SESSION 1 - THE PAST:
Verifying Computer Analysis Results with
Hand Calculations
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SAM RUBENZER, PE, SE
- Founded FORSE Consulting in 2010

. Assists structural engineers on a wide variety of designs with
an assortment of structural engineering design software

FORSE
- Many years of experience as licensed engineers

- FORSE has worked hard to learn each of the software programs used by SEs and
created many presentations comparing attributes of different software tools

- Worked as consultants with software companies teaching others about SE software




ADstract

. Structural Engineers are relying more and more on structural engineering software for
analysis and design.

Understanding the different options available for modeling is paramount in ensuring the
nest model Is created to imitate reality and give engineers the best possible design.

- This presentation reviews various hand calculation methods for verifying the loads
defined on models, and verifying the analysis results.

. Lastly, we will verify the design checks made for members within the model. It is easy to
assume that all structural engineering software solves engineering problems correctly.
Unfortunately, there can be errors from programming and user mistakes. Engineers must
nave a good understanding apart from software to spot these errors.
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A Word About Software

. Structural engineers rely on finite elements models for analysis and design

. Understanding the different options available for modeling is paramount

- Best model Is created to imitate reality and give engineers the best possible

design
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s Your Software Model a Good

Representation of Reality?




Structural Engineering Software

» Software is continuously changing our ability to do many things in our lives, personal and
professional

* This is no different with structural engineering. Software will make you a better engineer
as long as you use the software as a tool, and don't become an "operator”

* Never let the software think for you, only let it think faster

* Never let the software decide for you. Period.
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Structural Engineering Software

* Never assume the software is doing
anything correctly

* Never assume the software is making
the same decisions you would make

» Software programs are tools, you are
the engineer, never forget that
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Structural Engineering Software

* Never assume the software Is correct, or as you would have done it “by hand”
» Examples
certain programs will distribute load one-way
regardless of the span aspect ratio, even 100:1
automatic features are by far the most dangerous
settings aren't apparent when using software, in the manual
default settings are dangerous

create a false sense of a “standard*
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Structural Engineering Software: “Do You
Agree with the Programmer?”

« Structural engineers also rely on:
» Education, experience, and guidance from the code

* Your good engineering jJudgment is still invaluable

®* When programmers develop software for us to use, thevy are relying on
codes and their own judgment

* You will find that your judgment isn't always in agreement with another structural
engineer's

* Don't use a feature you don't agree with

* Don't assume other users agree ...

.50 it must be OK? FORS:E)




Need to Know What We Don’'t Know...




Stated Learning Objectives

- Verify loads applied to models
. Verity analysis results

. Verify design checks

IN ORDER TO VERIFY, YOU NEED TO KNOW WHAT
THE PROGRAM IS DOING
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| et’s Start with Philosophy

“Those that wish to succeed must ask the right
preliminary questions”
- Aristotle
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Verity Loads Applied to Models

- Manually determine loads on structure

. Approximate distribution

.+ Know software load generator capabillities

- Review applied loads after load generator application
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Verity Loads Applied to Models
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Verify Loads Applied to Models

