin : L/ SBG.3 2427 in L+ 2ead
'Reactions I
Lozd Combinations. @ Led & Right
Dead « Constuction 59.04 k G303k
Com pasite 4115k 41.14 k
MawDL +LL 4. 74k 8473k
\Analysis Values
I¥lanmmunm Wi meis Effective Flangs Width...
Dead Load Alone B384 k-1 Fle Allow 2376 pai Basad on Beam Span 15125¢%
[Cead + Cong 89620 k-t n: Strength B 04 Based on Beam Spacdng 13000t
Liva Load Only 62394 k-1 n: Defectian T 9B
Dead + Live 143779 k-1 E fizciive Widih 151254
Support Shears
Shear @ Let 9474 k
Shaor & Right 9473 k
' Section Properties I
Sedion Heme WX 140
Degrth .20 n |2 : Steal Sechon 9,780 .00 int
Wicth 11 810 in | fransfonm ed 26 324 27 ind
Flange Thick 0.E30 in Strans : top 2107 in3
Wb Thick O B30 i Strans . bod 75236 1In3
e 43.6800 InZ Strang . e bot 752.361m3
Waight 143775 ¥ n*Strang . ETE@ top 21 8060in3
l-slaal 8.750.00 Ind e By from Bot 383 0n
= gleal  top 51204 In3 wh @ 100% 753 .40 k
5 gteal . battam 512104 In3

4.6 Base Plate

This program performs column base plate design for W, S, or HP sections. The designer
can:
e For a selected base plate size, axial load, and column, the required base plate
thickness is determined.
¢ Determine base plate dimensions and thickness for a given column and axial load
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per AISC.

This program follows the design procedure detailed in the AISC specification as an
absolute minimum plate thickness, and provides an extended plate analysis when
moments are applied to the plate.

Both axial loads and moments about the X-X axis of the column can be applied. The
analysis procedure checks for different resultant force locations, and uses an appropriate
analysis technique considering anchor bolt location, plate thickness, column flange and
web dimensions, and concrete strengths.

| ENERCALC G\ECSS'\EXAMPLES.ECH - Base Plate Design

Base Plate Design

SI:I::::; T Help | &b Print

E| > cancel | W Sove

General | Fesults |S|w1cn|
Descripti 14x74 Col ith Moment
il PRI SUmmary... | Full Bearing : No Bolt Tension |
Concrete Bearing Stress... Bearing Stress OK
Loads... Actual Bearing Stress .. ... ... 411.8 psi
Bodallead it iy I 579821 E k Adlaw per ACIS16-95, A3 1 :
; =03 * fe * Syn(A2/AL) * LOF . 74340 psi
Yok Axis Moment . ... ... 3 left Alloweper ASCHE . 87430 psi
Plate Dimensions... R o o
: ate Bending Stress... ness
ol 45.720 3] in R 166,970 6 pei
Flate Width 30480 ﬂ 1n Max AllowPlateFb ... ... ... . 186,165.8 psi
Plate Thickpness. ........... B.75 in
Tension Force per Bolt Bolt Tenskon OK
Support Pier Size... Fuctual Tension ..o ..o ... 0.000 k
FierLangth. ... . 53340 4| it AllTWEBIE . s 24 465 k
Eliar Wit e st s 51340 Jj irr
Steel Section w240
| = Baseplate OK
Usags Mede I.l.ncnur Boits | Sterl Shaps Data | Alow Stresses
-~ Usage Mode. .
" Determine Size & Thickness
= Datarming Thickness Only
" Chack Stresses for Plate Size & Load

Basic Usage

e This program can either calculate the required thickness of a baseplate using the
design criteria or you can enter the thickness and have plate and bearing stresses
determined.

¢ Bolt Data specifies the tension capacity of the anchor bolts, number of bolts per side
of the column, the area of each bolt, and distance of the bolts from the edge of the
base plate. These values will be used to define the base plate geometry to
determine resultant force zones in the analysis.

¢ Baseplate and Pier Dimensions are needed to determine bearing area and area
ratios for determining allowable concrete bearing stress.

e Material Strengths to be entered include Fy of column, f'c of supporting concrete,
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and load duration factor to use (which would indicate that the applied axial load and
moment is due to seismic, wind, or other short term event).

¢ Reviewing Forces and Stresses. In the "Summary section of the worksheet the
actual and allowable bending and shear stresses will be listed. Also, various

moments, shears, deflections and reactions due to six load placement conditions will
be given.

