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CHAPTER 3

PLANE FRAME
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3.1 INTRODUCTION

The material presented in Chapters 1 and 2 of this
manual are a necessary prerequisite for a reasonable under-
standing of the material presented in this chapter.

STRUDL treats a plane frame structure as a system
of members lying in a plane rigidly connected at their ends.
The individual members must have an axis of symmetry in the
plane of the structure. The forces acting on the frame and
the displacements of the frame must be in the plane of the
structure. Couples acting on the frame have their moment
vectors normal to the plane of the frame.

The STRUDL algorithms consider both bending ard
axial deformations in the analysis of frame members. STRUDL
also provides the user with the option to have shear deforma-
tions considered in the analysis. This will apply to members
with appreciable depth relative to their lengths. A brief
review of shearing deformations is presented in Chapter 1I.

Deviation from full fixity at the support joints
may be obtained by specification of appropriate JOINT RELEASES
in the global system. Deviation from full fixity at the free
joints is obtained by releasing forces at the ends of the
members, using the MEMBER RELEASES command in the local
coordinate system.

STRUDL considers only members of constant cross
section or members made up of segments each of which has a
constant cross section. Curved members may be analyzed as a
series of straight members or they may be analyzed by inputting
the stiffness or flexibility matrix of the curved member
directly. An arch with a variable moment of inertia may be
modeled and analyzed as a series of members made up of con-
stant cross section segments.

The example problems presented in this chapter
illustrate how the STRUDL program may be used to assist the
designer in the analysis of the plane frame structures. The
problems presented here are not typical bridge structures,
but the principles involved and the STRUDL commands utilized
are typical of those encountered in analyzing bridge structures.

Problem 3.5 introduces some of the basic commands
used in the analysis of a plane frame structure.

Problem 3.6 illustrates how the structure described
in the first problem is changed and re-analyzed in a single
submittal. The structure is revised by making the diagonal
members flexible and intrecducing elastic restraints at the
supports.



The tapered column member in Problem 3.7 is mocdeled
and described as a variable member made up of three segments.
For the first analysis the structure is modeled as a series
of slender members connected at the joints; i.e., the clear
span distance is taken as the distance between joints. A
second analysis is performed on the structure in which the
support widths are specified and the actual clear span is
used in the analysis.

To illustrate the present plotting capabilities a
printer plot of the structure, shear and moment diagrams and
an envelope are included in the output.

Problem 3.8 illustrates some of the temperature
loading capabilities available in STRUDL.

Problem 3.9 illustrates the use of STRUDL to obtain
influence coefficients by the Miller-Breslau principle.

3.2 Local Coordinate Svstem for Planar Structures

A local coordinate system is used to specify the
information associated with each member. The centroidal axis
taken along the length of the member is defined as the loczl X
axis. The local Y and local Z axes coincide with the principal
axes of the member as shown in Figure 3.2. The user should
orient the positive direction of these two axes to facilitate

loading and interpretation of results.

LOCAL X, Y AND Z AXES
Fig. 3.2
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Orientation of Local Coordinate Svstem (Beta Ancle)

For a plane frame structure, Beta must be either
zerc cr a multiple cf S0 degrees, and it is generally desir-
@ble that Beta be zero to avoid complications in problem
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coding. If Beta is not zero or a multiple of 90 degrees,
a space frame analysis must be used.

To illustrate the specifications of the individual
member orientations for planar structures, consider the two
members shown in Figure 3.3a.
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Projection of y!
(:;in Global Y

SECTICN B-B BETA = 90°

Fig. 3.3a

To locate the principal axes as indicated by the Y
~and Z axes in Sections A-A and B-B, we must first determine
the reference position ¥' (l.e., the BETA = 0 position) for
the cross sections. Following the procedure outlined in
Chapter I we construct a plane which contains the local X-axis
and is parallel to the global Y-axis. This will be the X-Y
plane for the members shown in the Figure 3.3a. ©Next pass a
plane through the members perpendicular to the local X axis
exposing the member cross sections as shown. The line defined
by the intersection of these two planes is the Y'-axis and its
positive direction is chosen such that its projection on the
Y global axis is in the positive Y¥Y-global direction. Having
established the location of the Y'-axis, the principal Y axis
is located by specifying the BETA angles for the member. The
positive direction of the BETA angle is established by apovly-
ing the right harnd rule about the local X-axis. For the
member shown in Section A-~A the Y' axis and the Y axis are
coincident. Thus, BETA is zero and need not be specified.
For the member shown in Section B-B, the principal Y axis is
oriented 90° to the ¥Y' axis. The BETA angle is, therefore,
90° in the positive direction as shown by the local X axis
coming out of the paper.
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To further illustrate the orientation of the local
coordinate system, consider the members shown in Pigure 3.3b
with their local X axes parallel to the global Y axis.
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Fig.3.3b . SECTION D-D BETA = 270°

Reference position Y' axis is located by orienting the local
Z' axis parallel to the global Z axis and then using the
richt hand rule to locate the ¥' axis as shown for the two
cases ccnsidered in Sections C-C and D-D. The BETA angle is
measured from the Y' axis to the Y axis of the member using
the right hand rule. For the first case shown in Section
C-C the Y axis is in the same direction as the Y' axis, thus,
BETA = 0°. For the second case shown in Section D-D, BETA =
270° measured in the positive direction with the local X
coming out of the paper.

3.4 Memcer Loads and Sicn Conventions

The STRUDL commands for the individual member loads
were designed to provide the user with a versatile and flex-
ible means to describe all the possible loading conditions
that could be imposed on the individual members of a structure.
The various types of loading conditions may be classified into
the form following general categories:

A. DPhysical Loads
B. Thermal Loads

C. Distortion

D. Boundary Conditicns

[WN]


http:Fig.3.3b

These categories and their associated signs con-
ventions for plane frame members are described below.

A. Physical Loads

Physical member loads (i.e., moments and forces)
may be concentrated, uniform or linearly varying as shown in
Figure 3.4a.

y
f | Force y
Moment z ,
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Z | vs P X
Z -~ Force x 2
CONCENTRATED LOADS
4 iy _
Moment z [FQICE ¥ .
47~ 1 7
T = X
2\\\~, Force x
UNIFORM LOADS
t Moment z ff{{f{T.Force y /
///’—//’>/' 2
4\\,_\‘~ Force x Y

LINEARLY VARYING LOADS
Fig. 3.4a

)

The loads shown above are all acting in the positive
direction, relative to their member axes. The uniform loads
and linearly varying loads may act over the entire length of
the member. The loads shown above are all acting in the pos-
itive directions of the local coordinate systems. The user
may also specify the direction of the load in the directicn
of one of the global axes as shcwn in Figure 3.4b.

W
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4 W (projected)

Fig 3.4b

POSITIVE MEMBER LOADS IN THE GLOBAL COCRDINATE SYSTEM

The intensities of member loads may be specified
in one of two ways as shown above. The loading intensity
dimensioned W (local) is specified as a function of the
actual member length. This tyvoe of loading specification
is useful in describinc the gravity loading and earthquake
effects. The second loading intensity dimensioned W (projected)
is described as a function of the projected lencth on the
¢lobal plane orthogonal to the direction of the load. This
tvce of loading specified is extremely useful in describing
wind loads and earth pressure, This lcading recuires an
adéitional command medifier, Problem 3.7 illustrates the
use of this capability.
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B. Thermal Loads

Thermal loadings are specified in the local co-
ordinate system. Positive temperature change causing positive
distortion, relative to the indicated axes, with the start of
the member fixed as shown in Figure 3.4c below for loading
and axial temperature loadings.
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BENDING Z AXIAL X

L Fig. 3.4C = . _
POSITIVE THERMAL LCADS IN THE LOCAL COORDINATE SYSTEM

C. Member Distortions

Member distortions (i.e., displacements and rotations)
may be consolidated or uniform as shown in Figure 3.4d.
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> UNIFCRM DISTORTIONS

Fig. 3.4d
MEMBER DISTORTIONS IN THE. LOCAL CCORDINATE SYSTEM
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The distortion shown above are all positive. The
uniform distortions may be applied to a portion of the member
as shown in the figure above or they may be applied to the
entire member. Positive distortion causes positive dis-
placements in the local coordinate system with the start of
the member held fixed as shown in the sketch above. Con-
centrated member distortions are useful in determining
influence line coefficients using the Miller-Breslau principle.
Problem 3.9 illustrates the use of this principle.

D. Boundary Conditions

The user may also describe his boundary condition
loads (i.e., forces and moments) at the ends of the member.
These member and loads are described in the local coordinate
system. The positive directions for the member end loads,
relative to the indicated axes, at the start and end of a
plane frame member is shown in Figure 3.4e.

I
Moment z :
[: \<oment pa
Axial x } P
/ Force x
TForce y Force vy
4

Fig. 3.4e

.MEMBER END LOADS IN THE LOCAL COORDINATE SYSTEM

This tvpe of loading condition is used to input
fixed end forces and moments.

3.5 Rigid Diagonal Frame Problem

Consider the plane frame structure shown in Figure
3.5a subjected to the loading conditions given in Figures 3.5b
ané 3.5c. The truss discussed in Chapter 2 is now analyzed
as a2 plane Irame structure.
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LOADING 1 LOADING 2
Fig. 3.5b Fig. 3.5¢

The following commands describe the structure and
the loading conditions given. The TYPE PLANE FRAME command
given ON line 20 indicates to STRUDL that the frame, loads,
deformations, and rotations are in one plane. If the frame
is to be in either the XZ or ¥YZ plane then the TYPE command
must state this fact; as an example, TYPE PLANE FRAME VYZ.
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The 'UNIT' command informs STRUDL that different
units than the standard units are to be used in the problems
following the 'UNIT' command. Line 30 is an example of its
use. The 'UNIT' statement, if reguired, must be given prior
to the commands that it affects, i.e., if the joint coor-
dinates are to b= described in feet, the 'UNITS FEET' statement
must appear before the 'JOINT COORDINATES' ccmmand.
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Moment 2 specified in the header command "JOINT
RELEASE", on Line 90 will be released for all joints in the
list after the command. This means moment Z will be released
for joints 3 and 4. Force X will be released for joint 4 onlv.

l ! ' l ’ ' ; L i f L C 0 !

Ci’:zh‘feg_jﬂﬁlu__.y’"'“ : L ! L ! e Lo ?*L/“l
1 2 /R MEMEER | GEES FREM E TS 4 | ! Lo 5 /20
t i ; ' - - ¢
2 4 o { P ; X ; i : A B 21
5 4 2 i ’ . i I R B W

2.2 R T ! I L 0/
Y. | ‘ I I ! | 4 %
G/ & : , | v [ i 5
‘ '[ | ' ~ l | ; o

STRUDL allows the user to insert comments in the
input dzta. The comments may be placed on the same line as
the ccmmané or the whole line may e used £or comments by
placing a $ in Column 1. Comments placed on commané lines
must follow the command, and a2 § Zollowed by a blank space
nust grecede the conment.
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When using a negative or positive sign to indicate
the sign of a value, no blanks must appear between the sign
and number.
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All loading conditions, members and joints specified
prior to the STIFFNESS ANALYSIS command on line 320 will be
considered active during the analysis. The user has the
ability to omit portions of a structure or loading conditions
which have been specified by using the INACTIVE command prior
to the analysis. The LOAD LIST command (required in STRUDL I),
is now used (i.e., in STRUDL II) as an alternative form for
specifying which lcading conditions are to be considered
active in the analysis.

Following is the computer output which includes a
print-out of the input commands, a print of the STRUDL inter-
pretation of the input commands and the results requested.
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STRUCL

YPROB 2,5' 'RIGID CIAGCNALS?

EAEAFRRRELBRFXERERERRREBERRSXB IS SRRRERBRERRTRER
ICES STRUDL II VERSICON 1 MCD 1 *
THE STRUCTURAL DESIGN LANGUAGE *
MASSACHUSETTS INSTITUTE OF TECHNOLOGY *
STATE OF CALIFQRNIA *

BRICGE DEPARTMENT DIVISICN CF HWYS, *
SPECIAL STUDIES SECTION PH, 445-6519 *
NOVEMBER 1969 INSTALLEC APRIL 1970 »
18:12:00 6/01/1C *

=
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LR 2R IR 2 38 R IR 3K BB 2

EE 2R 22 RS LR SRR 22 A2 R R R R R R R R AR R R 22 2 8 )

TYPE PLANE FRAME

UNITS KIP FEET

JOIMT CCORDINATES

1
2
3

4

X

X

X

X

C.
8.
G

8.

Y B
Y 6.
Y Ca SUPPORT

Y Q. SUPPORT

JCINT RELEASE MOMENT ¢

3
4

MEMRER

6

FCRCE X

INCIDENCES

3

1

1
2

4

$ MEMBER 1 GOES FROM 3 TO 1

UNITS INCHES

vEWEER

13

2

4

PRCPERTIES PRISMATIC

3

S

é

CONSTANT

AX 2. IZ 1CC.

AX 1. IZ 40Q.

AX 1.5 17 30.

£

30000, ALL

$ 14

$ 14A

$ 144

$ 14A

$ 144

$ 144

s 14A
$ 144
s 1éA
s 144
$ 144
$ 144
$ 144
$ 144
$ 144
s 14>A

$ 144

$ 144

$ 144
$ 144
$ 144

$ 144

3 144

$ 144

40

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
49
40
40

40

0010

0020
€030
0040
0050
0060
0070
0080
0090
o100
o101
0120
0130
0140
g1s0
0160
0170
o180
oisl
0182
0190
0290
0210

0230



34

LCACING 1 "INCLINED LCAD! 3 144 40 0250
JCINY 1 LOAD FORCE X 3. FORCE Y -4. $ 144 40 0260
JCINY 2 LOAD FORCE Y -10. $ 144 40 0270

LCADING 2 "HORIZONTAL LOAD® $ 14A 40 0280
JCINT 1 LOAD FORCE Y -10. $ 144 40 02590
JCINT 2 LOAD FORCE X -4, $ 14A 40 0360

LOADING CCMBINATICN 3 COMBINE 1 .75 2 1. $ 144 40 0305

PRINT CATA - $ 14A 40 0310

ATOBITAGINNE NI INISAARICOEI0CIISIVINROSR N

® PRORLEM OATA FROM [INTERNAL STORAGE @

POUEBIBONIISN PN SENASEISIINVOVARIFEOIBEY

JCE 10 - PROA 3.5 JNB YITLE = RIGIN DIAGCNALS

ACTIVE LNITS = LENGTH NEIGHY ANGLE TEMRERATURE Tiwg

INCH «ip RAC DEGF SEC
sessseesss STRUCTUPAL DATA seseaveses

ACTIVE STRUCTURE TYPE = PLANE FRAME

ACTIVE CCOROINATE MXES X Y

JOINT CCCRCINATES 4 STATUS===/

JCINT x Y ? CONDITICN

1 0.0 72.000 0.C ACTIVE

2 9¢.000 72.000 0.C ACTIVE

3 0.0 0.0 0.C SUPPORT ACTIVE

4 96,000 Q.0 C.C SUPPNRT ACTIVE

JCINT RELEASES JELASTIC SUPPCRT RELEASES

JCINT FCRCE MWOMFNT THETA 1 THFTA 2 THETA ) KFX XFyY XFl Kux Xmy L 424

3 4 0.0 0.0 CeC 0.0 0.0 0.0 0.0 0.0 C.0

4 x 4 0.0 CeC .0 0.0 0.0 0.0 0.0 0.0 0.0

.

PEPRER INCIDENCES /7 LENGTH ’ RELEASES 4 STATUS=~/

WENRER STARTY ENC LOCAL COCRO. STARY END

FCRCE POMENT FORCE MOMENT

1 3 1 72.000 ACTIVE

2 1 2 §6,0C0 ACTIVE

3 4 2 12.000 ACTIVE

4 3 2 12€.000 ACTIVE

3 3 4 §6.000 ACTIVE

8 1 4 120.000 ACTYIYE

MEMRER PROPERTIES

MEMAER/SEG TYPE SEGL COMP  AX/YD AY/10 AZ/YC {x72¢C 1Y/€Y 127€1 sy L34

1 FRISFATIC 2.00¢C 8.0 0.0 0.0 0.0 10C. 000 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0
2 PRISMATIC 1.000 0.0 0.0 0.0 0.0 40.000 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
3 PRISMATIC 2,000 0.0 0.0 0.0 0.0 100.000 0.0 0.0
0,0 t.0 0.0 0.0 0.0 0.0
4 PRISFATIC 1. 500 0.0 0.0 2.0 0.0 80.C00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
S PRISPATIC 1.00C 0.0 0.0 0.0 0.0 40.000 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
é PRISEATIC 1.50¢ C.0 0.0 0.0 0.0 80.,C00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
MEPRER CCNSTANTS
CONSTANT STANDARO VALUE DOMA [N, VALUE MEMBER LIST
€ 29999,996C94 ALL
G 0.0 ALl
DENSITY 0.C0lCco ALL
CTE 1.£00000 ALL
BETA 0.0 ALL

PCISSCN 0.0 AL 3-14



sssssensar NES[NN DATA medvevsvaes

USER CATA SET

PARBMETER CICTIONARY /
L T1.13 TREATHENT STANOAAD L A TEFP TIWE
STRYOL CATA SET
PARAFETER OICTIONARY /
NAPE TREATWENT STANDARD L A TEFP TINE
1348+ STANCARC 3a.00 -2
[ 1 STANCARG 1.00
FILTYP STANCAROQ 1.00
ccce RECUIRED
xy STANCARD 1.00
xZ STANCARC 1.00
ca STANCAAL 1.00
iy coweyTeE COSTULEN
12 CCHPUTE QOSTULEN
cwy STANCARC 0.9%
cr? STanCaac 0.83
UNLCE CCYPUTE QQSTULEN
VALUES STANCARC 1.00
TRACE STANCARC 1.00
PRICTA STANCARD 1.00
TOLAAY STANCARD STESLWE
PXTRIALS STANCAOD 25.00
SECNCARY STANCARC t.00
USER CATA SET
CCASTRAINT OICTIONARY —w—meanwnan /
NARE RETRIEVAL
STRUCL DATA SET
CCNSTRAINT DICTIOMARYemo—vona————e /
NAPE RETRIEVAL
ax TaguLaR
AY TARULAR
[ 14 TABULAR
1 TARULAR
1y TARULAR
17 TARULAR
sY TABULAR
134 TaguLaR
AL} TABULAR
ic TAZULAR
ELTX TagULAR
WeTK TARULAR
YC/AFL TABULAR
RY TABULAR
L3 TABULAR .
ccrp TaguLaR
1[4 TAGULAR
2C TABULAR
WEIGHT TaRULAR
AT TR LY ] ] LQ‘C{”G QAT‘ evanssERay
LOICING - 1 INCLINED LCAO STATUS = ACTIVF
®EMBER AND ELEWENT LOACS
MEMBER/JELEMENT
JOINT LOACS ’
JCINT STEP FORCE X Y 14 MOMENTY X A H4
1 3.000 -4.CC0O Q.0 Q.0 0.0 Ce
2 0.C -1¢.000 0.0 0.0 0.0 Co
JOINT DISPLACSMENTS. /
JCINT STEP  CISP. X v 4 ROT. x v z
JCINT FCUCE ASSUMOTIONS
JOINY THETA 1 2 ) FORCE X z AOMENT X Y 4
NO ASSUMPTIONS GIVEN FOR THIS LOADING
VEVRER FNACE ASSUMPTICONS 7 -~/
uewael COMPONENT CISTANCE YALLS CCMPCKENT OfSTANCE VALUE

N ASSUMPTIONS GIVEN FOR THIS LCAOING

3-15



LOACING - 2 HORIZCNTAL LCAD

STATUS - ACTIVE
MENMRER ANC ELEMENT LOACS
MEFPEER/ELEMENT
JOINT LNACS: /
JCINT sTER FORCE X Y b4 MOMENT X Y b4
1 0.C -10.000 C.0 C.0 0.0 0.0
2 -4,C00 Ce0 Q.0 0.0 Q.0 C.0
JOINT GISPLACEMENTS 7 /
JOINT STEP OISPe X Y b4 20T. X Y H4
JOINT FCRCE ASSUMPTINNS
JCINT THETA 1t 2 3 FCRCE X Y b 4 MNMENT X Y
NQ ASSUMPTIONS GIVEN FOR “THIS LOADING
MEPRER FCRCE ASSUMPTIONS / 4
MEMRER COMPONENT CISTANCE VALUE COMPONENT BISTANCE VALUE
NGO ASSURPTIONS GIVEN FOR THIS LOADING
LCACING - 3 STATUS = ACTIVE
CCMAIMATION GIVEN = 1 [ Y% 414 2 1.000

P9080009 900000V VENDINSIRNENIREPNTRRERDN
& ENOC CF DATA FROM INTERNAL STCRAGE L]
SESNIPTSRAPEREINIPNADRIEIPICVPISREDIRNIRON S
S )

