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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 nopmal to the plane of the frame. 

The STRUDL algorithms consider both bending and 
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 I. 

Deviation from full fixity at the suooort 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 M&~ER RELEASES command in the local 
coordinate system. 

STRUDL considers only ma~ers 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 ma~ers made up of con
stant cross section segments. 

The example problems presented in this chapter 
illustrate how the STRUDL progra~ 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 co~~ands 


used in the analysis of a plane frame structure. 


Problem 3.6 illustrates how the structure described 

in e1e first problem is changed and re-analyzed in a single 

submittal. The structure is revised by making the diagonal 

members flexible and introducing elastic restraints at the 

supports. 
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The tapered column member in Probla~ 3.7 is modeled 
and described as a variable member made up of three segments. 
For the first analysis the structure is modeled as a series 
of slender ma~ers 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. 

Probla~ 3.8 illustrates some of the ta~perature 
loading capabilities available in STRUDL. 

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

3.2 Local Coordinate Svstem for Planar Structures 

A local coordinate systa~ is used to specify the 
information associated with each member. The centroidal axis 
taken along the length of the rna~er is defined as the local X 
axis. The local Y and local Z axes coincide with the orincioal 
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. 

y 

X 

LOCAL X, Y AND Z AXES 

Fig. 3.2 

3.3 Orientation of Local Coordinate Svstem (Beta Ancrle) 

For a olane fr~e structure, Beta must ~e either 

zero or a multioie of 90 degrees, and it is generally desir

~le 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, 
m~~ers shown in Figure 3.3a. 

-0 
>

c:: 
O.....t 

·r-t ('(]
+'..0 
u 0 
Q),....f 


.I""\ '-' 

0 

\Y 

Fig. 3.3a 

consider the two 

SECTION A-A BETA = a• 

SECTION 8-8 BETA = go• 

To locate the principal axes as ~ndicated by the Y 
. and Z axes in Sections A-A and B-B, we must first determine 
the reference position Y' (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-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 apply
ing the right har.d 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 
corning out of the paper. 
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To further illustrate the orientation of the local 
coordinate systa~. consider the rn~~ers shown in Figure 3.3b 
with their local X axes parallel to the global Y axis. 

y 

z~ it I + ~ I li t 
c c 0 II 0 SECTION C-C BETA =o• 

IIX 

~ 
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X 

z z 

Tz' 

Fig.3.3b SECTION 0-0 BETA = 270° 

Reference position Y' axis is located by orienting the local 
Z' axis parallel to the global Z axis and then using the 
right hand rule to locate the Y' axis as shown for the two 
cases considered 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 
corning out of the paper. 

3.4 Hember Loads and Sicn Conventions 

The STRUDL commands for the incividual 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 imoosed on the individual rn~~ers of a structure. 
The various types of loading conditions may be classified into 
the =orm following general categories: 

A. Physical Loads 

B. Ther.nal Loads 

c. Distortion 

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

A. Physical Loads 

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

Force yfY Moment z 

Force x 

CONCENTRATED LOADS 

z 


Force x 

UNIFORM LOADS 

Force y 

.Force x 

z 


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 direction 
of one of the global axes as shown in Figure 3.4b. 
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w (projected) 

~--------~~~~--~---------------x 

Fig 3.4b 

POSITIVE MEMBER LOADS IN THE GLOBAL COCRDINATE SYSTS~ 

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 type of loading specification 
is useful in describing the gravity loading and earthquake 
effects. The second loading intensity dimensioned W (projected) 
is described as a function of the projected length on the 
global plane orthogonal to the direction of the load. This 
ty?e of loading specified is extremely useful in descri~ing 
wi~d loads and earth pressure. This loading requires an 
additional command modifier. 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 syst~~. 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. 

Iy 

T ..-'"'\ ·r..... 
2 ---;-::-_,- jh.Sz ) !~~~=-..... - I ~X ~-==========31:-_:-__,}---tl...._ X 

Tl . 
Tz < Tl z 

BENDING Z AXIAL X 

-·--····-··-----·-···· ···---- _ Fig.__ 3.4C _ 
POSITIVE THERMAL LOADS IN THE LOCAL COORDINATE SYSTEM 

c. Member Distortions 

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

f 
y 

""f..- Shear y ~ 
~-~~-...;1__1 ~~ Bending z ____ 

Disp x x 
. 6y 

z CONCENTRATED DISTORTIONS 

z UNIFORM DISTORTIONS 

Fig. ·3 .4d 

MEMBER DISTORTIONS IN THE. LOCAL COORDINATE SYSTEM 



The distortion shown above are all positive. The 
uniform distortions may be applied to a portion of the ma~er 
as shown in the figure above or they may be applied to ~~e 
entire member. Positive distortion causes positive dis
placa~ents in the local coordinate system with the start of 
the member held fixed as shown in the sketch above. Con
centrated merr~er distortions are useful in determining 
influence line coefficients using the Muller-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 rna~er. 
These member and loads are described in the local coordinate 
systa~. The positive directions for the member end loads, 
relative to the indicated axes, at the start and end of a 
plane frame rna~er is shown in Figure 3.4e. 

y 

Moment z 
~---------------------------------~~oment z 

Axial x--fool- .. 
Force xt Force y 

z 
Fig. 3.4e 

MEMBER END LOADS IN THE LOCAL COORDINATE SYSTEM 

This type of loading condition is used to input 

fixed end forces and moments. 


3.5 Riaid Diaaonal Frame Problem 

Consider the plane frame structure shown in Figure 
3.5a subjected to the loading conditions given in Figures 3.Sb 
and 3.5c. The truss discussed in Chapter 2 is now analyzed 
as a plane frame structure. 
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If ® 2 

Member il.x Iz 

1 2.0 100. 

I.D G) ® 2 1.0 40. 

3 2.0 100. 

4 1.5 80. ... 5 1.0 40 • 
X® 6 1.5 80. 

_,81 

Fig. 3.5a 

po• 

LOADING 1 LOADING 2 
Fig. 3.5b Fig. 3. 5c 

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 ex~~ple, T"fPE PLANE FRk~E YZ. 
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CCWPUT!;l! .J SY ST!;••$ 

ICES 

The 'UNIT' command informs STRUDL that different 

units than the standard units are to be used in the probla~s 


following the 'u~IT' command. Line 30 is an example of its 

use. The 'UNIT' statement, if required, must be given prior 

to the co~~ands 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' command. 


! I I I ' I ; . I I I ; , r, ' 
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b 
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--~ ,..- ' ~·-~: : :-~~~~----.--.~~-i-~--; -~ J~l
'l..ECf:.._';{, _.___.__ I . . -..1-.------------1 - ~-~~- ;...--.--+·- --r-- ~~: .LJ,.2/-j

: : ' I : I ! ! I •. II 
-"--~-- ~-- ...... ----.~o-~ ..... - -··___........_,_--~,.. ---- .... 


Moment z specified in the header command "JOINT 
RELEASE", on Line 90 •.v-ill 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 only. 

STRUDL allows the user to insert co~~ents in the 
input data. The co~~ents may be placed on the same line as 
the command or the whole line may ~e used for cor.unents by 
placing a $ in Colw~n 1. Comments placed on co~~and lines 
nust follow the co~mand, and a $ followed by a blank space 
must precece the co~~ent. 
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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 nu•11ber. 

All loading conditions, members and joints specified 
orior 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 STRuTIL I), 
is now used (i.e., in STRUDL II) as an alternative form for 
specifying which loading 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 •PROS 3.5 1 'RIGID CIAGONAlS 1 $ 14A 40 0010 

*********************************************** 
• •
* ICES STRUOL I I VEitSIC!~ 1 ~CD 1 •• THE STRUCTURAL DESIGN l.A~GUAGE * 
* MASSAC~USETTS INSTITUTE OF TECHNOlOGY •• STATE OF CALIFORNIA • 
* !RICGE OEPART~E~T OIVISIC~ CF ~WYS. * 
• SPECIAL STUDIES SECTIO~ Pt-4e 445-6519 *• NOVEMBE~ 1969 INSTALLEC APRIL tq7a *• 18:12:00 6/01170 •••••••••••••••••••••••••••••••••••••••••••••••••• 

TYPE PLANE FRAME S 14A 40 0020 

UNITS I<IP FEET S 14A 40 0030 

JOIH COORDINATES s l4A 40 0040 

1 X o. y 6. $ 14A 40 0050 

2 X a. y 6. s litA leO 0060 

3 X o. y a. SUPDORT S lltA 40 0070 

4 X a. y o. SUPPO~T S l'tA 40 0080 

JC tNT ~EL EASE "'0MENT Z S l4A 40 0090 

3 s 14.A 40 0100 

4 FCPCE X s 14A 40 0101 

~'E"'!E t1 INCIDENCES s 14A 40 0120 

1 3 1 S ME"'BER 1 GOES I=ROIII 3 TO 1 s l4A 40 0130 

2 1 2 $ l4A 40 0140 

3 4 2 ' l4A 40 0150 

4 3 2 S 14A 40 0160 

5 3 4 s l4A 40 0170 

6 1 4 s 14A 40 0180 

UN ITS INCHES S 14A 40 0181 

"'E"eEQ PAOPEn I ES P~IS,..ATIC $ 14A 40 0182 

1 3 AX z. lZ 100. « l4A 40 0190 

2 5 AX 1. IZ 40. S 14A 40 0200 

4 6 AX 1.s tz ao. s 144 40 0210 

COP. STANT E 3·~000. ALL s 144 40 0230 
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•••••••••••••••••••••••••••••••••••••••• 

lCACING 1 1 l~ClTNED lOAD' 	 $ 14A 40 0250 

JCINT 1 LOAD FORCE 	 X 3. FORCE y -4. s 14A 40 0260 

yJCINT 2 LIJAO FORCE -10. s 144 ItO 0270 

LCAOtNG 2 'HORIZONTAL LO~C 1 s l4A 40 0280 

JCINT 1 LOAD FORCE -10. s 14A 40 0290y 

JCINT 2 LOAD FORCE X -4. s 14A 40 0300 

lOAOtN~ CC~BINATICN 3 COMBINE 1 • 75 2 1. s 14A 40 0305 

PRINT CATA s l4A 40 0310 
. - -- ----------- 

• . PRO~~E• OHA FROOI I~TfON4l 	 SfOUC:E ••...•.....•........•.........•..•....... 


ACTI~f ~HITS • lfNGT~ Wflt:HT Tfi'PERUUPf 
PIC~ KIP DEGF 

•••••••••• STRUCTU•Al OATj •••••••••• 

ACTI~f STPUCTUAf TYPE • Pll~E JIA-E . 

JCINT CCCRtiNAIES··---------------------------------------1 STATUS-••/
JCihT X y l CCNDITICN 

1 c.~ n.ooo o.c ACTIVE 
l 'lt.ooo 72.000 o.c ACT IVf 
1 o.o o.o o.c SUPPORT ArTIVf 

" '16.000 o.o c.c ~UPPOAT ACT lllf 

JCINT P~lEASES··-----------------------------------/ElASTIC SUPPCAT RElEASES-------------------------------------------------1 
JCihT FCACE ~~'FNT T~ETl 1 THfTl 2 l~ET4 l kFX ~FY •FZ K-X KMY K~l 
3 z a.o o.o c.c o.o o.o o.o o.o o.o c.o 
4 X l 0.0 C.C CoO 0.0 OoO OoO 0.0 0.0 0.0 

~f~~ER INCIDENCES----------/ lE~GTH---·--1 	 AElEASES·-------------------·1 STATUS--I 
•e•ee• 	 START EHC lOCAl CDCRD. ST~RT END 

FORCE ~~MENT FORCE -o~ENT 

1 3 I 12.000 ACTIYE 
2 1 2 ~6.000 ACTIYF. 
l 4 2 12.000 ACTIVE 
4 3 2 12C.OOO ACTIVE 
5 l 4 ~6.000 ACTIVE 
6 1 4 120.000 ACTUE 

"EMP~A PROPEPTIES•;·-----------------------------------------··----------------------------------------------------·1 
~E~!IEQ/SEG TYPE SEG.l COMP U/TO AYIZO 4UYC IX/ZC IYifY 11/El SY sz 

~· 1s•n1c z.ooc o.o o.o o.o o.o 100.000 o.o o.o 
o.o o.o o.o o.o o.o o.o 

2 PAISMATIC 1.000 o.o o.o o.o o.o 40.000 o.o o.o 
o. 0 o.o o.o o.o o.o o.o 

l PR !SI'AT!C 2.000 o.o o.o o.o o.o 100.000 c.o o.c 
o.o c.o c.o o.o o.o o.o 

4 PA!SI'HIC 1. 500 o.o o.o ').O o.o eo.coo o.o o.o 
o.o o.o o.o o.o o.o o.o 

5 PAISI'ITIC 1. ooc o.o o.o o.o o.o 40.000 o.o o.o 
o.o o.o o.o o.o o.o o.o 

6 PAISI'ATTC 1, 50G c.o o.o o.o o.o so. coo o.o o.o 
o.o o.o o.o o.o o.o o.o 

·~~!ER CCNSTANTS---------------------------------------------------------------------------------------------------1 
CONSTANT STA~OAPO VAlUE OOMAI~• VALUE •EM8E' liST 

2999~,996C94 ALl 

G o.o All 

OF.NSIT1 o.cotcco ALL 

CTE 1oCOOOOO Hl 

!HA o.o All.. 

PCISSCN o.o ALL 3-14 



•••••••••• OESrG~ O&TA •••••••••• 

usu cna SET 
~UA•fTU CICT!O'Il~Y------------------------1 

Nlllt TAflT•E'IT STAHOAAO l M A TEIIP Tt•E 

•ARAIIt'tU OICTIONUY-------------
HAIIf TAEATIIENT STANDAAO l M 

.,FHC SHNCAAC 36.00 ·2 
STANCA~O 1oOD 

FSLTU' SUNC&AC t.oo 
CCC! •ecur•Ec 
n STANCUC 1.00 
Kl SUIICA•C 1.00 
c~ ~HNC,AC t.oo 
lY cc••utE ~OSTUleOI 
lZ cc•~uTE QOSTU\.~01 
CWY SUHCUC o.u 
Cll7 STANCAAC o.a5 
U~lCF CCOUTf OOSTU\.EOI 
VALUES su.. cuc 1.00 
TAACE SUNCUC 1.00 
PAICTA su..caac t.oo 
Tal~.. STA.. CAAO STE!\.~F 

IIUAU\.S STAOICA•O 25.00 
SEC~CAAY 5T •NCJAC 1.oo 

un• cna SET 

CC•STU tNT DICTIONAAY-------1 
~••E RETRIEVAl 

SUUCL CITA SET 

CC~SUAINT OICT!OPUAT-------1 
NA•E RETRIEVAl 

u TUUlU 
n THUlA• 
Al U!Ul.U 
r~ U!UUR 
IY TAtULU 
ll H!Ul&A 
SY TA!UlAO 
sz H!UlU 
vc TA!ULAA 
zc U!ULAA 
Fl TM U!UlU 
tti!TJC UPUlAI 
T~/AF\. TAPULU 

TA!U\.U 
usuua ·~ ueutuCC'P 

YC TUUlU 
zc H!UlU 
WEICI'T TA!UlAR 

•••••••••• LC,Ct~r, ~ATA •••••••••• 

lO IC t•G - l I"CLINED lCAC ST&TU~ - 1Cf!~F 

·~·!~· ANO flE•ENT LOlC~----------------------------------------------------------------------------1 
•e•U•/H.E~ENT 

JOI~T ~OAC~--------------------------------------1 ----------------------------------1JC!NT STEP F!I~CE X Y t "0"E"T l Y l 
1 3.eoo -•.ceo o.o o.o o.o c.o 
l o.c -tc.ooo o.o o.o o.o c.o 

JOI~T OtS•~•c:•ENTS------------------------------1 ------------------------------------1 
JCI"T STEP CISP. X T l RnT. X Y Z 

JC!~T PCDC! lSSu••TION~ ------------------------------------------------------------------------------------------1 
JO!~T T~~TA I l Fo•ce x 
~0 ASSU•PTIONS GIVEN F~~ TN!S LOAn!~ 

----------------------------------1 
·~·~E• COMPONENT CISTA~CE ~All~ VALUE 
•n •SSUIIPT!ONS GI~E~ FCR T~IS LCaOtNC 
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•••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••• 

LOADING • 2 I'OIItlCNUL LC!AD STATUS - AC:TIVI! 

IIE•~!II &NC flE"!'IT LOACs----------------------------------------------------------------1 
IIEI'ffll/fl fMENT 

Jl) INT L(!ACS--------------------------------1 -------------------------1 
JtiNT STEll FORCE X Y 1 MOllE~ X Y Z 
1 o.c -1o.ooo o.o o.o o.a o.o 
2 -~.coo o.o o.o o.o o.o o.a 

JOIIOIT DISPLACEMENTS--------------------/ ---------------------1 
JOINT STEP OlSPo I Y Z ROT. X Y Z 

JOINT FOliC! ISSUMI'TIOIIS ---------------------------------------------1 

JrtNT TMETI 1 2 ] FC!RC! X y z 'Y z 
lit! USUI'IITIDNS GtVEII FOR •TI'IS LCADIIOG 

__________________, 
M!I'!ER FCRCE ISSUIIPTICIIS --------------/ 

II~I'!EII COMI'CNENT CISTANC~ V&L~E COMPONENT DISTANCE VALUE 
NO ISSU•PTIONS ~IVEN FOR TMIS LC&DING 

STATUS - ACTIV" 

z t.ooD 

• END CF OITI FROII INTERNAl STCR&r.f • 

STIFFNESS .A.'IIlALYSIS $ 14A 4o 0320 

LIST FORCES DISPLACELmiTS REACTIONS $ 14A 4o 0360 
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1 
1 
2 
2 
3 
3 
4

•
5 
5 
6 
6 

•••......•.•..•••.•.•....... 

••ESVLTS OF l&TFST A~ALY~ES••...............•.•.•.....•. 


&CT!VE COCACl~ATE AlES I Y 

LC&DI~r. • 1 IHCL!NEO lCAO 

JQ(IjT 1-------------- Fc•ce -------------11--------------- """..'' -----------------1
UUL SHE.&q Y ~'fF.&R l TCASIOIUL 8 ..fCI'Ir. Y ~E~Or>": l 

z.zu~~~~ c,zHot n 1.1123212 
-2.za2uo~ -0.2140175 11. 016'1514 

C,6H702l •CoC3CH42 •1,882845.. 
-c.o5J7026 C,OJC5542 -1.050356<1 

~ tC. HH471 o.c~~!<IJ6 7, 7612JJJ 
2 •1C,4H44H -c.c<~•3<~Jo -o,qHs<~•z 

3 •C,6891842 c.cn2~o•u -o. 422<~5~5 
2 C,6UII42 -o.ctJ2o<~t 2.0152512 
3 -2.16611727 -0.12'15522 -a. 28'136~1 
4 2o16116727 Q,1H5522 •4,1476511 
1 z. 67CC22C •0,10f>Z307 -'1. 13410~1 
4 -z.ncozzc C,10~23C7 •3, 61 HIZit 

AESUl T.&N T JC I NT LC&QS • SUPD~ATS 

JOl'IT 1------------- FORCE ·------·------11·----------·-• ""''ENT ·------------1 
X •CPCE T FOAC! l FCPCE I •c•~~T Y •n•!IIT ' "t'"!NT 

\, H<I<!<I<IO o.ooooo~1- z. """"'~"C -c.ocooooc u. 24<1'1<152 o.ooooooo• 

JOt 'IT 1----------·0ISPtACE•E~T--··--·······-·I/·---------··-·--•~T.&TIC~---·--·-·-----/ 
l 0151', T CISP, l CISP, I ACT, Y ArH. l ~OT, 

c.a c.c -e. cooun 
c.ao&13H a.c •O,C000001 

.;OINT 1·----------------otSPtace·~~r-----------------ll-------------------~n•arr~~-------------------l 
J 015Po Y Cl~P. l C!SP. ~ OQT, Y ~r-T, Z ~r-r. 

I c.ol377'12 -~.C02718'1 •'),JQO 1381 
2 Q,Otl61H •0,012,201 •0.0001041 
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lOACINil - 2 

Wf~IU FORCES 

JOIJIIT 1-------------------- FCICE --------------------11·------------------- •n•FIIIT --------------------1AXIAl SHEAR Y SHEAR l Tn•SinNAl ~E~Ot~r. Y ~ENOIJII~ l 

1 ! 1Co3110l8Z -0.2456076 -12.3027210 
1 
z 

1 
1 

•1Co317C18Z 
C:o6536~42 

0.24,.076
a.a2nn2 

-s. 3110225 
1.65881C6 

z z •Co6536542 -a.oznnz 1.1001310 
l 4 -2.4569788 -0.2456076 -10.44038~6 

l 
4 

2 
l 

2oHU711 
3o9375H3 

0.2456C76 
a.aezH'I7 

•7o2tt335!6 
3. 7147169 

4 2 -3.n753U -c.caz11o•n •• 1432257 
5 l Co6536545 c.uuuz •• 587'1831 
5 
6 

4 
1 

-C.6536545 
-C.541407'l 

-0.1147362 
a.a4ll'l'l1 

•• 1466904 
3. 7221921 

6 4 a.s~oHCl'l -0.04179'11 1.2<J36971t 

lf~UlTAJIIT JOINT LOADS • SUPPCRTS 

JOI'IT 1--------------- fCRCE ---------------11·---------------- '1014F.NT --------------•••••/
X FORCE Y fCRCE l FORCE X ~ONENT Y •o•ENT l ~o•ENT 

3 l2o9499'Joft) o.oooooo• 
4 -c.ccocoac -2.nn'l'lo a.coooooo'·"""""c 

RESUlTANT JOINT DISPLACEMENTS • SUPPCRTS 

JI'!IIIT 1-----------------DtSPLACEMENT----------------·//•••----------------ROTATION-------------------/
X DISPo Y CISPo 7 CISPo X ROTo Y lOT. l RI'!To 

3 c.a a. a a.aaa1o11 .. -C.OOZO'll7 a.o Oo00012<Jtt 

RESULTANT JCINT CISPLACEIIE~T$ -FREE JOINTS 

JOINT 1---------------DISPLACENENT-----------------/I-------------------IOTATION-----------------··I
X OISPo Y CISPo l DISPo X ROT. Y ArT. l RnTo 

1 -0.0132447 -a.ctz"644 0.0001'i01 
2 -o.aunu DoCC2941" 0.0001671 

LCICihG • 3 

IIEMeER FORCES 

JOINT 1·------------ FtlRC.E --------------11--------------- MOIOFNT ------------------1
AXIAL SHEAR Y SHEAR t T~I\IDNAL ~F.NCTNG Y •EN~INr, 1 

1 3 u.a...,o, •OoC4CC944 -'5.76t4Hl 
1 1 -12.0'181503 a.o"cOCJ44 2. !816'JIO 
2 1 loi4'J'll0" Go0C'51Zl5 0.2466965 
2 2 -1.1439104 -o.acsazn o. 3123634 
3 4 !.368104'1 -0.17tt8121t -4.6l'J461'1 
] 2 -!.361104'1 o. 1741\2" -T.<J6702U 
4 ] 3.4206451 a. 0921015 3.3975201 .. 2 •3o"2C6457 -C.C92LD15 7. 6546611 
5 3 -c.nn'!laa a.ci7S720 2.170'1602 
5 Co971350C -o.cns12a 6. Ol5'i4U 

1o4611CU -0.0378740 •3.U83175 
6• 4 -1.4611082 a.a37171tO -t.H64886 

"1 

JOINT 1---------------- FORCE ---------------11----------------- IOOIOE'fT ----------------1 
X FORC! Y FCRCE l FCPCE X ~OMENT Y ·~•E'fT 7 •C•ENT 

3 1.7"'l<J990 14o312UC5 a.aoooooT., -c.ocoaooc •• 1!74952 a.ooooooo 

RESULTANT JOINT DISPLACE•E'fTS- SUPPORTS 

JOINT 1-----------------DISPLAC~•e~T----------------//-------------------~OTATTO~-------------------/ 
X Dl!Po l CISPo Z CISP. X ROT. l ROT. Z R~T. 

