BRIDGE STRUDL MANUAL , November 1973

CHAPTER 2

PLANE TRUSS
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2.1 Introduction

The material presented in Chapter 1 of this manual
is a prerequisite for a reasonable understanding of the
materials presented in this Chapter.

A plane truss structure is a system of members
interconnected by hinged joints, lying in a plane. The plane
chosen is at the user's option and is specified in the TYPE
command. All loads act in the plane of the structure and must
be applied at the joints. STRUDL does not handle member loads
on a truss structure, the user must resolve member loads into
equivalent joint loads. Loads applied at the joints must be
resolved into loads in the direction of the two global axes of
the chosen plane. The axial deformations considered in the
analysis result from tension and compression forces in the
members. Axial forces act through the centroids of the member
cross-sections, thereby eliminating bending moments in the
members.

STRUDL provides the engineer with two basic analysis
capabilities. The DETERMINATE ANALYSIS for determinate struc-
tures and the STIFFNESS ANALYSIS for both determinate and
indeterminate structures. The DETERMINATE ANALYSIS has the
advantage that it does not require the specification of member
properties and the disadvantage that only member and joint
forces are obtained in the results. The member properties
required to perform a STIFFNESS ANALYSIS are:

a. Cross-Sectional Area
b. Member Length
c. Modules of Elasticity

The example problems presented in this chapter illus-
trate how STRUDL may be used to analyze a simple truss. The
first problem shown in Figure 2.2a is solved using the DETERMI-
NATE ANALYSIS capability. This same problem when modified by
the addition of a second diagonal member, (for the second
problem) makes the problem indeterminate and thus requires a
BTIFFNESS ANALYSIS. The second problem is shown in Figure 2.3a.



2.2 Determinate Truss Problem

4K

o - S - B
LOADING 1 LOADING 2
Fig. 2.2b Fig. 2.2c

The ICES coding form shown below contains the STRUDL
input commands used to describe the geometry and topology of
the truss shown in Figure 2.2a subjected to the loading condi-
tions shown in Figures 2.2b and 2.2c. The user identification
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and sequence number follow the "$" to the right of the input
command. Instructions on the procedures for filling out input
forms and submitting problems are covered in Appendix E.

The first command calls the STRUDL subsystem and
initializes the system for a new problem. The second command
TYPE PLANE TRUSS identifies the structural type and also
specifies the plane to be used for two-dimensional structures.
No plane is given here so the assumed XY plane will be used.

The origin of the global axes system is taken at the
left support joint with positive directions as indicated by the
coordinate axes. The units given for this problem are in feet
and kips. STRUDL assumes that the units are inches, pounds,
radians, etc., unless specified otherwise by the user. The UNITS
FEET KIPS command informs STRUDL of the units of length and force
to be used in the input and output commands that follow.

Using the joint numbering shown, the joint coordinates
are listed below the JOINT COORDINATES command on line 0040.
This command specifies the structural geometry and the support
joints. The support joints are assumed fully fixed in accord-
ance with the structural TYPE specified. Joint 4 is free to
move in the X-Global direction; therefore, it must be released
as shown by the JOINT RELEASE COMMAND on line 0090.

The MEMBER INCIDENCES command is used to define the
structural connectivity and to establish the directions of
the local member X-axes (the positive direction being from the
starting joint number to the ending joint number). Using the
assighed member numbers and the directions as indicated by the
arrows, the member number followed by the starting joint
number and the ending joint number are listed for each member
below the MEMBER INCIDENCE command.
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The two loading conditions are identified by the
loading condition identification commands on lines 0160 and 0190.
The inclined load at Joint 1 must be resolved into the directions
of the global X and Y axes. The two components of this load in
the global coordinate system are given in the command JOINT 1
LOAD FORCE X 3. FORCE Y -4 (-4 denotes a negative 4). The loads
for loading Condition 2 follow the second loading condition
identifier LOADING 2 ‘HORIZONTAL LOAD' command.

