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5.1 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. 

For the three dimensional structure STRUDL offers 
the space frame analysis capability. This frame analysis 
capability has no restrictions on location of joints, direc
tion of members, or direction of loads. Each joint has six 
possible displacement components as shown in the sketch below. 

y 

·z 

Fig. 5.1a 

Joints completely unrestrained may translate and rotate about 
the X, Y and z axes. 

The individual member deformations considered in 
the space frame analysis are axial, torsional, and flexural. 
In addition to these the user has the option to have shear 
deformations included in the analysis. This option should 
be used when members have appreciable depth relative to their 
length. This is done by specifying the effective shear area, 
which is the cross sectional area multiplied by a shape factor. 
The shape factors for several sections are given in Appendix 
D. For the space frame analysis the effective shear areas are 
AZ and AY, either or both of these may be specified. 

Unless otherwise specified, STRUDL assumes that the 
members of the space frame are rigidly connected at the 
joints. The individual members of a space frame may respond 
to external loadings by internal resisting axial forces, 
torsional couples and bending couples about the local axes 
of the members. Each member must satisfy the following 
conditions of basic Strength of Materials or Engineering 
Beam Theory: 

1. 	 The line joining the ends of a member (i.e., the 
local x-axis of the member), should contain the 
centroids of all cross sections of the member (the 
centroidal axis). 
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2. 	 The shear center of each cross-section should 
coincide with the centroid, so that bending and 
twisting are uncoupled and can. occur independent 
of one another. (Ref. 5.1} 

3. 	 The principal axes of inertia of each cross section 
are the local Y and z axes. 

4. 	 STRUDL considers only members of constant cross 
section or members made up o.f segments, each seg
ment with a constant cross section. 

Most variable depth members can be modeled with 
sufficient accuracy by taking enough segments of constant 
cross-section. Curved members and arches may be approximated 
by a polygonal made up of a series of members. Since STRUDL 
considers only uniform torsion, the results would provide a 
good approximation for rectangular or box sections, but might 
not be applicable to rolled wide flange sections or cases 
where the effect of restrained warping may be important. 
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5.2 Usage 

Analysis of a three dimensional structure using 
STRUDL can be an expensive undertaking particularly for the 
larger structures (structures having approx. SO joints, with 
300 degrees of freedom, or more). Before analyzing a struc
ture as a space frame, the user should consider the possibility 
of modeling, i.e., idealizing the actual physical structure as 
a two dimensional structure or a combination of two dimensional 
structures. There are, however, some limitations on the anal
ysis of two dimensional structures, in which case a space 
frame analysis will be necessary. For the plane frame, one of 
the principal axes of inertia for .each member and the centroidal 
axes for all the members must be in a single plane. Frame 
structures with members that do not have their principal axes 
of inertia or centroidal axes in a common plane or have loads 
that cause deformations or rotations out of such a plane will 
require a space frame analysis. · In the case of plane grid 
structures, the centroidal axis and one of the principal axes 
of inertia for each member must be in the plane of the grid. 
Forces must be applied perpendicular to the plane of the grid, 
and couples must have their moment vectors in the plane of 
the grid. Grid structures which do not satisfy these condi
tions should be analyzed as space frames. 

5.3 Joint Numbering for Efficiency 

The user can improve the efficiency of a STIFFNESS 
ANALYSIS by giving consideration to the joint numbering. The 
joints should be numbered in such a way that the maximum 
difference between the ends are kept to a minimum. This will 
minimize the band width of the structural stiffness matrix 
and consequently reduce computer time and required storage. 

Briefly, the structural stiffness matrix is obtained 
by the systematic addition of the individual member stiff
ness matrices of the system. The stiffness matrix of the 
idealized structure, (i.e., the structural model) relates 
the joint forces to the unknown joint displacements by the 
following equation: 

In which { Rl is the column matrix of joint forces [K) is a 
square stiflness matrix, the element of which are the elastic 
properties of the materials and the coordinate ·of the joint,· 
and {r} is the column matrix of joint displacements. This 
equation represents the equilibrium equation of the whole 
structure, each row of which is an equilibrium equation at 
a joint. The solution of the problem necessitate~ the 
determination of the unknown joint displacements tr} in the 
above equation. 