' 
) c.a o.o -IJ.000017l 

Oo003108l a.c Oo000l293 

JOt~T 1----------------D!SPL!CE•ENT-----------------/I------------------ROTATIO~------------------/
X DI~P. Y t!SP. 7 CI!P. I RCTo Y ACT.. Z orr. 

1 -C.OC2'110l -C.0\45186 a.ococe~s 

2 -c.oc6ncc; -0.0064417 0.00008'123-18 

http:11�----------------'1014F.NT


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 a plane frame 
structure are AX and IZ (or IY). 

Note, that if it were desirable to analyze the 
structure, the one submittal, first as a truss and then as 
a fr~~ed structure, the structure can be coded as a truss 
and then using the 'C~~GES' 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 diagra~ 
of joint 3 is shown in Figure 3.Se. The joint reactions 
shown are in the global coordinate syst~~ and the member end 
forces in the local coordinate system• 

. - :;. 
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2.882 

7.655 0 JL 5.368 

· ~-t..'V CD 7.967 

P\) .175 

X 
+ X 

+ 

+y .0405.;; '=__f.....,7

12.099 

~~+------------+-x~>--------~·~0~88~--f/)6 :;;~ 

Fig. 3.5d 

NOTE;. Member results are given 
in Local Coordinate System 

FREE BODY DIAGRAMS AND LOCAL COORDINATE SYSTEMS 
Results of Loading Combination No. 3 
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::~rg 

~11\ 

.040 

!'------1~ 
1.750 >.6.i 3 ® ~ ~~-

.088 '1,' 

14.312 

JOINT 3 FORCES LOADING COMBINATION 3 

Fig. 3.5e 

Check Joint 3 Forces; 

1) I; v = 0; 

Member GJ V = = -12.099 
Member@ V = 8/10 (-.092) +.6/10 (-3.420) = - 2.136 
Member ® V = = - .088 
Resultant Joint 3 Y Load = +14.312 

r.,v = - .0012) C H = 0 

~!ember CD H = .040 
Member @ H = 6/10 ( .092) + 8/10 (-3.420) = - 2.681 
Member @ H = = + .971 
Resultant Joint 3 X Load = + 1.750 

= .000
3)EM=O; 

Member GJ M= = + 5.768 
Member @ M= 3.398 
Member ® M= = 2.371 
Resultant Joint 3 M = 0 

.001 
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3.6 Problem Modification Flexible Diaqonals and Elastic su~~orts 

1 

® 


4 
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 su:::;>ports at joints 3 
and 4 are restrained elastically as shown. 

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

COMPUTER ''SYSTEMS 

ICES 
!IUIS1'STEN 
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Note that the CEAJ.'TGE ID 'l?ROB. 3. 6' 'FL~"{IELE 
DIAGONALS' does not constitute a 'C~'TGES' mode command and 
the problem is s~ill in the 'ADDITIONS' mode. Therefore, 
the 'ADDITIONS' corr.mand ·..ras not necessary when calling for 
the member release, (An addition to the original problem}. 

The support at joint 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 celeted using the commands on lines 0620 to 0633. The 
elastic stiffness coefficients are specified using the 'JOINT 
RELEASES' command. 

The 'l?RINT STRUCTURAL' command is issued to permit 
verification of the modified structure. 

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

Following is the output for Prob. 3.6. 
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CHANGE ID 1 PR Cl B ~. 6' 'FLEXIBLE= OI AGONAl S ANI) ELASTIC SUPP:JRT$ 1 s l4T 61 "6(· ·:: 

~E"'RE P 4 6 RHEAS F. ST AqT M0'1E"'T z EW> r-IO"lE!IlT 7. 	 ~ l4T 61 ·J6ll.' 

DELFT I 01145 	 ~ l4T 61. 062J 

JOI~T 3 RELF.ASES '-'10"1!:NT z 	 14 T 61 ':·6:? 7' 
JOINT 4 RELtASES I=;'JRGE X s l4T 1:11 '-'613 

AOOfTIClNS 	 1i 14 T '>1 (' 64·:' 

JOINT RELEASES ~ l4T 6t IJ6'5:'J 

3 K'l Z lA7.E3 	 1; t4T t.t ''>S~.j 

4 Kl='( 37'5. 	 s l4T 61 \167...: 

PRINT STRUCTll~Al 01\TA 	 s l4T 61 ()f>P( 

......................................... 

• PROOL ~" D~Tl F • .,.. IHTE~'IAl STnOAt;E•......•...•....•.••.••................. 


JOB Ill - P•O~ l. h· 

ACTIVE IINITS - lENGTH WEIGHT A~GlE TE~PFUTII•E TI"F 

i'ICH KIP ~A[l OEGF sec 


•••••••••• STqiJCTUFAL OAT&. •••••••••• 

£CTIVE cnn~~~~•TE ~XE~ ~ Y 

J'1 INT COn•O IN 1 TFS----------------------------------- ---1 H ATUS---1 
JOINT X ., l rnNOIThlN 

72.0f'.') o.~ ACTIVE~-' 
"~· ":llf' 12. "'lr': •J.n ACTIVE 


••• ('!; o.u suoonPT ACT!VF
''•O 
4 ·'llt .. t.~O c.1 o.v ~UPPf1Pf ACTIVE 

JOINT ~FlEA SE ~-----------------------------------If lAST IC SIJPPI'!q f , HE 4S fS--------------------------------------------1 
JOI"T FORC.F OO'IF.'H TIIFT A THFU 7 THET& KF~ K•v KFZ K'IK K"Y K"l 
1 · c.r ~.~ o.~ J.c o.J o.o o.c o.o 1~6qqQ.~1T 

>.n c.n t').O )7~.,,C[ .,_ ..., ').r- "·" il.~ ~.o 

'IFW~FR INC IOF ~CE ~---------1 l ~Nt;T"------1 ~FlF A SF S---------------------1 STA TIJS--1 
"E"PEP STOPT E'<ll lfi('Al rn'lRn. START FI'<O 

•11~CF "fl'lf'lf F('IO.CE ""'"fi'IT 

1 n.noo lr.TIYF 

z '?hoO'lO ACTIYf 

\ 4 71,000 &CTJ ve 

4 ) 12C.CCO ACT lYE 

~ ) qb,OCI' 	 ACTIVE 
I> 1 llc:' .f'OO 	 ACT! V~ 

~E~PED po;pe~rt~s-----------------------------------~---------------------------------------------------------------1
~ev~fR/SrG TY~F SE·:;.L C1WP H/YO lYIZil Al/VC I (/lC IY/EY IUEZ SY Sl 

,._,
POJS~U!C 	 z.•,no 'l.C •) .('\ c.~, i).f'l ton.~"~(!'" c.~ 

o.o ~.r ').0 ~'·" "·/) "·(I
PRIS~>TIC t.f'I'O o.c '),1) u.n Q,C ('.~ 11.0""·""llo.~ o.r. n.c;t 11.~ n.·r o.n 
PR.tCj,"t.\Tl': ?.!;oc ~.1' .., .n n.n tt'ln.et,f'l ~.!') ,·""·cr..c o.o 	 n.n"·" ''··) "·n 

4 >Ot S><AT I r. 	 1. ~OQ 1),0 1).('1 c .t: l'J.~ ~n.l')~n ".o c.n 
1).0 o.~ •),(' n,n n,r "·" ~ OR I ~"AT IC 	 1.000 o.r 'l,n 0.1' 4n.no1 ~.c 1o'J 

~.o I), I' "·" o.c '1.0 o.r>
.,.ro 
•• &;(./, ,, .tl6 D~!S'1ATIC 	 o.c. ~.~ ~ .c ,11. Qnl') o.n ~.:~.o,.... o.r. •).(.• 	 ,, .c o.n1) •'' 
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~e~e~ C~~sr•NTS••··-----------------------------------------------------------------------------------------------1 
CO,ST&'tf ST ~"I)Aqf'l VA~UF on~U'I, ULUE ~£)04~£0 L 1ST 

zqq.-,q • 1411JOCJ4 UL 

c ~.(' AU 

:IE 'IS (TV O.OOIOOC lU 


CTE l. JCO•)"•J All 


BETA ~ .t' ALL 


•OlSSON ,_\, UL 

........................................ 

E~O 1F ''TA F~O" I'ITE~IIAL ST•l•ti':E 

··································~····· 

STIFFNESS 4~ALVSIS S 14 T "'l 

LIST F~~Cf5 nr5PLACE~~~T5 QFACltn~S 

.•...•....••.•..••..•....... 
••ESUlfS OJ liTFST ANALYSES•.......•.•............••.... 


P~ORlE>t- P008 ~.~ TITLE- FLE~IBLE OIAG'l.. AlS ANO FtASTIC SIIPP'lOg 

ACTIVE IIN!TS I'ICH (fP IUD 11EGF SF.C 

ACTIVE STRUCTU~E TYP~ PLANE 

L!:IAOING - I INCli~EII VIAll 

JOI'IT 1-------------------- FORC~ --------·---------·-11-------------------- "O•E'tf --------------------1
U tAl SHFAR Y SH 0 A~ Z TI)RqO,.Al .F ..n!'lt: v ~·"!H'<l'l Z 

I l z.1 ~'n~o O.Z60l7~1 14.~1 J<1C'~6 

I l -Z.l5~755J -0.2&"Z7H 4,1268121'1 
2 l "· )h47C244 -('.QI)]IJ4h4 -•.116~12~ 

2 z _,,. 'ft4 '1'1t..4 t).t:'63"'41\4 -t. ~246414 
) tr.z~~""ll O.OCIIZl ClloliCII ... 1t2•111J~7• 
} 2 -~~.z67•"n •\l·<'"ZI"'" l.q~~"·'q 
4 l -o. 'l•o?.c.."" tl.Of1"t"OUn n,OOOOt'!Ot! 
4 2 0.34" 74H •J,OilC'100(. "·n"'lttoon 
5 J •loiZI4l"" -'l.0""7ll44~ ........ l!:l,~•tt' 
5 l.l~Hl"" (),1)<1711•4, -4 • .,, Z4ll.t..7• 
6 I z.a#t. ... 662l -·'· ~mlQ(''Jt' "·"~"~.,.,, 
~ ~z.~~~Mll Oo OtlOI)QoJr -o.nonooo1• 

·~Sut flNT JO!'IT L:'lAOS • SIJPOM!tf~ 

1-~------------------ ~~ACF. ------------------··11··-------------·••• ~I)~!~T -------------------1 
t rMCF 't F<JACF l F"lACE ~ ~(114~NT V '4(1•F'tT l ~1114€"7 

-t.h'54'~"" 1,,,42&14 tn.nnot<U.4 
•!,!4H04l tZ.t4~712q ".00"'11'10<' 

/••••••··---------~t~Pl>CEME~T-----------------//··--··------------->nT<110N·--------------·-·-/ 
':>IV. • DIS•. ! 'liS~. x ~nr. ' •r>r. •nr. 

-~'~.•11"U,QIIi~lll 

-Jl ... OOtJ"'04l 

/-----------------OI5~l~CE~fNT-----------------tt-------------------DnT1rt~w-------------------/• .,,'5.... v ,,"\:.. 1 ~nT. lflt~tt. r v :.or. ~O'r. 

~.J•" 11 C:41G -·1 ,.CIJ ~Ill) 1\6~' -".':JCOl,"itt 
~.no; 1&~> -~.OI2Hl•1 -"·"~"'~0t107., 
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1 
I 
2 
z 
1 
1 .. 
4 
5 
~ 

~ 

It 

1-------------------- Fll~CE --------------------11-------------------- ~~~FHT --------------------14XIAL SHEAR Y SHr.A~ l TORSIOHAL ~F"Ili"G Y ~E"DI"r. l 

3 IC.Io44n47 -~.2'7175~5 -u.o~54117 

1 -10.4448347 "• 2717~A5 -1.4111 1""" 
I o.77t'Q"~3 IJoO'I'Q40JIQ lo4'1ll'lltQ 
2 .. -o.T7fi<JQ~l 

-2.371)26'" 
-o.o7'l408" 
_.,.161~217 

lol71107\4 
-5.4ll..155 

2 2o3711?6A~ C.l1>2~237 -1.,10714 
l J.R3l1JU3 u.tJO'J"OOC O.C:?l'OO':!O 
2 
) 

-l.'IHlt'H 
('.3Cil•OI'O 

-a. O•)O'lOD~ 
llo1S42'JQ8 "·""""'"""6. )ltQl'tl)1 

" -o. 30•J~t'c., -?.1542'JQI.! ... 421,15' 
1 .. .-0.(1141'14511 

''·'-24'14511 
-li.OOilOIIOC 

•l.n·Jil\l""'i 
ftoO'!IIIlllll'l 

-'l.'I'!OII(IOI) 

RFStll TAHT JOII'IT L"IA!.'S - SUPPilliTS 

JlllfH 1-------------------- FORCE --------------------11------------------- ~ll~F"T -------------------11 FO•CF. Y FOPCE Z Fr!RCE I "0"E"'T " 110'4F'IT l ~~~'IT 

3 .630.:'1QO 12.A'J8QQ44 -OJ oi>QI>2!!1 .. t'ol60Qfo(.'l -2.R<J~Q'Jt,4 -n.nnnnooo 

Jolt 'IT f-----------------?ISPLlCE"E"T-----------------/1-------------------ROTATIO'I-------------------/ 
I OJSPo Y OISP. 1 lliSP. I ROT. Y ROT. Z ROT. 

, c.r o.~,.,.,...., 
4 -~.~C:962~ <'•"'"1!13'14 

RfSUl TANT J•'I"T OISPLACt"~'IT~ - Facze JOI"TS 

JOJI'IT /-----~-----------~ISPLACE~E"'T-----------------/1-------------------~~TATI~H-------------------/ 
~ DISP. Y fii\P. l ntSP. X Af!To Y ~OT. Z ~OT. 

-'l.!"l24.r,H •O.Cl2~1H n.l'f'r1r."' 
_,..~l4~ltl2 0."'l211443 t!.~tt02f't2 

JIJI~T 1-------------------- FORCF --------------------11-------------------- ~O~F"T ---------~---------14XI-L StiUP Y ·. · SHFU 1 TOO\Jf!NAL 8E'IIlJNt; Y 8~NOJNt; l 

, 

1 12.0!>1 ..~12 -tt.r'17ftC..I5?? -~.l251o7""! 

1 -tz.~ue.o;tz 1).')7... 55~2 -1). 3ll61'?7~ 

I lat.'44"1liltl r .0211241 "·~·41'77• 

2 -t."441iOlC -r.;.r·Z\\241 l.lln~)A5 

,.1101471 -~ .•;u:t? 17,d 
-··""8 2°\ill 

~ -5.3101 ... ~1 (1.1)9317h~ -1.AH"l~~ 

1 1.577~1oq4 "·"·)~'f'Jt'(' n.ni)QI\I)IJO 
l -3.177~~C'I(t -':' ·"=JO'J"~"~; l).nnnn""" 

_,. .~4t· Zb~ 1 -=--~"1~141. 2.0116%""" 
". ~4'-;":5) -"·""ltjllt4 ·-~·QI!Ql• 
l.MI?4111i~4 .. ,.c..,~,.nrr "·""0"1'11'('

-l.6l 24'i·.'.,. ~.C"on~:l'1r(' _,_.,~(1()""(' 

JOI'IT 1-------------------- FOPCF --------------------11------------------- ~~~(NT -------------------1
X FllPCF Y Ffi~CF 1 rnRCE X '4ll~E~f , V lOO"'E~T l 'If!"" 'IT 

?.1'1~1111 l4.Zitqftqf~u -?. tA'I,'14f! 
-r.~.c.":ll't1 11.21<:12'1"~ ~., ... ,1\r.nn 

/-----------------"' SPL•r E"f'H-----------------11-------------------• ~T 4T 11••------------------- t 
~ nts~. v ryr~P. 1 nrsP. x •or. • •or. z ~nr. 

,., ..: u.l n.~'l'lnnt 

"·~~17212R ~.o n.nn.,f"0\2'• 

JIII~T 1------, ·----------<:>I ~PLAt: (~r•1T-----------------1I-·----------· ·-----onTAT l'lN -------------------1 
• !HSP. v ·uc;P. t I"SIS"• x •nr, ., ~"'· z •nT, 

I -r .t.·r '\ 11!~t -·1.1144 74t l),r,-:o1"" 
-':' • ..: ~lltlQ#1.4 n.n•)l1t27Q7 -"~ .•r~ "''-'" 
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3. 7 Variable He!:'.ber Prooerties Proble.rn - Ta-oered Columns 

The exa~ple 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 me.rnber 
loads are considered in the first loading condition, and the 
support displace.rnents constitute the second loading condition. 

1 

~1 24 11 dia. 

\. r 

~.1. .I. 1 .I,16' 12' 30' 16' 
l 

Fig. 3.7a 

20' 

1 k/1 

Fig. 3.7b 

LOADING 
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1 

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 

ma~er. 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 geometry 

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 

merr~er numbering shown in Figure 3.7c. 


2 4 ® 

~3 ----------~x 

Fig. 3.7c 

The follo~ving commands describe the structural 

geometry and topology: 


COMPUTER .~SYSTEMS 

ICES 



Nhen the coordinates are not labeled, STRUDL will 
ass~~e that they are in the order of X, Y and z. Note that 
no value \vas given for the Y coordinate of joints 3 and 5 
so STRUDL will assume that they are equal to zero. 

Since the direction of the local Y-axis, of Member 
2, is 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. 

For example: 

Instead of: JOINT RELEASE 

3 FORCE X MO~m~IT Z THl 135. 

Use: ME-!B ER RELEASE 

2 START FORCE Y MOMENT Z. 

The disadvantage is that the reported joint displacements 
will not reflect the displaca~ent of the joint. Note that 
when the member release command was used the THl angle was 
not specified. 

The variable member is modeled with three equal 
secments as she~~ in Fiaure 3.7d. The commands describi~a 
th~ variable section ar; sho~~ on lines 0230 to 0260. 
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MODEL OF COLUtv1N ME~18ER 

.Fig. 3. 7d 

The loads shown in Figure 3.7b are described in 
LOPniNG 1 and the support settlement in LOADING 2. Since the 
direction of the loads must be parallel to the local or global 
axes the concentrated load on member 3 is resolved into com
ponents parallel to the local X and Y axes as shm·m in Figure- ..,
_j •• e. 
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= 16K~Py 
I 

Px =_121~' ® 
MEMBER 3 

Fig.3.7e 


The uniform loading on ~ember 2, the inclined 
~ember, may be specified in one of three ways as illustrated 
in Figure 3./f. For all three cases the local coordinate 
svste~ is used to describe the distances alone the rne~er 
to the starting point and ending point of the~uniform load. 
The loading given extends over the entire length of the 
member, thus these distances are omitted. 
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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-GLOBPL for case i and case ii. 

The loading intensity can be described as a function 
of the length of the mer.~er, as it is for case ii; or it may 
be described as a fu~ction of the projected length of the 
merr~er on a plane perpendicular to the direction of the load
ing as it is ~n case i. 

The STRUDL cor.~and for case i which is used in our 
example is: 

FORCE X GLOBAL PROJECTED UNIFOR..'1 \'1 1. 0 

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

The load intensity may also be described as a 
function of the length of the member as is case ii. The 
STRuTIL cc~~and 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. 

The loading may also be resolved into components in 
the direction of the local coordinate system. The compone~ts 
beina axial (i.e., in the direction of the oositive local X 
axis), and normal (i.e., in the negative di~ection of the 
local Y axis) to the member. The STRUDL commands for this 
case are: 

FORCE X UNIFORM ~~~ 0. 50 

FORCE Y UNIFORH ·r:1 	 0. 50 
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The intensities now are the components of the load intensity 
:=or case ii. 

The follm-1ing is the coding for the second leading 
condition - support settlement. 

Note that the joint displacements must be given in 
the global coordinate system. 