Unique Features
This program provides a thorough analysis of the iteration of plate and bearing surface.
Four separate zones are define depending upon the position of the force resultant in
relation to the plate, bolt, and column dimensions for use in calculating stresses.

Assumptions & Limitations
e The program offers both ground up design of the base plate size and thickness, or
just thickness determination based upon user specified overall plate dimensions.
e The allowable bearing stress on concrete is calculated based upon an allowable
increase using on the ratio of plate and concrete areas.

Steel Section Database

Built into the software is a complete database of common rolled sections available from
various mills in the United States. On each tab labeled #1, #2, etc. there will be a button
that looks like this:

Steel Section

This button displays the steel section database as shown below.
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Steel Section Database

—Section Type to Display —5Steel Database
W HP JR C 1S HS5T L WT ‘ & AISCHth ¢ AISCHSth  © AISCTth © AISCEth € Korean
S M B MC P HSS-P LL MT
WF BP JRC ST ‘ Square Rectangular ‘
4 W : :
Nare |area | Depth |width|sx [ | sy Jw |0 | SedinBiis
Section Hame Area Depth Wall Thickness = S Fixs Zr =]
inZ in in ind ind in ind ||
TS2:2x3M6 1.270 2.000 0188 0.665 0.668 0.726 0.&
TS2u2u1/d 1.530 2.000 0.250 0.766 0.766 06594 1.0
TS2u260/26 1.860 2.000 0313 0,820 0,880 0.630 11
TS2 562 53416 1.640 2500 0188 1.420 1.140 0.930 1.2
TS2 562 G144 2.090 2500 0.250 1.690 1.350 0.839 1%
T52.5:2.5:5/16 3110 2.500 0313 3580 2.390 1.070 1%
TS3m3x3ME 2.020 3.000 0188 2.600 1.730 1130 21
TS3m3x1/4 2530 3.000 0.250 3160 2100 1.100 2EF
TS3m3x5/16 ERRII 3.000 0.313 3.580 2390 1.070 3L
Al Tl 2.350 3500 0.1a8 4,290 2.450 1.340 25
TS3.5x3.5:14 3.090 3500 0.250 5,290 3020 1.310 3
T53.543.5:5/16 3730 3.500 0.313 B.090 3480 1.280 47 a
TSdr4x3M16 2770 4.000 0188 B.590 3.300 1.540 S Modif
TS dudy1 /4 2590 4.000 0.250 8220 4110 1510 4t Hoaly
TS4r4:5/16 4,380 4,000 0.313 9,580 4.790 1.480 5%
TSdndu3/8 5.080 4.000 0.375 10.700 5.350 1.450 B.&
TSdndut1/2 £.360 4.000 0.500 12.300 B.130 1.330 8.0
TS4.5:4 5:3416 3140 4500 0.1as 9.600 4270 1.750 5L
TS4.5xd. 514 4.080 4,500 0.250 12100 B.360 1.720 E.:
TSEREx3ME 3.520 5.000 01es 13.400 5,360 1.950 EB.Z
TSERGx1 4530 5.000 0.250 16.900 B.780 1.920 8.0
TSh=Ex5ME B.E10 5.000 0313 20100 2.020 1.830 9% x
TR e A I I I | vl Cancel
[T Depth Range: [T Class Range:

On this window there are various controls and options.....

Steel Database : Allows you to select between several common shapes databases.

Section Type to Display: Allows you to select which steel section designation to display in the list.
These shapes conform to the American Institute of Steel Construction shape designations. To make your
selection simply move the mouse over the letter(s) and when the highlight activates left-click once with
your left mouse button.

Depth Range: This item allows you to specify depth limits to be used for selecting which sections to
display in the list. When the checkbox to the left is not checked the selection wording and entries will not
appear and all sections will be displayed. These dimensions are compared to the "Depth" dimension of the
sections.

Class Range : This item allows you to specify the limits in "Depth Class" to be displayed in the table. The
"Depth Class" of a section is the first numeric number in the sections name. For instance a wide flange
W14x22 is in depth class "14". a channel C9x15 is in depth class "9", and a L5x3x1/4 is in depth class "5".

Equal & Unequal Legs : These two buttons appear when you have selected section type "L" which are
single angles. The limit the display of the list to angle with equal dimension or unequal dimension sides.