To illustrate efficient joint numbering consider 
the two following simple cases: 
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1 2 
 1 6 

3 4 
 2 7 

5 6 
 3 8 

7 8 4 9 


9 10 5 10 


11 12 11 12 


CASE i 
 CASE ii 

6 7 8 9 10 I 2 3 4 5 6 7 8 9 10
I 2 3 4 5 

I X X xL I X X x'L..., 
2 ~X1 X X, 2 ~x1 x x


L L L.:-, XL .,

3 X 1 X X XI 3 X LX X XLL.:l L-,

4 X X LX- XL 4 x1 X X XI 
.., , L.: L_ 
5 X LX X XL 5 xl x X
L.: 
6 x x1 x x1 · 6 X -,X X 


t.: L L 

7 x 1 x x x1 7 X X1 X X 


~-, L- L.:-, 

8 X X LX X 8 X 
, -. 

X~ X 

9 X LX 9 X XI X X
X 
 ~ 
10 X xl X 10 X X~ X 


[K] CASE i [K] CASE ii 


Fig 5.3a 
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Note that the stiffness matrix is symmetric about 
the main diagonal. The elements on the diagonal and above 
diagonal denoted by the hash marks are stored and utilized 
in the solution of the joint displacements. Each term of 
the matrix is submatrix representing the degrees of freedom 
at a joint. (i.e., a 2 x 2 submatrix for a plane frame, a 
3 x 3 submatrix for a plane frame or grid and a space truss 
and a 6 x 6 submatrix for a space frame). 

The band width for a case i) is 3 times the number 
of degrees of freedom and for case ii) the band width is 6 
times the number of degrees of freedom. Thus, for a plane 
frame structure the band width for case i) is 9, which is 
much more efficient than the band width of 18 for case ii). 

The STRUDL user can control the actual internal 
joint numbering in one of two ways. First, in the unrestricted 
mode, which is assumed, the internal joints numbers are 
assigned sequently in the order that they are entered. 
Secondly, the user can explicitly specify that the internal 
joint numbers are to be the same as the external joint num
bers by the SET ELEMENTS INTERGER command. 

The user can obtain the internal joint numbering 
for case i) using the external joint numbering for case ii) 
simply by describing the joint coordinates as follows: 

COMPUTER "'SYSTEMS 

ICES 
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5.4 Pedestrian OVercrossing Problem 

To illustrate the use of STRUDL commands in the 
analysis of a space frame structure, consider the simplified 
'Pedestrian Overcrossing' in Figures 5.4a and 5.4b. 

The 	concepts to be explained in this problem are: 

1. 	 The special case BETA, where the local X axis is 
parallel to the global Y axis. 

2. 	 The commands used to apply wind loads in the global 
coordinate system. 

3. 	 The commands used to apply uniform moments to 
members. 

4. 	 The member properties that are required for a 
space frame stiffness analysis. 

The commands shown below, describing the structure 
as modeled in Figure 5.4b, are entered in the same manner as 
previously described in this manual. Note, however, the new 
command TYPE SPACE FRAME which informs STRUDL that the struc
ture to be analyzed is a space frame. Next, the units intended 
for the coordinates are specified by the UNITS FEET command. 
Following this, the description of the joint coordinates are 
given in the JOINT COORDINATES command, followed by a list 
of joints with their respective global coordinates. 

The joint coordinates selected for this problem 
were simplified to illustrate the use of STRUDL for a space 
frame analysis and were not intended to be an accurate model 
of the curved structure. Another more accurate model could 
be produced by simply using more members or by specifying the 
matrix for a curved member. 

The user should be cautioned at this point that in 
modeling curved sections it is advantageous to orient the 
members of the polygon in a tangential direction at points 
of specific interest to enable direct use of the member end 
forces. If the member segments are not oriented in a tan
gential direction, the user can resolve the member end forces 
into a tangential direction. Torsional forces in areas of 
high bending moments can be significantly effected even for 
small angles. 

The commands shown below: (1) initiate PROB. 5.4 
and (2) describe the position in space that the joints, 
selected by the designer, occupy. 
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SPACE FRAME 

60' 20' 

Column I A 

A 

PLAN 

z 
SECTION A-A 

y 

Superstructure D.L. 1.9ktft. 

Column 3 ~ 15• 

/w;;..•<jY <'-/~~- X 

z ELEVATION 

fig. 5.4a 
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SPACE FRAME 


® ® 
9,11 Bot. 