The commands on lines 370 to 390 are sufficient to 
verify the STRUDL commands previously given and perfor.n a 
STRUDL analysis. The following computer output is the 
result of all commands given from line 1 to 390. 
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ST~UOL 'PRGB 3.7• 'l~PEREO COLUMN' S S l4T 62 0001 

•••••••••••••••••••••••••••••••••••••••••••••••• •* IC~S STRUOL II VERSION 1 ~CD 1 * 
* T~E STRUCTURAL CESIGN LANGUAGE * 
* MASSACHUSETTS INSTITUTE Of TECHNOLCGY * 
* STATE OF CALIFORNIA * 
* !RICGE DEPARTMENT DIVISION OF HWYS. * 
* SPECIAL STUDIES SECTION PH. 445-6519 * 
* NCVEMBER 1969 INSTALLEC APRIL 1970 . * 
• 17:19:15 6/11170 •
••••••••••••••••••••••••••••••••••••••••••••••••• 

TYPE PLANE FRAME S 14T 62 0020 

UNITS FEET CEGREES S 14T 62 0030 

JOihT COORCINATES S 14T 62 0040 

1 0. 12. S 14T 62 0050 

2 28. 12. S 14T 62 0060 

3 16. SUFPORT S 14T 62 0070 

4 58. 12. S 14T 62 0080 

5 58. SUPPORT S 14T 62 0090 

6 74. 12. SUPPORT S 14T 62 0100 
, 

~E~BER INCICENCES S 14T 62 0110 

1 1 2 S 14T 62 0120 

2 3 2 S 14T 62 0130 

~ 2 4 S 14T 62 0140 

4 5 4 S 14T 62 0150 

5 4 6 S l4T 62 0160 

JC INT PELE~SES $ 14T 62 0170 

3 FORCE X MOMENT l TH1 135. S 14T 62 0180 

6 FORCE X MOMENT l S l4T 62 0190 

~E~BER PROPERTIES ' 14T 62 0200 

1 3 5 PRISMATIC AX 3.75 IZ 1.96 S 14T 62 0210 

4 PRISMATIC AX 3.14 IZ .786 S 14T 62 0220 

2 V~RU!LE S 14T 62 0230 

SEG 1 ~X 2.22 lZ .4C L ~.657 S 14T 62 0240 

SEG 2 AlC 3.18 IZ .82 L !.657 $ 14T 62 02'50 

SEG 3 A~ 4.3C IZ 1.SO L S.~57 S l4T 62 0260 

UNITS KIPS INC~ES S 14T 62 0270 

CC~ST~NTS E 3000. ALL S 14T 62 0280 

UNITS FEET S 14T 62 0290 
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•••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••• 

LCACING 1 'ALL LCACS SrCW~P 	 ·s 14T 62 0300 

ME:»BEP LCAOS 	 s l4T 62 0310 

1 3 5 FORCE Y llHIFC~M W -2. 	 s HT 62 0320 

p3 FC~CE X GLCl!AL CONCENTRATED 12.C L lC.C s HCR. CCI'!P. $ 14T 62 0330 

3 FORCE y GLOEAL CONCENTRATED p -t6.C L to. $ VERT. CCI'P. $ HT 62 0340 

2 FORCE X GLOt!.lL PRO UN I W l.C: S HOR. LCAO TAPEREC CCL. s HT 62 0350 

LCAOtNG 2 'SETTLE~ENT OF JT. 	5' $ HT 62 0351 

ur.ns INCHES R.stUNS 	 $ HT 62 0352 

JCINT 5 OISPLACEI'ENT DIS? X -.3 Y -.5 ROTATION Z .01 s l4T 62 0353 

LCAOING LIST ALL 	 $ 14T 62 0360 

PRINT tAU 	 s l4T 62 0370 

o JOO!~f» CAll P•O" I~TER~&~ STO-lGf • 

Jcs 10- '~oe J.l 

ACliV! UMtTS - LEHGT~ liE IGWT 

INC~ 
 "" 

•••••••••• ST•UCTURAL DATA •••••••••• 

ACTIVE ST•LCTUlE ll'f - 'LlNE ~R&•E 

ACTIVE COO.CIH.TI lJfS l l 

JCINT COCAe INATfS-----------------1 ST lTUS--1 

JCIHT J Y % CC~OITIC~ 


c.c IH.CCO a.o ACT IV! 

ne.cce l~•.ooo c. e ACTIVE 

IH.CCC a.c c. e S~'PClT &CT IV! 


~ e~e.ccc 144.000 c.c ACTIVE 

5 H6.CCC c. e o.o suP•c•r ACT IV! 

!o IU.CCC 1.4.000 o.a SUPPCRT &CTIV! 


JC INT AEL UHS------------------IH>STrC SuP•o•r -ELEASES--------------------------1 
JC:I~T FO,Cf IIO•E~T TtoETA 1 T"ETA Z THETA 1 KFI KFY K'l CNt c•• ooz 
1 z 7.J,. c.c e.c ~.o o.o ·c.c a.c ~.~ o.c 

z c.o c.c c.c o.:~ 'l.o a.o o.e 'l.c "·~ 

~t!w~Et IHCICEHC!S------1 ~EHGTH-----1 	 RElEA!ES-----------------1 STATUS--/ 
•EweEl 	 STAAT E~C ~CCA~ COORD. STUT fNO 


FQqCE •C~ENT FClC! •CIIE~T 


ll&.CCC •crrve 
2Cl.tH ACTIVE 
ue.ooo &CTIV! 
l44.COC &CTIVE 
1•z.occ ACTIVE 

.•~ ~~ ER FOQ,! H IES---------------------------------·-----------------------------------------------1 
•e.•9e•rseG noe HG.L CCMP utvo n!Zc tZ/YC ruzc tYtE• rli!Z n sz 

H!S~HIC 54C.ae~ o.c 1.0 ~.o o.o ~O!~Z.!1q a.e -=-~ c.o ~.a o.o o.o o.o 1.C 

H.ae• I. 21'1.6!~ e.a o.o o.o o.o &2C:4.!q' c.c 
o. 0 .. , ,,.o o.o o.o . ' ~-~ 

~1 .. .!8 .. L •n. ~ze a.: ?.0 0 .o o.a P~Cl.<Z': ~.c 
c. a o.o o.a o.a Q,Q 'l.~ 

~-'= 

o7.U4 L u •.z~o c. c o.o 0 .o 0 .o 3\ IC4. cr.r. 'l.r. I'!.-: 
o.o a.a ~.o o.o 0 .o ~.~ 

PR[$1UT !C ~·a.ccc o.a l.l a.o l.~ 40$42.! 2q ~.c~-'= 
a.~ o.o o.o o.o o.~ o.c 

H2 .160 a.c ~.~ 0 .o a.:: 1612~1! • ._q2 o.c '=· ~ o.o o.o o.o 0 .a o .e c.e 
Pl!SIIHIC !•c.oec o.e l.O o.~ o.o -'0642.,~~ o.c 

o. 0 o.o o.o o.o o.o 1.e 
e.~ 

3-35 

http:COO.CIH.TI
http:GLOt!.lL


NEH!ER CONSTANTS ---------------------------------------------1 
CCUUNT SUNCJRC VALUE DOMAIN, VALUE ,E,IE• liST 

E z•n.u•H6 ALL 

G c.o ALL 

D!NSUY c.cuccc ALL 

CTE l.CCCCCC ALL 

!ETA c.c AI.L 

PCISSON c.c ALL 

oooooooooo CESICN OAT; oooootoooo 

USER OJU SET 

PUAIIETEA tiCTIQNUY--------------------1 
NJ~E TREATMENT STANDARD l M A TE'P TI~E 

STAUDL CAT I" SET 

PIAAM£l E• tiCT ICNAilY----------------------1 
NA'E TREATMENT STANDARD L W A lE'P TillE 

FYLD STANCJRC '!6<CC -z 
PF ST.INCARC 1.oo 
F!LTUP SUNCJRC 1.oo 
ecce RECUUtC 
ICY ST.INURC 1.00 
Kl ST.INCARO 1.00 
ce SHNCJRC 1.00 
LY COMPUTE QCSTULEN 
ll 

''" oz 
COMPUTE 
STAIICUC 
STINCJRC 

OQSTI.'LE~
c.a5
c • ., 

U~LCF COMPUTE QQSTULE!I 
VJLUES STJNCJ•t loCO 
UACE SUIICUC 1.00 
PAIDU SUIICUC 1.00 
T!LhAM STAIII:UC STEELifl' 
IIXUIALS SUIIURC 25.00 
SECNOUY STANCJRC loCO 

USER DATA SET 

CC~STAUIIT DICT IONUY-------1 
lUilE RETRIEVAL 

SUUDl OATI SET 

CC!'ISTUINT CICTIONAal--------1 
HAllE RETRIEVAL 

.u lAIULAR 
AY TABULAR 
AZ TABULAR 
IX TAIULJit 
IY TUULAR 
ll TABULAR 
SY TABULAR 
sz TAIULAII 
YO TUULAR 
zc TABULAR 
HTK TUULAJI 
WBTK TABULAR 
YCIAFL lA8ULAR 
n TUUUII 
Rl TUIJLAII 
CCIIP TABULAR 
YC Tt8UI.AA 
zc TABULAR 
WEIGHT TUCLAR 
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•••••••••••••••••••••••••••••••••••••••• 

•••••••••••••••••••••••••••• 

•••••••••• ~CAOING OATA oooo•••••• 

~ClCI~G • 1 An ~CADS SHCIIII 

•E~!U AHC !LE•ENT LCACS--------------------------------------------------1 
l'fl'f!l/fLt~fNT 


1 UNifCIII~ LClC FORCE •Col&7 u a.a u loO!IO 

Z UNifQU LOAO GL I'CRCE ' I Fill II o.on u o.o Ll loOOO
-- • 
3 UNIFCIIIII LOAD FC'ICE ... -0.167 ~A 0.11 L! 1.aoo 

CCNCfN. LOAD GL FQ'Cf ' I , ", u.ooo LUOoOOO 
COliCIN, LCAO GL I'ORCE -t•.ooo uzo.ooo 


5 UNifQIUt . ~QAC I'C:RCE ' I'll II -c.t•' LA o.o Ll loOOO 


JOINT ~Q&OS----------
' _________,-----------------------1 

JCihf SfEI' FOICI I Y Z I'C~UT l Y l 


JOINT CIS'LACE•!NTS• 
 _____,------------------------1 
JCINT STEP Cl!l'o I IIICT, l Y Z 

-----------------------..-------------1 
y 


NO lSSUII,TICNS GI~EN FOR T~IS LCAOlhG ' 

__________________, 

JCIU TIIIT' 1 2 3 PCIIICE I 

!lll'fE' I'CRCI &SSUI'niCNS ------1 
llf•IEI CCMPQhfNT OISTAHC! VALUE VALUE 

NO ASS~IIPTIC~S Gl~fN FOR T~IS LCA~IHG 


LC&CING • Z SITlL!IIENT 01' JT, 5 STATU! • ACTI~E 


~!N!!R AND ELE!IENT LOADS------· 
 .-----------------------------------1
llfNfERIILEI'fNT 


JOINT LOACS--------------·-----1 ------------------1 

JCIIIT STE, FCIICI ll Y Z I'CI'!IIT I Y l 

JOihT OIS'LAC!!IEI'ITS ---------------1 
J01ftT STEP CISP. I l Z ICTo l Y l 
, -c.lcccc -o.scooc c.o o.o o.o o.cra~o 

JOINT .ORCE ASSUMPTIONS-------·------


JCIIIT TNEH 1 2 l z ~CliENT I 

"C ASSU~PTIC"S GI~E~ Faa T~IS 10&01HG ' ' 


______________________, 

llfNI!R FORCE IS$UJIPliCNS --------- 

!IE~IER COI!PCN!IIT DISTANCE VA1Uf YA1UI 

110 USUifPTICNS GIVIN FQ:. THIS LC&DI~ 


• END OF CAT& FJOif 1NTERI'I&1 STORAGE • ........................................ 


STIFFNESS JN~lYSIS S 14T 62 0380 

OUTPUT OECl!o!AL 3 i 14T 62 0381 

UN ITS FEET S 14T 62 0382 

LIST FORCES RE,CTICNS DISPLACE~ENTS S l'tT 62 0390 

oAESUlTS OF lATEST ANALYSES•..•.....•.............•..•.. 


£Crtv! UNITS F!ET (JP RIC OE~F SEC 


1CrtVE STRUCTURE TYP! PlAN( FR&Mf 
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LOADING - 1 

JOINT 1--------- FOliC£ -----------11------------ IOOIOE!H -------------1 
AXIAL SHf&R Y SH~AR Z TO•SICNAL ~ENC!~G V ~F~~!NG z 

-c.ooo c.ooc 	 --:.t:r.t: 
o.ooo 56.CCC -184.~~~ 

~ 16C.IH -o.ooo e • .,~e 
2 z -Ln.HC 1.48~ -l'?.~t:~ 
) 2 ~7.72(lB. 721 	 !5-.. "!C! 
) 4 -131.721 18.2H •144.H7 
4 •• 312 137.721 ~e!.7'1o\ 
4 4 -137.'21_,.~12 ' 	 141. ·~' 

' 
5 4 -o.ooo -1.1117 -1'11,47~ 

6 c.oco- 4(. "7 -~.~ec 

R£$ULTINT JOINT ~CADS - SUPPORTS 

JCINT 1----------- FCACE ------------11----------- """f~T -----------1
X FORCE Y FCRCE l FORCE I MOMENT Y ~OME~T l •O•!NT 

113.721 ll3.T2C 	 -:.'!'!~ 
-131.721 	 1.112 Iii'!!. 7114 

c.oco 4C.967 . -c. ~e~ 

RESULTANT JCINT CISPLACEMENTS - SUPPORTS 

1---------01 SPLACE~E~T---------------11-----------ROTAY IIJN-·------------1 
J DlSP, Y OISP, l CISP, I ROT, 1 ROT, l AnT, 

3 	 C.220 -C.220 
a. a o.o 

6 	 0.016 o.o ' 

JCINT 1---------DtSPL&CEIOENT--------------I/---------------•nTATTON--------------/
l D!SP. Y DISP, Z CISP. X ROT. Y ~CT. l OIJT. 

e.c1a -e.sn 	 c.e'!"! 
c.cn -c.c~1 	 ~. Ctl 

• 0. Q74 -c.ooc 	 -~.~C3 

LCACING - 2 SETTLEMENT OF JT. ~ 

JCINT 1--------------- FORCE ----------------·11·------------ •nuCOjf ---------------1 
UU~ SHEA~ Y S!<EU Z TO~SICN&l 8~'1~l'l.; Y ~F.>;OI'It; ~ 

c.oco -c.oool l 	 '=·":""~ 
1 z -c.coo c.ooo 	 -t:.~'l~ 

-:.et~ 


1 •2C,l9C c.ccc -c.cc~ 


1 


z 	 zc.!'c -c. coo 
I~.~ 18 H.~u 	 t.~etl 

] -H.~l! -1•.~u 	 'lZ.~~! 

' 
"'4".":4~ 


-14,418 -l7~.~1~ 

14.H~-3c. ez

~0.!214t 


5 ~ 
' ' c.coo -16.406 -~~2.4~7 


~ -c.ccc 16• 4C6 -c.ccc
. 
•ESULTA~T 	JClhT lCAOS • SUPPORTS 

JC!NT 1-------------------- FCRCE ------------------·-11--·-··------------- •o~~'IT -------------------1 
J FORCE l FCRCE Z FORCE X ~C~e~T Y un~E'IT ~ow~~T 

c.-~.,l,.H! 14.418 
•l4o4U 	 -)C.,SH '1:4'!.'=41) 

-c. cc c 16.406 -c:.ec-: 

RESULTlNT JCINT ttSPLACE~E'ITS - SUPPCRTS 

1----------------CISPllCF.~E~T-----------------I/-------------------POT&T!0~------------------1 
J OISP, Y OISP, l O!SP, J RCT. l ROT, Z ~nT. 

JC!NT 

-":.~C'?-O.tb~ c.t .. ~ 
c.ct~-c.cz~ -C.C42 

-O,CH c.o 	 c.eo' 

1----------------0ISPlACE~EhT·---·------------//·------------------~OTATION----------------·--IJCI>iT 
J ntSP. Y OISP, Z OISP, X ROT, • Rnt. l onr. 

-c.r:r:.,c.zn-c. c~" 
•C,C84 C.OS4 -c.r.e1 
-C.Ch -0.041 ~.~C\ 
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To obtain the analysis considering support widths, 
the following coding is added. 

I 

fJ.{::;ipLA c£kd..: 

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. 

3-39 




•••••••••••••••••••••••••••• 

MEI'BER END JOINT SIZE 

1 ENC 1.77 

3 START 1.17 ENC 

5 SUH 1.0 

LCAO LIST 1 

STIFFNESS ~NALYSIS 

LIST FORCES RE.CTICNS 

····~······················· *RESULTS OF LATEST lNllTSES* 

1.0 

DISPLACEMENTS 

$ 14T 62 0400 

s l4T 62 0410 

s 14T 62 0420 

s l'tT 62 0430 

s lftT 62 Olt40 

$ 14T 62 0450 

s HT 62 0460 

AtTIVf UNITS fEET KIP ~lO DECr SEt 

ACTIVE STRUCTURE TYPE PLANE F~AHE 

ACTIVE COCPCINATE AXES J Y 

LCAOING - 1 ALL LOlO$ SHO~N 

1 
1 
2 
2 
1 . 3 	 ~ 

~ 	 5 
~

' 	 ~' 	 ~ 

JCIIH 

} 

RESULTANT 

JC!HT 

3 
5 
6 

aESULTINT 

JCtNT 

4 

1------------ FORCE ----------------11-------------- I'O•ENT --------------1 
AXIAL SHEA~ l SHEAR l TCRSICNIL *!Nr.!~r. ~ ~E~~~~r, ! 

-c.oco c.ooc t:.'=~~ 
o.ooo 56.0CO -'1!4.~('1) 

uc.~H -c.coo c.cr.r. 
-169.~~3 8.485 -72. t;t;:! 

125.114 51.8H !~• .. C'"2 
-1H.8l4 ta.\86 -l4\,515 

•• 33'1 1H.8H l!ql!.!4q 
-!.3H -137. !14 'Pi~.l:!) 

-4\1.~41-o.ooo -IIi. "ft 1 
c.ooo H,U7 --:.~"" 

1------------ FCRCE ------------------11--------------- ~O~E>tT ---------------1 
X FORCE l FORCE l FC~CE X ~O~E>tT T •CME~T l •n•E~T 

1n.u~ 1ll,A1~ 	 !.~ee 
-137.814 8.319 !'i,.-'J5C 

o.coo 41.8lt? -e.ec~ 

JCI~T C!SPLACENENTS- SUPPCRTS 

/-----------------OlSPlACE~E~T--·--------------It--------------------OTlftn~------------------1 
X O!SP, Y O!SP. Z C!SP. X ~CT. v ~OT, l o~r. 

c.zet -o.zot 
c.o c.o 
e.C74 o.o 

JCI~T CISPLACE~ENTS - FREE JCINT! 

1-----.----------C!SPllCe•E•T-·••····-·------·I/----------·--------~OTiTJO~-------------------I
X D!SP. ¥ OISP. Z CISP. X ACT. v •r.T. Z A~T, 

c.CH -e.~oqo 	 '"·'=1'1 
Q,OH -C,C7'1 c.~l~ 

o.oH -c.ooo -t:.r.~3 
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Table 3:7a- COMPARISON OF. MEMBER END RESULTS 

II!WS!t JOINT 

4 

2 z 
3 z 
1 4 

4 ' 
' 4 

' 6 

LCJOIIIG • I 

JOINT SIZE CONSIDERED 


, ________ fOliC! ---·------11----·------ MI:J•!'If ----------·1 
UUI. Slif ,. T Slifll l TCIS ICIUl ~f"C I'IG ' ~•'<'li"G l 

-c.ooo c.ooc: -'!.'!r:~ 
o.aoa ,.,Q(( -'Y4<tt.'!~'2 

16C:.IH •(.000 -:.,-:'=-t••• !lC 	 - "~· '!'=~
12!. ?Zt '·"" 	 !~~~~C1.''·nc 	 _,.,.,,__,.,-111.721 II. Zl1 

1.ll2 ll7.721 ~'!!.1'14 

•1.H2 -tl7. 721 	 lit'! ..... , 
-o.ooo 	 •l.~t61 •111,4H 
c.oeo 4(, 167 -~.~'!C I 

JOINT SIZE NOT CONSIDERED 

lll. lCAOS 5"0~'0 

1----------- FOtt! ····--···-·-•··--11··-···----·-··- ""l•~>tf ·----------···-··1 
IJIAL SHEA• l $1'ff:JI l fC•5fCH.Il ·~lllf~' .. t; ,. l.'!:"ft')l-.r. ! 

-e.cco c.aoc 	 .. ~-a.ooo H.JCO -'~-. -~ 
16C. ~H -c.ooo 	 c. ~-

•161 .... J a.oe, - 7?. 
IZ,.IL4 !~ ... '?''·at• 	 1~•ll1.SI4 te.l~(l 	 _,.,.l .. 

JQ •••• ))'If n•.u• 	 •• 
- ~. JJ~ ·\l7,!H 1C ~ • 23 
-e.ooo -IIi. II! .flo 1 -•\1. 41 

Mc. coo •t.!47 	 -~. 
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At the con~lusion of the analysis a plot of the 

geometry 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 \..rill 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 examole 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 MO~~NT Z M&~ER 3 


The first command instructs STRUDL to 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 diagra~s 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 \•ti th the following command 'PLOT ENVELOPE FORCE Y 

MOM&~T 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 ,.,hen coding plot com..-nands 

to insure that unwanted plots are not produced. For example, 

a corrmand, 'PLOT DIAGRAM ALL MEMBERS', for a space frame of 

10 members combined \'lith 10 separate loading \'lOUld give 600 

plots. 


The following set of commands and computer output 

illustrates the results that may be expected from the plotting 

co~-nands just described. 