) Having completely described the loading conditions,

it i§ now necessary to inform STRUDL which loads are to be
considered active in the analysis. This is accomplished by the
LOAD LIST ALL command which informs STRUDL that all previously
defined loading conditions are active. Now the analysis is
performed by the DETERMINATE ANALYSIS command which computes

the results. Results are now available internally for these two
loading conditions.

To further illustrate the flexibility of STRUDL, we
can now combine the results of these two loading conditions.
Assume a third loading condition which combines 75 percent of
LOADING 1 and 100 Percent of LOADING 2. This may be accomplished
by using the dependent loading application commands LOADING
COMBINATION 3 and COMBINE 3 1 .75 2 1. command which actually
creates results in the linear combinations specified.

Now results are available internally for all three
loadings, but before requesting the results it is a good idea
to verify the STRUDL interpretation of the input language.
STRUDL provides the user with the ability to have all of the
input data printed or only selected portions of the input data
printed.

Here we have elected to use the two commands on lines
0270 and 0280. Note that the same input information could be
obtained using the single PRINT DATA command. Results are now
obtained using the LIST FORCES REACTIONS LOADS command. The
output includes the member forces and support reactions for
each loading condition.
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The following STRUDL output includes:

(a) The user's input commands
(b) The interpretation of the user's commands
(c) The computed results



STRUDL *PRCE 2.2'

EREERABEERARERRRBRRRR AR REER AR RN AR AR AR AP R AN AR
* *
* ICES STRUDL It VERSION 1 NCD 1 *
* TEE STRUCTURAL DESIGN LANGUAGE *
* MASSACHUSETTS INSTITUTE OF TECHNOLCGY *
* STATE OF CALIFORNIA *
* BRICCE DEPARTMENT DIVISION OF HWYS. *
* SPECIAL STUDIES SECTION PH. 4#45-6519 *
* NOVEMBER 1969 INSTALLEC APRIL 1970 *
* 18:59:06 6/12/170 *
* *
*

22222 R 2222 R 22 R 2 S22 2 22 222 222222222 22 223t Rt

TYPE PLANE TRUSS

UNITS FEET KIPS

JCINT COORCINATES

1 X 0. Y 6.

2 X 8. Y €.

3 X 0., Y C. SUPPORT

4 X 8. Y 0. SUPPORT

JOINT & RELEASE FORCE X

NEMBER INCIDENCES

113

5 3

LOALING 1

1

4

$ MEMBER 1 GOES FROM JOINT 3 TO JOINT 1

*INCLINEL LOAD®

JOINT 1 LOAD FORCE X 3, FORCE Y -4,

JOINT 2 LOAD FORCE Y ~-10.

LOADINCG 2

*HORIZONTAL LOAD'

JOINT 1 LOAD FORCE Y -10.

JOI 2 LOA FOR X -4,

LOADING LIST ALL

DETERMINANT ANALYSIS

LOACING COMBINATION 2

COMBINE 3 1 .75 Z 1.

LOADING LIST ALL

PRINT STRUCTURE CATA

147
147
147
147
14T
147
147
147
147
147
147
147
147
147
147
147
14T
147
147
147
147
147
147
147
147

14T

05

0%

05

05

05

05

05

05

05

05

0s

05

05

05

05

05

05

a5

05

05

05

05

05

05

05

05

0020
0030
0040
0050
0060
0070
0080
0090
0100
o110
0120
01130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260