- Manually determine loads on structure

- Approximate distribution

» HAND CALCS or SPREADSHEETS




Verity Loads Applied to Models
Approximate Load and Distribution
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Verity Loads Applied to Models
Approximate Load and Distribution
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19 - ELAN VIEW : 4. Determine adjusted spectral response acceleration values slope Cs
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24 €S Fe L M200000 - .- 70 —| 5.Determine design spectral response acceleration values
125 A 1615.1.3 DESIGN SPECTRAL RESPONSE ACCELERATION PARAMETERS (5% damped design spectral response acceleration) v drifts
26 . . . : . . Sps= l3*Sus= 0.064g [ Equation 16-18 ] n Lower Roofs (Aerodynamic Shade) e Negh o & higes 20 -
8 27 Step 1. Determine Wind Speed, V and Wind Directionality Factor, K4 Sp1= 23*Sy;= 0.064 g [ Equation 16-19 ] o .
28 Section 6.5.4 Basic Wind Speed oads are not requ"'ed h ? —e-—-—-—-.
29 V= 145 mph [Figure 6-1] 6. Determine Seismic Use Group of Bldg 30 pof = 17.9 pcf c| hg" M
30 | Section 6.5.4.4 Wind Directionality Factor, Ky SEISMIC USE GROUP ? I [ SECTION 1616.2 ] 21.0 psf i 2 "'i"" ¥y
31 | Buildings - Main Wind force Resisting Sx| [Table 6-4] 1173 ft . ! o
32 Kq = .85 7. Determine Seismic Design Category tion - low roof elevation) - h, i E
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i 40 Step 3. Determine an exposure category or categories and velocity pressure exposure coefficie Building Height, h,, = 24.0 ft ilanced snow loading (not applicable for low-rise (flat) roofs)
41 Section 6.5.6 Exposure Categories
42 Exposure | D ~| [See Section 6.5.3.2 on pg. 29 for Ex Light-framed construction ? yes on-snow surcharge loads
43 Mean roof height, h = ' 190.0 f—» K; = 1.602 LIGHT-FRAME CONSTRUCTION: A method of construction where the structural assemblies (e.g., walls, floors, ceilings, and roofs) n-Snow Surcharge Load
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46 z[ft] K, Wind Load Regular Structure?  yes 4 r foot, if minimum values are used for p;, a reduction of [py(min) - p{EQ 7-1)] up to 5 psf shall be applied to p.
r
47 190.00 1.602 *
48 178.13 1.584 \ on | Length, I, | Determine the height of the drift | _Resulting Snow Drift Loads Notes
49 166.25 1.565 Flexible Diaphragm at Every Level? yes [Defined in SECTION 1602.1] t 1.0 ft hgjee = 1.66ft <--controls Psnow drit = 50.8 psf |* - W exceeds length of the low roof, snow drift
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Verify Loads - Gravity Load Generators?

. Several programs distribute load without checking span

- How far can load be distributed?
- Dead

. Self weight based on members modeled - don't forget about the elements not modeled, often
referred to as super imposed dead load

- Live
- Live load keyed to ASCE table based on floor usage

. reducible of not reducible is not the software’s decision to make

. Snow or Roof Live load

- No automated snow drift generators or ponding load generators on the market
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Verity Loads - General

. when using a structural analysis and design software package, there is a tendency to
assume that the program is correctly generating the loads

. software programmers are very good at interpreting and implementing the codes
.+ can’'t automate every condition that exists in our complex architectural world
. to understand this completely as it pertains to your projects
. best to know where software programmers get the loads for the load generators.

. specifically, what sections of the code are used for load generators in common
software packages.
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Verify Loads - Questions

- When an engineer chooses to generate wind loads, what sections of the code are

considered? For example:
- How many directions is the load applied?
- Can enclosed, partially enclosed, and open structures be considered?

- When generating seismic loads what code provisions are considered? For example:
. Using approximate building period or calculated period?

. |s accidental torsion checked and provisions applied?
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Wind Based on ASCE 7

ENVELOPE PROCEDURE
DIRECTIONAL PROCEDURE

. portions of this procedure are generally
used by software to generate wind
loads

WIND TUNNEL PROCEDURE
Versions

7-02

7-05

7-10 (major change)
. 7-16

2,

N
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Verity Loads - Quick Facts

. ASCE 7-10

. pages dedicated to Wind
- 130
. pages used for most wind load generators

. Estimate 10-20, varies depending on software

- 50 when a software indicates ASCE 7-10 is implemented, be sure you know what that

means, what's included, and perhaps more importantly, what's excluded!
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Software Options and Examples
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. Combine with user defined loads?

Software Options and Examples

. Auto exposure edges?

- Determined from defined deck/slab edges
. Allow Modifications?
. User defined exposure areas?

.- Can user manually define wind exposure areas
and distribution?

- Parapets?

FORSE)




Verify Loads - User Defined Load Options
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Auto exposure edges? User defined exposure | Combine with user

Allow Modifications? areas defined loads? Parapets

RISA 3D yes | no yes
RSS (FRAME) es | yes os
RAM Elements yes 1y y
ETABS yes | yes lateral walls yes yes
SCIA load panels yes yes
TEKLA Structural wall panels os oS
Designer P y y

IES VisualAnalysis areas yes yes




QA/QC for Loading
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QA/QC

. Peer review of model is essential

. Loads in = Loads out

. Does resulting base shear = applied lateral
load?

- Wind Load Code Check:

- |If factored wind loads are applied per ASC
7-10, confirm LRFD design is applied
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Verify analysis results

. Start with simple models to approximate results
.+ Simple micro models

. Simple macro models

- Work In complex elements to overall model

. Verity final model matches behavior of simple model

. Understand software capability/limitations of analysis

FORSE)




Estimate Behavior Before Hitting Analyze

. Estimate load
.- Determine Shear for group

. Determine corner up/down
reactions as estimate
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Estimate Behavior Before Hitting Analyze
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. Can load really reverse in towers?