Equal Legs, Long Leg Vertical, Short Leg Vertical: These three buttons appear when you have
chosen to display section type "LL". These control the display of sections between pairs of angles with
both sides of equal length, of unequal side length angles paired with the LONG side together, and unequal
side length angles paired with the SHORTside together.

Square & Rectangular Tubes: These two buttons appear when you have chosen section types TS or
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HSS-T. These are square tubular sections. You can choose to display only square tubes or alternately
tubes with unequal sides.

Sort Tabs for Database Table : Immediate above the database list of sections you will see tabs looking
like this....

When selected each tab will sort the list in the order described by the text on that tab.
Sort order : These two buttons allow you to chose the list order of the sections. The sorting order will be
according to the sort tab selected and shall be in ascending or descending order.

Database Table Itself : The main area on the window will be where the steel sections are displayed as a
result of all of your choices as described above.

[Select] : This button is displayed when you have clicked on the [Section] button when you press
[Select] the section in the list that is currently highlighted will be selected and the name and data brought
into your calculation.

[Insert]: Use this button to add a steel section to the database. When pressed you will see the following

window:
New Steel Section Databntry |
Section MName | MyVerpOwn 4x12 Tube
Tywpe | 15 l;]
Depth Class | 36]
AISCHandbook Edition | AISC9th | -]

Area I—l] inz [ I—l] ind
Depth I—l] i [ iy I—l] ind
Flange Wicith [ o

Flange Thickness l—l] in o I—l] in
YWweb Thickness I—l] in Yo I—l] in

Cancel OK
X v

The only really important item to enter is the "Type" item. This specifies what standard
rolled section type your section is. This item is used internally by the program to decide
which stress analysis method to use for determining the sections allowable stress, how
to consider unstiffenned elements, and many other code checking items.

[Change]: Will display the same window as above but allow you to change section properties.
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[Delete] : Will enable you to delete sections. Note: No sections in the supplied database can be deleted.
Only Sections that you ad can be later deleted.

[Cancel]: Exit the steel database window.

ASD & LRFD Design Modes
Allowable Stress Design and Load & Resistance Factor Design as specified by the
American Institute of Steel Construction is provided by this program. Only screen
captures and descriptions for ASD are presented in this book. More detailed LRFD
documentation will be added and will be available in the electronically delivered versions
of this book. Check these locations for electronic media:

¢ Latest Adobe Acrobat PDF documentation file here:
ftp://208.36.30.226/sel5.pdf.

¢ Latest Windows Help system file here : ftp://208.36.30.226 /enercalc.hip.

e Internet HTML help documentation presented as web pages at
www.enercalc.com/sel_help.

Example
The data entry for this example is shown in the screen captures that accompany the Data

Entry Tabs and Results & Graphics Tabs sections to follow.

Data Entry Tabs
This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry
you can view the results on the right-hand set of tabs.

General Tab
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General

Description W14x74 Column with Moment

Loads...
e e s | 573.871 il k
o s nmment e | il k-ft
Plate Dimensions...
Blate Langhi o | 45 720 il in
B At e | 20480 il in
Elate@liniz ke s e 0.750 in

Support Pier Size...

Pier Length . ... .. ... ...... I 53 340 il i
PierWidth . ... ... ... .. .. I 53 340 il i
Steel Section | | W12x40

Usage Mods |anchor Bolts | Steel Shape Data | Allow Stresses |

—Usage Mode. ..

= Determine Size & Thickness

& Determine Thickness Only
= Check Streszes for Plate Size & Load

Axial Load
Vertical load applied to the base plate.

X-X Axis Moment
Moment applied to the baseplate via the column. Please note that only major axis bending is allowed.

Plate Height & Width
This item changes it's visible display depending on the "Usage Mode" specified on the tab at the
bottom of the screen.

If usage mode is "Determine Size & Thickness" or "Determine Thickness Only" this item is not an
entry....is it displayed as the calculated minimum plate height and width to satisfy stress limits.

If usage mode is "Check Plate for Plate Size Entered & Loading" then these items are shown as entries
for you to specify the sizes.

"Height" dimension is measured along the Y-Y axis of the column. "Width" dimension is measured

©1983-2003 ENERCALC Engineering Software



328 ENERCALC

along the X-X axis of the column.

Plate Thickness
This item changes it's visible display depending on the "Usage Mode" specified on the tab at the
bottom of the screen.

If usage mode is "Determine Size & Thickness" or "Determine Thickness Only" this item is not an
entry....is it displayed as the calculated minimum thickness to satisfy stress limits.