0270



LIRSS IRNEIRSS RS EEIB SIS AN RRINNRRINNIS

*  PROPLEM DATS FROM INTERNAL STNRAGE

HESENERBENAIBOBRANINIENOEFOIRISOENNNR RSN

JCA IN - PROB 2.2 JOB TITLE - NONE GIVEN

ACTIVF UNJTS — LENGTH WEIGHT ANGLE TEMPERATURE TIME
FEET K1e RAD DEGF SEC

sesnsessss STRUCTURAL DATA sessanssers

ACTIVE STRUCTURE TYPE — PLANE TRUSS

ACTIVE CONRGCINATFE AXES x Y

JOINT COORCINATES-- /  STATUS---/
JCINT x A P4 CCNDITICN
1 o.C 6.CCO 0.C ACTIVE
2 8.,C0C €.000 0.0 ACTIVE
3 0.C 0.C 0.C SUPPCRT ACTIVE
4 8.cCcC c.0 0.¢C suppcer ACTIVE
JCINT RELFEASES =/ELASTIC SUPPORT RELEASES
JCINT FORCE MOMENT THETA 1| THETA 2 THETA 3 KE X KFY KFZ L AS KMy
& X C.C C.C 0.0 0.0 0.0 0.n 0.0 2.0
MEMBER INCICENCES---==-==~=/ LENGTH-===—= / RELFASES / STATUS--/
MEMAFR STARY ENC LOCAL COORD. START END
FORCE MCMENT FORCE MOMENT
1 2 1 6.0C0 ACTIVE
2 1 2 e.o0co ACTIVE
3 4 2 6.000 ACTIVE
& ? 2 1€.000 ACTIVE
5 3 4 e.Ccce ACTIVE
MEMAER PROPERTIES -
MEMRER/SEG TYPE SEG.L COMP  AX/YD AY/ID AZ/YC 1x71¢C 1Y/EY 127€2 sy St
MEMPER CONSTANTS---- - --
CCASTANT STANCAPC VALUE OOMA IN, VALUE MEMBER LIST

E C.l44CCC ALL

G C.C ALL
DENSITY 1.727599 ALL
CTE l1.cccccc ALL
BETA c.C ALL
PCISSON C.C ALL

SIISERNNOISREFRESIBABSSSRSSORIIIRONIIRNS
* ENC OF CATA FROM INTERNAL STORAGE =
SAINMERRONINIEHAIPICNRISEIEORENENNIIBINS
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PRINT APPLIED JOINT LOADS ALL

EEIEISSIRESESSPEICIEORINAN IS SIS0 S
* PRCALEM DATA FRONM INTERNAL STORAGE #
SEERBEPNESEESE RIS INNRIISIIIIRAS SRS SN

JCB ID - FROP 2.2 JN3 TITLE - NONE GIVEN

ACTIVE UNITS - LENCTH WEIGHT ANGLE TEMPERATURE TIME
FEET KIp RAD DEGF SEC

esesnsasss LOADING DATA ¢sssssssss

LCACING - 1 INCLINED L0OAD
JOINT LOACS 7
JCINT STEP FORCE X Y z MOMENT X A b4
i 3.cce -4.000 C.0 0.0 0.0 0.0
2 c.C ~1C.000 0.0 0.0 0.0 c.0
LCADING - 2 HORTZONTAL LOAD
JOINT LDADS /
JCINT STFP FORCE X Y 7 PCMENT X Y 7
1 0.C -1C.C00 0.0 0.0 0.0 €.0
2 ~4,0C0 c.C 0.0 0.0 0.0 0.0
LCACING - 2

CCMBINATICN CIVEN - 1 C. 750 2 1.000

EAL AT R a2 A LTI a a2 ddd S a il Bl il lld
® ENO OF CATA FRO¥ INTERNAL STORAGE #
BESRASHANEFREEBAIIINNI SRR NSNS SN EN

$ 147 05

STATUS - ACTIVE

STATUS - ACTIVE

STATUS - ACTIVE

0280



LISY FORCES REACYICNS LOADS

L2 LTSRS LSRRI 12 ]