TIFFNESS ANALYSIS $ 14a 4o 0320

LIST FORCES DISPLACEMENTS REACTTIONS

$ 1A ko

0360



09000220008 EIINNCIEEIIRSER

OF LATEST ANALYSES®E

20¢ES IS NN RSB RACOININESYS

PACSLEM ~ PROS 2,3
ACTIVE UNTTS INCH XIP QA0
SCTIVE STAUCTURE TYPE PLANE

ACTIVE COCRCINATE AXES X Y

LCADING = 1
PENBER FCRCES

MEWEER JOINT

1 3

1 1

2 1

2 2

1 4

3 2

4 3

4 2

k] 3

] 4

[ 1

8 A

RESUL7ANT JOINT

JOINT

JOINT

>

JOINT

TITLE = RIAID DIAGUNALS

CEGF SEC

INCLINED LCAD

FORCE 144 “OMENT
AXTAL SHEMR ¥ SHEM 2 TCRSIONAL BENCING ¥ AENDING 7
2.2824406% C.274017% 8.7123232
=2.282444S «~0.2740179% 1101893554
Ce8537028 ~CaCICTB42 =1,88208459
~Ce8537028 C.023C5%542 ~1,0503%69
1Ca 4334478 0.C54393s 7.761237)
“1Ce4324478 ~CeC543938 -0, 9648942
-Ce84891842 C.C122691 “0e 4229555
Ce8891842 -Q.C132891 2.01%52512
-2.106661727 -Q,129%%22 -8,28936%58
2e106606727 0e.125%%22 -4, 1476517
2.47CC22¢ -041062307 -9.134104%
=2.870022¢ Q.10€23C7 -3.56135828
L0A0S - SUPPORTS
ENRCE 1/ “OAMENT
X FCRCE ¥ FORCE 1 FQRCE X MCRENT Y MONENT 7 wCwENT
~24999999¢C 1. 74994990 0,0000071
-C.CC0000¢ 1202499992 0.0000000
2ESULTANT JOINT DISPLACE™ENTS - SUSOCRTS
[—mem e e enneee=Q [ SPLACEPENT 17 INTATION
X orse, Y CISP. 2 CISP. X ACcT, Y ant, WT.
C.0 C.C -C,C001657
C.00063334 0.C =0 £000001
RESULTANT JCINT OTSPLACEVENTS - FREE JCIKTS
2 OTSPLACEMENT 17 2NTAT N
X DISP, Yy CIs», ? CtsP. * 207, Y ’rT, arr,
Ce 0137792 -C.C027189 -0,3001381
0.0116874 -0,012%201 -Q.0001048
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LCACING - 2 HCRIZONTAL LOAD

WEMBER FORCES

WEMBER  JOINT ’ FCRCE 17 wOMENT ’
AXTAL SHEAR Y SHEAR I TARSINNAL RENDING ¥ AENOING 2
1 2 1C.3870182 ~0.24%56076 -12,13027210
1 1 -1C.387C182 0.2456076 ~3,381022%
2 1 C.6536542 0.0287392 1.65883Cs
2 2 “Ca8534542 -0,0287392 1.1001310
3 i -2.4%69788 ~0.2456076 -10. 4403856
3 2 2.4565782 0.24%6C76 -7,24335%588
4 3 3.9375343 0,0€21497 3.7147369
i 2 -3,937534) -0,CE21497 6.1432257
s 3 Co8536545 Co1847362 8.%5079831
s 4 ~Ce 6536545 -0.1847382 9.1466904
& 1 -C.5414079 0.0417991 3, 7221928
s 4 0.5414C79 -0,0417991 142934974
RESULTANT JOINT LCAOS - SUPPCRTS
JOIRTY / FCRCE 17 MOMENT
X FORCE Y FGRCE 1 FORCE X WOMENT Y MOmENT T wOMENT
3 3.999999¢ 12.9999943 0.0000006
s -€.€60C00C -2.$559990 0.£030000
RESULTANT JOINT DISPLACEMENTS = SUPPCRTS
JOINT fmmmemmem e eaeae(] SPLACEMENT 1 ANTATION ’
X DISP. v c1s°, ? cise. X ROT, Y RpT. 7 eor,
3 C.0 6.0 0.0001071
4 ~C. 0020917 0.0 0.0001294
RESULTANT JCINT CISPLACEMENTS = FREE JOINTS
JOINT Jommmm e mmem e eeem=D ] SPLACEMENT 7 ROTATIOM /
X DISP, v C15%, 1 o1se, x ROT, Y ReT, 7 ROT,
1 ~0.0132447 ~0.C124644 0.0001301
2 -0.0153364 0.CC29484 0.0001678
LCACING = 3
PEMBER FORCES
MENBER  JOINT ’ FURCE 17 MONENT )
AXTAL SHEAR ¥ SHEAR 2 TNRSTONAL RENCING ¥ SENQING 7
1 3 12.0988503 ~0.CACCI44 -5.7604763
1 1 ~12.0988%03 0.04C0944 2.2816910
2 1 1.1439304 0.0C58235 0.246696%
2 2 ~1.1439304 ~0.065823% 0.3123634
3 4 €, 3681049 -0.1748124 ~4,6194639
3 2 -5.3681049 0.1748124 ~7.9670267
4 3 3,4206457 0.092101% 3.397%201
4 2 ~3442C6457 -C.£921015 7.6546631
s 3 -C.9713500 0.C875720 2. 3709602
s - ¢.971350C -0.C275720 £.0359448
6 1 1.4611082 -0.0378740 -3.1283878
s S -1.4611082 0.0378740 ~l.4164886
RESULTANT JOINT LOADS - SUPPORTS
JOINT ’ FORCE 17 HOMENT
X FORCE Y FCRCE T FCRCE X FOMENT Y MOuENT 7 MCwENT
3 1.7499990 14.31249CS 0.0000007
4 ~C.0€0000C 6.1874952 0.0000000
RESULTANT JOINT DISPLACENENTS - SUPPORTS
J0INT Vo ememcneeanDl SPLACEMENT 7 anTaTraN —7
x 01%2, Y CIsP, I CIsp. x 20T, v a0T, 7 nv,
3 .0 2.0 -0,0000173
4 0.0031083 e.c 0.0001293
RESULTANT JOINT CTSPLACEMENTS - FREE JCIATS
JOINT Jomme wemomeeaeenQUSPLACEMENT 17 ROTATLON—e e sam e e s eem ——
X DISP, T CISP. 7 ClsP. x PCT, Y ’eT,. 1 anv,
1 «€~0C29103 -C.0145186 e.0c0C255
2 -0.0C657CS -0.0064417 0.0000892
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Discussion

Changing the structure from a truss, presented in
Chapter 2, to a plane frame requires the addition of the
moment of inertia of the members. The minimum section prop-
erties required for the stiffness analysis of a2 plane frame
structure are AX and IZ (or IY).

Note, that i1f it were desirable to analyze the
structure, the one submittal, first as a truss and then as
a framed structure, the structure can be coded as a truss
and then using the 'CHANGES' command, the structure can be
changed to a plane frame structure.

Shown in Figure 3.5d is a free body diagram of the
frame for LOADING COMBINATION 3. The orientation of each of

the local member axes is also shown. The free body diagram
of joint 3 is shown in Figure 3.5e. The joint reactions
shown are in the global coordinate system and the member end
forces in the local coordinate system.



+y .040

4 —
5.768
12.089

Fig. 3.5d

NOTE: Member results are given
in Local Coordinate System

FREE BODY DIAGRAMS AND LCCAL CCORDINATE SYSTEMS
Results of Loading Combination No. 3




1.750 W A
>:A 3

®

14.312

.088 a°

JOINT 3 FORCES LOADING COMBINATION 3
Fig. 3.5e

Check Joint 3 Forces;

1) v =0;
Member (O V = = -12.099
Member (4) V = 8/10 (-.092) +.6/10 (-3.420) = - 2. 136
Member (§) V = = - .088
Resultant Joint 3 Y Load = +14.312
2)LH = 0 Ly = oA
Memter (O H = - .040
Member (4) H = 6/10 (.092) + 8/10 (-3.420) = - 2.681
Member (5) H = =+ .971
Resultant Joint 3 X Load =+ 1.750
LH = .000
3) gM = 0;
Member (D M = = + 5.758
Member (4) M = = - 3.358
Member (5) M = = - 2.371
Resultant Joint 3 M = Q
M = - .00L

w
i
[
[



3.6 Problem Modification Flexible Diagonals and Elastic Suvvorts

1 @) 2

o ®

Fig. 3.6a

Let us consider additional changes in the structure
given in Problem 3.5. Assume the diagonal bracing members are
pin-connected at both ends and that the sunports at joints 3
and 4 are restrained elastically as shown.

To make these changes and re-analvze the structure
in the same submittal, we use the following commands:

STATE OF CALIFORNIA =~ BUSINESS AND TRANIPORTATION AGENCY -~ OEPAGQ FMENT OF PUSLIC #ORKS ~ DIVISION OF ADMINISTRATIVE SERVICES

v ADORESS

COMPUTER  '/SYSTEMS L _ADORESS o irewd
B! B 13T cAcus:

ICES

g
184 89 44 47 1) 1) 70 EARESY
SUESYSTEM [ SOUACT 1 hARGL . gspEWCITURE SPECIAL DUSIENATION

| scavence

waAME b |_ ‘D oisT.” umir st amit D auTwomization wHn APRLICANLE o
) : ] [ . BT : LA ;
) L { . e 4s , B 1 g d et
1.2 1 ¢ 3 ’O 7 8 9 '0 11 12 1314 35118 17 18 (l 10 2122 23 24 23120237 28 28 30 11 .la ].l )l 19 3¢ 37 38 ’. lﬂ ‘1 41 43 4a ‘Q ll 7ll 49 90:91 51 3 74 39 %6 27 350 39 40 81 62 83 . 731747374

CHANGE TD ' PROA 3.6 ﬂﬂ[MZAGZWAASJA/Q_E_ASJl SUPPZRIS _H 60

yﬁ%&&é.é _EEAAA“.E_SMZ‘J‘MW 2 £ A/Z) /ﬂ/m/f,z_é e B2d
DELETIONS | R | WYL
wjﬂjﬂéasmmadﬁ___l__._-__.,_“ T L 227
O TMT: 4&454555_&/905)@ SRS S SN SN U U S <

M&/—w//\-/l- -.—L— - A—-J——- ‘ d— e ! e -—1— - s ‘ : :jé,_..éé{«/“‘

- m e - — e wm e

JOINT. RELEASES. *Mu_t- ] | i 62

e UL AoV U AR A — e e e €A

2 (A/__/é]_,&L A T S B S L 2O

— -

'J_K:xl_«,z::i__ O A D . ‘ | i ,é?ﬂ

B T T

EINT STRUTIEAL DATA .o LT L
SIS umxm,_ S B N S SN S ___} ﬁf}

LIST rEQP CS_DIS ﬂPA;if_‘éz'/" T REACTIONS L b c
o o I 1 j ' | T_ i

PO SIS S . i i : =




Note that the CHANGE ID 'PRCB. 3.6' 'FLEXIBLE
DIAGONALS' cdoes nct constitute a 'CHANGES' mecde command and
the prcolem is still in the 'ADDITICNS' mode. Therefore,
the 'ADDITIONS' command was not necessary when calling for
the member release, (An addition to the oricinal problem).

The support at jecint 3 is now elastically restrained
from rotating about the global Z-axis and the roller support
at joint 4 is now elastically restrained from displacing in
the global X direction. The previously specified joint re-
leases in these directions must be deleted, since an elastic
support direction cannot correspond to a release direction.
Note that joint 4 is still £free to rotate. The joint releases
are cdeleted using the commands on lines 0620 to 0633. The
elastic stiffness coefficients are specified using the 'JOINT
RELEASES' command.

The 'PRINT STRUCTURAL' command is issued to permit
verification of the modified structure.

For this example Prob. 3.5 and 3.6 were processed
in the same submittal. If it were desirable to process
Prob. 3.6 at a future date, Prob., 3.5 would be saved and
restored wnen Prob. 3.6 was processed. The "SAVE" and then
“"RESTORE" commands are discussed in Chapter IV.

Following is the output for Prxcbh. 2.6.
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CHANGE ID 'PROB 3,5°

YFLEXIBLE DTAGONALS AND ELASTIC SUPPARTS!' ¢ 147 61 cec?
MEMRER 4 6 RELFEASE STA2T MOMENT 2 ENMD MOMENT 2 $ 14T 61 2610
DELETIONS $ 14T 61. nk2)
JOINT 3 RELFASES “MOMENT t 14T 61 27
JOINT & RELEASES FIRCE X $ 147 51 n633
ADDITIONS t 14T 51 caa
JOINT RELEASES $ 14T 61 3653
3 KMZ 147.E3 $ 147 61 Yy S
4 KFY 375, $ 1aT 61 . 2AT7C
PRINT STRUCTURAL DATA s 147 41 0690
.‘.l.’.’l..“tl...“t.!.tt..l.....‘.l.‘-
& PRODLEYM OATA FANW [NTERMAL STNRAG
LA ZITTRIIEEITE ISR SRR LA R R 2 2 R 0 4 J
Jos 1 - PoOn 3.6 JOR TITLE - FLEXINLF NIAGNNALS AMO ELASTIC SUPPNRTS
ACTIVE UNITS = LENGTH WEIGHT ANGLE TEMPFRATURE TIuF
INCH Xip /a0 DEGF SEC
.o
"eSeReRSEERE SfﬂlefwAL DAYA seURECESIEEY
ACTIVFE STRUCTURE TYPEF - PLANE Frams
ACTIVE CONANINATE AXES Y Y
JNINT CON2NINATF§=m—n <=~/ STATYS===/
JOINT X .V z CANDITIIN
1 2.0 72,000 0.0 ACTIVE
2 K, 0 72,0 .0 ACTIVE
3 ) cuh J.0 suoePna T ACTUVF
% L0 . 0.0 sueene T ACTIVE
JOINT RFLEASES JELASTIC SUPONRT RELEASES~wwm /
JOINT  FORCF “OMENT  THFTA 1 THFTA 2 THETA 3 KFY KFY XFI Kux XMy X7
3 o.r nen Cun J.0 0.9 0.0 0.0 c.0 146999,937
o 2 Y0 Con n.n A7s.nct. 0.0 7.0 n.n 9.0 .0
MFUAFR [MCINFNCE §=-— / LENGTH /  OFLFASFS / STATUS~—~/
MEMAER  START END LACAL €N9RN, START FND
FARCF  MOMEMT  FORCE  MNWENT

1 3 t 72.000 ACTIVF
2 1 2 96,000 ACTIVF
2 . ? 12.C00 ACTIVE
4 3 2 t2c.cco 14 Z - ACTIVE
L3 b 'S 96, 0CN ACTIVE
6 1 4 120.060 4 4 ACTIVE
WEMAED POIPERTIES-—m- - = - /
MEMBFR/SEG TYPF SES.L  CIA%P  AX/YD AY/In AZ/vYC 1x/1c IY/EY 12/€2 sY s7
1 PRISMATIC 2.900 2.C Q0 Cal D0 100,000 r.D c.0

5.0 9.¢ 9.0 n,n nea n.o
2 PRISMATIC 1.000 0.¢C .0 Gen 5.0 40,009 c.n Nen

0.2 0.L 80 n.n 0.9 a.n
3 PRISMATIY ?.806 .0 3.0 n.n Q.c 1nn 00n L) a0

c.0 0.0 a.n LI n,n n.a
3 SRISMATIE 1. 500 n.0 D0 ] .0 an.non n.o c.n

0.0 2.0 Nae n.n . Nen
5 PRISMATIC 1.000 n.¢ 9.n 1.0 0.0 «n,.nng n.0 2.9

c.0 0.6 BN n.c 1.0 0.0
6 oq[svaTIC lo5CN 9.C A L] n.e 30,00 0.0 0.0

3.0 0.0 D0 LA JeC 0.0
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MEMAEY CONSTANTS

7
CONSTANT STANDARD VALUF  DOMALN, VALUE MEMAED LIST
€ 29919,994094 aLl
[ 7.0 ALL
JENSITY 0. 00100C ALl
CTE 1.38037) alL .
BETA fn.e ALL
PQISSON 2.0 aLL
S S RN NN GEENSE NP RENPUTE T SNESURIEOET R
e END IF JATA FROa  [MTERNAL STAPARE o
.ll.-ll.‘.l.......'.l.‘...‘l.ll.-l'l-.'..
STIFFNESS AMALYSIS ¢ 16T &) 1697
LIST FNOCES NISPLACEMINTS REACTINNS s 167 a1 5750
aessasvIen (I L ETRLISL L ST E L ]
et ESULTS LATEST aANALYSESe
SOV EENe NNl NAsETTAEESNSS
PROALEW - 0°Ng 3,5 TITLE = FLEYIBLE OIAGNALS ANO FLASTIC Supenars
ACTIVE UNITS [NCH KIP RAD NEGF SEC
ACTIVE STRUCTURE TYPF PLANE FRAME
ACTIVE COURDINATE aAxeES X ¥
LNADING = | INCLIMED LO4D
MEMAFX FQRCEFS
CEMAER JNANT / FORCE ) ] ——— MOmMENTY
axgaL SHEAR ¥ SHEAM 2 TORSTONAL AENNING ¥ SENOING 2
t 3 2.15%%7%%0 0.26027%1 14.4130046
1 3 -2.1557552 -0.26M2751 4.1288120
2 1 2.3846T9%4 =0.0630444 -4,126A12n0
2 2 =2 V846704 PRULEULE LS =1.72564139
3 s 10.25740913 0.09219%9 b.T7124547
3 2 ~17.2674213 ~J,09219450 1.,9%7%A479
& 3 0,474 M. 00N0QeN n.n0anne"N
s 2 0.34n769) =-J400C700C LG LG LT L)
H 3 =1.1214199 ~N.097044% b BNYO11Y
b s 1ol1218100 N,0970646 % ~h,T1246%47
& 1 2.969462) -, ANNJCRC n,anacann
'y Ky =2.3636421 Q. 0000000 =0.10N0n0n
.
2ESULTANT JOINT LOADS = SUPPNRTS
JNINT 7 FORCE 77 NOMENT /
X Faece ¥ FORCE I EIRCE X MOMENT Y MOMENT r WNMENT
3 “1ehB672960 1,8842414 1n. AN 1344
LY ~1.3657041 12.1657329 f, 0009000
FESHULTANT JNIMT OISPLACE=TNTS - SUYPOQRTS
antNT Jewmcem e == SPLACEMENT 17 INTATINN 4
X 152, vy 01sP. I on1sp. X nr, v T, r anr,
b} L } G ~A, 100 %99
. va03%34% .0 -N.0000643
IFSULTANT JUINT OISPLACEMENTS =~ SRFT JOINTS
T T ittt 01 5PLACEMENT 144 - anrtarinn ———t
T NES?, AEGIA TN ? NIse., ¥ AT, Y °QT, ¢ 207,
i VeN1 15410 -1.Cn2584° -A,A0Q01A%1
2 ~aI103 766 =Z.012321 «0,7000877
-
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LOADING « 2

MENRER  FIPCES

HOS [ZONTAL LNAD

MEMAER JOINT Jmemmememe—ceoe—ewee= FNACE 17 MOMEMT
AXTAL SHEAR Y SHFAR I TORSIONAL QFNDING ¥ RENOING 2
1 3 1C. 6462347 -3.2717545 =16.0854]1A7
1 3 ~10.464468367 NL2717585 =3.,4411049
2 1 0.77€995%3 V.0704089 3,401 1049
2 2 «0.77n99%3 =0.07%4089 3.2780714
3 & «2.3772699 -N.162%5237 =3,.46234359%
3 2 2,37N25R8 C.15629237 ~3.7278071%
L} 3 3.8311003 1.N04uC00C 0. C3000%0
3 2 -3,0331C1) -0.00%00¢ n.00R0N0
s 3 fL30anee Nel562998 643891401
S & -0.30940C2 =0.154299A N,4623435%8
5 13 ~0.AH26045R -G.00N0N0C n.NNABKNYD
4 & Foah2461459 q. 00000 =N,AN0N0CN
RFSUL TAMT JOINT LNADS - SUPPNRTS
JNINT FNRCE 12 MENT
X FOPCE Y FNOCE 1 FIRCE X MONENT v MOMENY 1 MOMFNT
3 3.53003990 12.8989944 ~9.,69462991
o 03609601 ~2.89392944 -0 ,0N00000
QESULTANT JAINT DISPLACENENTS - SYPeiaTS
JOINT Jmmemmmmnem e =D [ SPLACEMENT 144 ROTATION /
X 01sP, Y DISP, 1 91SP, X ROT, Y RQT. L ROT.
3 T Ne O 0.1NNASA]
& =000 9626 2.2 Q.ANN1304
RESULTANT JYINT DISPLACEMENTS -~ FREE JOINTS
JOINT Joemeel v m e == N[ SPLACEMENT 17 PATAT [ IMes e e c v cna e anna /
X DISP. Y DISP, 1 ntse, X ROT, v /0T, 1 0T,
1 -N. 0126431 -0.C12533A n.re026003
2 =f2140102 0."N20443 N.0N02012
LNADING - 2
MEMRER  FORCES
MEYPFR  Jnfur fommmem e amvemmec e FORCF =emcmccmecmmmccamcnn/ /o e e a e e ac e MOWENT
AXTAL SHEAP Y - . SHEAR 7 TNRSINNAL BEMDING ¥ RENAING 2
1 3 12.3515512 «N ,NT65%52) -%,12%5470"
1 1 =-12.7516512 £.NTK5522 =N, ARLNTTA
2 1 1.0445%210 r.0231241 N IAOTTR
2 2 =1a7%465910 =G l.r2312461 1.A33438%
3 & . 3103471 " ,"9237443 -4 ,an072018
3 2 =5.3301471 0.093374R8 =1.R8332345
3 3 3,577533 Do Ayt r N, N0NNGCO
. 2 ~3.,577519% -1, 239000 n.00ANNAR
S 3 -l .56412653 Teta1S1b4 2.9362801%
5 - N,Sar 453 ~N,OR1S5144 4 ,889241A8
A 1 leAlP6S74 «2.0920n0C LG LTS
6 & -labi 2454 TLnnanec BLRGLLG LT
SESULTANT J3IMF 1 Nans -~ SuppaoTs
JOINT / FOPCE - /7 MOMENT
X FUOPCF Y FARCE ! FORCE X MOMENT Y MOmMENT I ™OMENT
3 ?2.33831 73 16.239h91¢ =7,17919%0
4 =C havl] ) 6.2112998

RESUL TANMT JOINT NDISPLILEMENTS - SypPpPnaTs

Jngur fmmmm e e
X nIse,

k] e

A A7 17278

a, 060000

N1SPLAMENCNT ecomeanc cmamaccna/ fanecccmcacecacaancad ATAT [IMecam e ccaac e caaeca /

Y n{se,

ve )
Ten

AFR TANT JOTAUT N{SPLACFYENMTS = FRFF JNINTS

FLITN J e il LWL SLATE ST
X D1SP, v 18P,

} -fn a8y —1a914476¢

2 ~CePCTI2TA LI PR LTS LTV

7 pise, X enrt, ¥ 20T,

z 2971,

LPSL LI
LG L]

-ll=a

memmmmrm e e 0N AT [N m e e m e e m e e mmmm
! nise. X ant, v anr, 7 enr,

7.£2C0120
N.091127
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vVariakble Member Properties Problem - Tanered Columns

3.7
The example problem in Figure 3.7a illustrates how
the STRUDL program may be used to analyze a structure with
variable member properties. The two loading conditions im-
posed on the structure are shown in Figure 3.7b. The member
loads are considered in the first loading condition, and the
suppcrt displacements constitute the second loading condition.