~-._L~--1~~_._;__-~~~__c--=I-=~~~--~~~- =~T~_._L-=-----~-~~-~---·___ .~ --_· - L~~-- ~l 
IJZLJ..LP.!..AN.f:L._.__~i-~~~-~~.__-1 --~--··-~·-· ..... t_. ----1---~ --~---·--·. :.--·-- - ... -'. -· 1- 410i
0/ -:- /~ · - :"'r, ·7 ' · ~ .' : i ; ~: J-ea;~'"_,LE~'i!!'fif_f)P..J1.£t~Lz:A:r~.il.J;z;/l.if..__s_i-At.f£'ARJ) ___.____~-._-----..--- __ .... ___ . --. ----s-1-·· -· 
IDI ;_ . ' I ! I ' ' I I ; ' '-'j 4Q~IF:-'":.~LJD_LA.l/.L...... . .. ' . · .;_._. ____:_, _____,_~~--~---- .. ·--~--~------ ---· ........;+-- ·-'-~ 
!Lffj!...a....IJ...LS..uu__-+--"--·-l~- ~~1--~i-.. -~--:----~ ___ i--. _l..______j_ __ '---- __ , __ v~sCQ 
~L.Z.:.L_iJ2fAt:L(14!j.. ELRC£ _ye,_ dG'!'/f:pLz:_z- '-HE.!·II:i::'l!. ..3" -. L.. -·--. ~-. ·- ...!. --· .. -~ . . : .. t}- ._v 'i
f/;:;/. ·,- ;,,~J.:iip,r -~r:c,t:" ~y JA,-,u~y,.,- -:2 /:1£'-"~:::'f> .3. I I • . r ::;2_:;)
_~.u~ Q,Ju;o. ~~·---- ....1.4vn/C..i.' . r L:;..;~- ~-~·-~-------·--·-·'-·-·· '··· ·-- ··- ..... - •.';- 1 

! I I I . ' : ! ! I . ti I 
, • , 0 I , , , 1 - o , , t o f • • • , o I ~ ~ I ___ , _ _. ·~·-··------~---.. -·~ _ .. _,_ • • • - 

3-42 


http:IJZLJ..LP


PLOT PLANE S 14T 62 0470 

I~ JlUf JCIIITS 

J C I P<1 CCCRO I'IATE S 


J y 

C.t 12.0CCC C.t 

ze.ccao tz.accc o.c 
1e .ecce c. c c. c 

• 5a.ccac 12.ccca c.c 
' H.cccc c.c a.c
6 1•.ccao tz.acco o.c 

r~ ·~·~E •r~ee~s 

-e~ef~ IHC!C!NCE~ 


HtaT ENO 
1 
l 
2 

.. ' 
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•
t 

••• 'IUTICIL SCAlE......,catE~UTICN 

CC1C 

C065 

0060 

X II 

+
••••• 
+
• 

• 
•
+ 

x•••••••••••••••••••••!•c 

00, +
•• 

• 
0050 • 

••
CC45 +

•• 

0040 
• 

0015 
• 

• 
• 

• 
• 

• 

•• 
OC3C +

•
I 2 

CCZ5 + 

• cozo 

00\5 •
•• 

CCtO • 
•••• 

0~0§ • 

• 

0 
•• 
X 

••• 

• 

1 l 

----·---------·---------·-0010 
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•• • •• 

PLCT FCRMAT ORIENTATION NON STANDARD S 14T 62 0480 

PLCT PLANE S l4T 62 C490 

PlAN! JCEHTIFift f'Y - Pl4NE l EQIIJLS o.a 

II' PLJH JC IHTS 
JOINT CQCRQIHATES

•c.a 
u.ccea 

•5
• 

u.ccea 
H.cceo 
,. .ceca 
H.cccc 

t~ PLJNf "(MP.E•S 
~E~e£- INCIC!NCES 

HUT END 
1 
] 

~ 

4 ' 

' z 
u.acca o.c 
u.acca c.c 
c.c c.c 

u.cccc c.c 
e.e o.o 

u.ecco o.e 

., ~CJilCNTJL SCALE 

•• 
VERT I tAl IC,C~~C U~ITS o~o !~C~ 

C~IHTAT!C~ 

••t•••••••••••••••••••••••~•x•••••••••••••••••••••••••·•~•x••••••••••••·~·~ 

COlO • •• • 

. 
a • •• 

.....-------·----·--------·-------+--------·-----:---·-----·-----octo ooze 0030 OCtO 

LC.SC LIST ALl_ S l4T 62 0?00 

PLCT OIAG~t~ FORCE y ~CMENT Z MEMBE~ 3 S l4T 62 0510 
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IILC:T I'ORC! Y OIAGIUII LCAO l•t•ee- ! 

ClSUNCf 
SECT 10~ VECTCA 

1 c.c 
2 1.!CCC 
3 loCCCC 

' 
4 4. 5CCC 

•• ecce 
6 l.!CCC 
l •.ecce 
I 1C.!CCC 

u .ecce•10 U.!CCC 
1l u.cccc 
12 l6.!CCC 
u u.cccc 
14 U.!CCC 
15 u.cccc 
16 22. !CCC 
n H.cccc 
11 Ho!CCC 
19 n.cccc 
20 21. !CCC 
2l lC.occc 

PLCT II!MIU 3 

DISTANCE 
SECTION VECTCa 

1 o.c 
2 t.sccc 
] l.CCCC 
4 4o!CCC 

' 6.cccc 
6 lo!CCC 

' 'loCCCC 
lC.!CCC·• u.cccc 

10" U.!CCC 
1l ".ecce 
12 Uo!COC 
13 iloCCCC 
H l9o!CCC 

" 21.CCCC 
l6 22. !CCC 
n 24 .ccae 
u 2!. !CCC 
19 n.cccc 
zo Zt.!CCC 
21 1c.occc 

IILCT 3 IIEIIUR 3 

C!SUNCE 
SECfiOit VECTOR 

1 o.c 
2 1.5CCC 
] 1.cccc 
4 4.!CCC 

' 6.ceac 
6 T.!CCC 
l •.ecce 

1C.!CCC• 

" 

9 u.accc 
10 U.!CCC 
ll u.cccc 
l2 U. !CCC 
u u.cccc 
14 t•.,ccc 

ZloCCCC 
16 22. ~CCC 
11 24.CCCC 
u 2!.!COC 
19 2l.CCCC 
20 za. !CCC 
21 !O.COCC 

PLCT 4 'lEMUR 3 

CISUNCE 
SECTICN VECTCII 

l c.c 
2 l.!COC 
I !.eeoc 
4 •• ~coc 
5 6.CCCC 
6 t.,ccc, ~.eeoc 
I 1C. !CCC 
9 u.cccc 

10 ll.~CCC 
ll u.cccc 
1Z tL!eee 
u u.cccc 
1-' 1~.!CCC 

21.CCCC 
16 22o!CCC 
l' 
l7 z...cccc 
II 25.!CCC 
\9 ZloCCCC 
20 ze.!CCC 
21 !C.CCCC 

I'OACE Y 

•!'7.UH 
•!•.1142 
-H .a 142 
•4IolHZ 
•4!.8142 
•42 .1142 
-1•·1141 
-zo.u.-1 
-n.uu 
-14.1143 
-11.1141 
-1.8141 
-5.1143 
-2.8141e.u,, 

3.11!7 
6.11!7 
9oUH 

l2oll!l 
u.u,. 
u."" 

IIOIIENT Z 

IIONENT Z 

•1!6.CCl4 
-n1.nzc 
-691.,.05 
•616.08'11 
•!4!.1117 
-411.646! 
•416oe153 
-361.20!6 
-] !1.2322 
-1lJ.76l0-z.,.,..,
-na.uu 
-267.]467 
-260.11!2 
-2!1.~031 
-261.4324 
•2Uo46Cl 
-219.9!91 
-z...c1 ,, 
•JU.!46l 
•341.!741 

FORCI! Y 

FORCE T 

•14.41 11 
•14.4111 
-14.4117 
-14.4177 
-14.4177 
•H.Ull 
-14.4171 
-1~.4117 
-14.4117 
-l~.~lll 
-14.4171 
-1~.4171 
-14.4177 
•H.~11l 
•14.4177 
-1~.4171 
-14.4171 
-14.4117 
•14.H1l 
-14.4171 
•14.4171 

I'OIIEI'IT Z 

IIOIIt!NT 1 

-c. CCCl 
H.62tZ 
43.2521 
t4. 11'14 
16.!C" 

1CI.l3Z5 

129."'" Hl.3155 
113.0120 
lH.eH6 
216.2651 
2!1.8'117 
25'1.!181 
zu.1.-~5 
!C2.17l2 
H4.l"117 
346oC2H 
!61.65CI> 
3t9.2l7l 
4lC.~011 
4!2.nt1 

DUGRAil LCID 1 

OUGR&II LOAD Z 

OUGIIlM LCAO Z 
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•••• 

•••• ••• ••• 

•••• 

• • • 

•• 

•• 

•••• 

I'C•CE Y ~ClO VEHIC.IL SCALE 

•CC!C -r.eze -~010 0 0010 nozc..___,._____.,___._____.___________-o-·----+-----· 

••••••••••••••••••••••••••••••... 0010 • 

OO•O*+ 

0030 • •• 

SCl!.! 

-cacc -e~oc -c400 -czoc, o 0200•••+----·----·----·-------0-•---------·
.......... 
••••.... .. 0010 • 

• 

• 0020 • 

~0,0 • 
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• •• •• 

•• 

I'OR IZOIIUL ~CALE 

FORCE Y LClO VERTICH lC.COCC LNIT$ ·~~ ~~~~ 

-COlO 0 

----·-------0-+-----

COlO + 

•• 
0020 + 

COlO • 

t<CR IZCIH IL SCALE 

~C~ENT l lCAO 2 tc.ccoc ~~trs ·~· t~c~ 

02(0 0400 

_..--o-•---------•---------•---- .. 
CCI Q + •• 

•
• 

eozc + 

•••
••... 

••.. 
CCJO • 
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PLCT E~VELCPE FORCE y MO~E~T l MEMBER 3 $ 14T 62 0520 

PI.CT •f•eo ] fOaCf Y E!'I~HOPE 

CISTAIIC! FQaCE y 
SECliQII vtcrca •ut•u,. IIUU•u• 


I e.c •14.4ll7 -51.1142 

l 1.~ccc •14.4177 •54, U4Z 

1 1.cccc -14.4\17 -51.1142 

4 4.~cac •14.4Lll -4e.tl4Z 


a.cccc •U.41H •H.tlU 

l.~ccc • Ho4ll1 -42. !l42 


l 1.CCCC ·14.4177 ·H. !141 

IC.~CCC •14.4\ll -20. U4l 


•' 
• u.ccec •14.4117 -17. !l4)•IC 1!. ~CCC •14.4\ll • \4. H4l 


11 H.cccc -11.1\41 - 1•.•1 n 

12 lt.!CCC -1.814] •14. 4117 

IJ u. ecce -5.11H -14.41 n 

14 11.~CCC -2.8141 •14. 4\ll 

15 4\,CCCC a.u~7 •14,4117 

16 22. ~CCC 3.\tH •14. 417? 

11 24.CCCC a.un •\4.4\ll 

18 25.~CCC 9.1Hl -14.4117 

19 2l.CCCC 12. U!7 -14.4\77 
20 a.~ccc 15.!!~6 •U,4\ 77 
21 !C.CCCC llo1H6 •14.4117 

Pl(f •f-'4~~- ! •OI<E!t T l ENVElCP~ 

CIST.li<C! ~O•!NT z 
seer tc~ VECTCR •ut•o• •t'lt•UM 


I c.c •C.OOCJ •S,6.CCl4 

2 !.!CCC 21.62U ·111. 5320 


J.cccc 4!o2HI •691. 560,.. ._.!CCC e•.nH -u e. C!1l.,.,.11176.CCOC H. !C!~ 
6 l.~ccc ICI.I325 -~?IJ. !4&., 

1 1.cccc l2'1. ,,, ...u.nn 


1C.!CCC IH.!SH •167.2(16 

' 
• u.cccc 113.0120 •3!!.2112 


10' ll.~COC 1~4.1?86 •)1],711( 

II ".ecce 216.HH •291. 7!~6 


12 16.5CCC 2~l.lql7 •211. Hll 

1) u.cccc 2~•.!111 ·261. )401 

14 1~.5CCC .zet.t.-•! -ac.t1~2 


15 21.cccc 1C2. 7112 •Z".~CH 

16 zz.~ccc JH. !'117 ->u. •JH 

11 H. ecce )46,C2U -zu• .ac1 

I! z,.~ccc !t7.t,C6 -21'!. H'l1 


" Zl.CCCC 1e'l.2lll •ZH. Cl76 

20 ze.~ccc 41C.Cil!'!'! -ne.~-.1 


21 !C.CCCC •~2.~1e1 - J-4 t. ~ 1,.1 
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• •• • •• 

~CRt ZOI<T.II. 5C'l! 

LCAO FCPCE Y SCALE 

-CC5C -CC~~ -Cole -CC2C -0010 Q 0010 OC2C 

··------·---------+---------·---------·----·----·-------~-·---------·---------· 

••••••••••••••••• 'lOin • 

oo•o.. 

•• 0030 • 
•••••• 

IoCR I ZONHI. !OLe 

VERT IC•l 

-C!CC -OHC 

•••• 
••••• 

-c~oc -ozcc 

••••••••
•••• •••• 

•• 

•• 

••• 

0 

-· - . 
0010 • 

0020 • 

0010 • 

• • 
••• 

0200 

••••
• 

••.. 

0400 

• 
•• 
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3. 9 	 Plane Frame Ni th Nonsvm.'11etrical Member Cross Section 

To illustrate three additional STRL~L commands con
s~der the Plane Frame Structure and loading conditions shown 
in Figure 3.8a thru 3.8d below. These co~'11ands are concerned 
\vi th: 

(1) 	 Joint Fixity 

(2) 	 Temperature load - a=dal and bending 

(3) 	 Internal member stresses for a nonsymmetrical 
section. 

tGlobal 

~ 6' •1• 6' .. J .. 

34 1 

1 0' 
~rJ• 

6' -I .. s• :I 
2 4 5 8 10 

@ 
~ 

6 

X Global ~1 
Fig. 	3.8a 

SECTION PROPERTIES l SECTION PROPERTIES 
(10 15.3 MEMBERS 1-5 MEMBERS 6-13 

:: 12.44°11 12VF 27 
..:~ _£C.G.~Tr11 Ax 

= 295.6 in 4lz Ax = 7 .97°" 
E = 29.000 ksi5! 12'/F 27 	
Sz (TOP) = 70. 1 in 3 I. 

4 
= 204. 1 in~ 

Sz (!!QTJ = 37.0 in 3 Sz-= 34.1 in 3 

SECiiCN A-A 

Fig. 3.8b 

3-51 




1.7' I 	 0.75K/FT.t 8' 

LOADING I 	 LOADING 2 

Fig.3.8c 	 Fig. 3.8d 

y 
t:. T=1. 2 Un i ts 

..-x 

t:. T= 1. 0 un i ts 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 T':'l'O. 

LOADING 5: 	 Combine LOADING THREE and LO~DING 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 s~ructure geometry. 
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Using the global coordinate system and the dimen
sions shown in Figure 3.8a, the command~ through line 0140 
call the STRUDL subsystem and describe the structure geometry. 

COMPUT!R ·"SYST!~$ 

ICES 

The co~~ancs on lines 0150 thru 0170 describe the 
=ix~ty at the s~9port joints. Figure 3.8£ below illustrates 
the details of joint l. 

y 

Z comes 

Fig. 3.8f 
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In order to release joint 1 and allow it to 
translate along the inclined plane, a THETA angle must be 
specified. Here '1.-le use THl to specify the orientation of 
the release direction, X", with respect to the global X 
axis. The positive direction for THl is determined by 
applying the right-hand rule to the global z axis. In this 
case the positive direction is countercloc~-1ise. If wa 
turn the angle counterclockwise from the global X axis, the 
value of THl is 180-20=160 degrees. 

Figure 3.8g illustrates the details at joint 9. 

Joint 9 

Fig.3.8g 

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

The ma~er topology is described on lines 0180 
thru 0310 orienting the local X axes of the meiT~ers as 
shown in Figure 3.8a. 

http:Fig.3.8g


Lines 0320 and 0325 describe the fixitv at the 
ends of the members. Members 7 and 8 ara pinned~at both 
ends; therefore, 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 at the start of ma~ers 6 and 10. These 
members are no.,., free to rotate at joint 1: therefore, the 
joint will resist no moment and it is also free to translate 
along the inclined plane. In 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 co~~and, we would release moment Z as well as force 
X. Then using the menlber release command, we release the 
start of only one member at the joint. Following is a list 
of release co~nands that would be used for releasing the 
joint in this manner: 

JOINT RELEASES HOHENT Z 

1 FORCE X THl 160 

9 

NEZ•IB ER RELEASES 

7 8 START MOMENT Z END MOMENT Z 

6 START MOMENT Z 

Since there are only two members fr~ing into the 
joint releasing one ma'!lber as .,.;ell as the joint in effect 
releases the other member. imen a mer:lber is released, a 
hinge is formed an infinitesimal distance from the joint; 
therefore, if we were to release both maTtiliers as well as the 
joint, we would create an unstable condition. 

Note that for members 1 to 5 the section modulus 
given is for the top fibers of the composite bea~. The 
internal member stresses obtained initially will be for the 
top fibers only. 

Since ma~ers 6 to 13 are s~~etrical about their 
centroid, the section modulus given is for both top and 
bot-::c::1 fibers. 
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Since \-le have a linearly varying temperature load, 

the member depths must be given. ~~ 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. 


~j~~2.. ··?~~-~=~~~~t·:: r:~--=FH,-
-' . . ,, . . ~ . . 

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 '\'lith 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 &~IAL 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 continueu lines 

must also be numbered and also that the dash is preceded and 

followed by a blank space. 


The loads shown in Figures 3.8b and 3.8c are 
described in Loadings 1 ONE 1 and 1 Ti'-10 1 respectively. In 
Loading THREE we use the Temperature Load co~~ands to 
apply loads shown in Figure 3.8e. 

The temperature loading on this structure is 
sirailar to that \·lhich might be ezpected 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 a temperature 
increase of 1. 2 units while the lower surface is subjected 
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to an increase of only 1.0 units; therefore, there is a 
ta~perature gradient in the local Y direction of 0.2 units 

•'· " ...,.,hich causes bending about the Z axis. This gradient is 
expressed in the T:&"iPERJl..TURE Load command as BENDING z 
in line 0472. The average temperature change is 1.13 
units due to the fact the members are uns~uetrical. 
Members 6 to 13 are subjected to a uniform temperature 
increase of 1.0 units. 

Line 0551 is the Section Specifications Command 

and must either nrecede the Internal Member Results Co~~and 


(Line 0552) or be part of it. By listing the section spec

ifications separately, it does not have to be repeated each 

tir:1e an Internal He!tl.ber Results Co~~and 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 inte=val 

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. 


l l 1 I I l : ! :· . 1 - r- -~- ---· i·~-- -·-~ : 
.___ ,__. --- , ·--~ -- ; . r----·---!-- ----- -·-·"'·-r --=--"1 
IC.-!A.<iGi""~ I _:.~ L.--~--~~J- 1 • r-------i -~ -t----- --L ..;"~(!
~y£~/2.('S ..L L& ..5.JP,;:.;:P.£;£T!£~. M '5~'1.il..~.--:.!.....'i. '\:Z ;lz..Q~ ·-·.---·-l_._j_ _ _L.·__:...· .::7...d 
c:.sr!<-EC,IiV=:v· s-,:p::o:;:oc:£5: l':f£j'1.8:-,.() ,::: I ·-! i__ l : : .:: ..fkQ 

___ L L I i ~· . , ___L._!.'. : , __ _L_~--·-··--·-:_J~J 
After going into the CF~~GES mode and replacing 


the section modulus for the top fiber by the one corresponding 

to the bottom fiber, ~ve restate the Internal Me!tl.ber Results 

Co~~and (Line 0600) to obtain bottom fiber stresses. 
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.... 

SnUOL 1 PROB ~.8' 1 PL4'1E FJ'U'IE' S l4T 63 

*********************************************** 
* * 
* ICES ST~liOL I I VERSION 1 ~00 1 * 
* 
* 

THE STRUCTUP.\L OFSIG~ LANGU!GE 
MASSACHUSETTS INSTITUTE 1F TECHNOL~GY * .. 

* STATF ~F CALIFOR~t~ * 
* B~IOGF DEPAPTME'IT OTVTSIO~ ~F HWVS. * 
* SPECI4L STUliES SECTION PH. 44~-651q * 
* ~!'lVF.MBE~ 1Q6<l INSTALLED APRil. 1 <n" * 
* 17:15:41 6/76/70 * 
* * *********************************************** 

TYPE PLANE FlU"'E s 14T 63 0020 

UNITS FEET DEGREES $ 14T 63 0~~0 

JOI"JT C'JORDINATES s l4T 63 0040 

1 1( ::>. y o. SUPPf')RT $ 14T 63 0('50 

2 X "· '( 12. s l4T 63 Of' SO 

3 X 6. y 6. s l4T 63 0070 

4 X 6. '( 12. $ l4T 61 0080 

5 )( 1?. • y 12. $ l4T 63 OOQ(I 

6 X 22. y 12. s l4T 63 0100 

7 X 213. y 6. s 14T 63 CllO 

~ 1( 2~. y 12. $ l4T 63 0120 

9 X ~4. y (1. SUOP:JRT $ 14T 63 cno 

l::J X 34. y 17.. $ l4T 63 014(} 

JOINT RELFASES s l4T fl1 r.t 50 

1 ~ORCE X THl 160 $ l4T 63 OlSC' 

9 1-1nMENT z s }41'" 6~ 017rt 

'IE 1.4 BFR INCinENCES $ 14T 63 l'llQO 

1 ? 4 $ 14T 6? I'H 91') 

2 4 c; ., 14T 63 r)210 

3 c; 6 $ 14T 63 0210 

4 6 f! $ l4T 63 1"221" 

5 ~ 1<' s l4T 61 0231') 

6 1 2 s 14T (:,~ (\24:) 

7 3 4 $ 14T 61 ",?5~ 

8 7 8 s l4T 61 C)2~'1 

Q Q 1" $ l4T 63 !"127!l 

1r l ; $ 14T 63 r: Z~D 

ll 3 c; $ 14T 6., :')29(1 

12 6 7 $ 14T 63 03C!':' 

13 7 9 
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s l4T c<.1 

7 8 START Mn~ENT Z E~O Mn~~~T Z $ 14T 63 032?. 