If usage mode is "Check Plate for Plate Size Entered & Loading" then this item is shown as an entry for
you to specify the plate thickness.

Pier Height
Pier dimension measured along the Y-Y axis of the column.

Pier Width
Pier dimension measured along the X-X axis of the column.

Steel Section
This is the steel section name that you have specified, either by typing in the nhame and using the
database search abilities (see above)

Usage Mode Tab

Select how the program should work :

e Determine Size & Thickness calculates the minimum required plate size and thickness to
satisfy stress requirements using the loads, pier dimensions, bolt data and column size data.

¢ Determine Thickness Only calculates the minimum requires plate thickness to satisfy
stress requirements using the loads, plate dimensions, pier dimensions, bolt data and column
size data.

e Check Stresses for Plate Size & Load uses your entered plate height, width and thickness
along with all other entered data and calculates the stresses.

Usage Mode [Anchor Balts | Steel Shape Data | Allow Stresses

—Llsage Mode. ...
= Determine Size & Thickness

& Determine Thickness Only
" Check Stresses for Plate Size & Load

Anchor Bolt Tab
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Usage Mode Anchor Bolts |Stee| Shape Data |Alln:uw Stresses |

Dist. from Plate Edge . . ... .. .. G &in

Bolt Count per Side . .. ... . I 2 3:
Tension Capacity . .. ... .. I 234 4G5 3: k
Bl e A e s I 1122 3: in2

Dist. From Plate Edge
Distance from the plate edge to the centerline of the anchor bolt.

Bolt Count Per Side
Number of bolts on each side of the column.

Tension Capacity
Tension capacity of one anchor bolt.

Bolt Area
Area of each anchor bolt.

Steel Shape Data Tab
This tab shows the dimensions of the selected steel section.

Usage Made Iﬁnchnr Bolts Steel Shape Data |Alluw Stresses I

Section Length . ... ... ... | 303288l
et ek s s s s e s e s ey | 20,333 in
Flange Thickness . . ... ... .. | 1.308 in
Wieh Thickness . ... ... .. | 0,749 in

Allowable Stresses Tab

Usage Mode |Anchnr Balts I Steel Shape Data Allow Stresses |

B | 20,685 485 ]
By | 248.2 & ksi
LOF ... | 1.000 3|

f'c
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Allowable concrete compressive stress for support of the baseplate.

Fy
Allowable yield stress for steel baseplate.

Load Duration Factor
Allowable stress increase factor to be applied to steel and concrete stresses for determining allowable
stresses.

Results & Graphics Tabs
This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or
stress/deflection diagram.

Results Tab

Fesults |5ket.;hl

Summary... Full Bearing : No Bolt Tension
Concrete Bearing Stress... Bearing Stress OK
Actual Bearing Stress ... ... 411.8 psi
Allow per ACI318-95, A3.1
=0.3*fc ™ Sgr(A2fAa1) ™ LDF . 74940 psi
L L LB e 8,743.0 psi
Plate Bending Stress... Thickness OK
P i 156 970.6 p=i
Max Allow Plate Fb .. 186,165.8 psi
Tension Force per Bolt Bolt Tension OK
AT o STy 0.000 L
k|| e Dl B e bt 24,465 k
Baseplate OK

Actual Bearing Stress
Maximum bearing stress under the baseplate at the edge where axial load and compressive force due
to bending is combined.

Allow. per ACI 318-02, A3.1
Absolute maximum baseplate capacity for the calculated maximum allowable bearing stress.

Allow per AISC ]9
Maximum allowable concrete bearing stress considering load duration factor and ratio of pier area to
baseplate area.
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Actual fb
Actual bending stress in the plate.

Maximum Allowable Plate Fb
Allowable bending stress in plate.

Actual Bolt Tension
Calculated tension in anchor bolt on one side of the plate when a moment is present and there is
tension forces in the anchor bolts.

Allowable Bolt Tension
Entered allowable bolt tension * Load Duration Factor

Sketch Tab
This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.