144

12

24" dia.

HTHHTiTie

L e

i

3
\TIA 2 k/1
¥y v+ b 3 v ¥ ¥ 3 b ¥

L1

1 k/1

SUPPCRT
DISP.

Fig. 3.7b
LOACING
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Initially, the structure is analyzed without regard
to the support width, i.e., the member is modeled as a line
element extending to the joint centers. A second analysis is
performed for the first loading condition with the member end
joint size considered. For this particular problem the line
approximation yields results comparable to the results which
include the column width in calculating the stiffness of the
member. The member end results are summarized in Table 3.7a
following the output results. For structures with larger
support width relative to their span lengths the results of
the second type of analysis will be more appreciable.

STRUDL's graphical output facilities provide a use-
ful tool to verify input data and also to visualize the forces
and moments resisted by individual members. In this problem
the. command needed to obtain a printer plot of the gecmetry
of the structure and individual member force diagrams will
be illustrated. At the present time only printer plots are
available.

The structure is described using the joint and the
member numbering shown in Figure 3.7c.

1 <:> <:> T— 4 .<:>9— 6
“ B
y @
i

Fig. 3.7c

The following commands describe the structural
geometry and topolocy:

STATE OF CALIFOMNIA ~ BUSINESS AND TRANIPORTATION AGENCY - DEFANPMENT OF PUBLIC WORKS ~ OIVISION OF AOMINISTRATIVE SERVICES

> X

COMPUTER

Y SYSTEMS

—
AUGATSS OATZA

2! b orsy.zeoue

ICES sl 7
§4 85 64 ¢7 Ba 49 70 71 71
- SouAce ARG . ] iGuaTion ¢
!U::“i‘"hi 'D! 1 msr“ T =IS:' .u-ur N A:lr:::ﬁlliu\::- ”::(l:LA::L:AI:I:D - b i ] seovewer
L i | vz 52
LI 204 ' TAPERED COLUMY i 2 N 10901,
1.2 3 4 $i4 7 4 # 10111 121914 13716 17 18 1910 2122 23 24 29 1'!72. 29 30 21 32 33 24 38 !0 37 3. !l 34‘ 42 43 4e Al Il'lllll 3031 32 l’i‘!l !.!75! IIO Il . l] 73ITAr2
1 i . i
m:_lﬁ..zz//c. FROME - ' , ! ! O
‘WNLT. 9 EEE TR DEGREES o o bbbl 4
l:-.;fz‘ ,’_u._-_ ZRDINATCE. % . RO R e
l H H i H
O ZZ | ' S SURUURUOE EPUNUUS SN SO
S Ug P ;A_AL.AA_:LJ__.._..;-. it e e e
L2 b, f_’U”ﬁu?I SRR SO S S
2 AL ] 2. ] | - | | ]
¢t ___.__._:_._._. D i I te hmemman & e b ——m e o
5 A sUppier e

__bh_éL Jthzb_céf¥bﬁ/ SR W i
L. | l : i

P S S T - U S




When the coordinates are not labeled, STRUDL will
assume that they are in the order of X, ¥ anéd Z. Note that
no value was given for the Y coordinate of joints 3 and 5
so STRUDL will assume that they are egqual to zero.

e S s { B
EMELD Ty DEMCES. R i
[/ . ~
3 . _ .
12 2 4 ‘ -
W 5 4 |
w44 | ! ] L
JOINTT Rt LUSES | Lo a
LTROE X WIBMET 2 THI 135, e , L
LORCE X PErUENT 2 L _1_, - |
ISUPURI VRN (U AN DPRRTPUUNN SUPEPRS o

Since the direction of the local Y-axis, of Member
2,1s the same as the release direction and only one member
is incident on joint 3 a member release can be specified
instead of a joint release. The advantage in doing this is
that the coding is simplified.

ror example:
Instead of: JOINT RELEASE

3 FORCE X MOMENT Z TH1 135.

li

Use: EMBER RELEASE

2 START FORCE Y MOMENT 2Z.

The disadvantage is that the reported joint éisplacements
will not reflect the alsolacement of the joint. ©Note that
when the member release command was used the TH1 angle was
not specified.

The variable member is modeled with three egual
secments as shcwn in Figure 3.7d. The commands cescribing
he variatle section are shown on lines 0230 to 0260.

{tv
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MODEL OF COLUMN MEMBER
Fig. 3.7d
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The loads shown in Figure 3.7b are described in
LOADING 1 and the support settlement in LOADING 2. Since the
direction of the loads must be parallel to the local or glckzl
axes the concentrated load on member 3 is resolved into com-
ponents parallel to the local X and ¥ axes as shown in Figure

-

i.7e.
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MEMBER 3
Fig.3.7e
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The uniform loading cn member 2, the inclined
mermber, may e svecified in one of three ways as illustrated
in Figure 3.7%. For all three cases the local coordinate
system is used to describe the distances along the member
to the s_arbing point and ending point of the unifcrm load.
The loading given extends over the entire length cf the
member, thus these distances are omitted.
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1Y Global

W=1.00"T

CASE 1 CASE 11 - : CASE iii

MEMBER 2
Fig.3.7f

The direction of the load is parallel to the global
X axis and may be specified as acting in the direction of
X~GLOBAL for case i and case ii.

The loading intensity can be described as a function
of the length of the member, as it is for case ii; or it may
be described as a function of the projected length of the
member on a plane perpendicular to the direction of the load-
ing as it is iIn case 1.

The STRUDL command for case i1 which is used in our
example is:

FORCE ¥ GLOBAL PROJECTED UNIFORM W 1.0

This form of the command is useful in applying wind loadings
to a structure.

The lcad intensity may also be described as a
function of the length of the member as is case ii. The
STRUDL ccmmand for case ii is:

FORCE X GLOBAL UNIFORM W .707

Note that the intensity has been reduced to correspond
to the length of the member. This form of the command is useful
in describing the dead load of a structure.

Trhe loading may also be resolved into components in
the direction of the local coordinate system. The components
being axial (i.e., in the direction of the positive local X
axis), and normal (i.e., in the negative direction of the
local Y axis) to the member. The STRUDL commands for this
case are:

FCRCE X UNIFORM W 0.50

FORCE Y UNIFORM W 0.50
3-32
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The intensities now are the components of the load intensity
for case ii.

The following is the coding for the seconé lcading
condition - support settlement.

! T T = * !

i ! 1 ! | L . oy ]
L,_Jz: LNE 2, [ SETTLEMZNT QE__MLJ’ ____.___L_- b e i B850
UNTTS, TNCEES RUDIANS . i R, - NET 7
LICL/7 5 DISPLACEHENT DISE X = B_-L_-_.ﬁ_ﬁa;zzr!ﬁ YRRV . BT
LCADING LIST Alf . . i . | o : b oM 30O
PO TAT PATA .t . L ISR A SO T. N IS
:cA_AA/A“\/'SJq ! [ N | . L ,_ it

QUTPUT LECIMAL 3 ) R i S AN S
DS 7% N i ! | 5 L ! o

Lf‘;__f ‘f—:ce.f“ ﬁ’f’*rwﬁ_.o_.__._ﬂ_zt_gfi_,/ CEMENTS ) T

i " | i bk _h_.—_[_ r- TR TP .

Note that the joint dlsplacements must ke given in
the global coordinate system.

The commands on lines 370 to 390 are sufficient to
verify the STRUDL commands previously given and perform a
STRUDL analysis. The following computer output is the
result of all commands given from line 1 to 390.

w
|
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STRUDL 'PRCB 3,.7' *TAPERED COLUMN® §

i PR R 2R 22 22 2222 SRR RS2SRRSR S22 22

ICES STRUDL II VERSICN 1 MCD 1
THE STRUCTURAL CESIGN LANGUAGE
MASSACHUSETTS INSTITUTE OF TECHNOLCGY
STATE OF CALIFORNIA

PH. 445-6519

NCVEMBER 1969 INSTALLEC APRIL 1970
17: 19:1'5 6/11/10

*
*
*
*
ERICCE DEPARTMENT DIVISION OF HWYS. *
*
¥
*
*
*

*
*
*
*
*
* SPECIAL STUDIES SECTICON
*
*
*
*

EXEEXSEXXEXXXXXXEXREEXRF XS EXE RS TEXILEII SRS DS

TYPE PLANE FRAME
UNITS FEET CEGREES
JOINT COORCINATES
1 0. 12,
2 28. 12.
3 1&. SUFPORT
4 58. 12,
S 58. SUPFORT
6 74. 12. SUPPCRT
MEMBER INCICENCES
112
232

(8]

2 4
45 4
54 6
JCINT RELEASES
3 FORCE X MCMENT Z TH1 125.
6 FCRCE X MOMENT Z
MENBER PROPERTIES
1 3 5 PRISMATIC AX 3.75 IZ 1.96
4 PRISMATIC AX 2.14 IZ .786
2 VARIABLE
SEG 1 AX 2.22 12 .4C L 5.657
SEG 2 AX 3.18 IZ .82 L S.657
SEG 3 AX 4.2C IZ 1.50 L €.657
UNITS KIPS INCFES
CCNSTANTS € 30C0. ALL

UNITS FEET

$ 1aT

$ 14T

$ 14T
$ 147
$ 147
$ 147
$ 147
$ 14T

$ 147

$ 147

$ 14T
$ 14T
$ 147
$ 147

$ 147

$ 147

$ 147

$ 14T

$ laT7T

$ 147

$ 147

$ 147

$ 147

$ 147

$ 14T

$ 147

$ 14T

$ 147

$ 147

62

62

62

62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62

62

62

62
62
62
62
62
62

62

0001

0020
00130
0040
0050
0060
070
0c80
0090
0100
0110
0120
0120
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280

0290



LCACING 1 *ALL LCACS SKOWN! '$ 14T 62 0300
MEMBER LQACS $ 147 62 0310
1 3 5 FORCE Y UNIFCRM W =2, $ 147 62 0320
3 FCRCE X GLCBAL CONCEMTRATED P 12.C L 1C.C $ HCR. CCMP, $ 147 62 0320
3 FORCE Y GLOEAL CONCENTRATED P =164C L 1C. $ VERT. CC¥P, $ 14T 62 0340
2 FOCRCE X GLOEBAL PRC UNI W 1.C $ HOR. LCAD TAPEREL CClLe. $ 147 62 0350
LCAQING 2 *SETTLENMENT CF JT. S°? $ 14T 62 0351
UNITS INCHES RACTIANS $ 14T 62 0352
JCINT 5 DISPLACEMENT DISP X =23 Y -.5 ROTATION 2 .01 $ 157 62 0353
LCAQING LIST ALL $ 14T 62 0360
PRINT CATA $ 14T 62 0370
(LEIARA AR AR A RIS YY)
®  PageELEM CATA FAQm INTERNAL STORAGE o
SO SIPNEEB ISP SIS ININIPEISEDOTRNOSOEPIENSE
Jcs 10 - PRQE 3.7 JO08 TITLE -~ TARERED CILUMM
ACTIVE UNTITS « LENGTH nEIGHT ANGLE TEMPERATURE Tive
INCY Ky /a0 QEGE SEC
seseenuses STRUCTURAL CATA seusesesse
ACTIVE STRLCTURE TYPE « PLANE FRANE
ACTIVE COQRCINSTE AXES x Y
JCINT COCRECINATES /  STATUS=w==/
JCInT 2 A 4 CCNOITICH
L ¢.C 144,000 Q.0 ACTIVE
2 33e.0CC 144,000 c.C ACTIVE
3 192.0C¢C 8.0 €.C SyPRCRY ACTIVE
4 és5e.0CC 144,000 c.C ACTIVE
b 4%8.CCC C.C a.0 SUPPCRT ACTIVE
5 tag.CCC 144,800 0.0 SYPPCRT ACTIVE
JC!N.Y AELEASES /BLASTIC SUPPORT RELEASES
JCINT FQBCE  MOMENT TRETA 1 THETA 2 THETA 3 XEX RFY KFZ ({11 ey wmy
3 X 4 2.2%6 Cel c.C 2.9 0.0 c.C 0.C 2.z 0.C
) x 4 .0 €. C C.C 2.3 1.0 9.0 Q¢.C 1.¢C .0
mEWBER INCICENCES / LENGT 7 RELEASES / STATUS==/
MENBER START ENC LCCaL COURD. §TART ENO
FORCE wCMENT FCACE »CHENT
1 H 2 328.00C ACTIVE
2 3 < 2C2.447 ACTLVE
3 2l 4 lec, 000 ACTIVE
. ] ) 144.C00 ACTIVE
1 L} é 192.0C¢C ACTIVE
¥e¥8EQ FRQPEATIES ’
MEMBER/SESG TYOE SEG.L camP ax/YQ avsc Az/ve [xs2¢ (r/ey 12r¢2 s st
t AALSMATIC s4C. Q02 9.2 7.8 2.0 T.Q 40842.%79 g.c T
C.Q 3.0 9.0 9.0 3.9 1.¢
2 vInIaeLE
1 aT.286 L 319.82¢C 2.0 Q.0 g.0 2.9 32€4,1292 t.C T
0.0 Gev 2.2 8.0 3.0 et
2 eT.a84 L 457.52¢ Q.3 7.3 0.9 2.0 173€3. 82 LeC 2.0
Ca 2.0 3.2 Q.2 q.0Q 2.¢
b} 47,884 | 619,229 C.C 9.0 .0 3.0 JticaLcec n.0 e
0.0 .0 2.0 0.0 a.0 L P94
3 PAISNATIC t4g.8CC 2.8 3.3 9.2 2.0 40442.129 2.0 c.C
0.3 a.o 3.0 Q.0 2.9 9.C
& PRISMATIC 452.180 a.c 2.2 0.2 -2 16259.492 1.¢ Lo
8.0 8.0 2.0 0.0 q.c C.C
5 PRISEATIC saC.0CC 0.C 2.9 3.0 9.2 40842.219 8.¢C e
9.0 9.9 3.9 0.0 0.3 2.2
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MEMBER CONSTANTS

CCASTANT  STANCARC VALUE  OOMAIN, VALUE FEPBER LIST

€ 2995.9651¢8  ALL

[ c.c ALL
DENSITY c.cC1cec  ALL

cTE 1.cecc0C  ALL

BETA ¢c.c ALL
PCISSON c.¢ ALL

ssssseesse CESIGN DAT. sesssssess
USER DATA SET
PARAMETER CICTIQNARY /
NARE TREATMENT STANDARD A TErP TINE
STRUQL CATA SET
PARANETER CICTIONARY /
NANE TREATMENT  STANDARD A TEWP TIRE
FYLe STANCARC 2¢.¢C -2
PF STANCARC 1.00
FELTUP STANCARC 1.00
ccee RECUIRED
XY STANCIRE 1.00
X2 STANCARD 1.00
ce STANCARC 1.00
LY COMPUTE ACSTULEN
L COMPUTE QQSTULEN
crY STANCARE 0.85
crz STANCARD 0.85%
UMLCE COMPUTE 20STULEN
VALUVES STANCARC 1.00
TRACE STANCARC 1.00
PRIDTA STANTARC 1.c0
TELAAK STANCARC STEELWF
WXTRIALS  STANCARC 25.0¢
SECNOARY STANCIRC 1.00
USER OATA SET
CONSTAAINT DICTIONARYwmmwn ——
NANE RETRIEVAL
STAUOL DATA SET
CONSTRAINT CICTIONAR Y= ommm e/
NANE RETRIEVAL
Ax TABULAR
aY TABULAR
a2 TABULAR
x TABULAR
1y TABULAR
[ 2 TABULAR
3 4 TABULAR
2 TABULAR
Yo TABULAR
Ic TABUWL AR
FLTK TABULAR
NaTx TABULAR
YC/ARL TABULAR
v TABULAR
L3 TABULAR
cene TABULAR
Yo TABULAR
144 ) TABULAR
WEIGHT TABULAR
2
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sevasessse LCAQING DATA evessecsse

tsesesssscaesssenseIRaRIIRIS
$RESULTS OF LOTEST ANALYSES®

PRGBLEM - PRQE 1,7 TITLE <~ TAPENED CCLUMN
ACTIVE UNITS FEET xXIP RAD CEGF SEC
ACTIVE STRUCTURE TYPE PLANE FRAME

ACTIVE COCRCINATE AXES X Y

(V8]
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LECACEING - 1 ALL LCADS SHQuN STATUS = ArT(VvE

MEMTER ANC ELEWENT LOACS ’

WEREER/ELEPENT

1 UNIFCRN  LCAC  FORCE Y ®R v =C.l67 L& 0.0 L2 1.000

2 UNTRGRR  LOAD €L FCRCE 1 #m 0.083 L1 Q.0 s 1.000

3 UNISCRM®  LDAD  FCRCE Y KR w  =0.187 LA 0.0 t*  1.000

CCNCEN. LOAO GL FORCE P 12.000  120.000
CONCEN.  LCAD GL FORCE v P  =15.000  1120.000

s UNTFORM . LOAC  FCRCE Y PR ¥  =C.167 LA 0.0 L2 1.000

JOINT LO4DS ’

JCINT STEP  FORCE X Y 2 PCPENT X Y 1

JOINT CUSPLACERENTS ’ ’

JCINT STEP  CIfP. X v 2 reT.  x v 2

JOINT FORCE ASSUMPTIINS ———

JCIAT ™ETI 1 2 ) FGRCE ¥ v t BCHENT 12 v 2

NG ASSUNBTICNS GIVEN FOR TRIS LCAOING

MEMBER FQRCE ASSUNST ICNS ’ ’

mEFBER CONPONENT  DISTANCE VALUE CCMPONENT  OISTANCE vaLue

NQ ASSUMPT[CNS GIVEN FQR Th{S LCADING

LCACING - 2 SETTLEMENT QF JT, ¢ STATUS = ACTIVE

MENEER AND ELEMENT LOADS ’

NENEER/ ELENENT

JOINT LOACS ’

JCINT STEP  FCRCE x v z PCPENT X v 1

JOIAT DISPUACENENTS ’ ’

JOINT STEP  CIsP. X v 2 act. 1 v 2

s -¢.30CC¢  ~C.5C00C c.c 0.0 0.0 ¢.c1a70

JOINT FOACE ASSUNPTIONS ’

JCINT ™meTa 1} 1 FoRCE X v 2 NCRENT X y 1

NG ASSUNPTICNS GIVEN FOR TNIS LOADING

MENBER FORCE MSSUMPT[ONS ’ ’

xEraEr COMPCNENT  QTSTANCE “yALUE CCRPCAENT  OISTAACE vaLue

NG ASSUMPTICNS GIVEN FC. THIS LOADING

SO0SRNOINSUNENRCCICEREROOPEOEISENOUIBERES

& ENQ QF CATA FRO» INTERNAL STQRAGE o

SINENESE CNONT IR IS S0 ONUEEPESSREICERONR
STIFFNESS ANAMLYSIS $ 14T 62 0380
OUTPUT QECINAL 23 . $ 14T 62 0331
UNITS FEET $ 147 62 0382
LIST FCRCES REZ2CTICNS CISPLACEMENTS $ 147 82 0390