SRESULTS OF LATEST ANALYSES»
SRR IEE LSS0 000NN RURIIRSN

PROALEV - PROE 2.2 TITLE — NONE GIVEN

ACTIVE UNITS FEET KIP RAD DEGF SEC
ACTIVE STRUCTURE TYPE PLANE TRUSS

ACTIVE COORCINATE AXES X Y

LOADING - 1 INCLINED LOAD

MEMBER FORCES

MEMBER JCINT AXTAL FORCE
1 3 ~3,999969¢C
2 2 -24959999¢C
3 2 -12,2499990
L} 2 3.749999¢C
5 4 c.C

RESULTANT JCINT LOADS - SUPPNRTS

JOINT ’ FORCE
X FORCE Y FORCE 7 FCRCE
3 -2.956959¢ 1.7500¢C0
4 0.0 12.2499990
RESULTART JOINT LOADS - FREE JNINTS
JOINT fmmmmmmmmcmccccmeen FORCE =mm=mmwmmmmmmaam———
X FORCE Y FORCE 7 FORCE
1 2.9999990 -1.9999990
2 -0.CCE0CO2 -9.9999990
LOADING - 2 HORIZONTAL LOAD
REMPFR  FORCES
MEMBER  JOINT AXIAL FORCE
1 1 -9.5699450
2 2 c.0
3 2 2.555969¢C
. 2 -4.999999¢
s 4 c.0
RESULTANT JCINT LOADS - SUPPIRTS
JCINT / FORCE
X FORCF Y FORCE 7 ECRCE
3 1.659959C 12.9999943
4 0.0 -2.999999¢C
RESULTANT JOINT LOADS - FREF JOINTS
JCINT 1--- FNRCE
X FORCE Y FORCE 7 FORCE
1 c.0 -9.9999990
2 -1.9999990 0.0€00002
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LCADINE - 2

MEMBER FORCES

MEMBER JCINT AXIAL FORCE
1 1 -12.9599990
2 2 ~2.2499990
3 2 -6.187499¢C
L) ? ~2.181499¢C
5 4 c.0

RESULTANT JOINT LOADS - SUPPORTS

JCINT / FORCE
X FORCE Y FORCF

k] 1.745999¢C 14.3124943

4 c.0 6.1874990

RESULTANT JOINT LMARS - FREF JOINTS

JCINT / FORCE
x FORCE Y FORCE

t 2.2459950 ~12.959999¢C

2 -2.595999¢ ~7.4999952

t FORCE

1z FCRCE



2.3 Indeterminate Truss Problem

To illustrate the versatility of STRUDL we continue
with PROBLEM 2.3 utilizing all the data input in PROBLEM 2.2,
The addition of member 6 makes the truss indeterminate to the
first degree. STRUDL provides us with two alternatives in the
solution of this problem. The first alternative would be to
assume a force in one of the members, thus making the structure
determinate and request a PRELIMINARY ANALYSIS. The second
alternate, which would yield the exact results, requires the
member properties of the members and a STIFFNESS ANALYSIS.

LOADING 1 & LOADING 2 of PROB. 2.2

Cross Sectional Areas
Member 1,3 2.0in? E=30, 000 ksi
Member 2,5 1.0in2

Member 4,6 l.Sin2

We will take the second alternative and begin the
problem by changing the problem identifier and the problem
description that is entered in STRUDL language by the command
CHANGE ID °‘PROB 2.3' 'INDETERMINATE TRUSS' on line 0300. We
can now add the information needed to describe the revised
truss.

2-12



CHANGE DD |'\Plos 2.3 | INTETERA/WATE 784ss” . | . . 1. . | . T N300
WAM’ .22, IR N DT AP B U B N BV
Wi TS /aeses Lo R B2
MEMBEK PRIPELTIIES. POISIHATIIC L L 1. 1. R 33
VA O 40N R D D e s T D e e j - 34
e R SAX L e R 35
e AX /.5 L] ot L 2é
2 E3odeo. A |10 L 37¢

Member 6 is added using the MEMBER INCIDENCES command. The
member cross-sectional areas from Figure 2.3a are entered
using the MEMBER PROPERTIES PRISMATIC command followed by a
listing of the member numbers and their corresponding cross-
sectional areas. Note the UNITS INCHES command given just
prior to the MEMBER PROPERTIES PRISMATIC command, changing

the units to inches to facilitate inputting the cross-
sectional areas directly. Inserting the UNITS command between
the MEMBER PROPERTIES and the first entry in the list will
result in a program error.