$ l4T 61 ~325 

JNtTS !NCHES KIPS S 14T 61 

S 14T 63 

S l4T (,3 0342 

6 T~ 13 AX 7.97 IZ 204.1 SZ 34.1 ~ l4T 63 ')'344 

S l4T (,J 1)346 

1 TQ 5 VO 12.2~ YC 4.?1 $ 14T ~3 0347 

CONSTANTS E 29CJj. ALL S l4T 63 

S l4T 63 

UNITS FEET S l4T 6'~ 

lOADING 'ONE=' S l4T 1.3 

S l4T 63 

4 FORCE Y -2. S l4T 63 

\ 14T 61 

S l4T (,1 

S 14T 63 

4 CO~C~~T~ATFO P -1.7 L 4.( S l4T 63 ~43"' 

S }4T 63 

S l4T 63 

$ 14,. 63 

S l4T 63 0462 

T) 5 F~~iT10NAL LA 0.t l~ 1.~ A~tAL 1.13 8E~~TNr. Z ~.? S l4T 63 

S T("l 11 C:PACTTONAL l~ ~.J L~ l.C A'(!AL 1.':.' S 14T 63 

Lr:JAI"T~Jt, (:'1~A<>.fNAT{0'1 'FflJ~' Cn"'tHNF '"PIF' .6 'TW!J' l.?'i $ }4T 63 

L,.,AOTNG C~~STNATI,.,~ 'FfVF' CJ~RINF '[l~F' .6 •rwn• 1.?~- ~ l4T 6'3 "4>12 
1 TH::>C:<:' t. ~ 14T ~3 ~4.~~ 

UNITS I'ICHI:S 
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• ··································•*****PRO~lE~ OATA F~~M t~TERNAL STOAAGE •.......................................... 

JO& 10 - PR~e 3,8 JO& TITLE - Pll~E FRAME 

ACTIV! U~ITS - L!NGTH WEIGHT AH!ll! T!.,PEuTu•e 
INCH KIP OEG llF.GF 

•••••••••• STRUCTU~•l OATA •••••••••• 

ACTIV~ STRUCTURE TYPE - PLANE 

ACTIVE COORDINATE AlES X V 

JOI~T C10AO!~ATES-----------------------------------------/ STATUS---/ 
JOI~T X Y Z CONDITION 

I :),, o.o o.o SUDP,qf ACTIVE 
2 o.o H4,0CC ,.o Ar.TIVF 

72,01)" 72.000 o.o ACTIVf,.' 72,,0) 144.0!!0 o.~ ACTIVE 
5 14'>.000 14'>.?00 o.o ACTIVE 
6 2&4.00) 144, OliO o.o ACTIVE 
1 ll6.00) 72.000 o.o ACTIVE 
A lH.OO? 144,000 o.,., ACTIVF .. 40!1,00, o.~ o.n SUPPOAT ACTIVf 
10 408.~00 144,01\0 0.11 ACTIVE 

JOINT RELEASES-------------------------------------/ELASTIC SUPPOqT REt~!SE~-------------------------------------------------1 
JOI"T F'llCE MOMENT T~~TA 1 THETA Z THFTJ ~ ~Ft lFV KFZ K"t K"Y KHZ 
1 1 16o.ooo o.o "·" o.n e.~ n.o o.o ~.~ n.o .. z ~.o n.e '·~ Q,(\ ~.~ o.~ o.o o.~ o.o 

~e•~t:q INCIOF~CES----------1 L~'IGTH------1 	 -fLElSE~---------------------1 SUTUS--1 
•E"!'E~ 	 ST&~T E~!) lOCAL cno•o. STAU Ell) 

f=OII~F '40..E'IT FORCE •o•E~IT 

1 '72,00(1 ACTtVF. 
2 4 "~ n.ooo acT rve 
3 5 6 1211.00~ ACTIVE 
4 6 ~ 72.~0~ ACTIVE 

' ! 1) 72.000 lCT!VF. 
6 l z 144.0)0 z ACTIVE 
7 'l'Z.OC!l 1 ACT! VF 
8 ' 1 "'a n.oo' z ACT IV~ 

!) l44.Mn ACTIVE"10 "I 3 tot.~n lCT!VF. 
11 J 5 101. ~23 ACrTVE 
12 6 7 1111.921 ACTIVe 
13 7 'I II) I. 823 ACT! VE 

~e·~ea •~JPE>TIES---------------------------------------------------------------------------------------------------1Al/Yt•e~AEQ/SE~ TYPE SEG.L ,~,.. A~/YO AV/lO IXIZ: IY/EY lZ!El SY ~l 

2 

•Ris•arto: 

•~IS"lTIC 

P-IS•ATIC 

12.440 
12. 2~" 
tl. 441) 
11..2!"~ 
!Z,44C 

,.~ 

n.c
"·,... ~ 
o.r 

o.• 
4,2tll 
n.~ 

4.210 

"·' 

n.n 
a.~ 
1',0 
o.~ 
'I.e 

,.~ ,.., 
o.o 
o.n,,, 

2"~.600 
~"~.o 

2..~.601)

"·" 7G'S,6111' 

I',A 

~ ·"' 
""·" 

'7~.1tl0 

"0. 1,,. 

1.,.1 e~ 

.. 

6 

q 

tO 

11 

12 

13 

PRUMJTIC 
P~IS•ATtC 

Pq 1s•n rc 

••ts•ATIC 

••tS~lT!C 

••IS~AT!C 

P• !S~lT IC 
Pli~~ATIC 

o•ts>~AT IC 

·~u•unc 

1z.z=o 
12.4411 
1?.2~0 
12.440 
12. z'= 

"'· 970
11.061\ 

7,<17'1 
11. q~c 

1, <ITO 
lto'160 

7,<>70 
tt. '160 

1, qrn 
11. Q60 

7,'170 
ll. 96~ 

T. 011) 

11. ~60 
T. CJ7t'J 

11.'160 

o.r 
"· co., 
n.n 
o.r 
~""·" o.r 
(',!! 

"·r
"·" "·l'o ... 
"·~ 
~'•" 
'l.r 
11,r 
1'1,11 

"·" 
"·"""~.r 
1').0 

4,21~ 

"·'... zt•,,, 
4,Ht!?., 
~.'18~ 

"·~ 
~.9~~o., 
~.~~(' 

"·" 
'\. q>fO\, 
~., 

'5.~~t:',,, 
~.q.(l 

"'·"! 
~ ... ~., 

"•" 
~.'1~? 

!'.I'\ 
,, n 
0.(1 
11,0 
').!" 

'·'n.o... (' 

~-" "·" 
o.~ 

~.!' 
1!-.l" 
0,1] 
n.r> 
n.n 
"•n 
~.ll 

"'·!),... 
"·" 

'·'~.~ ,. ~ 

~.~ 

'·' "·"'!'t.r'\ 
,.~ 

'·'o.o 
~"~·' ?.0 

'·'o.,,... 
o.o 

'·'ll,O

"·0
'·',., 

"·~ 
?'1~.~01'1 

l.(' 
2'1~. 6011 

o.o 
204,1~' 

~.o 
zn•.tnn 

C'.n 
'""· t"~.(\ 

2""·1~" 
1:'.1) 

Zn4,!M 
1',1\ 

~1)4,1(10 

"'·"'1011>.1'" 

"·"2'14,(')~

'·t') 

~." 

'!,0 

•.t' 
o., 
~ ... 
..... 
"·" 
'"'·~ 

"·" 
'·~ 

1", I l'lll 

1".1"" 
~4. l ,t:' 

14.t"'n 

34.10!1 

~4.1~11 

34.1"" 

~4.1~(1 

14.tr.n 

~·. 11" 

•P·~~· rO~ST-~TS-----------------------------------------------------------------·---------------------------------1
:a"'STA~T STA~IJAO'l VALUF nO•ltN, 	 VALU~ ~F~BE~ liST 

Z!'IQ",'I'I61\<14 All. 

r. o.n ALL 

'ENS !TV 0,()()"('1~ ALL 

CTE t1.010'\ql'l All. 