LCAQING - ) ALL LCAOS SHOWN
MEMBER FORCES
MEME* R JCINT Il FORCE 1/ MOMENT /
AX[AL SHEAR ¥ SHEAR 2 TORSICNAL MENCING V¥ RENNING 2
1 1 ~¢.000 c.00c ) e
2 0.000 $8.0CC -784,.779
¢ 2 16C. 829 -0.000 . c.nee
2 2 -169.21¢C 8.488 -12.,702
3 2 12¢.721 57.72¢ 884,0C2
3 4 -137.721 18.279 ~364,797
4 ] 9.312 137.721 SCe. 744
4 4 -S.212 -137.721 741,043
s L ~0.000 ~8,987 -399,474
] [} €.060" 4C, 967 -t n0C
RESULTANT JOINT LOADS -~ SUPPORTS
JCINT Iz FCRCE 1/ MAMENT
X FORCE Yy FCRCE 1l FORCE X NOMENT Y POMENTY T wQNENY
3 113,721 113.72¢ f.0Cc
5 -137.721 9.112 see,. T4
6 c.oco 4C.987 e ren
RESULTANT JCINT CISPLACEMENTS - SUPPORTS
JCINT It e O SPLACE FENTY 17 ROTAY [ON— /
X DIsP. Yy 0tsP, 1 cIse, X R’QT. Yy rQT, 1 RAT,
3 C.220 ~C.220 n.n12
b 0.0 0.0 .
& 0.07¢ 0.0 c.r0
RESULTANT JCINT CISPLACEMENTS - FREE JOINTS
JCINT Jom e m s e e D [ SPLACENENT 177 NTATION /
A DtspP. Y O1SP. T CtsP. 3 RQT, Y ROT. Ll gy,
1 c.C78 ~C.578 c.c22
2 C.C12 -C.CAl .C11
4 ., 0.076 ~C.00C =-£.0C3
LCACING - 2 SETTLEMENT OF JT, &
MEMNER FCRCES
MEMARER JCINY / FORCE 17 MAVENT ’
AXTAL SHEAR ¥ SHEAR 2 TORSICONAL BENDING ¥ RENDING 2
1 1 €.0C0 -C.000 c.nre
1 2 ~C.C00 €.000 ~C.004
2 2 2C.29C -C.C00 c.o0n
2 2 -2C.39¢C €.CCC -C.2Cc
1 2 lh.418 La.418 c.nen
3 4 -14,4119 =-l6.418 432.50)
L) 5 -3C. 02 La, 612 16,564
4 L) 10.824 -146,418 -l717.0M0
5 4 C.C00 ~l8.406 -242,497
L) [} -C.CCC 16.40C8 -C.CCC
RESULTANT JCINT LCAOS = SUPPNRTS
JCINT / FCRCE 1/== HONENT
X FORCE ¥ FCRCE 2 FORCE X PCMENT Y WOMENTY 7 YOMENT
? 14,418 16.418 C."an
< -l4.413 -3C.0824 141,044
[ =GC.CCC t6.406 -c,0n0
RESULTANT JCINT CISPLACEPENTS = SUPPCRTS
JCINT 2 —— —eaem e SPLACENMENT -t pOTAYION
x 0isP. Y 0158P, l 21s», X RCT. Y RGT, 1 0T,
1 -2.18% c.16% —e.cet
b3 -C.C2¢ -C.C42 c.c12
& ~Q.CA4 c.0 €.001
RESULTANT JOINT CISPLACEMENTS ~ FREE JOIAIS
JCINT Jrmmorcrmamame——ee 0] SPLACEFENT 17 ROTATION
X NISP. Y OtSP. 1 0tse. X RQT, Y ROT, L °nT,
1 ~C.C26 c.272 -C.cn?
2 -C.C84 C.084 -C.007
4 -C.C84 -0.041 f.nC01




To obtain the analysis considering support widths,
the following coding is added. : '

' ! i f b l P i_‘:
i/ EnD [, 25 ; | L . A,
12 STAer /77 EMD t.C A . I W
\s _szder 1.7 . . H 430
=~ 7o | | I H
LAN LJS! i/ URRS S | ‘{;4
STIEZANEZSS MAMALYSTS. | ' z N LN 24
LIST VFEerss PrdoTrZalS DIoplACEMENTS . 1 I =777

: | ! L . i L8

Coa—a d . .

Note that only load one will be considered in the
analysis and that another stiffness analysis is required to
make the results available. The following computer output
is the result of the commands shown on lines 400 to 460.



MEFBER END JCINT SIZE

$ 14T &2 0400
1 ENC 1.77 $ 147 62 0410
3 START 1.77 ENC 1.0 $ 147 62 0420
5 START 1.0 $ 14T 62 0430
.
LCAC LIST 1 $ 14T 62 0440
.
STIFFNESS ANALYSIS $ 14T 62 0450
LIST FCRCES REACTICNS DISPLACEMENTS $ 147 62 0460
.
9099988390008 0808084090088088808998
SRESULTS OF LATEST ANALYSES®
9898809988038 00900009889980%0n
PROSLEM - PRQE 2.7 TITLE ~ TAPERED CCLUMN
ACTIVE UNITS FEET KIP RAD OQEGF SEC
ACTIVE STRUCTURE TYPE PLANE
ACTIVE COCRCINATE AXES X ¥
LCADING = 1t ALL LOADS SHOWN
NEXBES FCRCES
MEMBER  JCINT ’ FORCE . 17 pOwENT -7
AXLAL SHEAR ¥ SHEAR 2 TCRSICNAL SENRING Y SENDING 2
1 1 ~g.000 c.00¢ e.rre
1 2 0.000 56.0C0 ~1%4,009
2 2 16C. 598 -c.c00 c.cnn
2 2 ~169. 443 8,485 -72.602
3 2 125.214 57.814 wes,cr2
3 s ~137.814 1a.138 -141.575
. 5 0239 137,814 29¢, 449
. A -1.335 -137.814 783,123
s s ~0.000 ~5.R47 ~413.947
s ¢ ¢.000 4l.847 -c.f00
RESULTANT JCINT LCAOS = SUPPORTS
JCINT ’ FCRCE 77 MOMENT ’
X FORCE Y FORCE 7 FCRCE X MOMENT Y MCMENT 2 vnuENT
3 113,214 113,814 c.ren
H -137.816 2.339 298 48¢
6 8.c00 a1.847 -c.ccn
RESULTANT JCINT CISPLACEMENTS ~ SUPPCRTS
JCINT fmmmmmemm e emeea= 01 SPLACENENT 77 anTATLAN ’
2 OtsP. Y 01sP, 7 cIsP. x ROT. v anv, 2 egT,
3 c.2¢1 -0.201 .
5 .0 ¢.0 o
6 c.CT4 0.0 .ce2
RESULTANT JCINT CISPLACEMENTS - FREE JCINTS
JCINT SR —— ——CISPLACEVERT === -1 RQTAT [N e S
x 0lsP. Y DISP. 1 CIsP. X RCT, Y ey, L anrT,
1 C.C78 -£.450 r,017
2 0.07¢ -¢.c79 c.o1n
. 0.074 -¢.a0¢ -c.f3
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LCADING = )

PERREN  FCACES

NENZER

[

MRS P EENA

JOINY /

C PRSI NNIIN

LCHOING - 1

BEPSER  FORCES

WENSER

[ R I R Py o

JCINT /

Cr PR ia N

Table 3.70 - COMPARISON OF. MEMBER END RESULTS

JOINT SIZE CONSIDERED

ALL LOADS SMONM

2
FORCE 17 nmENT ’
AXIAL SHEAR ¥ SHEAR Tarsicnat AENCING ¥ AENNING 2
~¢.000 c.o0a¢ LA
6.000 $6.9CC -108,%"0
16C. 028 -C.000 r.nee
-189.21C 8,485 77,007
129,10 $7.72¢ ma 0C2,
-137.721 18.279 ~3a4,107
9,312 137. 721 §Ce, 798
-9.212 -137.721 147, 04Y
-0.000 ~8.947 -199.474
€.0C0 4C. 967 -n.00c!

JOINT SIZE NOT CONSIDERED

ALL LOAODS SHCEM

FORCE -~ 44 mmEnt -7

AXQAL SHEAR ¥ SHEAR ] TCRSICHAL RENNING ¥ RENNING 2
-¢.cC0 €.30¢ cLnnr
8.000 58.2¢C¢0 LA L P
16C. 598 -C.00¢C c.con
-169,48) 4,485 -73,%°70
125.81¢ $7.814 158,072
~127,814 18,128 ~41.57%
1.1129 137,814 190,449
-2.313§ -137.214 7%%,123
-C.000 5,147 ~417,%7
c.cco 4l. 347 Cr,AnA
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At the conclusion of the analysis a plot of the
gecmetry of the structure is helpful, particularly in com-
plex structures with many members, in determining errors of
input. To obtain the geometry of a two dimensional structure,
use the command ‘'PLOT PLANE'. This command will provide a
scaled printer plot of the structure as described in the
previous STRUDL commands. The joints are labeled on the
plots and the member incidences are printed in a convenient
table near the plot. To rotate the plot 90° the command
'PLOT FORMAT ORIENTATION NON STANDARD' may be given.
Following this command another plot plane will verify that
the rotation has taken place. Notice that the plot has been
rescaled to fit the width of the paper.

To obtain member moment and shear diagrams the
'PLOT DIAGRAM' command is used. For example to obtain the
moment and shear diagrams for member 3 considering all load-
ing conditions, the following commands may be used.

LOAD LIST ALL
PLOT DIAGRAM FORCE Y MOMENT Z MEMBER 3

The first command instructs STRUDL tc make available
all of the loading conditions that have been described. The
second command asks for shear and moment diagrams for Member 3.
These commands will initiate the plotting of the diagrams in
the following order

Member 3 Force Y Loading 1
Member 3 Moment Z Loading 1
Member 3 Force Y Loading 2
Member 3 Moment Z Loading 2

Envelope curves for all loadings on Member 3 may be
obtained with the following command 'PLOT ENVELOPE FORCE Y
MOMENT Z MEMBER 3'. This command is sufficient to generate
envelope curves for moment, shear forces in Member 3.

The commands described may be expanded to include
all members that are of interest by listing the desired
members. Care must be exercised when coding plot commands
to insure that unwanted plots are not produced. For example,
a command, 'PLOT DIAGRAM ALL MEMBERS', for a space frame of
10 members combined with 10 separate loading would give 600
plots.

The following set of commands and computer outnut
illustrates the results that may be expected from the zlotting
commands just described.

e - et e s e e e e

; ! ! : i : : : e

oy TR P b b st b e PR —_———— e - — e — -

,EL.J 7:_5’-’-../1’.1%&‘___ ] i Y U SV S S S P
DL 2T FERMAT GPJ‘E/‘[Z}IZLQAL NCL_\_IA/\[D/:(’Z/ SRS SR S WSSO . I
gigz;QLAyf 1 . . b SSANUVU S N

Fan ST G T T T R
DLEr DIAERfr ELRCE. Y. HEHENT Z MEMEER 3 Ll »
FZQZL;‘%%ZA&D ”‘”C— Y.bZMLAr_J,JAFVJ~v'E_L.M”“%_‘,,A,ﬂ¢”;"._‘m
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3.8

Plane Frame With Nonsvmmetrical Membcer Cross Section

in Figure 3.82 thru 3.828 below.

with:

To illustrate three additional STRUDL commands con-
sider the Plane FPrame Structure and locading conditions shown

(1)

Joint Fixity

These commands are concerned

(2) Temperature load - axial and bending
(3) Internal member stresses for a nonsymmetrical
section.
Y Global
34’
g8 . B l o 10 —— B e g' -
T =1 A g

2 4 5 ‘

—_ X GlObal

®

Fig. 3.8a
SECTICN PROPERTIES | SECTICN PROPERTIES
[10 15.3 MEMBERS 1-5 MEMBERS 6-13
;}'r—"—‘l ce A, = 12.44°" 12F 27
1 £ I, = 2%5.6 in* N
E . E = 29,000 ksi SR
*\ 12 21 S, irery = 701 in? I, = 204.1 in
- T SZ oy = 37.0 in? Sz'= 34.1 in®
cuilu -
Fig. 3.8b
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2% 3%4 2K

{ .
K
sie ] w0 e SHY | ] F—
LOADING | LOADING 2
Fig.3.8¢ Fig. 3.8
y

# /‘AT-I .2 Units

N
\AT- 1.0 units C.G. Members 1 to 5

LOADING 3
Fig. 3.8e

LOADING 3: Members 6 to 13 subjected to uniform
temperature change of 1.0 units.

LOADING 4: Combine 60% of LOADING ONE and 125%
of LOADING TWO.

LOADING 5: Combine LOADING THREE and LOADING FOUR.

Using the global coordinate system and the dimen-
sions shown in Figure 3.8a, the commands through line 0140
call the STRUDL subsystem and describe the structure geometrvy.


http:Fig.3.8e
http:Fig.3.8c

U51ng the global coordinate system and the dimen-
sions shown in Figure 3.8a, the commands through line 0140
call the STRUDL subsystem and describe the structure geometry.
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The commancds on lines 0130 thru 0170 descrike the
fixityv at the sugpport joints. Ficure 2.8f below illustrates
the details of joint 1.

Member 6
X
Member 10

N‘ 4 )—X

Z comes out//ﬁggé;z7

3.8f

>

Fig.

o
|

w

(¥}



In crder to release joint 1 and allow it to
translate along the inclined plane, a THETA angle must be
specified. Here we use TH1 to specify the orientation of
the release direction, X", with respect to the global X
axis. The positive direction for TH1 is determined by
applying the right-hand rule to the global Z axis. In this
case the positive direction is counterclockwise. TIf we
turn the angle counterclockwise from the global X axis, the
value of TH1 is 180-20=160 degrees.

Figure 3.84g illustrates the details at joint 9.

—

Member 9

.
©

X

Member 13 Joint 9
Fig.3.8g

Although joint 9 is located on an inclined plane,
a THETA angle is not reguired because the joint is released
for Moment Z only and no translation is allowed.

The member topology is described on lines 0120
thru 0310 orienting the local X axes of the members as
shown in Pigure 3.8a.

MEMEEM{?JJ&‘/_E&

ZN2 —
VIEMEER RELEASES v ; SRS AN
178 START pENT = mzwmf/vz =S U DD R N I

. 77, ¢77J£7%M6f:/&vf;* DUPII IPEPS i

- ;..._., e 4 e e <_.:~4.,/
S B R LA._-_L!,_.J__., PR ISR S SRV SO .__-gl___

3-54



http:Fig.3.8g

Lines 0320 and 0325 describe the fixity at the
ends of the memkers, Members 7 and 8 are pinned at both
ends; thereidre, we release Moment Z at start and end. In
order to obtain the fixity of joint 1, shown in Figure 3.8f,
we release moment Z a2t the start of members 6 and 10. These
members are now free to rotate at joint 1l; therefore, the
joint will resist no moment and it is also free to translate
along the inclined plane. 1In addition to the way we released
the moment at this joint, there is another way we could
effectively accomplish the same thing. Using the joint
release command, we would release moment Z as well as force
X. Then using the member release command, we release the
start of only one member at the joint. Following is a list
of release commands that would be used for releasing the
joint in this manner:

JOINT RELEASES MOMENT 2

1 FORCE X TEl 160
9

MEMBER RELEASES

7 8 START MOMENT Z END MOMENT Z
6 START MOMENT 2

Since there are only two members framinc into the
joint releasing one member as well as the joint in effect
releases the other memper. When a memkber is released, a
hinge is formed an infinitesimal distance from the joint
therefcre, if we were to release both members as well as the
jeint, we would create an unstable cocndition.

S ! L | L } P .
(1T T THCHES. z:'z—;__ l | e | R —4’*3# 224
MEMELRS PREFELTIE, S ERISMATIC e | i ’»l;
AN AN B A W ! ! N
¢ T 13 AN 7. 92 IZ zoz / 19334 / | | . Nz
b AR SRR IR SN U D IS S R

Note that for mempbers 1 to 5 the section modulus

civen is for the top fibers of the compcsite beam. The
internal member stresses optained initially will be for the
tor £fibers only

Since members 6 to 13 are svmmetrical a2bout their

the section mocdulus given is for Toth tep an

o

\EoZE Lais, LIS AT TL SRS SO SOURY SO P S
AN LA NN LA 2 -V A DU R ‘ ' —

___MJW/Lu_fq_//ﬁﬁaJQM_-iﬁ;ﬂ._d‘

i Ty
!
|

S - i : I
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Since we have a linearly varying temperature load,
the member depths must be given. YD is the total depth of
the member measured along a line parallel to the local Y
axis. YC is the distance from the centroid of the cross
section to the extreme fiber of the member measured in the
positive direction along a line parallel to local Y axis.

————

. oot e ST

. S AR . | N

ONSTANTS E 29C00. ALt | 1. ! H .24

CTE 0039 Al ] . [ H 2=
L ot .4 toan '

The coefficient of thermal expansion is necessary
for solution of temperature loadings. The value shown was
taken from the BP&D Manual, Vol. I, and applies to a steel
structure with a temperature rise and fall of 60 degrees;
therefore, it is actually the coefficient of thermal expan-
sion multiplied by 60. If the actual coefficient were given

the AXIAL value given in lines 472 and 474 would@ be 68 and
60 respectively. : -

Notice the dash used in the command on line 482 to

continue the statement onto line 484. Note that continued lines

must also be numbered and also that the dash is preceded and
followed by a blank space. '

WERARS I 170 8 LOAD FORCE Y GLOBAL UNIFDRHM =.75.

~

——

A N DU DN B IV D AR S D ! .

CNTTS FEET . N A s e} b 8260
LOADING ‘TNE' R I A ! A - 5.7/
IBINT LOADINGS i - { I I3
A4 FoRCEY =2 | = L LE iﬁé%m__ﬂ“mﬁﬁxég
. | . _5;@20&_9/ .“;3. : P SV o - Lo “ - — S .} L Vl
| MEMBER LOADINGSLFORCE Y .. Lol L _ﬁ-____..__..%_z_/.g
2 CONCENTEATED P —4.2 L . ﬁ,ﬁ. ’ l : s ’Z%Z

L_CONCENTR EB_P_:__A.TZi LLdo Lo S L343
/. OADTNE '.n‘%; v o ' N IR " &/ &

A

LOADIUG  THREE| N TEMDERATURE CHANGE ! '

1A=
s

:
4 467

¢

_ MEMBLR TEMPERATURE LOADS | . . LI L f ez
[ 735 FRACTIOMNAL LA G.0 LA Lo AXTAL 1.2 ZENRIME 2 0.2 | W 477
G T0 Y3 £RACTIAMAL L4 0.0 LR 1.0 AXIAL /.0 . | | N 57
OADIWG CEHBINATTON ' FOUA" COMBINE |'CNE! 6 '7ud% .25 L 1 # 42¢
LOADIpE CEpA TN ZLéA/_E/-’_Lvé:EL’J_LO'ﬁBIA/E_J ClEd e\ THOL Y 25 E . A2
.'_ZCII:LQEAE.L_A‘ : . —— P S LD
I D PN ) Lo b s N DU S B

The loads shown in Figures 3.8b and 3.8c are
described in Loadings 'ONE' and 'TWO' respectively. In
Loading THREE we use the Temperature Load commands to
apply loads shown in Figure 3.8e.

The temperature loading on this structure is
similar to that which might be expected to occur if the
top flange of the horizontal members were subjected to
more direct sun than the rest of the structure. The top
surface of members 1 to 5 are subjected to a2 temperature
increase of 1.2 units while the lower surface is subjected
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t0 an increase of only 1.0 units; therefore, there is a
temperature gradient in the local Y direction of 0.2 units
which causes bending about the Z axis. This gradient is
expressed in the TEMPERATURE Load command as BENDING 2

in line 0472. The average temgperature change is 1.13
units due to the fact the members are unsymmetrical.
Members 6 to 13 are subjected to a uniform temperature
increase of 1.0 units.

. v ! : T A L B
L ADLME LIST AL 1 & T W g
A 75 Lvcgs L] S A S L H A
PLHT DATA | | b L [ 17/
STrrAgars BdALysTs T T T T T 22
LALTS RADTANS |l L : o et
Sl pecmaL 1 i ] R IS S S - 7%
LIST FZOCES B~ A’C’/Ez‘/&._ﬁﬁﬁ,ﬂﬁkﬂfu " : S AU IO S | s o4
SEZ L.é_L_LA._L‘ l!.C.LIZ“/z:L_,Ai _.1_0‘.,.:_.2.._‘_.. ;! N ! _._L.,'_ —- — g .5.7.[}
aLLfSECLlC:ALSJ‘ u{sr@f.a..e_“__“g*-,____r_*pm_- .. 2.522
. . . ! N S . ' v .

Line 0551 is the Section Specifications Command
and must either precede the Internal Member Resulis Command
(Line 0552) or be part of it. By listing the secticn spec-
ifications separately, it does not have to be receated each
time an Internal Member Results Command is made. This state-
ment sets the sections at which results are desired as
beginning at the start of the member and at each 0.2L interval
along the member. Results obtained by this output statement
are valid for top fiber only since the section modulus stated
previously applies to the top fiber

i i !
] 1

S SO S
i

R «f‘,:‘l:'_l { l ! ' i !
WEMEICS [\ TE & \PSIRE, ﬁ:‘,,_ag.h* £3 74 SZ 47
L IST 'C,—*ﬂf'f STRESSES MEMEZR 3 ' i
\ . i } 1

| S i I - l !