If the modulus of elasticity of the members is not
given, STRUDL will assume a modulus of elasticity E of 1.0 PSI.
Output displacements computed using the assumed value should be
divided by E to obtain the true values. We shall use the modulus
of elasticity for steel for this problem. The current units
are inches and kips, thus the modulus is specified CONSTANTS
E 30000. ALL.

We have now completely described the second problem
and a verification of the additions is in order. Since we
can select the input data to be printed out, we will request
data in the areas affected by our change. The commands on
lines 0380 thru 0400 will provide the printout necessary to
verify the additional input. The loading conditions origin-
ally described remain the same and no additional loading
conditions have been given since the last LOADING LIST command;
thus, all loads are still active including LOADING COMBINATION 3.

£/ NT. %%_.QAMMKQ YA D B B
2L/ NT POCPERTVES ALl o | o] o
Lt NTT MEMBEL. CONSTAMTS, e
ST/ EANESS ANAINSZS. . N DR S S
L (ST [FOO0ES FACT 1 NS 21 SPLACEMENTS 4.2,

Y S

The analysis can now be performed using the STIFFNESS
ANALYSIS command. Results available are requested by the LIST
command on line 0420. In addition to the forces and reactions
obtained in PROB 2.2, we now have the joint displacements and
the joint loads. The joint displacements are given in the
global coordinate system and may be used to sketch the deformed
structure. The joint loads are calculated using the computed
free joint displacements. They may be compared to the applied
joint loads to measure the accuracy of the stiffness analysis.
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The following computer listing shows the user's
input, the STRUDL interpretation of his input and the computed
results.

CHANGE ID *PROB 2.2' ¢INDETERMINATE TRUSS® $ 147 05 0300
MEMBER 6 GOES FROM 4 TO 1 $ 14T 05 0310
UNITS INCHES $ 147 05 0320
MEMBER PROPERTIES PRISMATIC $ 147 05 0330
1 3 AX 2. $ 14T 05 0340
25 Ax 1. $ 147 05 0350
4 6 AX 1.5 $ 147 05 0360
CCASTANTS € 3C00C., ALL $ 14T 0S 0370
PRINT MEMBER INCICENCES ALL $ 147 05 0380

FSOXR PSRN E ISV T TF ISR EEBTRRAE LSRR RS NEI KR
* PROBLEM DATA FROM INTERNAL STORAGE »*
PR320 R 22212222 22222 Rt A2 22l Rl

Jcm 1D - PROB 2.3 JOB TITLE -~ INDETERMINATE TRUSS

ACTIVE UNITS ~ LENGCTH WEIGHT ANGLE TEMPERATURE TIME
MEWMBER TNCIDENCES—#NEH———-— / KipP RAD DEGF SEC
MEMBER START END

1 3 1

2 1 2

3 4 2

4 3 2

5 E] 4

6 4 1

BEIRIERRR SRS EEE S EE S AR EREAERREEPS IS S %S
* END OF CATA FROM INTERNAL STORAGE *
EEEEBAEEEESAREEE I IRENIEES SRR AREERIERE

PRINT MEMAER PROPERTIES ALL $ 147 05 0390

SEESEEEXRE SRR SRR R SRR SR XXX XSRS XXX E IR S 6 ¥

* PROBLEM DATA FROM INTEKNAL STORAGE *
BEEBER SR BERRRAREERRRR AR ERRE BB SRR SR SR RN S

JOB 10 = PROUB Ze3 JObE TITLE = INDETERMINATE TRUSS
ACTIVE UNITS — LENGTH WELIGHT ANGLE TEMPEKATURE T1ME
INCH K1P RAD DEGF SEC