Results Sketch

[
i
ik

ehay

G
ok

L

P
R
o
b
i

P

i

i
R
S

S
i
1@&
?i

o T T T
e
S

i
R

-

S
i

i

i

23.00 ik 27.00 i

P
i
e
i

P
-
S

R
G
G
-
215
2

P
-
*é’&
i
=

i
b

e
bttt e
ERronyat:

P
i
,.t._‘i"
,.t._‘i"
(e

i

s
i
2
i
=

i -
Sh SR P B R
REEREE
18 5lLin
27 4 in

o
G

Sample Printout
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Title : EMERCALC Example Froblems Job # 57-000001
Dsgnr: MDB Date: 9:35FPW, 26 OCT 03
Description : Colecton of example problems

EMERCALC Engineering Software
P.O. Box 1B8
Corona del Mar, CA 92660

Volce: 343-645-0151 Scope All programe in the Structural Engnesnng Lirary

Www.enercale.com

Few SEODOO
Uaosr: KW-DE00001, Wi SA 0. 0. Sep-2003

e 16 2003 ENERCALL Ergimeering Safbware

Description

General Information

Steel Column Base Plate

Wdx 74 Column with Moment

Cods Raf: AISC 9th Ed ASD, 1997 LBC , 2003 [BC, 2003 MNFPAS000

Loads Steel Section Wi2xl0
Saction Length 30328 in
EualLong RIATE Saction Widih 20333 in
A-X Aouis Momert 000 kAt Flange Thickness 1.308 in
Pl e D Kl Web Thickness 0.749 in
Flate Langth 45720 in Allowable Stresses
Flate Width 30480 0n Concrataf'c 205854 pa
Fate Thickness 0.750 In Base Flate Fy 24822 ksi
Load Duration Facor 1.000
Suppart Pier Size Anchor Bolt Data
By i Dist. from Plate Edga 5.080 in
ool el e L Baolt Count per Side 2
Tension Capacity 24455 k
Balt &rea 1.122 in2

Actual Bearing Strass
Allow per AC318-95 A3 1

Concrete B earing Stress  Bearing Stress OK

Full B earing :

Ho Bolt Tension

oECEBERAMPLES ECW: Steel Caks

=03 *f'c* Sort(AZWA1) * LOF 7AALD psi
Allow per AISC J2 87430 psi
Plate Bending Stress Thickness OK

Actual fiy 1569706 psi

Wax Allow Plate Fb 156, 165.9 psi
lension Bolt Force Boh Tension DK

Actual Tension 0000 k

Allawsable 24 465 k

4.7 Bolt Group

This program provides force distribution from loads applied to a group of up to 16 bolts.

The user enters a vertical and horizontal loads and its location from a datum point. Also
with respect to a datum point, the coordinates of up to sixteen bolts are entered.

Using these force and bolt coordinates, the program calculates direct shears and torsional
shears on each bolt due to their relative location within the group.
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-'“( MERCALC cECSS\EXAMPLES.ECW - Bolt Group Anshysis
Bolt Group Analysis

}:;:::’ 2 Help | SH peint £| P cancel W Save
Genaral |a.;.n Locabions | ol Calcuiatons |swau:n|
Description 0 Bolt Group w/ Wert & Lat Loads EBUH D:'stE' ¢ z Bil‘?ED‘t ETUFSIEDﬂﬂl Ea““
in
X Y X ¥ % ¥,
#1 300 600 £ -AE3 E78 -3.38 8.08
Appen o #2 300 300 624 463 33} 33 6855
#3 300 000 B AR -3.38 10.19
e [ e i E k
i e AE.HIN e 300 300 624 468 33 336 1255
.. Horiz Dist from Datum 14 500 g in #5 300 600 £.24 A ES £76 ] 15.30
Harizontal Load .. 62,400 &k = LA B nu i i
#7 300 -300 B2 -4E8 338 3.38 394
.art Dist from Datum 20.500 E in 28 10 000 £ 468 238 .37
#9 300 300 624 -AES -338 333 a1
Center of Bolt Group (CBG) Location... #10 300 600 £24 4GB E76 338 1306
¥ Degtance . . .ovv oo 10000 i #11 000 000
ADigkance oo sasasa e 7.0001n #12 0 0m
1
Load Eccentricity from C.B.G b S
: : #14 000 000
YOIStance .o ooovv oo 10:500 in
X Distanes .. ... oio.io. 7.500 in I R
#18 000 000
Moment: Mx. ... ... ... ... -351.00 ink
Totals = K
Moment: My . ... ... ... .. £55. 20 in-k et

Basic Usage
Vertical and Horizontal Loads and locations are entered after locating a Datum point

from which the loads and all bolt locations will be referenced.
Location of Each Bolt is entered starting from the top row in the table, and working
downward.