After ¢oing into the CHEANGES ﬁode and replacing
the section modulus for the top £fiber by the one corrnsnonding
to the bottom fiker, we restate the Internal Member Resul:
Command (Line 0600) to obtain bottom fiber stresses.



STRUDL ‘*SRAOB 3.8' '"PLANE FRAME! $ 147 &3 ecnl

EEEERR TR TR R AR R R XXX ARk KRR hkxk*

* ICES STRUDOL 1T VERSION 1 MOD 1 :

% THE STRUCTUPAL NFSIGN LANGUAGE *

* MASSACHUSETTS INSTITUTE OF TECHNOLAGY *

* _STATF NF CALIFORNIA *

* BRIDGF DEPARTMENT DIVISION OF HWYS, *

* SPECTAL STUDIES SECTION PH, 445-6519 *

* NOVEMBER 1969 INSTALLED APRIL 1970 *

* 17:15:41 6/26/70 o=

* *

E3 2P 233 223222223222 222 E 2222 2 2R R 2t s L
TYPE PLANE FRAME $ 14T 63 no20
UNITS FEET DEGREES $ 147 63 anan
JOINT CAORDINATES : $ 14T 63 2040
1 X J. ¥ 0., SUPPNRT ' $ 14T 63 0cso
2 X 0. v 12, . $ 147 63 0050
3X 6. Y 6. $ 147 63 0070
4 X 6. Y 12, ' .8 14T 63 0080
5 X 12, Y 12, $ 147 63 0090
6 X 22. Y 12. : $ 147 63 n100
7 X 2R. Y b, $ 14T 563 G110
a X 28, Y 12. ' $ 14T 63 0120
9 X 2. Y 0. SUPPIRT C .8 16T 63 €130
12 X 3%, Y 12, . $ 147 63 nlan
JOINT RELFASES , $ 147 63 0150
1 FORCE X TH1 160 t 14T 63 n150
9 MNMENT 2 $ 147 63 0170
MEMBER INCINENCES v K $ 147 43 n180
12 4 $ 147 62 ni1on
2 45 $ 147 63 n210
356 $ 147 63 e21n
¢ 6 8 ' $ 147 63 p220
58 10 $ 147 63 9239
61 2 ' $ 14T 52 £262
734 $ 14T 63 n2sn
378 s 147 63 n2en
@9 |n $ 14T 63 n27y
1c 13 £ 1647 62 n23n
11 3 5 $ 167 63 7290
12 6 7 $ 14T 63 0350
13 7 9 % 14T 63 n3ayn



MEMRER RELEASES $ 14T 63 2320

7 & START MOMENT Z ENN MAMENT 2 $ 16T 63 0322

A 12 STAQT MNMENT Z . $ 147 63 n32s
JNITS INCHES KIPS _ $ 167 43 £330
MEMPER PRAPEATIES ORISMATIC $ 14T 63 LETA,
1 TO S AX 12,46 1Z 295.6 S7 77,1 $ 147 63 0342

6 TD 12 AX 7,97 [Z 2C4.1 SIZ 34,1 £ 14T 63 9344
MEM3ER DEPTHS PR[SMATIC , $ 14T 63 . N346
1 TO 5 YD 12.2" YC 4.21 -s 147 43 0367

6 TO 13 YD 11.95 YC 5,98 $ 16T 63 f348
CONSTANTS £ 29CJ3. ALL $ 16T 61 01359
CTE Jnnr3c apL : $ 14T 63 0352
UNITS FEET % 14T 82 2380
LDADING *QNE® $ 147 A3 1370
JOINT L3aDINAS $ 147 63 0380

4 FAPCE Y -2. ' $ 16T 62 n3a0

S FORTE Y -3, $ 167 A3 vry..,‘m

MEMBER LOADINGS FI2CE Y $ 14T &3 0410

3 CONCENTERATED P -4,2 L 4,0 % 14T 63 £a20
4 COMCSNTRATEND P -1,7 L 4.1 $ 16T 63 2430
LNADING 'TwW0? $ 14T 63 ragn
MEMSERS 1 T3 S LMOAN FAPCE Y GLN3AL UNMIFNRM -,7% $ 16T 53 %450
LOADING 'THREE! 'TEMOEQATIRE CHANGE® s 147 63 n450
MEMRED TEUPERATIRE LIANS S 14T A3 nae?2

1 T2 S FRACTIONAL LA 0.0 L8 1,7 AX[AL 1.13 BENDING Z 0,2 $ 147 63 0672
5 TO 13 SPACTIONAL La 2.2 LB 1,0 AYIAL 1.7 $ 14T 63 ra7e.
LOAPING COMINATION *FNJ2' COMRINE 'INF! (5 *TWO' 1,25 $ 14T 63 r4an
LOADING COMBINATIAN PFIVE' CIURINE 'ONFTY 6 TWN' 1,75 - ¢ 14T 63 ~4a7
'tTHRCST ), $ 14T 81 rany
LNADTING LIST ALL : $ 14T £33 nLaQ
UNITS INCHES ' 3 1eT A2 nenn
PRINT DaTA § 14T 62 rsin



LA NEEANTERSREAAISFASFPUSUS I CRALNE PR
® PROAMLEM DATA FROM INTERNAL STORAGE =
BESEEGLANSUSEIEANAR G CURENAASRANRECREG R

JO8 ID - PRIB 3.8 JOS TITLE = PLANE FRAME
ACTIVE UNITS =~ LENGTH WEIGHT ANGLE TEMPERATURE TInE
INCH (34 DEG NEGF SEC
sesvananses STRUCTURAL DATA seesavtsen

ACTIVE STRUCTURE TYPE = PLANE FRAME

ACTIVE CNORDINATE AXES X Y

JDINT COOANINATES /! STATUS===/

JOINT X \4 z CONOITION

1 242 0.0 0.0 sSuseIRT ACTIVE

2 0.9 144,000 0.0 ACTIVE

3 T2.000 T2.000 0.0 ACTIVE

L3 72,203 144,000 0.1 ACTIVE

$ 144,000 184,900 0.0 ACTIVE

[ 264.00) 144,000 0.9 ACTIVE

? 335,003 T2.909 2,0 ACTIVE . M

] 336,009 164,000 %N ACTIVE

9 408,007 0,0 0.0 SUPPRAY ACTIVE

10 408,000 144,000 0N ACTIVE

JOINT RELEASES JELASTIC SUPPORT RELEASES

JOINT  FORCE MOMENT  THETA | THETA 2 THFTA 23 KFX XFY XF2 MY XMY

1 X 160.00¢0 0.0 .1 0.0 L n.o0 0.9 0.0

o T 0,0 0.0 2.9 2.0 N 0.0 0.0 0.n

NEMAER INCIDFNCES / LFNGTH: -/  RELEASES 7/ STATYS--/

MEWRER START END LOCAL CNARPD. STARY END

FORCF  MOMENT  FORCE MOMENT

1 2 L] 72.030 ACTIVE

2 4 5 72,929 ACTIVE

3 $ 6 120,000 ACTIVE

LY ] A 72.2%3 ACTIVE

1 8 12 72.902 ACTIVE

L) 1 2 144,030 z ACT IVE

7 3 4 72.0C0 4 14 ACTIVE

] 7 3 72.009 2 4 ACTIVE

9 9 12 144,000 ACTIVE

10 1 3 101,823 H4 ACTIVE

11 3 5 101.823 ACTIVE

12 [ k4 101,523 ACTIVE

13 14 9 171,823 ACTIVE

MEMRER PRIPEITIES~==-

MEMBEQR/SES TYPE SEG.L COM®  AX/YD AY/1D Al/YC X712 tY/EY 12/7€2 sy b 14

1 PRISHATIC 12,440 A" 0." 0,0 3.2 298,800 Lt MM.100
12.200 n,o 4,210 1,0 % 0

2 PRTSMATIC 12. 640 Ar n.? n.0 0.0 29%.600 [ R, 100
12,200 N 4,215 0.0 J.0 A.n

3 PRISMATIC 12.44C G.r N Nef V4D 295,800 ) M.100
12.229 0. 4,219 Nt 3.2 0N

. PRISMATIC 12, 640 a.c .2 L 1Y) NN 295,500 o0 m,.100
12,200 0.n 4,210 0.0 1.1 3.0

[ PRISMATIC 12. 440 f.9 e n,9 2.0 295,800 n,0 M, 100
12.222 0.0 4,210 .0 4% 0.0

8 PRISMATIC 7. 970 0,0 7.9 2.2 nd 2064179 SN0 34,100
11,980 N $.99% no .0 n,Q

7 PRISHMATIC T7.970 M. 0 .0 n,e 2.0 2h6, 10N 0.n 34,170
11.980C for %.950 2.1 22 0.0

8 OISMATIC T.970 .0 0.7 AN 2.9 2n6,.10) L 36,100
11,960 n.C 5,980 .0 0,0 a.n

9 ORI SHATIC T.970 O NN a.0 .9 204,100 . 24,190
11.969 0.0 8.990 LY 2.3 0.0

10 PRISMATIC 1.970 S n.% 0.1 0.n 204,170 n.A 34,199
11,960 D¢ %$.98% .o J.0 a0

11 PRISMATIC 7.970 n.¢ "ol 0.0 0.0 206,100 NN 4,100
11.969 n,n $, 980 A, N 2.2 a0

12 PIISMATIC T. 070 n,r nr N0 6.0 204,120 ] s, 100
11.96¢C e 5,989 L) n.o a.n

13 PRISMATIC 7.970 a0 AN TN 2.2 204,109 2.0 34,100
11.969 n,0 5.989 n.n 7.Y I

MEMRER FONSTANTSmcccnancnas —emaea ——= -

ZONSTANT STANDARD YALUF  NOMAIN, vaLue ME4BER L1ST

E 28999,996N94 ALL

G 2.0 ALL
JENSITY 0.091302 ALt
CTE N.07039° ALL
BETA 0.2 ALL
PATSSON 2.7 (188

3-60



assauveasss QESIAN OATA swavswasas

JSE® OATA SET

PARAMETE® NICTIINARY

NAwE TREATMENT STANDARD L A TEwO TIuE
sTeUNL Nata SET

PARAMETER DICTINARY 7
NAME TREATHENT STANDARD L A TEYS TIME
FYLd STANDARD 30N -?

oF STaNNARD 1,00

FaLTUP STANDARD 1.09

*nne REQUIED

(44 STANDARD 1.90

L 34 STANNARD N 1.07

cs STANDARD 1.0

LY COupyuTE QOSTULEY

L2 COMPUTE J9STULSEN

(4.3 STANDARD n.as

(4.} 4 STANDARN [RL]

UNLCF COvPyTE QQsSTULEN

VALUES STANDARD 190

TRACE STANDAD 1.01

se1OTS STANDAD 1.M1

TaLNAM STANDARD STEELWE

WXTRTALS STANDARN 2%.00

SECNTARY STANNARD 1.30

1SER DATA SET

CANSTRAINT DICTIOMARY cenncamanwaxs/
NavE SETRIEVAL
STRUDL NATA SET

CONSTRAINT AICT IONARYwmemamacaaae/

NAME RETRIEVAL
AX TARIR AR
Ay Tapn Az
A2 TAAUL AR
181 TASULAR
1y TAQULAR
12 TARULAR
(3 TARUL AR
st TARULAR
\L] TAQULAR
0 TARULAR
ELTK TARUL AR
w8 TX TABIA AR
YD/ AFL TARULAR
avy TAMULAR
L34 TARYLAR
come TASIN AR
ve TARILA®
2¢ TARYLAR
JEIGHT TASHLAR

agaseeesse LJADING DATA eavvsssaces

LDADING - ONE

MENBER AND SLEWENT LOADS

STATUS - ACTIVE

MEMBER/ELEMENT

3 CONCEN, LOAD FORCE ¥ -4,220 L 48,000

L3 CONCEN, LJa0 BQaCE ¥ ~le 720 L 48.3)9

JOINT LIA9S /

JOINT STEP FORCE X A4 14 MOMENT X t

L3 0.0 =2.000 0.2 0.0 0.0

3 2.0 -3.0C0 Q.0 2.0 0.3

JOINT OISPLICEMENTS ———— / -

JOINT STESR 2082, X A 3 aor. x 4

JOINT FIRCE ASSUMPTIONS cvave
JOINT THETA 1 2 3 FORCE X k4 2z MOMENT X v
NO ASSUMPTIONS GIVEN FOR THIS LOANING

MEMBER FIRACE ASSUMPTIONS / ————

WENALQ COMPANENT GUSTANCE VALUE CAMBONENT AISTANCE varue

HO ASSUMPTTIONS GIVEN PIR THIS LOADING
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http:TA,.III.Ao
http:TAAUI.AO
http:TA'IUI.IA
http:TA~III.IR

LOADING - TW)
MEMBEQ AND ELEMENT LJAOS

STATUS = ACTIVE

MEMBER/ELEMENT

1 UNIFORM LJAD GL FORCE Y FR w =-0,062 LA 0.0 Ls 1.003

2 UNIKORM  LOAD GL FORCE Y FR W -0.262 LA 0.0 L8 1.029

3 UNIFORM  LOAO GL FORCE Y FR W -0.062 LA 0.0 LS 1.000

3 UNTFORM  L7AD GL FORCE Y FR W -0.062 LA 0.0 L8  1.000

£ UNLFORM  LOAD GL FORCE Y FR w -C.062 LA 0.0 Ls 1.000

JOINT LJADS 4

JOINT STEP  FORZE X Y b4 MOMENT X Y H

JOINT DISPLACEMENTS / ’

JOINT STEP 0ISP. X Y 14 ROT, X Y 4

JOINT FORCE ASSUMPTIONS

JOINT THETA 1 2 3 FORCE X Y b4 MOMENT X Y

NO ASSUMPTIONS GIVEN FOR THIS LOADING

MEMBER FORCE ASSUMPTINNS / /

NEMRER COMPONENT OISTANCF VALUE COMPONENT OISTANCE YALUE

NO ASSUMPTIONS GIVEN FZR THIS LDAOING

LJADING - THREE TEMPERATURE CHANGE STATUS ~ ACTIVE

MEMIER AND ELEMENT LJADS

MEMBER/ELEMENT

1 TEMPERATURE LIAD LA 9.9 Ls 1.000 AXIAL 1,130 BENDING ¥ 0.0 14 0.200

2 TEMPERATURE LOAD LA 0.0 Ls 1.000 AXTAL 1.130 AENDING ¥ 0.0 b4 0.200

L I TEMPERATURE LOAD LA 0.0 LB 1,000 AYIAL 1.130 SENDING ¥ ne0 2 n.200

. TEMPERATURE LOAD LA 0.0 L8 1,000 AXTAL 1,130 BENDING Y c.0 3 0.200

S TEMPERATURE LOAO LA 3 18 1.000  AXIAL 1.130 BENOING ¥ 0.0 3 0.200

[ TEMPERATURE L0DAD LA 0.0 LB 1.000 AXIAL 1.000 BENDING Y 0.0 4 0.0

? TEMPERATURE LJAD La 0.2 L8 1.000 AXfAL 1,900 BENDING Y 0.9 3 0.0

8 TEMPERATURE LOAD LA 0.0 L8 1.000 AX{AL 1,000 AENOING Y 8.0 z 0.0

9 TE4PERATURE LOAD Ls 0.0 LA 1,000 AXTIAL 1,000 BENDING Y 0.0 z 0.0

10 TEMPERATURE LJAD LA 043 13 1,000 AXTAL 1.000 BRENDING Y 0.0 4 0.2

i TEMPERATURE LOAD LA 0.0 L3 1,000 AXIAL 1,000 BENOING Y 0.0 2 0.0

12 TEMPERATURE LOAD La 0.9 L8 1.000 AXxtaL 1.000 SENDING ¥ 0.0 4 0.0

13 TEMPERATURE LOAD LA 202 L8 1,000 AXIAL 1.000 BENDING Y 0.9 H 0.0

JDINT LOADS: ’

JOINT STER FIRCE X Y 3 MOMENT X Y 3

JOINT DISPLACEMENTS " / /

JOINT STEP  OISP. X Y b3 ROT, X Y 1

JOINT FQRCS ASSU¥PTIINS

JOINT THETA 1 2 3 FORCE Y Y 4 MOMENT X Y

NO ASSUMPTIONS GIVEN FOR THIS LOADING

MEMBER FORCE ASSUMPTIONS / 7

MEMBER COMPONENT OISTANCE VALUE COMPONENT  OISTANCE VALUE

NO ASSUMPTIONS GIVEN FOR THIS LOADING

LOADING = FNUR STATUS - ACTIVE
COMBINATION GIVEN =  ONE Q. 500 TwO 1.25%0

LOADING - FIVE STATYS -~ ACTIVE
COMBINATION GIVEN =  ONE ‘0.600 ™) 1.250 THREE 1.002

S ISEI NN ANNAENEVASEE IR EIRREESEIRRCAERER
« END OF OATA FAanNu INTEAINAL STORAGE =

AP LIV G AT AN CRAAAB S ASR NG T EREEIATA RSN



STIFENFSS AMALVSIS

()

(V3 )

$ laT 63
~
UNITS RANTAMS $ 1a7 A3
IUTOUT DFCIMAL 4 $ 147 63
LIST FPICES IFACTIANS DISPLACEMEMTS % 14T 63
08 seeEeeiTRESEN SO RIS EREOUS N
SRESULTS OF LATEST AMALYSES®
P T R Y N o P ]
PROBLEM = PROS 3.8 TITLE ~ PLANE FRANE
ACTIVE UNITS [NCH KIP RAD DEGE SEC
ACTIVE STRUCTURE TYPE PLANE  FRANE
ACTIVE COORO{NATE AXES X Y
LOAOING - CNE
MEMBER  FORCES
MEMBER J01vT 4 FORCE mQMENT 4
AXYT AL SHEAR ¥ TORSIONAL SENOING ¥ SENDING 2
1 2 0.3513 3.4581 T9, 3924
13 4 ~0.5513 ~3.4581 169.589%
2 4 0.5513 1.59%2 ~169,589
2 3 -0.95513 ~1.3952 284, 4429
3 5 2.2609 1.2118 ~424,9231
3 s -2, 2609 2,9982 267,9348
. L) 0.7638 ~0.9028 ~178. 7478
. ] -0.7638 2.6028 T2. 94T
E L 0.7638 ~1.8319 -~72,9473
5 10 ~0.7838 1.3319 =58,9495%
£ 3 3.4581 ~2.5513 0.0000
s 2 -3, 4581 0.5513 -79,.3924
k4 3 0.,1371 -0.0000 «0,0000
? L ~0.1371 0.0000 =0, 0000
] 7 0.7709 0.0000 0.0
a L] -0.770% =0.0000 0.0000
3 9 1.8319 0.7638 51.0355
I 10 -1.3319 -0.7838 58,9498
1 3.1560 0.7383 0. 0000
3 -3.1569 -0.7382 75,1787
3 3.0%90 Qu bbbl -7%.1737
5 -3,0590 0. 08414 180.4802
& 2.5332 -0.4140 -99.1271
7 ~2.5333 0.4160 46,827%
7 3.0784 ~0.9611 ~456.9273
9 ~3.07084 0.9611 -51.03%%
AESULTANT JOINT LIADS - SUPPORTS
JOINT ’ FORCE /"’ ONET
X FORCE ¥Y_.FORCE X MOMENT Y mOmMENTY I MOmMENMT
1 2.2809 6.2118 0.92009
9 ~2.2639 »,0882 -0.0000
RESULTANT JOINT DISPLACEMENTS ~ SUPPORTS
Jarer /o= eme—e— e 0 | SPLAC SHENT 124 AJTATION /
X J1sp, Y 215P, X 20T, T 20T, Iz RQT.
1 ~1.1934 O0.4344 LIy ]
q 9.0 2.9 2.0031
PESULTANTY JOINT DISPLACEMENTS < FREE JOINTS
JOINT Vo e e = == ) { SOLACEMENT 124 A0TATION /
x DISA. Y OL3P. X /0T, v anT, 7 ant,
2 ~0.419% 0.4322 ~%.2060
3 -0.7611 0.9090 -3.00%8
& “Jeal98 -0.303%0 -0.00%8
5 =0. 4197 =J43432 -3.0097
5 -0.420% =0.42%0 0.0029
? -%.2324 ~1.2354 g.n0MN
3 =0.4208 -2.2356 J.%031
10 «3,4208 =0.0011 0.9032

n530
rse )

L%,



LOADING -~ TWO

MEMBER FDRCES

MEMBER Jamr / FORCE 44 HOMENT 4
AXTAL SHEAR ¥ SHEAR I TORSIONAL BENDING ¥ BENDING 2
1 2 0.88%50 . T.3109 127.443%
1 4 ~0.88%0 -2.8109 236,938%
2 4 0.88%0 3.686) ~236.938%
2 3 -0, 8850 0.8137 340.3496
3 H 4,6406 3. 7400 ~519, 74Ty
3 3 ~4.6406 3.7500 519, 7471
4 & 1.2618 ~0.2278 -348,5327
4 8 -1.8618 4. 7278 170.1339
S 8 1.8618 ~2.1389 -170.1339
S 10 ~1.8618 6.5389 -145,8657
[ 1 T.3109 -0.8850 -0.0000
] 2 =T7.3109 0.8A850 =127, 4435
7 3 J.8754 ~0.0000 0.0
T 4 ~0.8754 0.0000 ~0.0000
L] T 2.5889 0.003%0 0.0
8 8 -2,588% ~0.0000 0.0000
9 9 6.5389 1.8618 122.2269
9 1¢e -6.6389 ~-1.8618 145, 8667
10 1 6.5017 1.1904 0.0000
10 3 -6.53017 ~1.1904 121.2131
11 3 5.8827 0.5714 -121,2131
1 3 -5.8827 -0.5714 179.397%
12 & 4,4556 -0.525%6 -171.2148
12 7 ~4,4356 0.5256 117. 6927
13 T 6.2862 -2.3562 -117.6927
13 9 -5.2862 2.33562 -122,226°