MEMBER PROPERTILS

MEMEER/SEG TYPE SEG.L COMpP  AX/YD AY/1D AZ/YC IXs2C IY/EY 12782 SY s2

1 PRISMATIC <¢+.000 0.0 0.0 0.0 GeC 0.0 0.0 Ca0
Ge 0.0 0.0 0.0 0.0 0.0

2 PRISMATIC 1.000 0.0 0.0 0.0 0.0 0.0 0.0 0.C
0.0 0.0 0.0 0.0 0.0 0.0

3 PRISMATIC 2.000 0.0 Vel 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 C.0

4 PRISMATIC 1.500 0.0 G0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0

5 PRISMATIC 1.000 Vet 0.C C.0 0.0 0.0 0.C 0.C
C.0 0.0 0.0 0.0 0.0 0.0

3 PRISMATIC 1.500 v.0 0.0 c.0 0.0 0.0 0.0 0.0
Uel C.0 C.0 C.0 0.0 0.0

BEXRRR SRR R R BHEERE XS RR RSB RS RS RE RS S

& E£ND OF DATA FROM INTERNAL STORAGE *
BAXREEEXRARERR SRR R AR BER SRR ARRE SR SR R AR



PRINT MEMBER CCNSTANTS ALL

(2R 22 R R R AR RS 22 222 R R R R R g )
*  PRGBLEY LATF FRCM INTORNAL STURAGE  *
BOIBIEHBOEIBRASEAREEARIARTEE AR LRERRNNS

JCB U - FKGOR 2.2 Juld TITLL ~ INUCTERAINATE TRUSS
ACTIVE UNITS - LENGTH nE I5HT ANGLE TEMEL AT YR Tive
INCH KIv RAY JF 5% SEC

MEVEER CCASTANTS=-mm=mmmn- o o e e e e

COANSTANT STARNCARL vaLu¢ LOvA TN, VALLE YENREK LIST
13 £9365.55LC¢64 ALL
¢ c.C ALL
DENSITY c.ccicce AtL
€Te l1.cccecc AL
dETA c.cC ALL
PLISSOA c.C AbL

EREEEEREERERR AR AR LR AR ARG RN RO HERTLET RN
®  tNC CF CATA FRCM  JNTCLNAL STUSAGL =
VEEREE DR TS EEI R R BT ISNICA XV KN GL AL RIS L T

STIFFNESS ANALYSIS

LIST FCRCES REACTICAS CISPLACEMENTS LADS

FEEF XXV EIEI NP RLERRNRO R AR

*RESULTS CF LATEST ANALYSCS®
ERAREETORRERE KRR PR RASETH L

PRCALENM - FRCE 2.2 TITIT — U4DIETERMINATE TRLSS

ACTIVC UNITS INCH XIP  RAD DEGF SCC
ACTIVE STRLCTURE TYPE  PLANE TRUSS

ACTIVE CULRUCINATY AXTS X Y

LCACING - 1 INCL INED LCAD

PEPEER FCRCLS

MEFRFR JCOINT AXTAL FURCF

VP WN

~2.2814%¢F
—C.7165¢CH
-1C.5374227
C.H8557257
2.2c341c7
—2.85421733

—_— s NN -

$ 14T 05
$ 147 05
$ 14T 95

040C

0410

0420



RESULTANT JOINT LOADS - SUPPORTS

JCINT 14 FORCE

X FORCE ¥ FQRCE I FORCE
2 -2.59999%0 1. 71499990
4 €.0000000 12.2499952

RESULTANT JCINT LOADS - FREE JOINTS

JOINT / FORCE

X FORCE Y FORCE I FCRCE
1 2.5599990 -3.9999990
2 0.0000000 ~9.9999952

RFSULTANT JOINT CISPLACEMENTS - SUPPCRTS

JUINT fo e e DISPLACENENT—————m e/
X DISP. Y DISP. z otse,

3 c.0 0.0

. 0.0073C69 c.0

RESULTANT JOINT CISPLACEMENTS - FREE JOINTS

JOINT T DISPLACEMENT—mmmmmmm e/
X DISP. v o1se. z pIse,
1 0.0147¢25 -0.0027449
2 €.0124€94 -0.0126449
LOADING ~ 2 HORTZONTAL LOAD