~ET4 ~.? AlL 

P!11S~ON "J.~ ALL 3-60 



•••••••••• OEStr.N ~AfA •••••••••• 

use• oara s•r 
•a•a•~r~w ~tCTt~~~~Y-·••••••••••••••••·------··••••••••••••••1 
~~~f TRE&T~~MT $TIMDAII! ~ W & TF~• Tt~tl 

n•un~ nan SH 

O&A&•!TtlR OICTt~~&tY••••••···--------····---···--···••••••--•1 
~Mf TwE'T~!MT ST&MDA-0 ~ Y & Ttl•P Tt•E 

'YI.!I... 
Pai.T'JI' 

STIMDUD 
STAMO.l~l) 

STIMD&~D 

,,.,., 
'·~" t.o, 

_, 

:l)nE 
CY 
liZ 
cs 

A!OOJIW!!I 
~T&MOARO 
STlNOUD 
STl>lDARO 

lo!ll\ 
t.:t,.. ,.,., 

~., CO'!"UT" QQ$TU~E~ 

u COIIPUTE ~QSTUI.!'I 
CMY 
CMt 
:JNI.r• 
~&UIU 

$U'10AAO 
$TI'IDUn 
co~••ITE 
SU'I!lUO 

"·~' r. ~· 
QQSTUI,R• 

1.1" 
TUCE 
••ton 
Tel"'" 
IIXTO Ill.$ 
SEC"I)U¥ 

STI'IDAaD 
STA'ID&OI)
STA'IO&RI) 
ST.l'ID&AI) 
SU'tllUn 

t.C'I 
l·""STEEl. IIF 

2,.~0 

t.~o 

CnNST~AI'IT OTCTTONAA¥••··-·····--1 
'lA~! oF.TWIEV&I. 

$UUI:IL nau SE,. 

COMSTo&t'IT !!ICTIO'I&~¥·-------·--·1 
'liM! oFTAIEVll. 

u TAAIJI.&O 
av TUII\,41 
az TUIJI.U 
u TA~III.IR,.. TA'IUI.IA 

TAAUI.AOIZ 
~v UAUI,&R 
H T&IIUI.&o 
Yl) U~III.A~ 

Z!l T&~UI.U 
OI,T~ UftUI,U 
wnot TARI.II, &o 
Y:)/Atll. TA,.III.Ao.., TAIItJUI 
u T&IIIJI.&~ 

T&~III,Ueo"" 
YC TAI'IJL&O 
zc UAI)I,&o 
·4e IGHT ""'~AQ 

•••••••••• L~AOt~G OATA •••••••••• 

~OIOIHG • ONE STATUS • ACTIVE 

o!II!!W AND !I.!MENT L~ADS··-----···----------···--····--··---••·--··--···-------------------------------------------··1 
II!M&!'IEL!IIfNT ,! CONC!M. lOAD -•.z~o 
,. COHC!IIIo L:llO -1.7~0" 
JOINT L~a~s----------------------------------------1 -------------------~----------------1JOINT STE, 'OIIC! I Y Z JOOI!EHf I Y l 
4 o.o -z.ooo o.o o.o o.o o.o 
s '·0 -3.000 o.o o.o o.o o.o 

JOI~T 'ISPI.JCE~E~TS•••••••••••••••--••••··----------1 ···---··-·······-----·-----------·--1 
JOINT STEP 'IS•• X V Z aoT. r Y Z 

JOINT F~RC! lSSU~~riQNS ··----------------------··-·····----------·----··---·--···----·•·••••••·---·---------·--··1 
JQ! 'IT THE!& l 2 l T 
~0 lSSU•PTtOHS ~IVE~ FOR THIS ~Ol~IMG 

·~•BER ·~~C! lSSU•PTIONS -----------···-----·--/ ----------------------------------1 
•E•R!~ C:OJOPo:l~E~T OISflNCF VAI.UE cru••!lNE'IT YUU! 
•10 aS SU'II>TtO'IS GIV!'I F'JR THIS lOADING 

3-61 
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•••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••• 

LOAOI!IG • TWl SUTUS • ACTIVF. 

.~E~BE~ A~O !LE~!NT LJAOS·~---·-··---------------·------·---·-----·---------------·--------------·---------------------1 
IIEMBE~/ELE)IIE'fT 
1 UNIFillllll LOAD GL FORCE Y F~ w •0.062 LA 0.0 Ll t.ao~ 
2 UNI•O~III LOAD GL FORCE Y FR If -o.:a62 LA 0.0 Ll t.O!IO 
3 U~I'D'~ LOAD GL FORCE Y FR w -o.ou LA 0.0 LS t.ooo 
~ U~IFORM LOAD GL FO,CE Y P• w -o.ou LA 0.0 La 1.ooa 
S UNIFORM LOAD GL FORCE Y FR w -c.ou LA o.o Ll t.ooo 

JOINT LJADS••••••••··-------------------------------1 -----------------------------------1
JOINT STE~ FOII:E X Y Z NOM!NT X Y Z 

JOINT OISPLACEIIENTS-------------------------------·-1 ------------------------------------1
JOINT STEP OISP. X Y 1 ROT. X Y Z 

J 0 lilT FOliC F. l SSUMPT IONS ·-------------------------------------------------------------------------/ 

JOINT THETA 1 2 3 FORCE X y z HOII!NT X y z 

NO ASSUIIPTIO~S GIVEN FO~ THIS LOADING 


IIE~IER FO,CE ASSUMPTIONS ----------------·•••••/ --------------------------1 
IIEIIftER COIIIPONE,T OISTANCF VALU! VALU! 

NO ASSUIIPTTD~S GIVEN FOR THIS LO~OING 


L::JADI!IG - THREE T!IIPE-ATURE CHANGE STATUS - ACTIVE 

~EIISfR AND ELE~ENT LJAOS·----·--·-----------------------------··----------·---------------------------------------1 
IIEI'BERIELEME'IT 
t TEOCP!RATURE L::IAD L.\ o.o u 1.ooo UUL 1.110 BENDING y o.o z O.lO!I 
z TEIIIPe•uu• e LOAD LA o.o LB t.ooo AXIAL 1.no ~EHDING y o.o z o.zoo 
3 Tf'IPERATURE LOAD LA o.o u 1.ooo AXIAL 1.130 !ENDING y n.n z 1!.200 

TEIIPEU. TUllE LOAD LA o.o u 1.000 UUL 1.130 8ENOJNG y e.o z o.zoo•5 Tf~PERATURE LOAD LA ).) Lll 1.01'., UUL 1.130 B!IIDIHG y o.o z o.zoo 

6 TE'IP!UTURE LIJlD LA o.o u 1.ooo AXUL 1.ooo SEND IN!; y 0.11 z o.o 

T TEIIPE RATURE L:JAO LA o.o L8 t.ooo UUL 1.ooo BENDING y o.o z o.o 

a TE'!PEUTURE LOAD LA o.n La t.oon AXIAL 1.000 ~ENDIIIG y o.o l o.o 

9 TE'IPERATURE LOA !I L~ o.o Lll 1.ooo AXIAL 1.ooo BEHOING y o.o z o.n 


y10 TE'IP!IUTURE L:JAD LA o.o u 1.ooo AXIAL t.ooo RENDING O.t' z o., 

11 TE"'PERATURE LOAD LA o.o L! 1.00!1 UUL 1.000 IEIIOI HG y n.o z o.o 

12 ·TEIIPE•ATURE LOAD LA o.o L8 1.ooo AXIAl t.noo SEHDING y o.o z o.o 

13 TE'IPERATURI! LOAD LA 1.8 1.ooo AXUL t.ooo SENOIHG y o.o z o.o
'·~ 
JOINT LOADS·------------------------------------1 --------------------------1 
JOINT STEP FJRCE ~ Y Z MOME~T X Y Z 

JDIHT DISPLACI!'IE~TS--------------·······--··---···1 ----------------------------------1 

JOI~T STEP DISP. l( Y Z R'lTo X Y Z 


JOIHT ~oatS AS$U•PTIJ~S ••••··-------------------·--------------------------------------------------------·-·1 

JOIIIT T .. EU t 2 3 FORCI! 'f y z MOMENT ll y z 

'10 ASSIJIIPTI O'IS Gl YE"' FOR THIS LOlDING 


'IE~BER FD~C! ASSUIIIPTIOIIS ----·----------------/ -------------------------------1 
MI!II!ER CDMPO'IE'IT DISTAIICE VALUE COIIIPONEHT DISTlNC! Yli.UE 

'10 ASSUIIIPTIO'IS GIVEN FOR THIS LOADING 


LOADING • FOUR STATIJS • ACTIVE 

COM81NATION GIVEN - ONE TWO 1.250 

LOAD I'IG • FIVE STATUS • ACT lYE 

COM81'1ATION GIVEN - O!IE '1).&00 TWO 1.250 THREE t.ooo 

E'IO OF OATl Fqll'l INTE~NAL STOqAGE • 
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05;:1') 

~'i30 

~ l4T 61 

~ l4T 63 

............................ 

••fSULTS OF LATEST ANALYSES• ............................ 


lCTIYE ~ITS INCH Kl~ 0!" SEC••o 
ACTIY! ST•UCTUII! TYPE ~LAH! FRANE 

ACTIVE COOROI~AT! &XES X T 

LOAOI NG • ONE 

JOIH 1-------------- FmtC! -----11---------- •OII!!IT -------1-AX! Al . SHUll T SHE.lll Z TQIISIONAL SENOI~G T SENDING ~ 

.,...,..l~1 2 o. 5513 3.~581 

l -o. 5513 -3.4581 16... 58% 
2 "4 o. 5513 1.5'152 -U'I. 58% 
2 5 -0.551) -1.5'152 z••· '"2" 
) 5 2.21>0'1 1.211 a -~24.'1231 

l 6 -z. 2'-0" z.•sat 267.'1348 
4 o. 71>31 -0.9028 	 -17!.7478•4 a -0.71>38 2.&021 72 ••~73 

a a.T&Ja -1.831'1 -72·"""' 
5 10 -O.Tt>3ll t.alt' -U.'J4'1~ 

~ l 3.4581 -o. 5513 o.oaoo 
2 _,.Hat o.,n -n.J<~24 

' 
•7 ) 0.1371 -0.00:10 -o.oooo 
7 4 -0.1311 o.oooo -o.oooo 
a 7 0. 710. o.oooo o.o 
a s -0.170'1 -o.oooo o.oooo 
~ 'I loUl'J 0.71>38 51.03, 
'I 10 -t.Sll" ~.71>38 58.'14"6 
10 l 3.1560 0.731!3 o.oooo 
10 ) -3.1560 ~.1383 T~ol 757 
ll 3 3.05'10 0.641~ -75.17~7 

l1 -3.05'10 -o. 6414 140.480l 
6 2.5333 -0.4160 -s<~.U7t12 ' 

12 T -2.5133 0.4160 46.11275 
\3 1 ).0784 -0.'1611 -46.,275 
13 -3.07a4 0.'11>11 -~1.0355" 

JOPH 1-------------- ~ORC! -·------··•••//----------· •o•E'4T ··---------·-1
X FOliC! T.FOIIlCE Z .FOliC£ X 110101!14T 'I' IIOIOIE!'IT t "'JIOENT 

I 	 6oZlU o.oooo 
4.1>8! l -o.ooao• 

JO!'IT 1·----------0!SPLAC!"!!'IT•--------•-//•---------------~TlTIClH------------I 
l !)!SP, Y !)!SPo Z O!SP. lit ROT. Y ~QT. Z ~OY. 

-1.1'1)4 
o.o 

•~Slll. U>H JOI'H )!S~tACE>'E'ITS • FREe JOt 'ITS 

JO!~T /-------------~ISPllC!"E~T--·--------·--1/-----------------~0TlTI~H-----------------/ 
~DIS~. Y OISP. Z O!S:>, l ~OT. T ~OT. 1 ~OT. 

o.•3U 	 '""-~060""·"'~~ •!1.7611 o.oooo -a.nn~& 

~ -o.4t'H -a.oooo -0.00~6 

5 -0.41'17 _,. )4)2 -i).~l)17 

~ -0.420~ -o.•z~o o.oozo 
1 -a.2H4 -'l.Z354 	 a.n<nt 
~ •0.•206 -'l.Z)51t 	 ·l.OOn 
10 •O .... l04 -o.oot1 	 o.oon 



lOADING • TWO 

MEM!IEII. FORCES 

JOIH /·········--------·-- FORCE -----·-------------·11----------·--------- ~O~E~T --------------------1
a•tll SHEAR Y SHElll. l TORSIONAl BENDI~G Y !IE~ING l 

I 2 o.a85o 1.310'1 127.44)~ 

1 4 -0.8850 -2.8109 231>.'13115 
2 4 0.8!150 3.681>3 -236. 9'385 
2 5 -0.8850 o.au1 340.34'16 
l 
l 

5,. 4.6406 
·4.6406 

1. 7500 
3.7500 

-51'1. 7471 
51'1.7411 

" ' 1.81>18 -1!.2278 -348. 5n7 
4 a -1.81>11 4.7278 170.131'1 
5 a 1.8618 -2.138'1 -170.13'!9 
5 

" 
10 
1 

-t. 81>18 
7.310'1 '·"''"-o.R850 

-145.8667 
-o.oooo 

I> 2 -7.310'1 0.81150 -1%1.4435 
7 3 !).8714 -o.oooo o.o 
1 4 -o. 8154 o.onoo -o.oooo 
a 1 2.588'1 o.nooo o.o 
8 8 -2.5189 -o.oooo o.oooo 

" ' 6.1>38'1 1. a618 122.226" 

" 1C: -6.6389 -1.1618 145.8667 
10 1 6.5017 1.1904 o.oooo 
10 3 -6.5017 -1.1CJ04 121.2111 
11 1 5.8127 0.5714 -121.2131 
11 5 -5.8827 -0.5714 l"''I.'S975 
12 " 4.4556 -0.5256 •111.2H5 
12 7 -4.4556 o. 5256 117. 6'127 
1) 7 6.2862 -2.3562 -117.1>927 
13 " ·6.2862 2.3562 -122.226" 

t fS\Il UIIT JOIPH lJADS - SUPPORTS 

JOINT 1---------··----- FORCE ------------11-------------- IIIOME'IT ----·-----------/
X FORCE Y FO~CE Z FORCE X MOMENT Y MOIIIE~T Z MOMENT 

1 4.6406 \2.7500 o. 0000 

" ·4.6406 12. 7500 o.oooo 

lESUlTlNT J01NT OISPLACEME'ITS- SUPPORTS 

JOI~T 1----------···•0ISPI.ACE•E'IT-----------··/f•·----------------ROTATI:J'I--------------f 
~ OISP. Y O!SP. l OtSP. X ROT. Y ~OT. Z ~Of. 

1 -1.8227 0.1>614 o.o 
q ,.o o.o 0.0(!51 

~fSUlTA~T JOINT ltSPLACEME~fS - FREE JOI~TS 

JOIH /---------------OtSPLACE"!E'IT·----------11·------------0TATt,~---------··------/ 
X OtsP. 'f DtSP. Z OISP. X ROT. Y ROT. Z ~OT. 

2 -0.670CJ n.658'1 -0.00'10 
3 -1.178~ 0.0152 -ll.Of\83 
4 -0.6711 o.ot"" -0.0083 
5 -0.6113 -'l ... 'I5T -0.0057 
I> -3.1>728 -0.6795 O.l'f\26 
1 -0.38"8 -0.3'137 ll.onn 
a -0.6732 -0.3'145 0.0050 
10 -o. 6736 -11.0041 (1.0054 

. lOAOHI~ - THREE TEMPEJIHIJIIE CHANGE 

~EMBER ~ORCES 

~E~8ER JOt 'IT 1---·-·----------·--• FORCE ------------------tt·-------------- MO~E'IT ------------------1AXIAl SHEAR Y ~HEARl TORStO'IAl 8ENOI'IG 'f SE'IOfNG Z 

1 0.2200 0.11151) 31.6~41 

1 4 -0.2200 -1!.1)150 -311.6008 
2 4 0.22'0 0.1 a58 3Do 600a 
2 5 -0.2200 -11.1858 l7o22H 
3 5 o.oooo o.oooo o.m•oo 
3 ~ -o.oooo -11.0000 -o.oooo 
4 6 0.)'147 -o. 3720 15.7607 .. 8 -0.3'147 o. 3720 •42.~4~0 

5 a 0.3'147 0.1051 42.5'-90 
5 10 -0.3'147 -0.1051 -34. '178~ 
6 1 0.0150 -o. 2200 o.oooo 
6 2 -0.0150 0.22'0 -31.6~41 

7 3 O. t'T07 -o.~e n.o 
7 .. -o. 1101 O.OOOt' -ll.OilOC 
8 7 0.4772 o.oooo -O.Ot>t)r> 

!I 8 -0.4772 -o.oooo o.oooo 
9 -0.1051 0.3947 zt.858ft"10 0.1051 -o.• 3'147 34.9788"10 1 -0.!662 0.1449 o.oooo 
10 3 0.1662 -0.144.. !4.758~ 

11 3 -o. uro 1).02"2 -14.75~8 

11 5 0.2870 -o.n242 l7.224t 
12 6 -o. 5422 -0.~160 •15.H<17 
12 7 0.54~2 0.0160 14.12'12 
n 7 -C'.204~ -?. 3534 -1'>.12"2 
13 q o. 2048 0.3534 -21.8~~!
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•ESULTANT 	 JOINT LOADS - SU'~ORT~ 

JOIIIT 1----------- FORCE --------11 	 IIOJO!~T --------1 
ll I'II"Cl! T FORCE Z FOIICE ll ~ENf Y ,.OHE'tT l "'MENT 

o.oooo o.oooo 	 o.oooo 
-o.oooo -o.oooo 	 o.oooo• 

_,
JOI'tT /-----'----OtSPUCENENT-------------11------ ---~OTATIO~-------· 

y OISP. L OISf'. X llOT. Y lOT. % ROT. 

i 	 o.o 
o.ooo3• 

JOI'IT 1-----------0ISPUCEI'IEHT ----11---------•0TATIOot-------1 
X OtSf'o Y DISf'. 1 OISP. X llOfo Y ROT. t~nr. 

2 -3 • .ZU7 o.1so4 -o.ont1 
l -0.2390 0.0712 -o.ooo• 
4 -0.1140 0.1062 -o.ooo• 
5 -o.\52~ Oo04TS -0.000'7 
6 -O.O'I'J'S o.on3 o.ooot 
T -0.054" O.OOH 0.0004 

-0.0618 o.oz•l o.ooo.!•10 -0.0362 ..-·0.0562 	 0.0004 

lOAOI'IG - FOUR 

JOI~T 1·---------- FORti! -----------11---------- ~OI'I!'tT 
UUl SHEAR 'f SHUll Z TOllS I OMAL B~HOI'IG Y 

___
!EHOIHG 

,_ 
t 

1 2 lo43Tl 1\.2134 2ft6••1..7 
1 4 -1.4371 -5.5!84 'l'!'T.,Zf>S 
2 4 1.4371 '. 51>49 -')coT.~lf>l 

z 5 -1.437\ o.n601 5C06olO:U 
3 
] 

4 
'•6 

T.\5'75 
-7 .15'73 
z. 7855 

5.4\45 
6o4804 

-0.8264 

- C004. • nr 
ua....... s 

_,42...141 
4 8 -z.rns '7.4'714 2~6.43~'5 

' I z. 7S'J5 •3.77ZS -2'51>.43'55 
5 10 -Z.TS55 •• 3't'78 •l17.TOll 
6

•1 

1 
z 
3 

llo2ll4 
-ll.2t34 

1.1'1'!>5 

-1.4371 
1. 431'1 

-o.oooo 
•0.0003

-zn•·"1""
-O.Ot'OO 

1 4 -1.1165 o.oooo -o.oooo 
I 7 3.6.46 o.oooo o.o 
I 5 -3.69S6 -o.oooo o.oooo 

"•
10 

' 10 
1 

"· 3'111
-4.3•71 
10.0207 

z.1155 
-z. 7!55 

1.'1310 

un.4,.~ 
%1?. T01Z 
~.oooo 

10 3 -10.0207 -1.•n1o t•&.Ut'T 
l1 ] '1.1U7 1.0""' -t•I>.&ZlT 
11 ' -'1.1887 -1.o••1 30~.B'"9 
lZ 6 '7.0~'1 .. ..,. '>066 -267.5'301 
12 7 -7.089.. O.'J066 1'7'5. 2124 
13 T •• 7047 -3.,220 - 1?5. 21::!1 
13 ' -9.7047 1.H20 •Ulo40'"CO 

•eSVLTA~T JOl~T lOADS • SU~~O~TS 

Jtll PIT 1------------ ~OitC! ----------11·----------· ~O,.!'IT -------------1
I ~II"CI! Y FOitCE l FOilC! I lOll" !'IT ,. 110M£1fT Z .'lOIIIEN T 

1 	 o.olloo 
-o.ooo'" 

-ESULTANT JOI'fT ~ISPLACE~!NTS - SUPPORTS 

1-----------0ISPL&CE"E~T--------------//•---------«OTArt~ll------------/
J(JJ "' 

~ 015"· Y O!SP. l OISP. X !lOT. 'f ROT. l ROT. 

1 
'J 

JOI~T /·------------OISPL~CE~E~T-------------/1-----------------ROT&TI)~--------------·/ 
X OtS;>. ., DISP. Z OISP. ~ ROT. T ~QT. Z >OT. 

-1.0'104 t.osz• 	 -0.0!49 
•l.QZ'JS o. 01'10 ""'· 0137
-1.0'107 ?.01!6 -13.0138 
-t.oqoc, -o. 32~6 -D.OO'I4 
-t.ocon -1.10'!8 ,.004'5 
•0. 6l73 _,.H33 1.00~1 
-1. 0'11" -0.~345 ~.oo~z 
-1.0'144 -?. 00'54 ').00!6 
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LOADING • FIVE 

JDIH 1------------------- FORCE ------------·-11·-------------- IIOWEIIT -------------/ 

1 
1 
2 
z 
1 
3 .. .. 
5 
5 
6 
6 
7., 
I 
8 

' '10 
10 
11 
11 
lZ 
12 
13 
13 

2 
~ 

~ 

5 
5 
6 
6 
I 
I 
to 
1 
2 
3 ... 
7 
8 

' 10 
1 
3 
3 
5 
6 
7 
7 
9 

RESULTAIIT JOINT 

JOUT 

1 

·' 
~ESULTAIIT JO!Hf 

JOI'IT 

1 

' 
RESUlTANT JOINT 

JOI~T 

2 
3 

' 5 
6 
7 
a 
10 

AXIAL SHEAR Y 

1.657\ n.lzas 
-1.6'71 -5.6035 

1.6571 s.1'S07 
-1.6571 -0.1257 

7.1513 '·"1~5 
-7.1573 6.,.8o.r, 

3.1802 -1.1'184 
-3.1802 7.8434 

3.1802 •3.6676 
-3.1802 ... 2'126 
11.2285 -1.6571 

-11.2285 1.6'571 
1.3~73 -o.oooo 

-1.3~73 o.oooo 
~.1758 o.oooo 

-4.1758 -o.oooo 
... 2'126 3.11102 

-'1. 2'126 -3.1802 
... 854~ 2.0760 

-9.8544 -2.0760 
8.'11)18 1.1233 

-8.'1018 -1.1233 
6.5472 -0.'1227 

-6.5472 0.9227 
-1.875~,....."" 

.· 3.1754-9·"""" 

lOAOS - SUPPOHS 

1-----------··--- FORCE 
X FORCE Y FORCE 

7.1573 1'1.6645 
-7.1573 u. 751!" 

~ISPLACEIIEHTS • SUPPORTS 

SHEA~ Z TORSlOHAL ~ENlliiG Y !EliDING t 

·23~. 6Z3S 
361'. 325'1 

•367.325'1 
578.8.7&7 

•'10... 6377 
sto.4"8 

-52.,. 153~ 
213.8876 

-zn. 8876 
•25Z.UZO 

-o.oooo 
-23~.6238 

-o.oooo 
-o.oooo 
-o.oooo 

OoO<lOO 
20'J.26H 
2'52.6820 

o.oooo 
211. 31!11'5 

•211.3805 
32'5.75't0 

-283.2910 
1119.3416 

-18'to341'5 
-zos.un 

-----------11----------- IIOI!E'tT -------------/
Z FORCE I WI)MEIIT Y IIIOWE'tT Z WOIIIEHT 

o.oooo 
-0.000'1 

1··-----------··0ISPlACEWE'tT·------------·//·-------------RJTATIJ"---------------I
X DISP. Y OISP. Z DISP~ X ROT. Y ROT. l ROT. 

1.21"1 o.o 
o.o o.ooe5 

DISPLACEI'IENTS • F~EE JOIHTS 

1-------------·:llSPlACEI'IEHT-·-------··//----------·•:lTATIOH··---------/ 
X OIS,. Y DISP. Z DISP, X •or, Y ~OT, Z ROT. 

-1.3061 l. 2633 -0.0160 
-2.1688 0.0'172 -o.o1~! 

•1,Z1H 0.12"8 •G.01.r,7 
-1.2~33 -o.1111 -o. 010G 
-1.1928 -1.0'105 o. 00"6 
-o .6822 -0.631'1 0,01!86 
-1.1611 -o. 60~t o.oo~~ 

-1.1306 0.()50 .. ,.00'11 
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~ 14T 63 

lfST SECTTnN sra~SSES ~e~~~~ ~ 4i 14T 6~ 

............................ 

•~!SU~TS OF lAT!ST ANALTSES• ............................ 


.lCTTYE U'fiTS UCH UP UD !)fl;~ SEC 

lCTtVE STIIUCTU.E TYPI! PUlE 

ACTIVE COOitOINATf liES t T 

lDlO!Nt; CHI! 

ST~eSS 	 --IDISUIC! 1---------------------
FltOOII STUT UllL T SHI!Al SHEAR ., !ENDING SE!tDING .... '101101141. Ill" >IQttJOAI. 

,.0 ,. -O.lS\7 1!. 0 o.o 0.11 &.0!>17 	 --&.'. ..,«..~-~"·~ o.zoo 	 ·I)• Ut 1 o.~ o.o ....765 tt.Z-448" -!>.6551'·' )., 	 -7.07310.400 	 -).1817 o.o o.o I>. I'll" 6.70<t7 
Oe4C'O -0.1117 1).0 1).0 o.o 5.863) 5.1>~64 -6.0501 
o.soo -o.un o.J o • ., o.o 4.8453 -5.0210 
1.)00 -0.1817 o.o o.o 3.1>404o.o 	 3.&222 '"·""~' -4.~0.,... 

l:!AOING TliJ _________, 
ST•ESSOISUICE 1-----------------------

UUL Y SHEU SHEU Y S!!'jQING z !E'tOING NORJUt. lOIN NORIOAI. 

-).37)0 o.~ !).~ ,.o '1.4144 ,_,..., -7• .,,,.,,.o ·	 ....., ~·· 
o.zoo 	 -0.3130 o.~ o.o o.o ~ !'.368-\ -~.H45 

0.400 	 -0.3730 o.o o.o ,.o s. 9550 s. 5!ZO .... 12't1 
0.400 .,.3730 O.() o.o o.o 8.9550 ~.5~20 -~.1251 

o.~oo -o. 3730 o.o o.o '1.0684 -~.8\45~-' 	 a.""''
1.000 	 -o. JT3o ~.l o.o o.o 7.4lo\4 7.,41) -1.1814 

L'ADI'IG 

DISTANCE STRESS1-------------------------- -----------------------1 
.,Ulll SHEU SHU~ 'f SENOINC 

o.o F~ 	 ·0.~?00 o.o 3.0 -o.orooo o.,ooo -O.MOO 
t1.2on 	 -o • .oJ?o o.o c.o -o.oono 0.)000 -o.nooo 

o.o o ... ,.o -0.~')00 	 -o.'loon0.400 	
_.,_,,, '·' 

'·~ 
O.JO'O 

-o.~ooo 

o.soo -o.oooo '.J o.o o.o ·O.O'lCO •ll.~"OO 
0.400 	 -0.001'0 o.o ... o o.o -o.oooCI o.11ono 

"·'"1'110 
1-000 -o.oooo o.o ?.0 o.o -o. o~oo o • .,ooo -o.oooo 

lOADING F?UR 