SESULTANT JOINT LJADS - SUPPORTS

JOINT / FORCE 174 MONENT
X FORCE Y FORCE Z FORCE X MOMENT Y MOMENT 1 MDMENY
1 4, 56406 12,7500 0. 0000
9 ~4,6406 12,7500 0.0000
RESULTANT JOINT DISPLACEMENTS -~ SUPPORTS
JOINT )memmm e e e e e DI S PLACEMENT 17 ROTATION ’
X DISP. Y 0ISP. 1 D1SP. X ROT, Y ROT, 7 aarv,
1 ~1.8227 0.662% 0.0
9 J.0 0.0 0. 0051
RESULTANT JOINT DISPLACEMENTS -~ FREE JOINTS
JOINT Jemmn e mamen—-aa ] SPLACEMENT 17 ROTATION /
X DISP. Y DISP. I D1sP. X ROT. Y ROT, r ROT.
2 -0.6709 0.6%589 =04 08090
3 -1.1785 0.015%2 -H,0n83
4 -0.6T11 0.0149 -0.0083
S -3.6713 -N.4957 -~0.,0057
] -3.6728 ~0.679% 0.0026
7 ~-0.38498 -0.3937 n,00%1
] ~0.6732 =0.394% 0.00%0
10 -0, 6736 -.0041 0,004
. LOAOINSG - THREE TEMPERATURE CHANGE
MEMBER FORCES
.
MEMBER  JDINT / FORCE ’ MOMENT ’
AXTAL SHEAR Y SHEAR I TORSTONAL BENDING Y BENOING I
1 2 0.,2200 2.01%¢C . 31,6841
3 o -0.2200 -0.2150 =3N,6008
2 4 0,220 0.1858 30,6008
2 S -042220 -N.1858 17,2261
3 -5 0.0900 0.0000 0.N000
3 5 -0,0090 -0.0000 -0,0000
L3 [ 0.3947 ~0.3720 157607
4 8 ~043947 0.3720 -42.5480
b 8 0.3947 0.1051 42,5490
S 10 ~0.3947 -0.1051 ~346,9780
[} 1 0.0150 -0,2200 0.0000
6 2 ~0.0150 0.2230 ~31.6841
7 3 9.1TT07 -0.700¢C n.0
T L3 ~0,1707 0.%000 -0.0000
8 7 D.&TT2 0.,0000 -0.0M0
L] 8 06772 ~0,0000 : 0,0000
9 9 -0.10%51 03987 21.85848
9 10 0.10%1 -0.3947 34.9788
10 1 -0.1662 0.1449 0,0000
10 3 0.1662 =0.1449 14,7589
11 3 -0.2870 0.0242 ~18, 7528
11 S 0.2870 ~0.,N242 17.2241
12 6 -0.5422 -0.9160 -15.7507
12 7 0.5422 0.0160 . 14,1292
13 7 -0.204Y ~2.3534 -14,1292
13 9 0.2048 0.3534 ~21.8%3%



JOINT 7 FORCE 144 NOMENT 4
X FORCE Y FORCE I FORCE X MOWMENT Y MONEMT 1 MOMENT
1 00000 0.0000 0.0000
] «0.0000 -0.,3000 0.9000
RESULTANY JOINT OUSPLACEWENTS - SUPPORTS
Jotiwy /=i e 0 | $PL AC EMENT 144 ROTAT {ON=— 7
X DIsSP, Y 01S”2, T DISP. X ROT. ¥ ROT, 1 RQav.
v -0.3414 0.1242 0.0
] 8.0 0.0 0.0003
RESULTANT JOINT DISPLACEWENTS = FREE JOINTS
JoinT == ——weceaeD{SPLACERENT 11 A0TATION /
X 0ISP. Y DISP. 1 0tsP. X ROT, ¥ ROT. T Rav,
2 -3.21%7 0.1804 -0.,0n11
b | -0.2390 80,0782 =0.0009
4 -0,1840 0.1062 «0.0009
L] -0.1524 0.0478 -0, 0007
1] «0e0999% 0.0133 0.0001
7 «0.0%49 8,0014 0. 0004
L] ~0.0678 0.,0292 0.0003
10 =0.0362 | ____ -0.0%82 Q.0004
LOAOING - FDUR
MEMBER FORCES
SEMBER  JOINT ’ FORCE 1/ nonENT ’
AX1AL SHEAR Y SMEAR 2 TORST ONAL BENOING ¥ SENOING 2
1 2 14371 11,2134 2N5.9397
1 . -1.4371 -5.3884 307,9288
2 . 1.4371 S.5649 ~397,9268
2 s -1e6371 0.N801 596,1028
3 s T.187% S.4165 ~804,6377
3 . -7.1573 604304 810.4448
. s 2,7853 -0.83254 ~542,914)
. 8 -2.79%% TedTIS 2%6.43%5
b] 8 2. 78%% -3,77223 ~256,4358
3 10 -2.7858% 9.3978 -217.7032
6 1 11,2134 ~1.4371 =0, 0003
[ 2 -11.2134 1.4371 ~2N6.9397
7 3 1.1783 -0.0000 ~0.0000
7 . -1.176% 0.0000 -0.0000
] T 3.8988 0.0000 6.0
[ (] -3.6986 ~0.0000 08,0000
9 ’ 9.3978 2.78%5 183, 4049
L] 10 -9.3978 ~2.785% 217.7032
10 1 10.0207 1.9310 3.0000
10 3 -10.0207 ~1.9310 196.46217
11 3 9.1387 1.0991 ~196.6217
11 s -9,1887 “1.0991 308.5349
12 5 T.089a ~J3.7066 =267, 5303
12 7 -T.0894 0. 9086 17%.2124
13 r 9.7047 -3.5220 -175,2121
13 9 -3.7047 3.%5220 «193,4049
RESULTANT JOINT LOADS - SUPPORTS
JOINT 7 FORCE 174 MANENT —wvmcvceccccomcewns/
€ FORCE T FORCE 2 rorce X MOMENT Y nOMENT 2 mOMENT
1 7.1573 19,6645 0,000
9 -T7.1573 18. 7504 -0,0002
RESULTANT JOINY DISPLACEMENTS - SUPPORTS
J3INT Jmm—mmm—m e cem =D {SPLAC SUENT ’” _QOTATIIN 7
€ 0ESP. Y DISP. T 01sP. X ROT. Y Rat, z roT,
1 ~2,9944 1.0899 0.0
9 3.9 0.9 0.9082
RESULTANT JOINT JISPLACEMENTS < FREE JOINTS
JotNr Jommmme e m e e e s QU SPLACEMENT 77 0TATTIN ’
X 0137, Y OISP. T DISP. x 20T, Y 20T, z 207,
2 ~1.0904 1.9829 -0,0149
3 -1.9298 0.0190 -9.0137
4 - «1.0907 2.0188 -4,0138
bl =1.0909 -0.3256 -3,0094¢
6 <1.0933 -1.1028 9.0048
7 ~0.6273 -3.5333 n.5093
[ -1.0939 ~0.5348 n.0082
12 “1.9944 -2.00%59 n.008s
- 3-65

RESULTANT JOINT LOADS = SUPPOATS




LOADING ~ FIVE

MEMBER FORCES

MEMIER JotsT / FORCE 144 MOMENT 4
AXT AL SHEAR ¥ SHEAR 2 TORSIONAL SENIING ¥ BEMDING L
1 2 1.5571 11,2285 ‘238, 6238
1 L3 ~1.6571 ~5.603% 367.32%9
2 4 1.6571 5.7507 -367.32%59
2 s -1.6571 ~0.1257 S78.8787
3 1] T.1573 Se414% =904,6377
3 6 -T.1573 6.4804 810,4448
L3 6 3.1802 -l.1984 ~527,1539
4 8 -3.1802 T.8434 213.3876
S 8 3.1802 ~3,6876 =213, 8876
H 10 ~3.1802 9.2926 -252.6820
] 1 11.2283% =1.6571 ~0.0000
5 2 -11.228% 1.6571 -238,6238
7 3 13473 ~0. 0000 -0, 0000
T 4 =1.3473 0.0020 -0,0000
8 7 4.1738 0.0000 -0.0000
8 8 ~4,1758 -0.0000 0.0000
9 9 9.2926 3.1802 205.2637
9 10 -9,2926 -3.1802 252.6820
10 1 9.8%44 2.0780 0.0002
10 3 “9.8544 ~2.0760 211.380%
11 3 8.9918 1.1233 -211,380%
11 s ~8.9018 -1.1233 325.7590
12 [ 6.5472 -0.9227 -283,.2910
12 7 -6.5472 0.9227 189.3416
13 7 9.4999 =3.8734 «~189, 34153
13 9 ~9.4999 348754 -205.,2537

RESULTANT JOINT LOADS - SUPPORTS

JOINT 14 FORCE 144 HOMENT

X FORCE ¥ FORCE 1 FORCE X MOMENT Y MOMENT T MOMENT
1 T«1573 19,6645 0. 0003
9 ~T7.1573 18,7504 -0.,0001

RESULTANT JOINT JISPLACEMENTS - SUPPORTS

JOINT /e e enee— = [ SPLACEMENT /7 RITAT [ Mo m et e e [
X DISP. Y DIsSP. L DISPs X A0T. Y ROT, z ROT,

1 ~3.3338 12141 0.2

9 0.0 0.0 0.008%

RESULTANT JOINT DISPLACEMENTS = FREE JOINTS

J0INT [ e == == DT SPLAC EMENT 17 ROTATION /
X DIsP, Y oIsSP. 1 otlse, X ROT. Y RQT, 1 ROT,
2 «1.3061 1.2633 ~0,0160
3 -2.,1688 0.0972 =0.0144
L3 ~1.2747 0.1248 -0.0147
3 ~1.2433 -0.7777 -0, 0100
6 -1.1928 -1.090% 0.00468
4 -0.6822 -0.6319 0.0086
8 -1.1617 -0.6051 0.00%5
10 -l.1308 0.0504 2.0091
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SECTIAN €2ACTINNAL DS

LIST SECTIOMN STRESSES MEMAFR

CPEUENI LA TILAIRSOOUIESTR ST

SRESULTS OF LATEST ANALYSESS
2943240209000 SINENET

PROBLER -~ PROB I, 8

ACTIVE UITS

ACTIVE STRUCTURE TYPE PLANE
ACTIVE COORDINATE AXES X Y

INTERNAL MENMBER RESIATS

REMBER NORMAL STRESS

DISTANCE
FROX STAR

3.0

0.200
0. 400
0.600
0.8%02
1.300

DISTANCE

NENBER

LOADING

T

Fu

L3aD1ING

FROM START

2.0

0,200
0. 400
0,600
0,800
1.000

OISTANCE
FROM STAR

2.9

0.200
0.400
0.500
0.809
1.000

NISTANCE

LIAOING

T

F2

LOADING

FRCA START

3.3

¢.200
0.400
J.630
0.200
1.2300

DISTANCE

FRO® STAR

2.0
0.200
S.400
0.500
2.3c0
«200

FR

LOADING

T

A 2

L2 e <

TITLE - PLANE FRANE

INCH X1P RAD DERF SEC

FRARE
3
ONE
/

AXTAL Y SHEAR T SHEAR
-0.1817 0.0 0.0
-0.1817 0.2 9.
-J.1817 0.2 3.3
-0.1817 .0 n.0
-0.1817 0. 0.
~0.1817 2.0 0.0

w3
I .

AXTAL Y SHE&R T SHEAR
=2.3730 0.9 %0
-0.3730 - P ] 0.0
-3,.3730 9.0 2.0
-2.3730 7.0 0.0
-0.3730 3.0 0.0
~3.3730 2 0.0

THRES TEMPERATURE CHANGE
/

AXTAL Y SHEAR T SHEAR
~0.0%00 0.2 .0
~0.9290 2.7 0.0
=3.2392 2.0 0.0
~04 0000 0. n.0
~02.2%00 T3 2.9
~0.3000 2.9 7.0

FouR
)=

AXTAL Y SHEAR 2 SHEAR
-0.57%) 2.0 0.0
~3,57%3 3.3 .2
-0,57%3 23 2.7
~0.57%) 2.3 .9
-7.57%2 2.9 7.2
-0,5753 na 0.3

EIVE
Jamen=

AXTAL Y SHEAQ 2 SHEAR
-0,57%3 2.2 9.3
~0,57%) 2.3 0.0
~0.57%3 2.2 2]
~7.57%3 0.0 3.0
-0.57%3 3.0 2.2
“0.5793 n.2 2.9

)

(W)
1
[0))

e STRESS

Y BENDING

.0

[T R-X-X-X-]
oo0oQoo

-=w STRESS

Y BENQING

Q00VOoY

IR EEX)

o000

Y BENDING

[~ X-N-RE*ErN* )
D)
Quooawo

T SENOING

Y BENDING

Quoagoo
Q20000

STRESS

STRESS

STRESS

¢ 147 63
€ 14T 53
/

T BENDING MAX NORMAL AiM NORMAL
8.08617 4.8799 6o 2634
8.47565% 602048 ~4,6%583
5. 8914 647097 -7.0731
5. 8683 S.6086 -$6,0%01
4, 8432 4.5673% ~%.0270
3.8222 3.6404 -4,00%9

’

I 9ENDING MAX NORMAL MIN NORMAL
Tobl64 T.2419 ~T.7874
f.641% 2,684 ~8.19145%
8,9%5%0 5.59%22 -9,32%1
8.9%%0 89,5020 -2,3291
8.6415 n.0684 -9.8149%
Teblos 7.2413 “T.7874

’

T BENDING MAT NORMAL MIN ROPMAL
=-0.0002 Ne7000 =0 0000
-%. 0009 9.9000 =0.N000
-0, 3100 7.3020 -0.N000
=0.0000 0. NG00 -0,0000
-0.37C0 03000 ~0.0%00
~0.0300 0,020 =-93.0000

— ’

I REMOING MAY NOReAL MIN NORWAL
12.90%0 12.329% -13.4850)
16,4377 1342624 -12.0131
153276 14,7512 -1%.,3n39
16,7148 14,1194 -15.2901
13,8890 12.38% ~14,2341
11l. 5621 10.95%59 ~12.1346

’

2 SEMOING maAx NORMAL W{N NDRWAL
12.90%2 12,3295 ~13.4303
144377 1%.9624 -1%.0131
15.1298 16,787 -15,2n29
14,7168 14,1394 -15.2901
13.4%90 12,38% -14,3343
11.%613 10.34%9 -12,13668
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THANGES £ 14T A2 r540
MEMPERS | TA § PROPERTIFS PRISMATIC SZ 37.n ¢ 14T 43 n579

LIST SFCTION STRESSFS MEMRFR 3 $ 14T 63 A N

00N OSSRV N U VR B EERBEARS S

SRESULTS CF LATEST ANILYSESs
CEETEIP N ISV LSS USSR SING RN

PROBLEM - PROB 3.8 TITLE = PLANE FRAME

ACTIVE UNITS [INCH KIP RAD DEGF SEC
ACTIVE STRUCTURE TYPE PLANE FRAME

ACTIVE COORDINATE AXES X Y

INTERNAL MEMBER RESULTS

MEMBER NIRMAL STRESS

MEMBER 3

LOADING ONE

DISTANCE 4 —e—  STRESS 14
FROM START AXTAL Y SHEAR T SMEAR Y BENDING 2z BENDING MAX MORMAL MIN NORMAL
0.9 FR -%.1817 0.0 n.0 0.0 11.4844 11.3027 ~11.6461
0.200 -J.1817 0.2 0.0 0.0 12.2704 12.1987 -12.4%22
0,400 -0.1817 0.0 0.0 0.0 13.0564 12.8747 ~13.2382
0. 800 ~0.1817 8. 0.0 0.0 11.1181 10.9364 -11.2999
a. 200 -0.1817 2.0 0.0 0.0 9.1799% 8. 9911 -9,3415
1.000 ~0.1017 e.n 2.0 0.0 Te2415 T.0597 ~To 5232

LOADING TW0

OISTANCE / «==—= STRESS 7
FRO® STYART AXTAL Y SHEAR I SHEAR Y BENDINMG Z BENDING -MAX NORWAL MIN NOP WAL
2.0 FR -0.,3730 3.) 0.0 0.0 14,0472 13,5742 ~14,4203
0.209 -0.3730 0.2 0.1 0.0 15,9932 15. 8201 ~16.3662
0.400 ~0.3730 .3 2.0 0.0 16.9661 16.597 ~17.3322
0.6C0 -0.3730 0.0 0.0 0.0 16.9661 1645931 =17.3392
0. 800 =0.3730 0.0 0.2 0.0 15.9932 15.8291 ~1643662
1.300 -0.3730 2.9 0.0 0.0 14,0472 13.8742 ~14,4203

LOADING THREE TEMPERATURE CHANGE

DISTANCE 14 ==—= STRESS 14
FROM START AXTAL Y SHEAR I SHEAR Y BENDING I BENDING MAX NORMAL MIN NORMAL
0.0 FR -0,0300 ) 0.0 0.0 ~0.0000 N, 0000 ~0.%000
0,200 ~0.0000 3. 0.0 0.9 ~0.0000 0.0000 -0.0000
0.400 ~0.2000 9.9 3.0 0.0 -0,0000 0.2%000 ~N.N00N
0.600 ~0.0002 0.0 2.0 0.1 -0.0000 0.00400 =0.0000
c, 800 ~0.9200 0.0 0.0 0.0 =~0.0000 N 000 -0.0000
1.000 ~2.2200 0.0 0.0 0.0 -0, 0000 6.200¢ -N.0000

LOADING Four

DISTANCE V aid ~~=-= STRESS /

FROM START AXTAL Y SHEAR I SHEAR Y BENDING 1 BENOING MAX HORMAL MIN NORMAL
) FR -0.5753 0.2 0.0 3.0 24,4497 23,8743 -25.2250
0.200 -0.5753 0.0 0.0 0.0 27.3537 26.TTR3 -27.,9290
0.400 =2.5753 0.9 2.0 0.0 29,0415 M, h6K1 ~29.5160
0. 500 ~3.5753 0.0 9.0 0.0 27.878S 27,3232 ~28.4539
0. 800 -2.5753 .0 0.0 0.0 2%5.4993 28,3240 «26.0747
1.000 -0.5753 33 9.0 0.0 21.9039 21.2286 -22.4793

LOADING FIVE

O{STANCE 14 ~e~= STRESS /

FROM START AX[ AL Y SHEAR 1 SHEA® Y BENOING T BENDING MAX NORMAL "IN NORMAL
0.9 FR -0.575) 9.3 0.9 0.0 26,4497 23,8741 -25.02%50
0.200 -n.%753 0.0 0.0 c.0 27,3537 25,7783 =-27.9290
04400 -9.5753 0.0 0.0 0.0 29,0415 20.4661 -29.6168
0.600 «1.5753 0.9 0.0 0.9 27.878% 27,3032 -28,4539
0.800 =-9,.5753 0.2 0.0 c.0 25,4993 24,9240 ~26,0747
1.000 ~0.,5753 2.2 0.0 0.2 21.90139 21,3286 -22.4793



LTST STRESS ENVELIPF MEvREgQ

SO ETINSVE AN UG SEN SOV RS
SRESULTS DF LATEST AMALYSESe

PROALEN - PROS 3.8

ACTIVE UNITS
ACTIVE STRUCTURE TYPE PLANE

INCH KIP RAD OEGF SEC

ACTIVE COORDIMATE AXES X ¥

INTERNAL NENBER RESULTS

MEMBER STRESS ENEVLOPE

DISTANCE

FROR ST
0.0
C. 200
0,400
0.800
0. 800
1.300

PLANE IDENTIEFIED B8Y - PLANE

1IN PLANE

JOINT

AR NP RS W

<

IN PLANE WEWJIERS

MEMBER

R
2

JOINTS

TITLE = PLAME FRAME

MEMBER INCIDENCES

MEMSER

]
19
1
?
11
2
3
L3

START

DR N AT G AP N

END

e W BN WO AAY P W

- X-J

FRANE
3
l4
MAX NORMAL FAOR LOAD
23,8743 FOUR
26,7783 Four
28,4481 FOouR
27,3032 FOuR
26,9240 Four
2103284 Four
Z EQUALS 0.0
COORDINATES
X Y T
0.0 0.0 0.0
0.0 144,00N00 0.0
72.0000 T2.0000 0.0
12,0000 144,3000 0.9
144,0003 144,0000 3.0
264, 0000 144, 0000 0.0
334.0030 T2.20C0 Q.0
33s8.3000 144,0002 9.0
408.0000 3.0 0.0
408, 0000 144.0000 0.0

== STRESS
MIN NORMAL
~25.02%50
=27.9290
-29.6168
-208,4539
-26.0747
-22.4793

i-69
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PLNT NEVICE PRINTER LENGTH 2,5 WINTH 12, $ 14T 62 6113

DLNT FLPVAT ORI NNN STA

“w

147 63 n61s

PLNAT PLANE $ 14T 63 £h18

HORIZIONTAL SCALE $0.0000 UNITS PER INCH

VERTICAL SCALE 50,0000 UNITS PER [NCH

ORIENTATION seewy
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3.9 Influence Lines bv the Miller-Breslau Princinle

This problem illustrates a methoé by which STRUDL
can be used to generate influence lines. 1Influence lines
are very useful for determining which loading condition will
cause maximum stresses at a given point in a structure.
Influence lines also give the designer a "feel" for how a
structure will behave under different loading conditions,
by illustrating the relative effect of loads applied at
various points in the structure.