MEMBER FORCES

MERBER JOINT AXIAL FORCE

PRI WN -

-10.4834166
—0.6445595
2.5165156
~4.1942959
~C.6445555
0.8€56993

-—SNNN -

RESULTANT JOINT LOADS ~ SUPPORTS

JOINT Il FORCE /
X FORCE Y FORCE Z FCRCE

3 3.9999990 12.9999943

4 -0.0000000 ~2.9999990

RESULTANT JOINT LOADS - FREE JOINTS

JOINT / FORCE /
X FORCE Y FORCE I FORCE

1 0.0€C0C00 -9.9999952

2 -3.5§99959¢C €.0CC0C00

RESULTANT JOINT CISPLACEMENTS - SUPPORTS

JCINT f——= e e DU SPLAC EMENT =~ mmmeemmme e/
x DIsSP. Y oise. 7 cise.

3 0.0 0.0

o -0.0020€26 0.0

RESULTANT JOINT CISPLACEMENTS - FREE JOINTS

JOINT f e —— ——— DU SPLACEMENT === e /
X DISP. Y DISP. z oise.

1 -0,0141233 ~C. 0125801

2 -0.0162459 0.0030199


http:RFSUlT.NT

LOADING - 2

MEMBER FORCES

REMAER JOINT AX[AL FDORCE
1 1 ~12.19089%08
2 2 ~1.1819944
3 2 -5.3864518
4 2 -3.5225(C19
s 4 1.C68C046
6 L -1.3350CSE

RESULTANT JQINT LOAOS - SUPPORTS

JOINT ’ FORCE /
X FORCE Y FORCE 7 FORCE
3 1.7499990 14.3124905
4 ~€.0000000 6.1874952
RESULTANT JOINT LOADS - FREE JOINTS
JOINT ’ FORCE /
X FORCE Y FORCE 1 FORCE
1 2.2499990 -12.9999905
2 ~3.5999990 -7.4999952
RESULTANT JOINT CISPLACEMENTS - SUPPORTS
JOINT fmrmmm s e e e D] SPLAC EMENT = mmm e e e
X DISP. Y DISP. 7 pise.
3 0.0 0.0
4 0.0034176 c.0
RESULTANT JGINT DISPLACEMENTS — FREE JOINTS
JOINT ’ DI SPLACEMENT —mmmm e e
X DISP. Y D1SP. 7 pisp.
1 -0.0031115 -0.0146388
2 -C.0068938 -0.0064638



2.4 Example Truss Problem

Part 1

Use STRUDL to determine the bar forces, joint displacements,
and reactions in the planar truss shown below for the indi-
cated loading conditions. Assume a value of 30,000 ksi for
the modulus of elasticity. UList the results in units of
kips and inches.