. More realistic with Semi-rigid

What Happens at First Floor?

. created by rigid diaphragms

. still need to check abllity to get load out
of wall groups, into diaphragm, then into
new walls at foundation
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Betore We Take on This...
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Work on Understanding Individual Area
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Work on Understanding Individual Area

PLAN

SECTION

FOR§)




Use hand calcs to estimate

SECTION

Indeterminate Structures
. Slope Deflection

. Moment Distribution

FORSE)

Moment Distribution Example from “ANALYSIS AND BEHAVIOR OF STRUCTURES”



Verity All Elements are Modeled

.- Semi-rigid diaphragms at Level 1

. 3 story structure

=====

/\.,

. Masonry stair and elevator shaft
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Verity All Elements are Modeled

Steel Lateral System

. Steel beams, roof joists, and columns

- 11 Moment Frames In the N-S direction
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Verify All Elements are Modeled

Forgotten Elements - how will they affect
behaviore

Masonry System

. Stairs: 8" masonry walls with #5@24”
0.c. vertical reinf

- Elevators: 12”7 walls with #5@24" o.c.
vertical reinforcement

. Capable of carrying all lateral load
without steel moment frames




Moving Away From Simplicity

. Previously with limited software, slower
computers, or no software and
computers, we simplified reality with
conservative “approximations”

. Large difference between all "lateral” and
"gravity/lateral® member modeling

.- How can members be ignored from
lateral system?
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Understand Software
Capability/Limitations of Analysis

. Beam, Column, and Wall Properties
. Diaphragm Properties

- Diaphragm connection to lateral support system
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Beams and Columns

. Member properties - boundary conditions

. Strong axis - pinned or moment connected
. Maybe semi-rigid?

- Weak axis and torsion being checked?

. Concrete

. Does FEA consider cracked sections?
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Beams and Columns

. Member properties - boundary conditions
.+ End zone
- Rigid end offsets

. Pinned, fixed or spring support?
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Beams and Columns

- Member properties - type of finite element

. Wide concrete beam

- When should it be considered a plate instead of line
element (4 node instead of 2)?

. Large “deep column” or ‘short wall”

- Remember, “columns™ are 1-D finite elements that
connect to plates at a single point
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Beams and Columns

concrete cracked sections stiffness? compressible or fixed?
T
_ l concrete
weak axis and cracked
strong axis | sections
commonly fixed, stiffness?

do connections torsion fixed? Is

and member torsion being
check for weak designed?
axis?
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-

rigid end zones, and offsets can
make a big difference - rigid link
between the end of the member and
end node
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wWalls

. Wall properties, boundary conditions

- |s there weak axis bending? torsional?
. Horizontal and vertical bending? both being checked?
. Does FEA consider cracked sections

. \Wall node releases

FORSE)




wWalls

. Wall modeling

- Masonry wall stiffness based on partial or full grout
.+ “True” long walls vs. short segments

. Gap orno gap

. Openings

FORSE)




out-of-plane
connected?

do connections
and wall check
for out of plane
moment (vertical
bending)?

wWalls

compressible or fixed?

In-plane

concrete

cracked

sections
stiffness?

out-of-plane concrete cracked
sections stiffness?

plate torsion fixed?
orizontal bending?
IS torsion and

orizontal bending
being designed?




Effective Stiffness for Modeling Reinforced Concrete Structures

By John-Michael Wong, Ph.D., S.E., Angie Sommer, S.E., Katy Briggs, S.E. and Cenk Ergin, P.E.