Note!! The last entry in the table that has a (0,0) bolt location is used to tell
the program where the last bolt was entered. If any of your bolt locations is
(0,0), ENTER THAT BOLT ON THE FIRST ROW OF THE TABLE.

Assumptions & Limitations

¢ When determining the actual load per bolt, at least one load, (either vertical or
horizontal) must be specified, otherwise output will be 0".

¢ At least two bolts should be specified.

e All bolts are assumed to be of the same deformation characteristics when loads are
distributed.

¢ Vertical and Horizontal forces are divided by the number of fasteners to give direct
shears.

Example
The data entry for this example is shown in the screen captures that accompany the Data
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Entry Tabs and Results & Graphics Tabs sections to follow.

@500 1500 @000 1500
@00 1200 @ 1000, 1300
@00 1000 L ]

@00 700 @ 000700
@00 100 @000, 400

Data Entry Tabs

46.80

10.00,10.00) 6240k J

This set of tabs provides entries for all input in this calculation. While you are entering
data and switching between these tabs you can view the desired resulting information on
the tabs on the right-hand side of the screen (calculated values, sketches, diagrams,
etc.). A recalculation is performed after any entry data is changed. After each data entry

you can view the results on the right-hand set of tabs.

General Tab
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General |Balt Locations

Description 10 Bolt Group w/ Yert & Lat Loads

Applied Load

Yertical Load ... ... ... | 4E.800 il k
...Hariz Dist frorm Daturm I 14.500 3; in
Hibizoatalioad 0 I E2.400 il k

Cvert Dist from Datum I 20.500 3; in

Center of Bolt Group {CBG) Location...

R e ) 10.000 in
B D, a A Z.000 in

Load Eccentricity from C.B.G

R e ) 10.500 in
B e e e e 7500 in
hE et ps -351.00 in-k
Il m e e S B55.20 in-k

Eccentric Loads
These loads will be applied to the bolt group. If the actual load is at an angle to the coordinate axis
you are using, be sure to resolve it into its vertical and horizontal components.

Eccentricity From Datum
Enter the X or Y coordinate of the point of application of the load according to your X-Y axis system.

Center of Bolt Group (CBG) Location
The program calculates the center of the bolt group you've specified and displays it here. The
distances are referenced to the coordinate axis datum being used, and is calculated using statics.

Load Eccentricity from CBG
These values are the distance of the applied load to the center of the bolt group.

Eccentric Moments
This is the actual moment about the calculated Center of Bolt Group. This moment is equal
to the vertical or horizontal load, multiplied by the Load Eccentricity.
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Bolt Locations Tab

This tab contains the entry areas for the bolt locations. All locations should be entered with
reference to a datum point you selected.

Genergl Bolt Locations |

Bolt Coordinates.... E I
If il
#1...... . 400005 | 4.000 5
37 4.000 & | 7.000
ES e 4.000 & | 10.000 4
B s0003 | 13.000 §
#5 ... 4.000 % | 16.000 4
BB 10.000 3 | 40003
#7 . 10.000 4 | 7.000 4
LG 10.000 4] | 10.000 §
#9 .. 10.000 4] | 13.000 4
RS 10.000 4| | 16.000 3]
#11 ... 0.000 £ | o0.000 3%
- 0.000 £ | 0.000 4
#13 ... ... 0.000 |  0.000%
Rl 0.000 £ | 0.000 4
#15. . 0.000 4 |  0.000%
[ 0.000 3 |  0.000 3
Results & Graphics Tabs

This set of tabs provides the calculated values resulting from your input on the "Data
Entry Tabs". Because a recalculation is performed with each data entry, the information
on these tabs always reflects the accurate and current results, problem sketch, or

stress/deflection diagram.

Bolt Calculations Tab
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Balt Dist. Direct Tarsional Bolt
From C.B.G Shear Force Shear Force Force
I k k k

# b * i * il
#1 -3.00  -B.00 624 -4E68 B.76 3.38 8.08
#2 300  -3.00 624 -4F3 3.38 -3.38 8.55
#3 -3.00 000 524 -4F3 -3.38 10.19
#4 300 300 624 -4EB8 -3.38 -3.38 12.55
#5 300 BO0 624 -4EB8 676 -3.38 15.30
#E 300 -B.0OO £.24 -4E65 B.7B 3.36 1.40
#7 300 -3.00 £.24 -4E65 3.38 3.38 3.14
#5 300 000 £.24 -4B68 3.38 6.37
#9 300 3.00 £.24 -4EB8 -3.38 3.38 9.71
#10 300 B.OO £.24 -4EB8 £.7B 3.36 13.06
#11 0ot 000
#12 0oo 000
#13 000 0.0oo
#14 000 000
#15 000 0.oo
#16 000 000

Totals = B240 4830 kK

Bolt Dist. from Center of Bolt Group
From the user defined bolt location and the calculated center of bolt group, the distance from bolt to
center of bolt group is found. If the bolt is to the left or above the C.B.G., it will be displayed negative,
and vice versa.