I)!ST ANCE 1···-·······--·····------------· STRESS -------------------------------1 
Fqmo START uu~ ., SHEA~ SHeAR r !ENDING ~!'<OI!fC •u ~0- .. l~ ~T!f '<OR•AL 

?.:l FR 	 -0.5751 o.o o.o o.o tz.9o5n 12.3l'l6 -n. "~03,_,<.'.200 	 •O.HH ).J ~.o 1 ..... 177 1~. •6l4 -115.:'! 'H 
o. •oo •0.57~~ '.J 0.1 ).3 !5.32,6 , ... 151? -l ~. ·'31"1 3q 
,.bJC -0.575) ).J ?.0 o.o ~~.l't .... fl t4·1'Q4 ·l~.Z"Ol 
o.aoo 	 ... ., • ,.7~'3 l).t..'SCI"' tz • .;~.~~~t16 -t4• .:"'34' 

-0.,75) '·' '·' '·" u. !611 -t'..l'3~6!.JOO 	 O.J o., to. !JJJ50"·' 
~OAO!NG FIVE 

OISTlNCE 1·-------------------------------------- STRE~S -------------------------------------1 
F 0(110 STAll Ulll T SHEA~ SHEAR y SE"'llNG 'E'<Ol'lr. ~u NO~ ...~ •l!f Nl)ttlllll 

o.o 
o.zoo 
!:1.400 
o.;oo 
o.aco 
r.:oo 

•a -0.57~3 
-o.'5?~3 

-o.S751 
-o. H5l 
•IJ. 5751 
•IJ. 5751 

~.J 

'.J 

'·'o.a 

'·'~.:> 

o.o 
~.o 
~.:> 
o.ry,.J 
1.0 

o.o 
'·0 
o.~ 
o.a 
?. ry 
?.J 

12.40~'] 

t4.431'"' 
1'·~2~6 
L4.7l'" 
t 1... 5 90 
11•• 613 

\2.J201, 
n.~o2" 

'"· •n7 
14. 1 )"" 
12.3816 
t0.28'JQ 

• 13. '""01 
-t~.ont 
_,,..f:'tl'r)CJ 
•15. "'Ot 
•14.0343 
- ~~ .1361> 
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Cl-iANGES $ l4T A?

'"57') 

Ll~T ~FCTTn~ STR~SSFS ~~~PfR 1 $ }4T 6'3 

*RESULTS CF LATEST A~~LfSES* ............................ 


ACTIVE UNITS INCH Kl' RAO OEGF SEC 

ACTIVE STRUCTURE TYPE PLAIIE 

ACTIVE COOROI~ATE AXES X Y 

INTER~AL NEN8ER RESULTS 

LOADING ONE 

ST~ESSDISTANCE 1--------------------------------------- -------------------------------1 
F~OIO START AXIAL y SHEAR SHEU y 8EII'J lNG 8EICOING MAX NORII4l OOJN r!OR"AL 

0.0 H -0.1!11 o.o o.o o.o 11.4ftl,4 11.1027 -11.6661 

o.zoo -l.l811 o.o o.o 12.2704 12.1'1~~7 -12.~'22 


o.~oo ~.1817 "·' o.o 12.8747
o.o o.o 13.056'- -13.23~2 


11.601) -o. 1817 o.o o.o o.o II.! tel 10-"364 -u. zqqo 

o.ttoo -o. ut7 ,.o o.o o.o 9,17'15 s. Qq" 1 -'1.1615 

1.000 -0. !SIT ll ... ?.0 o.o 7.2415 7.05'17 -7.4232 

LOADING TWO 

OISTANCE 1--------------------------------------- SUESS -------------------------------------1 
HOM START AXIAL y SHEAR SHEAR y SEND I PIG 8EHD111G ·I'!U NOR 'Ill ~IN ~OP14Al 

0.0 FR -o.Jno l.J o.o 0.11 14.0472 13.~742 -14.420"3 

o.zo? -1).3710 o., o • ., o.o 1~.'1'132 15.621)1 -16.1662 

0.\00 -0.]730 ?.0 o.o 16.'1661 u. 5'1~1 -!7.33°2 

Oo6CO -o. n3o '·'0.(1 o.o o.a 16.'1661 16.5•nl -17.33'12 

o.aoo -O.H30 o.o o.o o.o 15.'1'132 15.621)\ -I 6o3M2 

J.JOO -0.37)0 o.n o.o 14.0472 13.6 742 -14.4203
'·:! 

lOADING THREE TE~PERATURE CHANGE 

OISH~CE STRESS -------------------------------------11---------------------------------------
FROM STlRT AXIAl f SHEAR SHEAR Y SENDING 8ENOIPIG 

0.0 FR -O.DlOO o.o o.o -o.oooo 11.0000 -o.onoo 
o. zoo -o.oooo '·' o.o o.o -o.ooon ~.OOf'O -').0000 
Oo\00 -o.oooo o.o :1.0 o.o o.~ooo -11.110()1'1'·' -o.oooo 
0.6t'O -o.oooo o.o !1.(1 ~.II •OoOOl\0 o.oooo -0.00011 
c. 800 -0.00011 o.c o.o ~.o -o.oooo ... ,f'l)(' -o.oooo 
1.000 _,.o,oo o.o o.o a.o -o.o.,oo O.~OOt' -0.()000 

LOAD lNG FOUR 

OISTANCE 1--------------------------------------- STRESS -------------------------------------1 
l~IAl ., SHEA~ z SI<EAR y 8EPIOIIIG 8EIIOI I4G 'IU '10R14Al 'liN NI)RO<Al 

-0.5753 o.o o.o ~.0 21J.44q7 23. 81'-3 -25.0250 

'·' -21 .. a2a0
o.zco FR -0.5753 o.o o.o o.o 27.l537 26.77ft3 
0.400 _,_575~ o.o ,.o o.o 2'1.~415 2•.46~1 -2".616~ 
o. 60') -3.5753 o.o o.o o.o 27.!7"~ 27. 3' 32 -Z!.45Jq 
0.800 -0.5753 o.o o.o o.o 25. 4'1'>3 14.q240 -26.0747 

1.~00 -0.5753 0.(1 o.o 21.'103'1 21.~2~6 -Z2.47~3
'·' 

LOADING FYYE 

sne~s -------------------------------------1 ., 8ENOHIG 5E'IOING ~AX lfOR"'Al "'I~ NOR"Al 

-0.575~ o.o o.o H.44'17 2,. ~7..3 -2~.~2~00.' F• 
o.zoo -0.5753 o.o c.o 27. 35)7 2!>.77~3 -21. qz<>o 

o.~oo -0.5753 o.~ o.o Z<>. 0415 2!.4661 -29.6168 

0.600 -?.5753 o.o o.o 27.8785 27.3032 -'ZIIl.4'51"l 

o.eoo -0.57S3 o.o c.o 25.4<><>) 24. "24(! -26.~747 


1.0('0 -D. 5753 o.o o.o 21.'1039 :n. 32~6 -22.47'13 
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............................ 

•~E~TS ,~ LATEST ANALYSES• ............................ 


lCTfVE ~ITS INCH KIP RAO OEGF SEC 

ltTtY! STRUCT~! TT'! ~LANE 

lCTIY! tOOROINAT! li!S l Y 

,__________________ -- _____, 
OUUNC!f STAESS 


FROII SU IIU HOII"&L FOR 1.0&0 IIIII HORIUL FOR 1.0&0 

o.o Fll 23.87~) FOUR -2!1.0 250 FOOII 
c.200 2'· T71'3 FOUit -21••2'10 FnuR 

0,400 zs.uu FOUR -z•.uu FOUR 

o.~oo Z7,l0l2 FOU~ -zs.~53• F!)~ 


II. 300 z.,,'IHO FO~ -26.07..7 1'0~ 


1.:100 Zt.32U FOUR •22.47'11 FOUR 


•L&N! IOE~TYFI!D aT • PI.&N! Z EQUlU o.o 

Ill •I.&NE JOI~TS 
JOIIIT COOROI!tlT!S 

X ly 

1 o.o o.o o. 0 

2 o.o 144, OOf!O o.o 

) 72.0000 TZ. 01)0rl O.rl 

4 n.oooo 144,000!! 0.!) 


' 144,000:1 144,0000 o.o 


' 264.0000 t44,oono o.o 

1 136.~000 rz.ooco o.o 

! , •• oooo 144,00t'O o.o 


408.0000 ,.o o.o
'10 401.0000 144.0000 1),0 


IN Pl.lNE ~E"~E~S 
"e~ee~ P<CIO!IICES 

,.e.,se~ START eto 
6 l z 

10 l 3 

1 z 4 

1 } 4 

l1 3 5 

z .. 
l 6 ' .. 3 ' 
12 6 1 

4 7 8 

13 7 ~ 


10•' • 
4 10 
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• • • 

• • • •• • • • • •• • • • • • • • • • • • • • •• • •• • • 

•• •• 

• •• 

•• • • • •• 
• 

• •• 
• • 

• • • • • • 
•• • • •• • • •• • 

•• • • • •• • •• • • • •• 

1; l4T 63 

S 14T 61 

PlnT PLAIIJE ' l4T 63 

., HORIZONTAl. StAI.! 50.0000 UNITS PE~ INCH 

V!"TitAL SCALE 5~.n000 UNITS PER INCH•
Oltt ENT& T l 0'1 •••••x 

x•z••••••••••••••••• ...••••5•x••••••••••••••••..•••6•t•••••••••••!•x•••••••••••to•~ 

0100 •• 
• ..• • • • 

3•ll T x• • 

X•1 
.. 

••lC•
• 

+-·--·----·---------·---------·---------+---------·---------+---------+---------·---::1050 0100 0150 0200 0250 0100 
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Infl~ence Lines bv the Muller-Breslau Princinle 

This probla~ illust=ates a ~ethod by which STRUDL 
can be used to gene~ate influence lines. Influence lines 
are very useful for determining which loading condition will 
cause ~aximum 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 and more powerful capabilities of the STRUDL 
system. To obtain each influence line, the ~ruller-Breslau 
principle is used. The Mllller-Breslau principle is based on 
the concept of virtual lf!Ork and may 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 component." This can be 
illustrated by considering the simply supported beam shown 
in Figure 3.9a. 

Fig. 3.9a 

Suppose that support A·is moved through a vertical 
distance of one. The beam then assumes the position shown by 
the dashed ·line. Now notice that the •.vork done bv the reaction 
at A as it moves through a distance of one unit, must be 
equal to the work done on the loads P1 & P2 as they move 
through the distances d1 & d 2 respect~vely. Therefore, 

cr 

:n gene::-al, the Reaction at P.. i. s equal to the st:..-:1. 
of t~e loads ti:nes the displace::1ents ti;.ey u:-..dergc. T:-,e dis
?laced st~uct·J.re, therefore, is t:!:i.e infh!ence li.ne for the 
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reaction at A. This principle is kno~m as the Muller
Breslau principle and may be extended to any structure for 
which the principle of superposition applies. 

When using STRUDL to develop influence lines, it 
is sufficient to specify a l{EMBER DISTORTIONS loading con
sisting of a unit displacement of rotation at the point of 
interest. 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). 

24" DIA. 

l I 

Fig. 3.9b 

Because STRUDL gives displacements at the joints 
only, it is necessary to model the structure as several 
short members so that enough 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 t'\·IO spans are divided into ten 
sections each. Notice that any convenient number or spacing 
of sections may be selected. The joint spacing need not be 
at equal spacing. Additional joints may be placed in critical 
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. 

-... ,.,® ... ,.. ... ... Cl ....... CCr- CO QO C"-oo M 'llll"&ntc 
---·-NNNNC"'NN 

@ ~@@@@000 , .. 

36 ~ 
35 @ 

34 @ 
33 

@ 
32 

JOINT AND MEMBER NUMBERS FOR FRAME 

Fig. 3.9c 
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The follo't.-dng STRUDL commands describe the structure 
geomet::;.: and the me.rnber properties: 

COMPUT!R 

flls r:J/.¢:L '1'5j
•••••• .., •• ,.-;Q "' :r:a 
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When specifying the loading conditions to develoo 

an influence line, a ML~ER DISTORTIONS command is given. -

This is equivalent to imposing a permanent distortion into 

a member, similar to a fabrication error and then allowing 

the structure to deflect to a shape that will accommodate 

the imposed condition. For example, when determining the 

influence 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. 9d. 


/ 

rad·ian 

y 

.....--..... " 12 .... ...... _10 

Fig. 3. 9d 

T:"'lis is the loading condition that is given for 

loading 1 in our example. The coding for this loading olus 

loadings 2, 3 and 4 are shown below. 

l--·-:____·-~--~ . ~-____.£_-~~-=--·----~ =-=-----l-----~-----~---=-=~~~--11~ 
lJJJ1..1.7S... .R4J)J~NS_.______ ·_,-~--L~---'" ~- - : ......... ..l __ --.:. -·-· l . . . . .. ; __ ~-8C2 
'LfAO.J/IG_l...1.l.t'tEL'!.J£#.C.!UJII£:,_E2LtiC£1£·1F.AT. ~.&'17.£~ .CE Sl?A1V.. 2 ~- __ . _ ~:t_ 8.tC1 
!.M'.£1rl::O:'i 1/i ii"'JiC'-r?i:,rr.Ji~l<" rr.fl,r;t;-rnA.,.-.cn r-? L 1/] f'Vi-r-AI.-:-re,!AI ::z: -1' n Cf('.ri
u-J-~'.:::f_t..!.J,..~~.=-~y;~o.J-J...J..L::-----¥~~~/~~- ..;.....<.;;..LC'!:f!!· ~.;_ ~'~·-;;,~-; -;' .. - ··· tr-~~
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We can also obtain the influence line for the 

a:-:ial load on the slanted column, mernber 30, the too end 

of t~e colu.--n.."'l., is distorted a:dallv a unit distance- as 

shown in Figure 3.9e. 
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Fig. 3. 9e 
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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 
distorted as shown in Figure 3.9f. In 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 a permanent 
transverse distortion of 1 unit. It is also assumed that 
slope compatibility will be maintained between the two cut 
ends. 

~I 
r 
 ·..'!· 


r-16 

15•----~~~----~~------~----~~ 
X @ 

Fig. 3.9f 

Notice that when applying rne~~er 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 co~~ands and 

the STRUDL results. 
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STRUOL 'PROS 3.9 1 ' INFLUENCE LINES FOR A RIGID FRAME' S 14T 15 0010 

*************#*********************************
• * • ICES STRUOL I I VERSION 1 MOO 1 • 
* THE STRUCTURAL DESIGN LANGUAGE * * MASSACHUSETTS INSTITUTE OF TECHNOLOGY * 
* 
• 
* 

BRIDGE 
SPECIAL 

STATE OF CALIFORN[A 
DEPARTMENT DIVISION OF HWYS. 
STUDIES SECTION PH. 445-6519 

* 
* 
* 

* NOVEMBER 1969 INSTALLED APRIL 1970 * 
* 18:00:51 6/26/70 ... 
* * 
*********************************************** 

TYPE PLANE FRAME .S l4T 15 0020 

UNITS FEET DEGREES s l4T 15 C030 

JOINT COORDINATES s l4T 15 0040 

1 o.o 12.0 s 14T 15 0050 

2 5.6 12.0 .S l4T 15 0060 

3 11.2 12.0 s 14T 15 0070 

4 16.8 12.0 s 14T 15 0080 

5 22 ·"' 12.0 S 14T 15 0090 

6 28.0 12.0 s l4T 15 0100 

7 31.0 12.0 s 14T 15 0110 

8 34.0 12.0 S 14-T 15 0120 

9 37.0 12.0 s 14T 15 0130 

10 40.0 12.0 $ l4T 15 0140 

11 4-3.0 12.0 s l4T 15 1)150 

12. 46.0 12.0 5 l4T 1.5 0160 

13 49.0 12.0 5 l4T 15 0170 

14 52.0 12.0 S 14 T 15 0180 

15 55.0 12.0 S 14T 15 0190 

16 58.0 12.0 s l4T 15 0200 

17 59.6 12.0 $ 14T 15 0210 

18 61.2 12.0 S 14T 15 0220 

19 62.8 12 .a .s l4T 15 o23v 

zc 64.4 12.0 .s 14T 15 0240 

21 66.0 12.0 $ 14 r 15 0250 

22 67.6 12 .o s l4T 15 02b0 

23 69.2 12.0 $ l4T 15 0270 

24 70.8 12 .o 5 14 T 15 0280 

25 72.4 12.0 s 14T 15 C290 

26 74.0 12.0 s 
3-77 

s 14T 15 031)0 



27 16.0 o.o s s l4T 15 0310 

28 18.4 2.4 S 14T 15 \)320 

29 20.8 4.8 S 14T 15 0330 

30 23.2 7.2 S 14T 15 0340 

31 25.6 9.6 S l4T 15 0350 

32 58.o o.o s S 14T 15 0360 

33 58.0 2.4 s 14T 15 0370 

34 58.0 4.8 S 14T 15 0380 

35 58.0 7.2 S l4T 15 0390 

36 58.0 9.6 s l4T 15 0400 

JOINT RELEASES MOMENT z $ 14T 15 0410 

26 FORCE X $ 14T 15 0420 

27 FORCE X TH1 135. S 14T 15 0430 

MEMBER INCIDENCES s 14T 15 0440 

1 1 2 S 14T 15 0450 

2 2 3 S 14T 15 0460 

3 3 4 S 14T 15 0470 

4 4 5 S 14T 15 0480 

5 5 6 $ 14T 15 0490 

6 6 1 S 14T 15 05CO 

7 1 8 S 14T 15 0510 

8 8 9 s 14T 15 0520 

9 9 10 S L4T 15 0530 

10 1C 11 S 14T 15 0540 

11 11 12 s 14T 15 0550 

12 12 13 S 14T 15 0560 

13 13 14 S 14T 15 0570 

14 14 15 S 14T 15 0580 

15 15 16 s 14T 15 osqo 

16 16 11 S l4T 15 0600 

17 17 18 s 14T 15 0610 

18 18 19 S 14T 15 0620 

19 19 20 S 14T 15 0630 

20 20 21 s· l4T 15 0640 

21 21 22 S 14T 15 0650 

22 22 23 $ 14T 15 066;) 

23 23 24 
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S 14T 15 0670 



24 24 25 S 14T 15 u680 


25 25 2:) S 14T 15 0690 


26 27 28 S 14T 15 0700 


27 28 29 S 14T 15 0710 


28 29 3C $ l4T 15 0720 

~. ! 

29 30 31 .S 14T 15 0730 


3C 31 6 S 14T 15 0740 


31 32 33 S 14T 15 o7su 


32 33 34 s 14T 15 0760 


33 34 35 S 14T 15 0770 


34 35 36 S 14T 15 0780 


35 36 16 S 14T 15 0790 


MEMBER PROPERTIES PRIS~ATIC S 14T 15 u8co 

1 TO 25 AX 3.75 IZ 1.96 .S 14T 15 0810 

31 TO 35 AX 3.1~ IZ .786 S l4T 15 0820 

26 AX 2.01 IZ .322 S 14T 15 0830 

27 AX 2.54 IZ .515 $ 14T 15 0840 

28 AX 3.14 IZ .786 S 14T 15 C850 

29 AX 3.dC IZ 1.15 S 14T 15 0860 

30 AX 4.52 IZ 1.63 s 14T 15 1)870 

UNITS RADIA~S S l4T 15 C380 

LOAO!NG 1 'INFLUE'~CE LINE FOR ~MENT AT CENTER OF SPAN 2' S l4T 15 0890 

ME~SE~ 10 DISTORTIONS CONCENTRATED F~ 1.0 ROTATION Z -1. S 14T 15 0900 

LO~DING 2 'INFLUENCE LINE FOR ~OMENT AT C~NTER OF SPAN 3' S 14 T 15 c<no 

ME~BER 20 DISTORTIONS CONCENTRATED FR 1.0 ROTATION Z -1. S 14T 15 0920 

LOADING 3 1 1:-.!FlUENCE LINE FOR MOMENT AT THE LEFT END OF Si)AN 3' S 14T 15 0930 

MEMBER 16 DISTORTIONS CONCENTRATED FR 0.0 ROTATION Z -1. S 14T 15 0940 

LOAOI:-!G 4 'INFLUE~CE LINE FOR MOMENT AT TOP OF SLANTED COLUMN' S 14T 15 0950 

MEMBER 30 DISTORTIONS CONCENTRATED FR t.C ROTATION Z -1. S 14T 15 0960 

LOAOI~G 5 '!NFLUE~CE LINE FOR AXIAL LOAD AT TOP OF SLANT~D COL' S l4i 15 

ME~BSR 30 JISTURTIUNS CONCENT~iTEJ FR 1.C DISPLACE~E~T X 1.0 S 14T 15 

LOADING 6 '!NfLUE~CE LINE FOR SHEAR AT RIGHT ENO OF SPAN 2' s L4 r 15 

ME"~BER l5 DISTORTIONS CDNCENH.H~iJ FR 1.0 OISPL~CE:1ENT V 1.0 $ l4T 15 lCCO 

LOdOING LIST ALL s 14 r 15 lDO 

STIFFNESS ANALYSCS S l4T 15 LL4u 

LIST ~EACTIJNS OISPLACE~E~TS s l4T LS 1150 
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...•.•..........•........... 

•~ESULTS Q~ LATEST A~ALYSES•....•...•................... 


PIIOIILE~ • O'!JM J.q TITLt - I~FLUE~lCE t.:I~ES FO'! \RIGID FU'IE 

ACTIVE ~~ITS FEET L~ '!AD OE~F SEC 

AC.TIYF SUIJCT•JIIE TYPE PLA~f 

LllAOI~G - l l'lFL\IE"'CF LI'IF FJII '11l~E'lT AT CE"'H'I '1F SP\N 2 

'!F.SUL T.\l'of J liNT LUAtlS • S•JPP•I:\TS 

Jill NT 1-----------·--···-·· FJOCi 
X FORCE Y FtJRCE 

2~ •J.Lt, J•. Jt; •) ••.'SZOd•JIJIJ 
21 ~.ZH2l7~ ilo27A2lbQ 
ll .... n ..ll14 -~.~~lo.l257 

'lcSUL TA"'T J:ll'fT tliSPL4C~"'E~TS • S•JPP•!Of5 

········-·····--····11·····--··-···--···· ~O~E~T ··--··--··••••·--••/
l F,1~CE ~ 14ti"E'IT Y "0'1E"'T ! "0'1FIIIT 

-~. ~C•ltOIJ" 
•tj• '~IJC~'J4t 

1ol'72U5q 

JUI'<T 1••··-···--·--·---J I ~PLACE'IE "'T··---·--··•·•••••11···-----········---II!OTAT I1'1--••••••••••••••••·1 
~ OISP. Y 'liS"• Z DIS"• ~ROT. Y ~!lTo ! R'1To 

2~ 1.11-s,. 14·; 1}.·) IJ.-:., .. 1G64 
27 •• 1!9~8~-t .... 1~9)~91 ~., ..~9954 
ll II•".... ... J 

1··--·---···--·-··'11S~LACE~~'IT·------·-------··I/···················'10Tlfl1111···--··-····•••••••/ 
~Ill~~. 

I 1.31.:41~5 

z t.JJ~ ·~~~ 
1 t. ll~4P5 
~ l.l1 ...•4l )~ 
5., 1.31•.4115 

l.H'-"1'~ 
7 1.12 ~·~51 
8 L.U735l6 
9 L.J250tbl 
1•1 lolZ42il7 
11 I.JZZ747l 
17. 1.321211~ 

l3 l.31'h)77~ 

1 .. 1. H•l41.~ 
15 l.l10n.t-t4 
11> 
17 

I.J1~.:7~o•: 
l·l t .. ., ,,.,, 

u lo115~14J 

I"z.; 
1.11 ~·;r .... 
1.115... , ..... 

Zl 1.11~J741, 

22 1.315v74~ 

23 loll~l 74•: 
24 t.H~;74i.i 

H 1.115w14~ 

29 S.l~i~'>l" zo •.z:,;.t4J~'3 

J•J 1.l4-t741~ 

ll z.z 8Q441>d 

33 c.,75~1H 

3.. • .277H411 
'S t..57.,b3.:tu 

'" •J.9H~tl2 

L.JAD!NG - l lNFLIIF'iC'? 

~ESULTA'H J•li~T l·lAOS • SIJPP"'•rS 

v JISP. l !>I~P. I ~liT. Y '!liT. l '1·1f. 

-12. S~4H78 1!. 1~-.qq47 
-t .... 2""q~·s ':!.14!1'1~-.T 

-~ ..... 55~993 ,.,~~~'l47 

·5d212.117 o.Jo-.otu,.'? 
-3.5·1bi~54 o. '"~""" 7•I, 3H41~5 .,. '1«a~q441 
-•h 1;11·~22 ':.411 339~!> 