STRUCTURE MAGAZINE in Articles, Structural Analysis, January 2017

Property Modifier for Modeling Elements

ACI 318-11 LATBSDC ‘ \ NZS 3101: Part
Elements 101041 | pocp arq3| PEERTBI | MCE-Level | (CAIBSOE | oo 0 356 [NZS 3101: Part2: 2:2008 Paulay & oo ooiia
ire 10.6 | Guidelines | Non Linear [SORCabiity| [ENMASEE | "iitimate Limit State | Servicability Limit |CSA A23.3-14| EuroCode | TS 500-2000 | Priestiey |c7Io5% 2007
ACI 318-14 Service Models (2014) (fy=300Mpa) State (y=3) (1992) y
6.6.3.1.1 Level (2014) (Note 3)
(0.40lg (rectangular) [mé:j?ll[:lan
Conventonal Beams (LUH>4) | 0 .35]g 0.301g (. 501g (.35lg 0.701g 0.501g 035lg (TandL | 60lg f% and L 0. 40lg 0. 171g-0 441
beams) beams)
Beams (.35lg 0.501g 0.401g
Prestressed Beams (LIH = 4) | O0lg 1.00lg na na 1.00lg na wa na n'a
n'a
| | 0,601 (di I |
Coupling Beams (L/H % 4) a Wa 0.201g 0300 na mijlf;:}'*m"ﬂ:d';“ \ 0.751g (9) na
Colunns - Pu 2 0.5Agfc 0.701g 0,701 0.901g 0.701g 0.801g 1.00Ig 0,801z (Note 6) 0 5_““5
Columns - Pu s 0.3Agfc (1 301g 0.551g 0.801g | 0.601g -
Columns Cotmns - Pu s 0.1Ag"C 0. 701g 0.501 0.301 0701 0. 700g 0.501g 0.301 0. 121g-0 86lg
: 0.301g na n'a e e Lh e (9)
Colurmns - tension n'a n'a wa | na |
Waills - uncracked 0. 70lg n'a na n'a 0.80lg n'a na 0.7lg 0.501g n'a n'a
0.751g (9)
Walls . - 0.401g - 0.801g
(4) Wals - cracked 0.351g 0.501g 1.O0EC (1) 0.751g 0.500g 0.321g-0.481g 0.501g-0.T0lg 0.351g 0.501g (Note 6) 0.201g-0.301g
Walls - shear n'a l:v.-mEcAw (10 na 0.50Ag 1L.ODAE n'a n'a nwa na n'a n'a (9 na
Cmvanﬁunu::thipm and flat 0.25lg |See 10442 na (9)
—— od flat piates and 4 0.501g 0.251g 0.501g a n'a na 0.251g 0.501g | | n/a
ol EnSon ates
Slabs fat slabs n'a ‘ See 10442 . wa - na
In-plane Shear na na n'a 0.25Ag 0.80Ag na n'a wva n/a na na na na
Notes (3) (2) (2) (2) {3) {7)



http://www.structuremag.org/?p=10924
http://www.structuremag.org/?author_name=johnwong
http://www.structuremag.org/?author_name=angiesommer
http://www.structuremag.org/?author_name=katybriggs
http://www.structuremag.org/?author_name=cenkergin
http://www.structuremag.org/?cat=189
http://www.structuremag.org/?cat=1782

Mixing Materials
... In the same frame




Steel Frames Connected to
Perforated Masonry Shear Walls
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Post-Tensioned Concrete Frame
with Masonry Walls




Multiple Material Lateral: Wood -
Masonry - Steel




QA/QC for Member Results

FORSE

‘



QA/QC

. What are residual forces/stresses?

. Examples

. Torsional load in wide flange”
- Horizontal bending in walls?

- Axial forces in connections?

. Diaphragm forces in floors?

FORSE)




QA/QC

- Do you have a way to check for unaccounted for residual forces/stresses”

- Or do you have a means to make sure the magnitude of the load is below a
certain threshold to ignore?

- Settings Sets

CCCCCC

CCCCCC

- Composite Beams




QA/QC

VIEW THE DEFLECTED SHAPE - ANIMATE

FORSE)




QA/QC

. Check drift - inter-story and overall drifts
. Check the animated shapes as well

. tells a story of the buildings response

FORSE)
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Verity design checks

Never go from analysis to design check without validating results first

. Understand software capability/limitations of design checks
- Note: (obvious) not all programs run the same checks

. start with simple models to understand design checks
- Note: (obvious) reading the manual is imperative

. be sure design check is comparing the right analysis results against member

capabillities
FORSE)




Examples: Floor Vibration
Calculations

. structural steel software review

. all these programs do floor vibration checks
. do they agree with your hand calcs

- what to do when things get more complicated

FORSE)




Dynamic Analysis for Steel Floor Vibrations
Simple Software Solution

A B C O E F & H J K L V]