Direct Shears
The direct shear to each bolt is simply the applied vertical or horizontal load divided by the total
number of bolts.

Torsional Shears
The torsional shears are calculated considering the actual bolt location with the C.B.G.
The following relationship is used:
Torsion = Applied Load * Arm
-also-
SUM ( Bolt Force * Bolt Dist to C.B.G. )= SUM (di * Fi )
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Where:

di=Absolute distance from bolt to C.B.G.
Fi =Absolute Force on each bolt.

Setting: Fi= Alpha * di

We get: Pe=SUM ( Alpha * di 2 )

Then: Alpha=P * e / SUM (di 2)

But : di~2 = ( X-Dist to CBG)~2 + ( Y-Dist to CBG )2

From the above relationship, we can easily calculate Alpha.
Therefore, Fi = Alpha * di
Resultant Bolt Force

This is simply the resultant of the direct and torsional shear components for each bolt, added
vectorially to determine the maximum load per bolt.

Sketch Tab

This tab provides a sketch of the beam with loads and resulting values shown. Using the [Print
Sketch] button will print the sketch in large scale on a single sheet of paper.
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Bolt Calculations  Sketch

'.[4.00, 16.00]
.[4.00, 13.00]
.[4.00, 10.00]

.[4.IIIEI, 7.00)

.[4.00, 4.00)

1

1

1

1

1

0.00, 16.00]

0.00, 13.00)

46.80 k

0.00,1000) B240k j

0.00. 7.00)

0.00, 4.00]
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Sample Printout
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P.O.Box 188

Carona del Mar, CA 37660

Voice: 949 645.0

151

Tithe: EMERCALC Example Problams Job # 97-00000
Dsgnr: I'!'II'.'IEI Date: 10:08PM, 26 OCT 03
Description © Collection of example problems

Description

10 Bolt Group w' Vert & Lat Loads

Scope: All programs in the Structural Enginearing Library
www.enercalc.com
e FAMIDOOD1, e 65,0, 10-Sep- 2003 Bolt G Analysi Fage 1
= . m . g
(552003 BMERCALL En inm-i? Solwas o mup n ys s ¢ eciier armples ccw St Cales

General Inform

Vertical Load
accantriciy

Horizomta Lo
accentricity

ation

ad

4680 k
14.500 In
24D k
20,500 in

Code Ref AISC ShASD, 1557 LBC, 2003 |BC, 2003 MFPA 5000

Boll Group Centroid... Load Eccentricty from C.B.G
¥ Digtance 10000in ¥ Digtance 10.500 in
K Distance 7000 in W Distance TADD I
Moment : Mz 361 00 ik
Mormni . Ny 65520 ink

Group Data & Results

#1
#2
#13
¥4
=5
¥a
&7
#8
L
#0

BoflCoordinatas BolDisl FromCBG

X
4.000
4.000
4,000
4.000
4.000

10,000
10.000
10.000
10.000
10,000

n

bl
4.000
7.000
10000
12000
16000
4.000
7.000
1000
12000
16000

X In
-3.0
-3.00
-3.00
-3.m
-3.00
0
3.00
im
.00
3,00

i
-6.00
-3.00

200
G.00
-6.00
-3.00

300
6.00

Direci ShaarForga  Touslonal ShearForee ElnalForcs
X kY k

K kK ¥
-6.24 -4 68 £.785 -1.% 8.0
-B.24 -4 B8 3.38 -1.39 8.55
-6.24 -4 BB -1# 10,19
-6.24 -4.68 -3.38 ek 12.55
6.4 -4 EB 6,76 -1 15,30
-6.24 -4.68 B.75 338 140
-8.24 -4.68 3.33 1.3 314
-6.24 -4 6B 1= 637
-6.24 -4.68 -3.38 1.3 2,71
624 488 -6.78 13 13.06
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