A Y Global

Figure 2.4

The ICES/STRUDL coding for this problem is as follows:

STRUDL °*PROB2.4A° C*EXAMPLE TRUSS PROBLEM?® $ 147 60 0010
TYPE PLANE TRUSS $ 14T 60 0020
UNITS FEET KIPS $ 147 60 0030
JOINT COORDINATES $ 147 60 0040
1 0. O. SUPPORT $ 14T 60 0050
2 45, 0. SUPPORT $ 147 60 0060
3 15. 15. $ 14T 60 0070
4 30. 15. $ 147 60 0080
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MEMBER INCIDENCES $ 147

1 1 3 $ 147
2 1 4 $ 147
3 2 3 $ 147
4 2 4 $ 147
5 3 4 $ 147
UNITS INCHES $ 147
MEMBER PROPERTIES PRISMATIC $ 147
1 4 AX 10. $ 147
2 3 AX 12. $ 147
£ AX 8. $ 147
CONSTANTS E 3.E4 ALL $ 147
LOADING 1 $ 147
JOINT 3 LOADING FORCE X 5., FORCE Y -15, $ 147
LOAD LIST ALL $ 147
PRINT DATA $ 147
STIFFNESS ANALYSIS $ 147
LIST FORCES REACTIONS DISPLACEMENTS $ 147
Part 2

This portion demonstrates the users capability for altering
the input and re-solving the problem. In this particular
instance, a stiffness matrix will replace the member proper-
ties for member 5.

The following ICES/STRUDL coding is a continuation of the
coding from Part 1.

CHANGE ID *PROB2.4B' *TRUSS PROBLEM ENTER STIFFNESS MATRIX® $ 147
DELFTIONS $ 147
MEMBER & PROPERTIES $ 147
ADDY TIONS $ 147
MEMBER 5 PROPERTIES STIFFNESS MATRIX COLUMNS 1 $ 147

ROW 1 1333,33 $ 147
PRINT MFEMBER PROPERTIES ’ $ 147
STIFFNESS ANALYSIS $ 14T
LIST FORCES REACTIONS DISPLACEMENTS LOADS $ 147

2-19

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

0050
0100
o110
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0225
0230
0240

0250

0300
0310
0320
0330
0340
0350
0360
0370

0380
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2,5 Example Truss Problem

Use STRUDL to determine the bar forces, joint displacements,
and reactions in the planar truss shown below for the
indicated loading condition. Assume a value of 36,000 ksi
for the modulus of elasticity. List the results in units
of kips and inches.

4 Y Global

18’

18

S B
X Global

Figure 2.5



The ICES/ST::™ :oding 72r this problem is as follows:

STRUDL "PROB 2.5% °"EAAMPLE TRUSS PROBLEM® $ 14T 61 0010
TYPE PLANE TRUSS $ 14T 61 0020
UNITS FEET KIPS $ 147 61 0030
JOINT COORDINATES $ 147 61 0040
1 18.0 36.0 $ 14T 61 0050

2 12.0 18.0 $ 14T 61 0060

3 2440 16.0 $ 14T 61 0070

4 0.0 0.0 SUPPURT $ 14T 61 0080

5 18.0 4.0 SUPPORT $ 14T 61 0090

6 3640 2.9 SUPPORT $ 147 61 0100
MEMBER INCIDENCES $ 14T 61 0110
1 2 1 $ 14T 61 0120

2 3 1 $ 14T 61 0130

3 2 3 $ 147 61 0140

4 4 2 $ 147 61 0150

5 5 2 $ 14T 61 0160

6 5 3 $ 14T 61 0170

7 6 3 $ 14T 61 0180
UNITS INCHES $ 14T 61 0190
MEMBER PKCOPERTIES $ 147 61 0200
1 25 6 PRISMATIC AX 15.0 $ 14T 61 0210

4 7 PRISMATIC AX 20.0 $ 147 61 0220

3 STIFFNESS MATRIX CGLUMNS 1 $ 147 61 0230

ROW 1 2000. $ 14T 61 0240

CONSTANTS E 36000. ALL $ 14T 61 0250
LOADING 1 $ 147 61 0260
JOINT 1 LOAD FORCE X 6. $ 14T 61 0270

LOAD LIST ALL $ 147 61 0280
STIFFNESS ANALYSIS $ 147 61 0290
PRINT DATA $ 14T 61 0300
LIST FORCES REACTIONS DISPLACEMENTS $ 14T 61 0310