1 - SHEET
2 HOOKK, By: KKK Date: 3212011
3 0000 0000.00 Checked By: Date:
4
5 Floor Vibrations - Due to Human Activity AISC - Steel Design Guide Series 11
b
[/ Chapter 4 - Design for Walking Excitation
a
9 |Design Criteria
10 Concrete Slab and Deck Properties
11 Concrete Thickness Loads for Vibration Analysis
12 Deck, tpeck = 200 1n fo = 4000 psi DL (slab) = 51.0 psf
13 Concrete, tcone = 3.251n roone = 145.0 pef DL (deck) = 2.0 psf
14 Owerall, ttome = 5.251n Econe = 3492 ksi DL (mech &misc) = 4.0 psf
15 | Mormal Weight Concrete |"F Econc (dynamic) = 1.35 * Econc Total DL = 57.0 psf
16 LL (for vibration analysis) = 11.0 psf
17  Steel Section Properties
18 Steel Beam Section | w18x50 l*| Fy= 50 ksi
19 Steel Girder Section | W24x55 |'r Eereer = 29000 ksi Modular Ratio, n = Egteg. f Econe (dynamic 6.15
20
21
27 - Total Floor Width = 2400 f 5 5
23
24 Winﬂ[h of Individual Bay =  30.0 fi N
25 \ Mo. of Beams / Bay = 3
26 ‘
27 + 4 I I I I
28
29
30 a| o
3 ? %

— =,
S




Dynamic Analysis for Steel Floor
Vibrations Simple Software Solution

A B C D E F G H | J K L ]
68 |Combined Mode Properties
69 If Lz is less than B, the combined mode is restricted and the system is effectively stiffened.
90 Az =(Lz/By) " Az 0.1861n
91 Otherwise
92 Ag = Az = MIA
93
94 Floor Fundamental Frequency
95 fu=018"~[g/(a;+4z))= 349 Hz
96
97 Effective Panel Mode Panel Weight
98 W=a/ (A +8z)" Wi+ A/ [Ag+4Ay) " We= 1240 k
99 Al {ag+az)"W,= 11170 k
100 A/ (A + Ay ) We= 12.29 k
101
102 Indicate the appropriate occupancy by selecting from the categories below:
103 Offices, Residences, and Churches with non-structural components and furnishings b
104
105 Use the following Parameters from Table 4.1
106 Constant Farce, Py = 65.0 Ib
107 Damping Ratio, B = 0.03
108 Acceleration Limit, ag/g = 0.50% of g
109
110 Floor Fundamental Matural Frequency
111 aplg = Py " expl( -0.35 *fy )/ [ "W )
112
113 Individual Beam ag/g= 0.41% of g OK, =0.5% of g
114
115 Individual Girder ag/g= 0.28% of g OK, =0.5% of g
116
117 Combined Panel ap/g = 0.52% of g NG, =0.5% of g




Dynamic Analysis for Steel Floor Vibrations

Floorvibe

File Edit View Window Help
DeE D&
Input Data
Project ID:  |model for dynamic analysis Girder Span: | 30.00 ft
Project #: Beam Spans.
Bay ID: \4-floor: 1-2 , B-C Left ! .00 ft — ﬁ_
By: | Center: | 45 on ft | Evaluate |
Right |7I].IIIEI N —
USC Units
- . Report
Criterion Walking - Girders/\Valls:
Left W24X55
Occupancy. |paper Office A _
Right; W24X35 Print
Acceleration Limit: | 350 % ofg
EE‘E m: 'I.I"ull"l EIKEI:I
Advice
| 3 spacesat | 120.000 in
_ Floor Length *—*
Loadings: Floor Width: r[| 24000 fi
Dead: ! 400 psf Floor Length: —{ 4500 f
l&:lEterﬂl' % E:: [ Evaluation:
Dramping F'.atiu: 0 [;34] | Girder Continuity Combined mode ag/g= 0.51 % > 0.50 %
' The system DOES NOT SATISFY THE CRITERION.
Concrate: [~ Mezzanine BE&amFrEHqLJErm:\_,r 3.84 Hz
TotalDepth: | 5280 in IE LE_rft Gwder Frequency 6.19 Hz
P [ 400 ksi — Right Girder Frequency 8.19 Hz
Weight: | 145 pcf Bay Frequency 3.48 Hz
, _ {+ Summary Report/Printout
Deck Height. | 2.000 1 " Complete Report/Printout
can be used as a stand-alone program, or can be
| Right Girder: W24X55 | Span = 30.00 ft