1. ~ 7~ H' \R t:.•l!16lt'CJ 
l.lH3H5 ., •• 3~-.!"'2 
3.717.!966 C.... 91oHO 
~.tot29U4 •').4CI':'!CIIi64 
3.n:~~olt4 ., ••424~21 
2o5H·154'1 •':,1•~?11Z 
1.470'.0\5 -~.)191517 
Joblli5'2 •'! ,2442~ ... 3 
~.v1.11117 .,.l'-tl'-11111~ 

•.,.t'#Hol74 -".1152!56 
- . 1 .341!1~2~ .. ••l.'!7to59CI~ 
...... 1'117'>2 -'l.nJeH2l 
• .... 765115 •'J,~n77~33 

.... 41t7l 74ft c.ot~577~ 

..n.4t9~t'.6 C,'I4C0797 
·••• 14H~77 1),1)5~,04') 

··"·Z'-''1677 t:'.'J~~14CI~ 
-4.:.ll:4C'l74 i,.,.,.~?l1'2 

-l!i.l7"•.lSZb ~.1'1,9'lH· 
-4.22G.J2 .. 9 l!.l9~9952 

•l.H45140: 'i.,9~CI'l511 

-2. l•l'lb452 0.1'189'14~ 
\:.~~ .. 26."3 -'1.'111112l55 
t,JIH5Z47 -o.t?•"'tltl 
•:.wi2787C •?.1H5"9 
tJ.o-17)4CJ4 •Col5bi>O'l~ 

Ll 'IE FC~ "''l"E'H A r CE'iTE~ OF SP~'I J 

JOI'IT 1···--······-----J··· FO~CE •·•••••••••••••••••·11··--····--···---·-· ~O"'E~r ···--···•••••••••••/ 
c Fn~Cf 

lb •::".C·)eO•.,~...., 
27 "•z !~Ob~·: 
32 •J.2A·l"bi>O 

~ESULTA~T JUl'iT OISPLACE~ENTS • 

Y FO•C~ l F:~Cc I ~O"'ENT Y "'OME .. T Z MO~F~T 

·J. H57o"2 
~.HO<I~'5 

-1.06117341 

OoO'lOCOOO 
•'l,C•l'IU01)4 
-'3.'7725q4~ 

SU~PD•TS 

JOI'iT 1·-·--------------~ISPLACc~E~T-··········-··•••I/·••••••••••••••••--ROTAT!ON•••·-----·····--··•/ 
X OlSP. Y JISP. l ol[SP. I •or. Y ROT, Z ROT. 

lb •l.ZOIJ1471 iJ.\1 ·ll.H297q6 
Z7 -l.4Z 745L 1 1.4271.56'1 -O.UH232 
32 il.l) o.o o.o 
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JNFLUE~CE LINE FO~ ~C~ENT 4T TOP OF SL&NTEO COLU~N 

RESUI.U'fT JUI"'T LilACS- SUPPORTS 

I.OAOI'IG - 4 

JOINT 

21!1 
27 
:u 

RESULT&NT JOINT 

Jlli'IT 

21> 
Z7 
)2 

QESIJLfA'IT J'li'IT 

JOI'If 

1 
z 
1 
4 
s 

"7 
a 

"1:) 
11 
12 
l3 
1• 
15 
a 
17 
lA 
19 
z: 
21 
zz 
ZJ 
24 
25 
2H 
ZQ 
)l 

31 
3l 
)4 

15 
!I> 

LllAOI'IG • ' 

RESULTA:H JOJ,1T 

Jlll:IT 

z~ 
Z7 
lZ 

RESULTA~T JOl'fT 

JOINT 

lb 
27 
32 

/•••••·--····-------- FD~CE ------------------••//•--••••··---------- ~ONE'fT -------------------1X FU~CE Y FORCE l FORCE X NnNENT Y NON!NT l NO~ENT 

u.oooooco•lloUOIIOOCO a.o'JOOil45 
c.ovuoOR5 -o.ooooococ.no·>o.;,85 c:.ooco1>.r.2•ll• UUO·lOA 5 ·•J.O<lO<JL !U 

DISPLACEMENTS - SUPPORTS 

/-----------------OISPLACENE~T----------------·/1·-----------------~0TATION------------------·/ 
X OISP, Y OISP. Z OISP, X ROT. Y ROT. Z ROTo 

o.oouctu o.o o.~oooO'l7 

u.auul55<o •ll.Cl.JOlTU l.0000ll" 
r.o lloU o·.o 

.IISPLACE~E"n - F~FE JJI'lTS 

/-----------------OISPI.lC~~E'fT·---------------·//••·----------------QOTATION-------------------1 
r 'liSP, _Y JISP. l 01$0, X ROT, Y ROT, 

u.:nc :n ll5 
..... .:c-•.. •ll 0 15 

-c.oJo~•Tq 
•J,·,o.lCZ!U 

tla\:U(II•\CJ'j 

•J.c,c. .. ot~5
c.:-..,..,ulqi 

••)a\.,hlUlJ!C17-o., l.l14Cie. 
••Ja\ol•H.·iQl6 

u.t>""•Jt.19~ ••J.~·.t('••lt25 
fi.ot:c:.·nq~ -J,'J·JOtl 1~11 
'- .tH .. •Jul q~ •\lal"'(•1f' \1 
u ... v~lll"" lJaoJ..!\.0011() 
c:t.~CCCLCJ'- Joll.l(•'l'o4 
O:o~C.UI, 1CIJ (;.1.1(,o:!Jl0<9 

O.wC0!!14l C.'-'u~:ll!>• 
o.o-..~tJl oz ,;,I)I)<;IH J7 
J,()CJ01'12 ~. u.)~•.r)~ 6 
OoUII"1~1 IJ,•J:.~~I.Oio8 
~.~.~t.:~'- liCaJ Ua!olf.t~o,()(:) 

u.=co..: 1q 1 -~ • .,,.. )~15 
(),CIJ~\11'11 -<J,,.)Qtr.J28 
u.ot.<h>l'll -v.•NI lO't~ 
~.J\#C;tql •O.UOOO\ll4J 
•J.:Jt>()l'll -~aO\J\.Ut,~)CI 

'Joi)U'II,ol q1 
v.J~r.>-: l"l 

-•>,,J<lC·O•H5 
-J.~:~-1)~28 

~...~,;,111)1., 1 -IJ,GJC;'l2C 
•J.('Io'JIJ\ CJ\ •t.•a•1·~CJ'-')lU 
'I,M\J12'11 -'I.I>~C 15~~ 
7o1UUIJ'l'l'l •7,2J01l4' 
... ~llt\•11 7 .... !Jt.1~22 
Z,<o<l0l01t31 -z. ~o·j~~~~-n 
UoJC•O:Ul5 ••·ll~c.-.,c·1l 
•J.')1)1'f('•J51 

·~ • .Jf..,\:':tr_o 
t. aW•.t•i\o1 ;,, 

~ aO\Jl..t'n•l 1 
\) .o ;000•'2 
o:,OOC\1\l~ 3 

L'JAOS • Sll~ 100RTS 

1-------------------- Foqce --------------------11------------------- ~a~e~r -------------------1X F~RCE Y FO~Cc L FOAC:E l ~O~E~T Y ~ON!'ff Z ~OME'IT 

\J.Y(;Q00t)C l),u4<11>7ZI •O.MOOOOO 
1J ,OZbC 1oe 8 OoOZI>OitRR -o.ao'looao 

•O.Clb<l<oH -0.0 7S72U8 !.'. 2'191273 

uiSPLACEMENTS • SUPPQ~TS 

1-----------------0IS"LACS~E~T--···-··------·-·//•••----------------~OTlTI~~---------------·---/ 
l OISP,, Y OISP, Z DISP. X ROT, Y ROT, Z ~OT, 

Uol21t002'i o.ooneH 
-t.260482a -o.o5~b"O 
c.c o.o 

L ROT. 

Cl.'lC:II'lt'H 
O.t.lOOOG~A 

o.olln"e•s 
Oo'lllllCO"
11.ooonc•• 
O.llOOOO~~ 
~.ocoor."' 
0.01)000"1> 
ll.~lll]r·Q2'1 

e.~,OI3Cl4
o.oooonoJ 

-c..oocc~~ 
-1),1)000012
-O.?OOOOU 
-O.Ot)OIJ<lll> 
•O.'JOC~Ol4 

•O.Il'lCC~lO 
•Q,I)Ilfti)()IJ~ 

-o. ooooe•n. 
•II.OOOOCC1 

O,'li!CIJ001 
C,'!0001)1)3 
0,1!1!1)1)01)5
o.ronot:lll> 
Oe\:O'!'Ot;-:'6 
1ol\'lC0114 
lo'lCI!nUt, 
lol'l'lO'lll4 
1.0C:OIIll4 

•Q,IJ~QOOll 
•II,IJI)C:I)Ql'l 
•O,CCC:0021 
-~.coooc2c 
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RESULTAIIT JOI~T 	OlSPLACE•E~TS - F~£5 JOI~TS 

JOIIIT /•·---------------OISPLACEMENT-----------------//•·-----------------~OTATION-------------------1 
l OJSP, 

1 Oo1Z544Qio 
z c.u5•"'• 
3 Uol25""" 

" llolZ544'11o 
llolZ544'11o 

6 o. 1254""" 
1 OoiZ5304'1 

Oo1Z51WZ 

' 
• Ool250155•
10 Oo1h1N8 
u OolZ4TZI>l 
12 0.1245113 
ll OolZ4.. 36to 
14 Ool21oZ'Il9 
15 0.12.. 1472 
16 OolZ4CU25 
IT Oo1Z40025 
u OoiZ40025 
19 o),IZ.,i1025 
20 r..u..aoz5 
Z1 o.u..oozs 
zz ColZ"'OH 
Zl o, Ulo0025 
H 0.1240025 
25 OoUioOOZ5 
Z! •1ol2Hl5" 
zq -0.91'1011>4 
511 •Oo8HJU'U 
3l -o.11 74'1'13 
)3 Oo0070U1 
)4 o.ozuon 
15 Oo054>1155 

" Oo0171456 

Y OISP, 	 L OISP, Jt ROT, Y ~OT, l ROT, 

ZoHlll'IH 	 -0.0566575 
z. 55HlZ I -o.o5u57s 
ZoZH53ll -o.o5u575 
1o'IZ1H94 -Oo0!665H 
lo6oJl'IU7 -0,056UH 
1oZUI>UO -o.os665n 
1oll11Z"o -0.056241o0 
C.'1500Ul -o.o5••••1 
0.7~7'1512 -0.052'1250 
0.6HllZ& -o.asoo1•• 
Oo4811>711J 	 -o.o...zn5 
0.35641>21 -Do04l7l68 
OoZl'IZ0111 -0.03631'15 
0.13'13760 -o.o3oo•u 
o.o"""" 	 •OoOZ303Z9 
lloO.lZilO'II> -0.11151436 

•oJoOU7l57 -o.otoans 
•ll,OlZ99l7 -0.0070339 
-Do0414147 -o • .,031>54'1 
-u,044U95 -o.oooraJ 
-0,04404'12 Oo0017517 
-0.0395646 Oo00377'11 
-o.oU1'165 Oo0053560 
-o.ozzusa o.oouan 
•0,0116934 o.oorun 

1o1HZ075 	 -0.0566550 
0.'1179950 -0.0566550
o.a"UTL -o.0566Hl 
0,7151>'144 -0.0566!51
o.ooo40t'l -o.oosuoa 
0.00111031 -0,0100344
o.oouo57 -0.0130631 
o.oouon -0.0147662 

LOADING • 6 INFLU[NC! llll( FO~ SHEAR AT ~IGHT ENO OF SPAN l 

RESULTANT JOINT LOADS - SUPPORTS 

JOINT 1------------ 'DACE ------------11--------- ~~ENT -------------1
X FORC[ 	 Y '0RC& L 'O~CI l ~OKE~T Y NO~E~T L NO~E~T 

u 	 0.~01101100 o.OH120I> -o.ooooooo 
Z7 OoOU41~S o.otsto145 -OoC'OOOOOO 
3Z -Oo0U4145 -o),Q5l~l51 Oo2l147H 

JOI~T t-------·--•'JISPLACE'4ENT--------II------------~OTATIOII--•---------·I 
X OISP, T OISPo L OISP. l ROT, Y ROT. L ~OTo 

26 	 Oollll 76717 o.oo5zzo• 
27 -o.l~LJ7•4 	 _.,,0400&70 
JZ 	 a.a o.o 

•ESULT~NT JOINT OISPL~CE~E~T$ - FREE JOINT~ ____,
JOINT 1-----------0 I SPLACENE'IT----------·---11------------ROUT1 ~!'t 

l 015"• 	 T OISPo Z OISI'o I ~OT. 1 ROT, L \OT, 

L 0.4)816941 loOJl1lZ! •0,0400671 
2 o.uau'l4a 0.101Jl77 -Q,0400!t71 
l OoOU&'I<ol 0,5U~6ZG -0.~40.,671.. o.oe811~"" u.H8H6'1 -o.o•00671 
5 a. oau~•a o.U.,21U _.,.04001>71 
~ 0,11186941 •0.0'101646 -'].0400671 
7 	 Ooll8H'IZ1o -o.ztoo7zz -0.0347735 

Oo01!fo90\ •Q,JZUUZ -0.0358927•9 o.:~auna -ll ...4H.,11 -0.0174247 
10 Oo0!8H54 ~.55217'12 -"·035369! 
11 	 o.oaunz -0.6!..4710 -0.0327271 

-'l. 747~,... 
ll o.oa7•Ha6 -0.8304691 ~.OZ!HO! 
14 G.OI71763 -o.~ot-0523 -0.02lZ168 
15 o.oa777t.o -0,'15714Z7 -O,~t6HS6
16 0.0876717 o .au 14ZOa -'l.OL07073 
17 Oo041b 717 -.:1.0132472 -o.oo•u11 
1a o.oa7Ht7 -<J,\12JJH3 -O,JQ4q733 
I~ o.OH67L7 -~.OZ'lll18 •0,0025842 
zo c.~87h7t7 -o.\llt 7H5 -11.oon~1J6 
Zl u.uH67t 7 -o,03LIIo50 O,:Oll1H 
zz C.J~t1b111 -0.027'1742 o.eoz~rzl) 
ZJ .;,.)876Tl7 -u.uzzH.. 5 O,llOH•~9 

Z" *oi.US767! 7 -1. 01••125'1 O.J04,!3l 
Z5 o.wa 7ft1t., ·Q,;JOUHS 0 o00501>1Z 
Z! -u.~'1115"'.Z'~' ~.Z'h'IH5 ••, • ~400& 70 zq -·l.! ..... ]Cf5 '·l'~!bb70 -o.o•oo&70 
10 -<J. LtJ34\~:1 ~.IOZHTS _.,,;J4006 7L 
3t •v,JUTHOZ \loUJ6U'Ill -1. ":400~7t 
H Oo0115()~~3 o.ooou•z -'l.00401H 
]lo OoJ I~H57 u.ooosoaJ -'l.~07'l'14l 
H u.~?ui!Z5 	 •O.~O'IZlH 

u 	 u.oa~oac• ~.~2'14'176 

uoUH3ol41 
H o.O~Z1015 (I.Jo II loa •Q,IllOUQ 1 



------- ----------

The joint displacements which are given in the 
STRu~L output can be plotted to give the influence diagrams. 
To illustrate the flexibility of the STRUDL output, three 
plots of the infl~ence line coefficients for moment at the 
center of Span 2 (loading 1) are shown in Figure 3.9h. In 
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 this is 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 col~~n. 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 shO\-m in Figure 3. 9g. 

±W. ,4. 


Fig. 3.9g 

In order to determine the moment at the center of 
Span 2 due to this loading condition, obtain the coefficients 
under each of the applied loads (see Figure 3.9h). The values 
of these coefficients are as follows: = 11.4 in.;d1 

= 62.2 in.; and d3 = 2.9 in. The moment is then given byd 2 
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 product of "w" and the area 
under the influence diagram. This area may be found by using 
numerical integration. 

The influence coefficients for a moment at the center 
of Span 3 (loading 2) are sho\vn in Figure 3. 9i. The coeffi 
cients in this diagram are for loads applied normal to the 
members. 
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INFLUENCE LINES - MOMENT AT CENTER OF SPAN 2 
( HORIZONTAL LOADS ON SLANTED COLUMNS ) 

INFLUENCE LINES - MOMENT AT CENTER OF SPAN 2 
( VERTIC~L LOADS ON SLANTED COLUMNS ) 

INFLUENCE LINES - MOMENT AT CENTER OF SPAN 2 
NORMAL LOADS CN SLANTEa COLUMNS I 

Fig. 3.9h 



,...,... 

0.0LOADING 2 
INFLUENCE LINES - MOMENT IN CENTER OF SPAN 3 

Fig. 3.9i 
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3.10 Examole Plane Frame Problem 

AIYGiobal 

-OJt 

X Global 

i< = I x 105 K I inch 

to' 32' 

Use STRUDL to determine the forces, reactions, and disolacements 
in the structure shown above for the following loading conditions: 

1. 	 Dead Load 

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

3. 	 A temperature differential developing in Member 2, the top 
fiber temperature increasing by 40° F while the bottom fiber 
temoerature increases bv 20° F. (Use a temperature expansion 
coefficient of 0.000 oo6s) 

4. 	 Support sattlement at Joint 1. 

Also, determine the section forces at the 0.2 point of Member 2 
for a combination of all loading conditions. 

Use the indicated membe.:- and joint numbering and a Young's ~-!-:)cul·.Js 
of 30,000 ksi. 
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The ICES/STRu~L coding for this problem is as follows: 

STRUDl 1 PROB3.I0 1 1 EXAMPLE PLANE FRAME PROBLEM' $ 14T 60 0010 

TYPE PlANE FRAME S 14T 60 0020 

UNITS FEET KIPS S 1~T 60 0030 

JOINT COORDINATES S l~T 60 0040 

1 SUPPORT $ 14T 60 0050 

2 10. 24. S 14T 60 0060 

3 42. 16. S 14T 60 0070 

4 54. SUPPORT S l4T 60 0080 

MEMBER INCIDENCES S 14T 60 0081 

1 1 2 S 14T 60 C082 

2 2 3 S 14T 60 0083 

3 3 4 S l4T 60 0084 

MEMBER PROPERTIES S 14T 60 0090 

1 VARIABLE S 14T 60 0100 

SEGMENT 1 TABLE 1 STEELWF 1 1 24WF160 1 lENGTH 9.0 S 14T 60 0110 

SEGMENT 2 TABLE 1 STEELWF 1 1 24WF130 1 LENGTH 9.0 S 14T 60 0120 

SEGHENT 3 TABLE 1 STEELWF 1 1 24WF100 1 LENGTH 8.0 $ 14T 60 0130 

2 TABLE 1 STEELWF 1 '24WF160 1 S 14T 60 ?140 

3 TABLE 1 STEELWF 1 1 24WF145 1 S l4T 60 0150 

UNITS INCHES DEGREES S 14T'60 0160 

JOINT 4 RELEASE MOMENT Z TH1 36.8533 KFX 1.E5 S 14T 60 0170 

CONSTANTS E 3.E4 ALL S 14T 60 0180 

CTE 6.5E-6 ALL S 14T 60 0190 

UNITS FEET POUNDS RADIANS S 14T 60 0200 

LOADING 1 1 0EADLOA0 1 S 14T 60 0210 

MEMBER LOADS FORCE Y GLOBAL S l4T 60 0220 

1 UNIFORM W -160. LA O. LB 9. S 14T 60 0230 

1 UNIFORM W -130. LA 9. LB 18. $ 14T 60 0240 

1 UNIFORM W -100. LA 18. LB 26. ~ 14T 60 0250 

2 UNIFORM W -160. $ 14T 60 0260 

3 UNIFORM W -145. S 14T 60 0270 
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LuADING 2 'WlNDLOAD 1 s 14T 60 0280 

M~MBER 1 LOAD FORCE X GLOBAL PROJECTED UNIFORM w 1040. s l4T 60 0290 

LOADING 3 'LEFT SUPPORT SETTLEMENT AND ROTAT10N 1 s 14T 60 0300 

JOINT 1 DISPLACE~ENT DISPLACEMENT Y -.04 ROTATION z. -.005 s 14T 60 0310 

LOADING 4 •TEMPERATURE LOADING' s 14T 60 0320 

MEMBER 2 TEMPERATURE LOADS AXIAL 30. BENDING Z -20. s 14T bO 0330 

LOADING COMBINATION 5 COMBINE 1 1. 2 1. 3 1. 4 1. $ l4T 60 0335 

LOAD Ll ST ALL s l'tT 60 0360 

UNITS KIPS s 14T 60 0365 

PRINT DATA $ l4T 60 0370 

STIFFNESS ANALYSIS $ l4T oc 0380 

OUTPUT DECIMAL 4 $ l4T bO 0390 

LIST FORCES REA C. TIONS DISPLACEMENTS $ 14T 60 0410 

LOAD LIST 5 s 14T 60 0420 

LIST SECTION FORCES MEMBER 2 SECTION FRACTION~L NS 1 0.2 s l4T bO 0430 
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3.11 EX~PLE PLANE FRAME PROBLEM 

YGlobal 

20' 50' 	 20' 

8 

K =1000 KIP FT. 
RAD. 

X Global 

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 
SA. 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 \-tide. 
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 loading condition. Process this 
problem on STRUDL. 
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STR.u'DL - TABLE 


STA.~DARD BRIDGE COLUMNS 'STDERCOL' 


101 

TYPE 5A 
X NAME 

0. 'COL5ATOP' 
I. 'COL5AI' 
2. 'COL5A2' 

'3. 'COL5A'3' 

4. 'COL5A4' 
5. 'COL5A5' 
6. 'COL5A6' 

7. 'COL5A7 1 

8. 'COL5A8' 
9. 'COL5A9' 
10. 'COL5AIO' 
II. I coL 5A II' 

12. 'COL5AI2' 
13. COL5AI3'I 

14. 'COL5A80T' 

AREA 

'36.6 

'33.9 
01.7 
28.5 

~~:~ 

21.2 

19.0 
17.2 
15.7 
13.8 

1"3.0 

12.7 

12.6 

12.6 

STRu~L ~odel of variable members. 

F C.G. Bent Capr------e----- -,- 
____.-: Seg., I I -~t 

----- ~~-' 
2 YL1 ISeg. I

~----+:---1 
5~3 

--Seg. i 4- 

.------1 
I I----1 

Seg. 5 
I 

I---1-Segl:
_..!

I 
__ 

-"' -... 

(1.1 

"~-i 


' 
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.-
STRUDL model for influence line coefficients. 

YGlobal 

50' 20' 


2@ 10 10@ 5 ~ 2@ 10 


I 

4::J--_ 5 6 7 a 9 10 II 12 13 14 15 16 17 


a II 12 13 14 15 16
9110 

-~ ;~4.21'1'-: 
L() 

10.72' 

.15.0' 

5.o· I 


~-_;10_.0_'_ ____10_.0_'-1· · 1 


Member 3 Member 4 
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The ICES/STRu~L coding for problem 3.11 is as follows: 

STRUDL 'PROB3.ll 1 'EXAMPLE PLANE FRAME PROBLEM, BRIDGe BENT' $ 14T 60 0010 

$ INFLUENCE LINES USING MULLER-BRESLAU PRINCIPAL $ l4T 60 0020 

TYPE .PLANE FRAME $ 14T 60 0030 

UNITS FEET KIPS DEGREES $ 14T 60 0040 

JOINT COCRDINATES s 14T 60 0050 

1 X 9.28 y 5.0 SUPPORT $ 14T 6a Oa6a 

2 X 1~.79 y 29.27 s 14T 60 0070 

3 X o.o y 45.0 .S 14T 60 0080 

4 X 10.0 y 45.0 $ 14T 60 0090 

5 X 20.0 y 45.0 s l4T 60 0100 

6 X 25 .a y 45 .a $ 14T 6a 0110 

1 X 30.0 y 45.0 s 14T 60 0120 

8 "( 35.0 y 45.0 .$ 14T 6a 0130 

9 X 40.0 y 45.0 s 14T 60 014a 

10 X 45 .o y 45 .o S l4T 60 0150 

11 X 50.0 y 45.0 $ l4T 60 0160 

12 X 55.0 y 45.0 s 14T 60 0170 

13 X bO .0 y 45.0 $ l4T 60 OlSO 

14 )( 65 .o y 45.0 s 14T 60 0190 

15 X 70.0 y 45.0 $ 14T 60 0200 

16 X 80 .o y 45 .o $ 14 T 60 0210 

17 X 90.0 y 45.0 $ 14T 60 0220 

18 X '74.21 y 29.27 $ 14i 60 0230 

19 X 82 .o 6 y a .a SUPPCRT $ 14T 60 0240 

JOINT l RELEASE THl -15.0 KFX 5. E3 $ l4T 60 0250 

UNIT$ ~AC'!.ANS s 14T 60 0260 

JOPH l RELEASE KMZ l.E3 $ 14T 60 0270 
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MEMBER INClQENCES $ 14T 60 0300 

1 2 l s 14 T 60 0310 

2 !' 2 ~ l4T 60 0320 
,_.. 

3 3 4 S 14T 6C 0330 

4 4 S 14 T 60 0340 

5 6 $ l4T 60 0350 

6 6 7 S 14 T 60 0360 

7 7 8 $ 141 60 0370 

E e S l4T 60 0380 

9 9 10 $ 141 60 0390 

10 10 11 s 141 60 0400 

11 ll 12 ! 14 T 60 0410 

12 12 13 ~ 141 60 0420 

13 13 14 $ 14 T 60 0430 

14 14 15 $ 14 T 60 (440 

15 E 16 !. l4T 6C 045C 

16 16 17 $ 14T 60 0460 

17 1" H $ 14T 60 0470 

18 1E' 19 !. 14T 60 0480 

MEMBtR PROPE~TIES ! l4T 60 0500 

l le TABLE 'STDflRCOL' 1 COL!'AE'01 1 $ 141 f>O C510 

3 16 PRlS~tTIC AX 18.76 AY 15.63 IZ 34.39 $ 14T 60 0520 

4 15 PRISMATIC AX 24.28 AY 20.23 JZ 74.55 $ 14 T 6C 0530 

5 TO 14 P~IS~AllC AX 28.0 AY 23.3 IZ 114.33 ! 14T oO 0540 

2 17 VARIAELE $ 141 60 0~50 

SEGEME"JT 1 TABLE 1 ST[;P.RCCL 1 1 COL5A10P 1 l 2.28 S l4T 60. 0560 

SFGE:I'IE'IIT 2 TABLE 'STD9'<(C:l' 1 COL5A1' L 2.0 $ 14T 60 0570 

SEGEME:~T 3 TABLE 1 STt.6RCOL' 1 COL:A3 1 l 2 .o $ 14T 6C 0580 

!:FGEMP!T 4 TASLE 1 S1DBRCOL' 1 CClL5A5 1 L 2 .o $ l4T 60 (•590 

SEGEMENT 5 TABLE 1 STD8RCUL 1 'COL5A8' L 4.0 S 14T 60 0600 

SECE:I-'E:IIJT o TABLE 1 STOERCOL' 'CC'l5Al2' l 4.0 1 14 T 60 0610 

UNITS INCHES RADIANS ~ l4T 60 G620 

CONSTA~TS E 3COO. ALL 1 14 T 60 0630 
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