The determination of influence lines is one of
‘the more simple ané more powerful capabilities of the STRUDL
svstem. To obtain each influence line, the Miller-Breslau
principle is used. The Mliller-Breslau principle is based on
the concept of virtual work and mayv be stated as follows:
“If an internal stress component, or a reaction component,
is considered to act through some small distance and thereby
to deflect or displace a structure, the curve of the deflected
or displaced structure will be, to some scale, the influence
line for the stress or reaction ccmponent." This can be
illustrated by considering the simply supported beam shown
in Figure 3.9%a.

dq d;
NI N
Ry Rg
Fig. 3.89a

Suppcse that suprort A -is moved through a vertical
éistance of one. The beam then assumes the position shown by
the dashed «line. Now notice that the work done bv the reacticn
at A as it moves throuch a distance of cone unit, must be
equal to the work done on the loads P, & P, as they move
throuch the distances dl & d2 respectively, Therefore,

r, (1) = 2, (4 + P, (&
A1) = Pi(dy) + Pyey)
cr R, = 2.d, + P
A 171 272
In general, the Reaction at A& Is egual to the sum
cf the loads times the displacements thev underge. The dis-
nlaced structure, therefore, i1s the influence line Zor the
3
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reaction at A.

This principle is known as the Miller-

Breslau principle and may be extended to any structure for
which the principle of superposition applies.

interest.

When using STRUDL to develop influence lines, it
is sufficient to specify a MEMBER DISTORTIONS loading con-
sisting of a unit displacement of rotation at the point of

It is possible, therefore, in one single run to

determine as many influence lines as desired by specifying
that many different loading conditions.

To illustrate this capability,

the same frame that

we used in problem 3.7 is used in this example (see Fig. 3.9b).

12

1

30! ‘ 16/

‘S‘ZL}" DIA.

Y

only,

Fig. 3.8b

Because STRUDL gives displacements at the joints
it is necessary to model the structure as several
shert members so that enouch displacements will be known to
create a meaningful influence diagram. The columns and
cantilevered span have been arbitrarily divided into five
sections while the remaining two spans are divided into ten

sections each.

at equal spacing.

Notice that any convenient numkber or spacing
of sections may be selected. The joint spacing need not ke

areas or the spacing may be selected to correspond to some
axle spacing. '

The joint and member numbering for this structure
is shown in Figures 3.9c below.

Additional joints may be placed in critical

JOINT AND MEMBER NUMBERS FOR FRAME

Fig. 3.8c
3-72
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The following STRUDL commands describe the structure
ceometry ancd the member properties:

ITATE DF CALIFOANIA - BUSINGLS ANO TRANSPORTATION AGENCY = DEFAMTMENT OF SUSLIC SORKS -~ DIVISION OF AOMINISTRATIVE SERVICES

y
COMPUTER  "“SYSTEMS ' 200wl
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When specifying the loading conditions +o develop
an influence line, a MEMBER DISTORTIONS command is given.
This is eguivalent to imposing a permanent distortion into
a memzer, similar to a fabricaticn error and then allowing
the structure to deflect to a shape that will accommodate
the imposed condition. For example, when determining the
influernce line for a moment at the end of member 10 (i.e.,
the middle of Span 2) the member is distorted as shown in
Fig. 3.94.

s

1 radian

Fig. 3.9d

This is the loading condition that is given for
ading 1 in our example. The coding for this loading plus
adings 2, 3 and 4 are shown below.

e = e ——e
i : :
- —_— S SE R -

1

QM&CZSnEHﬂfEACL“im.__ AV SRS SUUR SUUUN N N SR ,
LZADING. 1 LHFLUENCA LIHE DR (HHENT. AT, CENTER CF SPAN 27
2SR 10 DISTERTIINS. CONCENTLRATED ER LC_ROTATICN Z =1 . .
LCADING 2. LHFLUENCE LINE LOR_IMCMINT. AT CENTER CF SPAN 27
(ST 20 SISIDREEND CONCENTRATED AR /0. BETHTICN, 2 < 1. ;
L TEDTNE S _INELUENCE. LINE FOR fEMENT. AT THE LEFT WD OF SPEN
MEEED /G DLSTORTLENS. CONCENTZATED FR.O-O RITALIM 2 =/ _ .. . 24l
UZADING A LaFLyEnCE LINE FER_MEmENT. AT TEP . LE.SLANTED CZLunih ' 7 750
;L"Z.‘f)‘:’&?_i@;_PJ&T,&‘JEVS_CTAK'E:LL?_FAFZQ. AR L0 RCTATIZA Z -1 .2
| ! ; ! i i s ;

! | : d.

4 e At A de e e e b — — -—— e s

— TGP

We can also obtain the influence line Scr the
xial load on the slanted column, memter 30, the top end
of trhe column, is distorted axiallv a unit distance as

shown in Figure 3.%e. 5
[ ]
/\/
.7 A=
'd
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This is coded in Loading 5 below.

The last influence line calculated in this problem
is for the shear at the right end of Span 2. Member 15 is
distecrted as shown in Figure 3.9f. 1In this case we assume
that the member 15 is cut just to the left of joint 16 and
that a device is inserted which will provide & permanent
transverse distortion of 1 unit. It is also assumed that
slope compatibility will be maintained between the two cut
ends. A = 1

18
}
|
i

15 -

Fig. 3.9f

This locading condition is coded in Loading 6 below.
. ' I ] ' i F i

L OLRTNA 5 | INELENCE LIns e, AX AL LCAAAI 0P Qf‘ SLANTED ac,/._’j_lkza
MPER_ 30 DI STARTICHS CONCENTRATER fR /.10, Mspmcdmxz L. a_ i 7ed

LEADING € | LMEIVIENCE LLME £OR SHEAR AT RIGHT 4D JF SPAv 27 | W 59

pepiPilR L5 DISTZRTIINS COMCENTRATAD (FR. _A_O | DISPLACEMENTS Y _1.Q ;5/560
| ZADINE u&z_Ahz_____g_d_zé.__hs L : R . A4
STLFENESS MNALYS TS | | N — ! I V7.2 {8
LIST. 25,407 oS oﬁpmwm_--_“J_ e na—— X

P U B ..._._.4_* - L. e . :‘

Notice that when applying member distortions in the
STRUDL input and interpreting the results, it is extremely
important to maintain a consistent sign convention.

Following is a listing of the input commands and
the STRUDL results.



STRUOL

*PROB 3.9' 'INFLUENCE LINES FOR A RIGID FRAME?®

EIS TR 3RS R 22 R 222 EE 2RSSR SRR 2R R E 2 2

ICES STRUDL 1! VERSIGON 1 HMOD 1
THE STRUCTURAL CESIGN LANGUAGE
MASSACHUSETTS INSTITUTE OF TECHNOLGGY
STATE OF CALIFORNIA
BR IDGE DEPARTMENT DIVISION OF HWYS.
SPECIAL STUDIES SECTION PHe. 445-6519
NOVEMBER 1969 INSTALLED APRIL 1970
18:00:51 6726770

E IR B SR BE IR R BE R R
LAE BE SR B BE BN NE 3R JK BN

EXKEXEXXXEXRRE XXX XXX AZER XX XXX FEZRZXINERE R EXER

TYPE PLANE FRAME

UNITS FEET OEGREES

JOINT COORDINATES

1
2

10
11
12
13

14

15

16
17
18
19

2C

22
23
24
25

26

0.0 12.0
5.6 12.0
11.2 12.0
16.8 12.0
22.4 12.0
28.0 12.0
31.0 12.0
34.0 12.0
37.0 12.0
4C.0 12.0
43.0 12,0
46,6 12.9
49.G 12.0
52.0 12.0
5$5.9 12.0
58.C 12.0
59.6 12.0
61.2 12.0
62.8 12,0
6444 12.0
66.C 12.0
67.6 12.0
69.2 12.0
7048 12.0
72.6 12.0

74.0 12.0 5

(€8]
i

~I

~J

$ 14T 15

$ 14T
$ 14T

$ 14T

$ laT

$ 14T

$ la7

S laT

s 14T
s 147

$ 167

$ laT

$ laT

$ 147

$ 147

s 14T

s laT

$ laT

$ laT

$ 14T

$ 1laT

$ laT
$ 14T

$ 147

$ laT

$ laT

$ 1laT
$ laT

$ 14T

$ 1laT

15

15

15

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

0010

0020
€030
0C40
0050
0063
co70
oueg
0c90
0160
gllo
0120
0130
0140
ul50
0lé60
Q170
Q180
0190
0200
021G
0220

0239



27
28
29
30
31
32
33
34
35

36

JOINT RELEASES MOMENT Z

16,

0

18.4

20.8

23.2

2546

58.0

58.

58.

58.

58.

¢}

(]

¢

0

0.0 S

2.4

26 FORCE X

27 FORCE X TH1 135,

MEMBER INCIDENCES

1

10
11
12
13
14
15
16
17
18
19
20
21
22

23

1
2

16
11
12
13
14
15
16
17
18

19

21
22
23

2

10
11
12
13
14
15
16
17
18
19
20
21
22
23

24

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

laT

S laeT

laT

14T

14T

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

15

0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420

0430

0440

0450
0460
0470
0480
0490
05¢0
0510
0520
0530
0540
0550
0560
0570
0580
0590
0600
0610
0620
0630
0640
0650
0669

0670



24
25
26
27
28
29
30
31
32
33
34
35
MEMBER
1
31
26
27
23
29

30

24
25
27
28
29
30
31
32
33
34
35

36

PROPERTIES PRISMATIC

T0
TO
AX
AX
AX
AX

AX

25

25

28

29

33
34
35
36

16

25 AX 3.75

35 AX 3.1«

2.C1

2.54

UNITS RADIANS

LOADING 1

MEMBER

10

LOADING 2

MEMBER

23

LOADING 3

MEMBER

16

LOADING &

MEMBER

30

LOADING 5

MEMBZSR

33

LOADING 6

MEMBER

15 DISTORTIONS CONCENTRATED FR 1.

YINFLUENCE LINE FOR MOMENT AT CENTER OF SPAN 2!
DISTORTIONS CONCENTRATED FR l.C ROTATION I -1l.

*INFLUENCE LINE FOR MDMENT AT CENTER QF SPAN 3¢

"INFLUENCE LINE FOR MCMENT AT THE LEFT END QF SPAN 3¢
DISTORTIONS COMCENTRATED
'INFLUENCE LINE FOR
DISTCRTIONS CONCENTRATED
VINFLUENCE LINE FOR AXIAL LOAD AT TOP QF SLANTED COL!
DISTURTIONS CONCENTRATED FR 1.0 DISPLACEMENT X

VINFLUENCE LINE FOR SHEAR AT RIGHT EMO CF SPAN 2¢

1z
1z
1z
12

Iz

DISTORTIONS CONCENTRATED FR l.C ROTATICN Z -1,

LOADING LIST aLL

STIFFNESS ANALYSIS

LIST REACTIONS OISPLACEMEN

MOMENT AT TUP QF SLANTED COLUMN®

FR 1.0 ROTATION Z -1,

DISPLACEMENT Y 1.0

(8]
-4

14T
14T
14T
14T
14T
14T
167
14T
14T
167
14T
14T
14T
14T
14T
14T
147
14T
14T
14T
147
147
14T
14T
14T

laT

laT

147

14T

15T
14T
14T
167
laT

laT

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

15

v680
c690
97G0
0710
0720
Q730
G740
0750
0760
o770
0780
Q7930
usco
0810
G820
0830
G840
€850
086U
c870
c3s0
0890

09o¢C

2929
0230
0940

CIsn



SN ISR USC AN NNEE RENGERENES

$RESULTS JF LATEST ANALYSES*

TEL TS IN SN EN SRR NN ERTERIENEE

PROALEM - 2238 3.9 TITLE = INFLUENCE LINES FOR A RIGIC FRAME

ACTIVE UNITS FEET LA RaD 9JEGF SEC
ACTUVF STRUCTURE TYPE PLANE FRAVE
ACTIVE CCORIINATE AXES Y ¥

LNADING = 1 INFLUENCE LINF FJIR MOMENT 4T CENTER NF SPAN 2

RESULTANT JUINT LUADS = SUPPNIATS

JOINT R e il FJdace 1/ - MOMENT ——o——ee—ee S ’
X FORCE Y FURCE Z FIACE X MUMENT Y YOMENT 7 “OMENT
24 Jebt 300 e826a'133 -G 5CJLGAN
27 Ce2T742174 Q.2762169 - =590 4
32 =Le27H2174 ~Le A INIST 1.1721459
RESULTANT JOINT QfSPLACEHENTS = SyPPIATS
JOINT FA e i JISPLACEVENT mvvmcane ==l meemaeB(}TAT[ e wsecocnnvoccancan/
x 0tse, Y 3159, 1 nlse, X RQT, Y 247, 1 ROT,
25 ladlSu 6, Qe 0.2783G64
27 4.12933494 ~6.1293793 n,3936654
32 Veu ved Nen
RESULTANT JIINT DESPLACEMENTS = FIES JUINTS
JNINT Jmm e - =] SPLACEMENT /) wrmmem—eerm e e cacaa ANTAT[INm== cmccncccccccnan=/
X otse, Y JisP, 1 DISP. X ’[nt, ¥ agTt, 1 7,
3 143324145 -12.5263378 £.198G8047
2 1336159 =lue240unns 7.3987947
3 1.33C4al178 ~4.555993 7.3999957
L 1312615 -5.,3212317 N,3980047
s 1.33.4175 ~3.5463454 0.3929947
L] 1.330628 ~1.3526395 ",1929%67
7 1.3299451 “uel3llu22 £.41339584
8 £.32739)% 1.0747C1A Coblbolne
9 1.32%8182 2,3%573475 Nea3AHINg
19 1e3262417 1,71729068 C.%894570
11 103227612 5.1429224 -1,563009564
12 1.321211% 3, 71305064 “Dahb26427
13 1.319677% 245357540 ~f,1062112
la la 3191423 1.4782099% -".3191517
15 ledlon.44 Ja£30 3532 “N, 2446293
1 ledlbC s L.u213117 -0.1804n49
17 | R RV L 1Y) -0 1981376 -N,1152156
18 1e¥15. 76, = 103469924 ~3.N07459935
1Q 1315076, s ek i17742 =2.M327423
2u 12315, 740 -le&765119 . NTT733
21 1.3150740 e bhT] 760 2.01A5774
22 1.315u7&6 «Nebl95126 CeNGCQT7
23 1e3160 262 ~Lelelaes?? NeN543060
26 13182743 ~ce240 3877 0,0837494
2% 1a3lSutal ~Ce124C176 0759172
29 S.l&38%n1, -3. 176,528 39999953
29 & o25A4J93 -%,2203289 N,39999%2
39 3.2647673 =3,24545140 G.19839%0
3 242994643 ~2.3196652 0.3989944
33 Ce0 792739 Ced462673 =N,N6N235%
3 Le2773136s Ceduld52e? =0.1764141
15 LeSTh6300 tew127870C -2.13853%9
3s Ne9316112 2.1 73694 ~0.156A090
LIADING - 2 INFLIENCE LINE FCR MNMENT AT CENTER OF SPAY 3
RESULTANT JUINT LIADS =~ SUPRAJTS
23T —-e-g-~= FIQCE 17 MOMENT /
X FARCE Y FNRCE T FIRCE X MQYENT Y MOMENT 1 “OMFNT
26 -2,0200uLy Je TH5T7 592 0.9900¢00Q
27 Ce230364 0 Cs2309455 =9,0900004
32 =3+28)9860 ~1.G66734) =0.TT725964
RESULTANT JUINT DISPLACEMENTS = SUPPITS
JOINT /mmmermmcm e cmnem = Y[ SOLACEMENT == A Al RPOTATION /
x D1SP. Y Jlse. 7 nise. X Q7. Y ROT, 7 RQT,
26 =1.206%97¢ Vel -N,382979%
27 =1,46274311 344276569 -9.1873232
32 Ve 1.0 Q.0


http:4.22G.J2

AESULTANT T I(SPLACEYENTY = FAES JQINTS

J0INT R e et A S 1IN Y411 L1 4 17 AQTATIIN
X 2157, ¥ JI5P, t 0157, X ’0T7. Y A0T, I RQT,.
1 =la19¢ 7493 Gaallelhe -0.1873239
2 ~1.197843 9.3044123 ~0.1971239
3 “1s190783) 4a3193992 -D.1273239
- =1:1907843 l.2483479 -0.1973239
4 =1.190783) 2.21 73729 -J.1473239
& “lelPu7843 141491549 -0.14732239
? ~1.1923494 D 8103849 ~0s10208443
8 =1a193N9s F.0302506 =N,1494053
9 =lel934674YA -0,3944073 =0.1470070
10 =L.1973320Q -1,7928320 =Q.1l1%4493
1 “l,199593) ~1l.031%439 -0.07%3322
12 =1,20131934 =le235%5489%6 -0,025095%
13 =1,201714% =1,2299199 8,03218100
14 =1,2132787 -1.0332264 0.09913791
13 =1,2043368 ~w,4237095 041755297
1 =1.2CG63971 J.C29310) Na26064133
17 -l.206397} 0.%304%2) Cal283553
18 “le2Un)9T7L l.u782449 Qe38A941e
19 -1.2043971 le7612683 Qet4231999
20 ~1.2063971 2.4471197 0.4447711
21 -1,2063971 3. 3014089 -Q0.4720491
2 =1.2063971 2.57271%3% =0,439997%)
22 -l.2083937] 1.40896198 ~0.6150919
24 =la2063971 la24U7434 =023972341
2% -1.2063971 Qa6146742 =J.348343)
A =~2.94811707 2.774587s -0.19732)3
29 ~2.5342018 2.9224006 ~0,1873238
i -2,0847338 2,0707197 -2.137323s
31 -1,63985993 1.6194029 -0.,19732%8
33 ~0.02%3792 O.uu%ss2l 2.023907
34 -U.12439C4 Q.C113241 0.0613519
is -0.3313538 Q.0169882 0,1134995
38 =Je 4405438 0.02264%) 8.179917%
LAADING = ) [INFLUENCE LINE FOR MOMENT AT THE LEFT END CF SPAN 3

RESULTANT JUOINT L3AOS - sSuPPnATs

JOINT / FIACE " “oMENT

1 FORCE Y FORCE i FORCE X WCMENT ¥ MOWENT L wOMENT
26 ~JaJuguued 1.3710677 =1,£100000
27 Q.95419222 0.94819212 - =Q.,J000008
32 ~U.56019222 =2.131%408 “1.5451612

AESULTANT JOINT D[SPLACEMENTS - SYPPIRTS

JaNr o m et em e e J [ SALACEVENT 4 A0TATION

X olse. v a1se, 1 o1s%, t RAT, Y ROT. z aor.
24 ~2.4127971 9.3 0.2340%24
27 -5,9%47421 63547995 ~0.3746397
32 ¢.0 0.0 . 0.0

FESULTANT SOINT J[SPLACENENTS - FREC JOINTS

JOINT femmmme e v mmr e e 3 [ 1, AC EMEN T = e 124 ROTATION
X Jl5?, v J{4P. 1 Jlse. X agr, Y ApT. Z agt.
1 -2.3815348 12.3266249 =0.3748412
2 -2.3819%5368 10.7238344 21744412
k] =2.3819)4s 3.83004%d =0.3748412
L] ~2.)813%8 b.53259808 +~0.3ThA812
.3 =2.3315240 LS LY T ] =Qa 3T44a12
4 =2.3915344 2.3145128 -3, 3740412
14 ~2.3d48%43 L.2217093 +2.3454821
L] -2.347774) 0.1874997 ~2.3788047
9 =2.3904997 =3,7911998 =J,2940097
1o «2.39402219 =1.9950323 =Q.2112948%
1t =2439714234 =2, 15630688 ~0.15046417
12 *~2.,40C2008 =2,47168%4 =0.0%521108
13 ~2.4033439 -2,4877923 0.0043539
le =2.434509 ~2.9A78134 ColOnT4n9
15 =1,409a117 ~l.2473927 0.3519932
la ~2.5127531 U.09456219 0.%212719
H =2.6127511 ~Le 339079y =N, 3432947
19 ~2.9127531 -l.2899136 ~0.222:237
19 =2.4127%31 =1.3174425% =C.11492077
29 =L 6127531 ~1.5257451 ~0.022%4T2
21 =2.5127931 =1.39722:9 7.5558571
22 =2.%127831L LS LT ETY Ja029%C78
a3 =2.4127431 =1.2204120 Uy 1499026
24 8127571 -3 7135532 T.27%%612
2s =2.4127%3L EOREROLTLL 32243248
22 ~5.022%4a 543430719 =0, 3748399
21 =5.0433148 $eJ%4T269 =) 74enad]
33 -4y 1733982 b.l4l387C Ve 3Theals
3 -3,27TT44) 3.27979CH =Qe I 745609
11 =3l 0807558 Ge2l13243 Ta7470623%
34 263777 2e2220435 2.1227214%
18 =lLebb24982 2.03197:) D.2249772
Js =le 3811431 Js0=52931 ©,3%999292