Dynamic Analysis for Steel Floor Vibrations

RISA Floor

File Edit View Insert Modify Spreadsheets Soclve Results Toeols Window Help

O = & -~ @b TNE B8 HE & L = B & 0§ @

2l B th 7 Detail Report for Current Item
1 Floor Plan
WE S04 BEO= . KX AL
X
B
(| (2) () () (=) (o) () O,
@7* TR AT AYEE (4 I'I}':IF“\.I.r + TELAAMNTAVEE (1 I'I}':IF“\.I.r FELATTAVEE 4 ﬂ}'jﬂl.r TR LA AW B |"'1I'I}':IF:I.|" TR AT AYEE (4 I'I}':lF“\.I.r TR L TIAYEE 4 I'I}':IF“\.I.r DRI AYEE 4 I'I}':IF“\.I.r T LA AW E B |"'1I'I}':IF:I.|"
2 Syt Sy Sy S Syt Sy S S Syt Sy’ S S St Sy’ S Syt St Sy’ o S St Sy S Syt
a3 = 3 3 = E;f s I af 5 ;f Al a3l = 3 ;f Al E xt A = 2 ﬂ
111 Beam Vibrations ===

=] (L] o0 [} (L} (L]

ha [t | [t} [t [t [t | . -

A e oo oo o= e 1: Floor Plan 1 ] J | |

S =B =3 2|h 2b =L | ] __Beam ijin] | Dettaji..| fiHz Wikl | lgiin"4) | Dettag..| fgHz | wag | f[Hz WIK] %hg

g = = = = 20 M20 27563108| 773 4021 | 187.757 4021 | 187757 | 003 |-
21 M2 4239.071| .166 867 | 66122 867 | 66122 | 002
22 M22 4239.071| .166 867 | 66122 867 | 66122 | 002

E 25}-:*% d,xﬁafﬁr n}zag zawg ¢;{55§ﬁ 0l 2 M23 2756.319| 773 4021 | 187.757 4021 | 187.757 | 003

@{ — — 24 M24 4239071 .166 8.67 66.122 8.67 66.122 002
25 M25 2532104 | 537 4847 | 177366 4847 | 177.366 | 002
26 PUR26  |2756.318| 773 4021 | 187.757 |4239.071| 174 7206 | 64325 | 3633 | 165081 | 368
27 PUR27 |2756.319| 773 4021 | 187.757 |4230.071| 174 72006 | 64325 | 2633 | 165081 | 368
28 PUR2E |2756.3138| 773 4021 | 187.757 |4230.071| 174 7206 | 64325 | 3633 | 165081 | 368
29 PUR29 |2756.318| 773 4021 | 187.757 |4230.071| 174 7206 | 64325 | 3633 | 165081 | 368
30 PUR30 |2756.318| 773 4021 | 187.757 |4230.071| 174 7206 | 64325 | 3633 | 165081 | 368
31 PUR31 |2756.318| 773 4021 | 187.757 |4239.071| 174 7206 | 64325 | 3633 | 165081 | 368
32 PUR32 |2756.319| 773 4021 | 187.757 |4230.071| 174 72006 | 64325 | 3633 | 165081 | 368
33 PUR32 |2756.318| 772 4021 | 187.757 |4230071| 174 7206 | 64325 | 3633 | 165081 | 368
34 PUR34 |2756.319| 773 4021 | 187.757 |4230.071| 174 72006 | 64325 | 3633 | 165081 | 368
35 PUR35 |2756.313| 772 4021 | 187.757 |4230.071| 174 7206 | 64325 | 3632 | 165081 | 368
36 PUR36 |2756.318| 773 4021 | 187.757 |4239.071| 174 7206 | 64325 | 3633 | 165081 | 368
37 PUR37 |2756.318| 773 4021 | 187.757 |4230.071| 174 72006 | 64325 | 2633 | 165081 | 368
38 PUR38 |2756.318| 773 4021 | 187.757 |4239.071| 174 7206 | 64325 | 3633 | 165081 | 368
39 PUR39 |2756.319| 773 4021 | 187.757 |4230.071| 174 72006 | 64325 | 2633 | 165081 | 368
40 PUR4D |2756.318| 773 4021 | 187.757 |4230.071| 174 7206 | 64325 | 3633 | 165081 | 368
T  rure  BEEEINEIE 4021 | 187.757 |4239.071| 174 7206 | 64325 | 3633 | 165.081 | 368 |
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Design features vary
pbetween programs, Know
what the differences are.




N Conclusion

. (et to know your software, develop means to verify by hand

. (et to know the code, and how it's been implemented in each
software you use

. Always know capabillities, and more importantly limitations

. Always, always check with hand calculations

Remember software Is a tool, your the engineer!
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Questions?

Salm

FOR
SE
consulting

sam@FORSEconsulting.com

FORSE)




guestions?

sam@FORSEconsulting.com

FORSE)