LI
I
m
t-



LOADING - & INFLUENCE LINE FOR MCMENT AT TQP JF SLANTED COLUMN

RESULTANT JUINT LUADS - SUPPORTS

JOINT / FORCE 17 MOMENT /
X FORCE Y FORCE 1 FQRCE X MANENT Y MOMENT 1 MONENT

26 ~0.00000C0 0.0200045 0.0000000

27 C.0020085 C.0UU00AS ~0490000C0

32 ~0.u001045 =1J.0Q00130 C.00C0442

RESULTANT JOINT QISPLACEMENTS = SUPPOATS

Jogyr Jomeeanamnemanam==D[ SPLACEMENT 7 ROTATION /
: x otse, Y o1s7. 2 0157, x ROT, Y aor, 2 Rat,

28 0,00uC191 0.0 0.3000097

27 12.6u0155 -12,0001733 1.0000114

32 0.0 V.0 0.0

RESULTANT JNINT DISPLACZEMENTS = FIFE JIINTS

JUINT mmmmmmcem e DISPLACEMENT ==~ 77 ANTATINw=~sreencm e acacaa/
x NISP. Y 18P, r 018o, X ROT, ¥ RQT,. t ROT,

1 UeINC2195 «C.02302879 0.NCHNCAY
2 uellLloS =0.20C2338 0.09€0C3A
3 CRIIE T 1] ESMVSIAY LS Q.0600088
& Dl D1YS «0.9301408 0.1N0C09%8
) Calooulas EO I HBLIN] n,2600C983
n DeddL19S EU P NI V2 ] 8.NG0003Y
7 1. 000198 -J«2200 176 n,0CC00A%
a Celtuul 98 =0, 000 3 0. 07C0246
9 UeLUCQ194 e dSLUNAG N.78000029
19 ML3CCCLge JeUdL N lbb C.01200CL s
11 CelGuL 193 Gei:ule9 0.9100003
12 2.5000193 Codut Il s =Q.2000905
13 0.0u%192 v.N0Cal3? -0,N000012
14 JeCCII92 CelIGH096 ~0.7000019%
19 04605191 YUt 048 -0.3N00016
18 Ceviut 191 Ye 26GCINCD -0.20CA014
17 Q3000191 ~2e0I0 315 . -0,00CC%10
14 LeCuLwl9l eyl ru28 -0.17000004
13 velLUUL9L =0t 1036 -2.000020)
23 CeduCilol ~C.32000139 -0.02000C1
21 JUGL9l EVPE VR L 0,nNCN001
22 Jedul Il =11, 30C0935 : C.7209293
23 J.2n0l191 -J.Jlt0u28 0.000000%
24& Leiucutal =0,0)0322¢C 0.£00GNNS
25 JelMz191 LA BUTRG  E) 045000008
2n 9.460u1291 ~9,5LC1558 1.15C0114
29 7.2000999 «7.230136) 1.72€0011¢
1N 4.0¢0TL 7 -%,8401022 1.NN00114
31 244000639 ~2.63CU3 1.0C0011s
33 UJdeLels Mad2CuUI] =0.72009011
34 20051 welULiOU] =0,70CN019
35 GedLello J46.60002 -0.0C0C0021
36 [ENATDIN &1} TeoLGOLL 3 -%.0000C2¢C

LOADING = S INFLUENCE LINE FOR AXTAL L7Ja0 AT TOP OF SLANTED COL

RESULTANT JOINT LOADS = SUMPJRTS
JUINT ’ FOACE -- 7" MOMENT emmescommaccccaaaaa/

X FIRCE Y FOaCE I FORCE X MQMENT ¥ MOMENT 2 MOMENT

26 Uaa0600Gac V.us98721 -0.01000000
27 0.026C4E8 0.024034AA ~0.50000729
32 =Q.C2604138 ~C.07572u38 0.299127)

RESULTANT JOINT OISPLACEMENTS - SUPPORTS

JOINT [emmmemccm e = Q[ SOLACEMENT~ /7 ~==RQTATINN /
X DISP. , Y DISP. L 01sP. X ROT, Y RQY, 1 0T,

F1) Uel260029 U0 . 0.0073934

27 ~1.2604824 1.2504867 =0.0546550

32 C.0 Oed 0.0



RESULTANT JOINT DISPLACEMENTS - FREES JOINTS

JOINT /emmmrenenmcneeenw) [SPLACEMENT 44 RQTATION
t 0IsP. v 0r$P. Z otse,. X RQT, Y RQT, I ROT,
1 0el23449s 243730938 «0,0566%79
2 Cal25ee96 245%%2128 =0.0%66357%
3 Vel2%4aSH 2.2395311 ~0.,05665%7S
- Uel25449s 19212494 =0.056657%
] Ve 1294496 1.6039677 «0.,0%6657%
6 0s1254495 1.230648%0 ~0.0%564%75%
7 0.12%3049 1.1171260 =0.0562440
8 0.12%1602 Ca 95009821 =3.0549998
9 0.12%0133 0.7879872 -0.0%292%0
10 0.1243738 0.6333326 =3.0%00194
11 0al267261 0.438670) ~0.0442835
12 Q.1243813 043564621 -Q.0417148
13 Qs1244308 0.2392001 ~0.0363199%
1s 041242919 041393740 «~0.0300919%
13 Qel201aT2 0.0%94819 -0.0230329
16 0.126C02% 0.0J2J098 =0.N[S1436
17 Q.124002% =J.0137357 -0.0108635
18 0.1246002% =0.0329937 =3.0070339
19 Je 1249025 =0.04014847 «0.0035549
20 G.1240025 “U. 0449295 =0.0007263
21 0.1240025 =04 2440432 Q.0017517
22 C.12400253 -3,0395664 8.0037791
23 0.1240028 -0,032196% 0.00%3560
24 0.1240025 -0.0226638 0.0064823
23 0.1240025 -0.,0116934 0.0071521
29 =l.1248159 1.1242075 ~0.0%56453%0
29 ~0.9890864 0,98799%0 -0.N05646%%0
0 -0.,3%533098 0,3%1327) =0.05646551
3 ~0,7174993 V71569446 =0.0%06659%1
3 0.,0070811 3.0004019 ~0.00%6300
3s 040252038 0.0008038 «0.0100364
3s Q.N56185% 0.0012097 ~0.0130431
38 0.0878456 Q.0018077 =0.01467682
LO40ING ~ & INFLUENCE LINE FOR SHEAR AT RIGHT ENO OF $PaN 2

RESULTANT JCINT LOADS -~ SUPPORTS

JOINT / FORCE 17 MOMENT

X FORCE Y FQRCE I FORCE X MOMENT Y MOMENT Z MQMENT
26 0.200000GC C.0351206 ~0,3000000
27 0.0184145 0.0184145 =Q0.0000000
32 ~0.0184165 -2.0535351 0.211a791

AESULTANT JOINT JISPLACEMENTS - SUPPOARTS

JOINT /e mmenncanaeaa [ SPLACEMENT 24 QAQTATION

X 0[P, Y J1s2. 1 0152, X 0T, Y ’gQr. Z t0OT7,.
26 00876717 9.0 0.00%2204
27 ~0.1913744 G.3913751 «0.0600670
32 0.0 g.0 0.0

FESULTANT JOINT JISPLACEMENIS = FREE JOINTS

JOINT /e e aemaeee ) | SPLAC EMENT 177 A0TATION
% 0159, Y QsP, 1 01s?. x agr. Y RGQT.  agr,

i 0.0886948 1.031712% ~9.0400671
2 Q.U886943 Q.43073377 =0.04005671
3 0.0886963 V. 3532962C -0.26Q00671
L3 040886943 0.3%585249 . =04 3400671
] 0.08863443 001342113 =3+0400071
4 0.N886948 =0s 0901 646 =0.34006M
7 0.0084%592» -0.2100722 ~0.9397735%
[} 8.0894901 -0.3282132 ~0.0398927
9 02383378 =0 4b29611 =0.3374247
10 0.033239%4 ~0.3521792 =2.13%369%
1L 0.0381332 =0, 8544710 =0.032727L
12 0.089%8C9 ~0.7479563 =3.,2294876
13 0.0879786 ~0.33C3591 -3.02%5209
le G.QBTATS] ~0.3015%23 . -0.0212742
15 0.087774Q =0.9579427 “0.01529%58
16 Q.08748717 Q.0Uul%208 «2.4127073
17 Q.3478717 «J.0132672 «0.0075311
13 0.0875717 =340233233 *0143043733
19 0.3376717 ~3.02931318 «0.0025842
20 C.0878717 *0.331757% =N.0004913s
21 U.unTHETL? =9.0311450 0.2012335%
22 C.3a781717 -0.02797%2 0.3025720
3 G.3876717 ~ed2276%5 0.N337369
24 JeyaTeTL7 =3. 2153239 0.206%233
25 Qevdl67L7 =3.2032579 0.00%9%612
29 “Q0.219%429% 3.2949995 =3.26400870
29 =Jelid94)398 2.19%64670 ~0.5400670
w0 ~Js.1C341a4 J.1023678 =3.340Q0871
n “L.J073702 J.9J6u933 =245600671
13 7.205CN43 J.00021842 =2.2049157
36 Je2198257 V.0005633 *3,207094)
38 YeU3d3a9l $eUQ03523 =0.2092357
36 C.08621Q75 0.3011366 «2.0104401
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The joint displacements which are given in the
STRUDL output can be plotted to give the influence diagrams.
To illustrate the flexibility of the STRUDL output, three
plots of the influence line coefficients for moment at the
center of Span 2 (loading 1) are shown in Figure 3.%h. 1In
all of these plots the coefficients are given for a normal
load applied to the horizontal girders and the vertical
column. In the case of the slanted column, however, the
coefficients are given for three different types of loads.
In the first plot the coefficients for a horizontal load on
the slanted column is given. Notice that thisis simply the
horizontal displacement of the joints on the column. The
coefficients for vertical loads and normal loads are shown
in the second and third plots respectively. These coefficients
are found by taking the vertical and normal joint displacements
of the column. ©Notice that in general the coefficients for any
load including applied moments are given by the joint displace-
ments in the direction of that load.

To illustrate the use of these influence coefficient
diagrams, consider the loading condition shown in Figure 3.9g.

132" 32¢ | 8*

1'”1 14 14
i

Fig. 3.9¢g

In order to determine the mcment at the center of
Span 2 due to this loading condition, obtain the coefficients
under each of the applied loads (see Figure 3.%h). The values

of these coefficients are as follows: dl = 11.4 in.;

d2 = 62.2 in.; and d3 = 2.9 in. The moment is then given by

the sum of the products of the loads and their respective
coefficients.

M= 32(-11.4) + 32(62.2) + 8(2.9) = 1648.8 k-in.

If the applied load were a uniform load of magnitude
"w", then the moment would be the prcduct of "w" and the area
under the influence diagram. This area may be found by using
numerical integration.

The influence ccefficients for a moment at the center
of Span 3 (loading 2) are shown in Figqure 3.9i. The cceffi-
cients in this diagram are for loads applied normal to the
members.
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3.10 Example Plane Frame Problem

I Y Global

a/a 2
- }/ ©
U -]
~
-4 Oy
T S _go .‘,2
Q r\?ia

—_—>

XGlobal
K = 1x10% K/inch

f ]

Use STRUDL to determine the forces,

reactions, and displacements
in the structure shown above for the

following loading conditions:
1. Dead Load

2. Wind Load, 1.04 kX/ft, acting on Member 1 as shown.

3. A temperature differential developing in Member 2, the to
fiber temperature increasing by 40° F while the bottom fi

temperature increases by 20° F.
coefficient of 0.000 0065)

er
ion

n o'y

i
(Use a2 temperature expan

4. Support sattlement at Joint 1.

. ’ -
AS— 005 radius

Also, determine the section forces at the 0.2 point of
for a combinaticn cf all loading conditions.

Use the indicated memker and joint numbering and a Younc'
of 30,000 ksi.

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

STRUDL ®PROB3.I0? 'EXAMPLE PLANE FRAME PROBLEM®
TYPE PLANE FRAME
UNITS FEET KIPS
JOINT CDORDINATES
1 SUPPORT
2 10. 24.
3 42. 1lé.
4 54, SUPPORT

MEMBER INCIDENCES

1 1 2
2 2 3
3 3 4

MEMBER PRO?ERTIES
1 VARIABLE
SEGMENT 1 TABLE °'STEELWF? '24WF160° LENGTH 9.0
SEGMENT 2 TABLE °*STEELWF® '24WF130' LENGTH 9.0
SEGHMENT 3 TABLE 'STEELWF® %24WF100* LENGTH 8.0
2 TABLE 'STEELNWRF' '24WF160°*
3 TABLE °STEELWF® '24WF145°"
UNITS INCHES DEGREES
JOINT 4 RELEASE MOMENT Z TH1 36.8533 KFX 1.E5
CONSTANTS E 3.E4 ALL
CTE 6.5E~6 ALL
UNITS FEET POUNDS RADIANS
LOADING 1 *DEADLOAD?
MEMBER LQOADS FORCE Y GLOBAL
1 UNIFORM W -160. LA 0. LB 9.
1 UNIFCRM W -130. LA 9. LB 18.
1 UNIFORM W -100. LA 18. LB 26.
2 UNIFORM W =160,

3 UNIFORM W =145,

3-88
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(]

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

147
147

15T

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

14T

60
60
&0
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

60

0010
0020
0030
0040
0050
0060
0070
0080
0081
cos82
0083
0084

0090

OlOd

o110
0120
0130

9140
0150

0160
0170
0180
0190
0200
o210
0220
0230
0240
0250
0260

0270



LUGADING 2 *WINDLOAD®

MEMBER 1 LQOAD FORCE X GLOBAL PROJECTED UNIFORM W

LOADING 3 'LEFT SUPPORT SETTLEMENT AND ROTATION?

JOINT 1 DISPLACEMENT DISPLACEMENT Y —,04 ROTATION Z -.005

LOADING &4 *TEMPERATURE LOADING?

MEMBER 2 TEMPERATURE LOADS AXIAL 30. BENDING Z -20.

LOADING COMBINATION 5 COMBINE 1 1. 2 1o 3 1. 4 1.

LCAD LIST ALL

UNITS KIPS

PRINT DATA

STIFFNESS ANALYSIS

OUTPUT DECIMAL 4

LIST FORCES REACTIGONS DISPLAéEHENTS

LOAD LIST 5

LIST SECTIDN FORCES MEMBER 2 SECTION FRACTIONAL NS 1 0.2

1040.

147
14T
147
147

147
147

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

14T

60
60
60
60

60
60

60
60
60
60
1)
60
60
60

60

0280
0290
0300
0310

0320
0330

0335
0360
0365
0370
0386
0390
0410
0420

0430



3.11 EXAMPLE PLANE FRAME PROBLEM

A Y Global

14.5

—_D
X Global

LK= 5000 K4y

Using the Muller-Breslau Principle, obtain the influence line
ordinates at the 0.5 points in the cantilevered end caps, and at
the 0.1 points of the interior cap member, for the following:

1. Moment in the cap member at Point C, the centerline
of the bent:

2. Moment in the interior cap member at Point B, just
to the right of the column centerline:

3. Shear in the interior cap member at Point B, just
to the right of the column centerline:;

4. Axial load on the top of the right column.

The columns shown are the Standard Architectural Columns, Type
S5A. Section properties for these columns are stored in the
STRUDL TABLE, 'STDBRCOL'. The section locations and names are
shown on the attached diagram.

Determine also the forces, displacements and reactions due to

dead load. Use a value of 3,000 ksi for Young's Modulus and

150 pcf for the unit weight. The cap section is 4 feet wide.
Include the deformation due to shear in your analysis for both

the influence coefficients and the dead load. List only displace-
ments for the influence line locading condition. Process this
problem on STRUDL.
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STANDARD BRIDGE COLUMNS 'STDSRCQL'

STRUDL - TABLE

\ 10 |
- A
< T - >
\ A
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2 I
< VZ_
TYPE 52 R ol
NAME AREA | 1
[] /‘ Cc:}
'COLSATOP 36.6 ' I ‘
‘coLsal’ 33.9
‘coLsa2’ 3.7 ol T
‘coLsAaz’ 28.5 @
‘coLsa4’ 26.0 —
‘coLsas’ 23.5
'coL5A6' 21.2 [
‘coLsa7’ 19.0
‘coLsAas8’ 17.2
‘coLsA9" I5.7 S
'coLsAI0 13.8 & -
'coL5All" 13.0 o
‘coLsalR’ 12.7 —| Seq.| 6
'COL5AIT 12.6 ; |
'COLSABOT' 126 | I !
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STRUDL model for influence
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line coefficients.
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The ICES/STRUDL coding for problem 3.11 is as follows:

STRUOL 'PROB3.11' 'EXAMPLE PLANE FRAME PROBLEM, BRIDGE BENT'  § 14T 6C 0010
$  INFLUENCE LINES USING MULLER-3RESLAU PRINCIPAL $ 14T 60 0020
TYPE PLANE FRAME $ 14T 60 0030
UNITS FEET KIPS DEGREES $ 14T 60 0040
JOINT COCRDINATES $ 14T 60 0050
1 X 9.28 Y 5.0 SUPPORT _ $ 14T 60 0060
2 X 15.79 Y 29.27 $ 14T 60 0070
3 X 0.0 Y 45.0 $ 14T 60 0080
4 X 10.0 Y 45.0 $ 14T 60 0090
5 X 20.0 Y 45,0 s 14T 60 0100
6 X 25.0 Y 45.0 $ 14T 60 0110
7 X 30.0 Y 45.0 $ 14T 60 0120
8 X 35.0 Y 45.0 $ 14T 60 0130
9 X 40.0 Y 45.0 S 14T 60 0140
10 X 45.0 Y 45,0 $ 14T 60 0150
11 X 0.0 Y 45.0 $ 14T 60 0180
12 X 55.0 Y 45.0 . $ 14T 60 0170
13 X 60.0 Y 45.0 $ 14T 60 0180
14 X 65.0 Y 45.0 , $ 14T 60 0190
15 X 7.0 Y 45.0 $ 14T 60 0200
16 X 80.0 Y 45.0 $ 147 60 0210
17 X 90.0 Y 45,0 $ 14T 60 0220
18 X 74.21 Y 29.27 $ 147 60 0230
19 X 82.06 Y 0.0 SUPPCRT $ 14T 60 €240
JOINT 1 RELEASE TH1 ~15.0 KFX 5.E3 $ 14T 60 0250
UNITS RADTANS $ 14T 60 0260

JOINT 1 RELEASE KMZ 1.E3 147 60 ce70

ey
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MEMBER INCIDENCES

10

11

12

13

14

15

16

17

18

MEMBER

1

3

2 1
s 2
3 4
4 &
5 6
6 7
7 8
8 Q
s 10
10 11
11 12
12 13
13 14
14 15
1¢ 16
16 17
1= 18
18 19
PROPERTIES
1¢ TABL
16 PRISMETIC
15 PRISMATIC
TO 14 PRISMATIC
17 VARTAELE
SEGEMENT 1
SEGEMENT 2
SEGEMENT 3
SFGEMENT &
SEGEMENT &
SECEMENT &

E 'STDERCOL®

UNITS INCHES RADLIANS

CONSTANTS E 3C00.

ALL

AX 18.76 AY 15.632 17 34.39
AX 244,28 AY 20.23 IZ 74.55
AX 28.0C AY 23.3 1Z 114.33
TABLE *STCLRRCCL' *COLSATOP?

TABLE

TABLE

tCOLEAROT

*STOBRCCL®
*STULBRCOL?
*SIDBRCOLY
tSTORRCOUL!

*t<TOERCCL?

'COLEAL?®
*COLEASY
*COLEAS!
rCoLeag!

TCCLEAL 2

$ 147
$ 147
$ 14T
$ 147
$ 147
$ 147
$ 147
$ 147
$ 147
$ 147
$ 147
$ 147
$ 147
$ 167
$ 147
s 141
$ 14T
$ 147
$ 147
$ 147
$ 141
4 147
$ 147
$ 147
$ 147
2.28 $ 1aT7
2.0 $ 1aT
2.0 $ 147
2.0 $ 147
4.0 $ 147
4.C t 147
$ 14T

$ 14T

60

60

60

6C

6C

60

60

60

60

60

6C

&0

60

60

60

&C

60

60

60

60

&6C

60

6C

60

60

&0 .

6C

6C

60

60

&0

6C

60

0300
0310
0320
0330
0340
0350
0360
0370
0380
0290
0400
0410
0420
0430
€440
045C
0460

0470

c530
c540

0520

060C
061G
¢620

0620
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