8.48' 
ELEVATIONS OF POINTS ON "'typ: X 

HELIOIDAL RAMP2--
Pt. Elev. 
I 0® Ja.48- typ. 2 4.2 

3 6.0 
4 7. 8 ( col. 2 ) 
5 9.6 
6 11.4 
7 13.2 
8 15.0 (col. I ) 

Encircled numbers denote member numbt>rs. 

PLAN OF MODELED STRUCTURE 

Fig. 5.4 b 
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The following commands refer to the connectivity 
of the members. The standard form of the MEMBER INCIDENCES 
command is used to show which members frame into each joint. 

Next, the fixity of the support joints are given 
by the command: JOINT 10 RELEASE MOMENT XYZ. This command 
will release the moments in the global X, Y, and z directions. 
A physical representation of this joint would be a ball and 
socket type joint. 
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The next two sets of commands describe the member 
properties and give the constants to be considered in the 
STRUDL analysis. Calculations for the member properties are 
shown on the following pages. The first command, UNITS 
INCHES KIPS DEGREES, resets the units for ease of entering 
member properties. The next commands given describe the 
properties of the members that make up the space frame. For 
a ST~UDL STIFFNESS ANALYSIS of a space frame the minimum 
requ1red member properties are the following: 

1. AX (Cross-sectional area) 

2. IX (Torsional Rigidity) (See Appendix D) 

3. IY (Moment of inertia about local y axes) 

4. IZ (Moment of inertia about local z axes) 

In order to ask for section stresses later in the 
program the ~ection modulus is also given at this time. 

The next block of STRUDL commands gives the program 
the constants to be considered in the analysis. Since the 
units have been set to feet, kips and degrees in a previous 
command the constants must be given in the same units unless 
a change of units is first respecified. The rules outlined 
in Chapter 1 will be used to determine the BETA angles. For 
Member 10 the positive local X axis is in the positive global 
Y direction (see Figure 5.4c). Therefore, the reference z• 
axis is placed in the global z direction. This establishes 
the reference Y' axis in the negative global X direction. 
Then rotating in a positive sense about the local X axis to 
the local Y axis we find the BETA angle to be 230°. The BETA 
angles for the other columns are found in a similar manner 
and entered in the BETA 230. 10 270. 11 300. 12 command. 
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COLUMN MEMBER PROPERTIES 

2' 
A 2' X 3' 	 = 6 sq.ft.= 

IZ 1Az • 2 x 3 3 = 4.5 ft. 4= 
IY = 'Az X 3 X 2 3 = 2 ft. 4 

I X : R = B bd3 (REF 5.2)z.J 
y 

bfd = 3fz = 1.5 :. B = 0.196 

X axis 
comes out Ix = R =0.196 lC '3 x 23 = 4.704 ft 4 

SZ ·=4·5/J.s = 3.0 ft. 3 Sy =2/1 = 2 

SUPERSTRUCTURE MEMBER PROPERTIES 

101 

c 

.52 
 ·11 	 AX = 12.71 ftZ 

IY = 120.63 ft.4 

IZ = 28.56 ft4 

IX = 69.6 ft. 4 

NSY .. 120.8f2.23 = 54.2 ft 3 

s~ :::: 2s.s15 = 572 

Using REF 5.2 to find lx : 
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( 1.5,0) (8.5,0) 

FINrTE ELEMENT MESH TO DETERMINE 

SECTION PROPERTIES 

REF. 5.3 

A computer program is available for co leu lotion of section properties 

LOADINGS 

OL = 12.72 X 0.15 = 1.908 KfFT =1908LBfFT 

LL = Assume GOLBfsQ.FT. =GOx 10 = GOOLBfFT 

OL + LL = 2508LBfFT Say 2510 

GROUP II TRANSVERSE WINO 

50LBfsQ.FT. X 4' : 20QLBfFT. 

GROUP II LONGITUDINAL WINO 

12 LBfSQ.FT. X 4' : 48L8/FT. 

OVERTURNING 

~ 
200 t. 

20LBfSQ.FT. l( 10' wide : 200LBfF'T. M =200 ll 2. 5 I : 500 FT-LBI FT 
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The next set of commands are used to describe the 
loading conditions that will be applied to the structure. 
The loadings described below are shown in Figure 5.4d. The 
first command UNITS FEET LBS redefines the units to be used. 
Following this command, loading 1 is given to describe the 
effects of dead and live loads. Since the global x-z plane 
represents the ground surface, it 'vould be useful to apply 
wind loads parallel to this surface. This is accomplished 
by giving the wind loads in either or both of these global 
directions. Also, since some members of the space frame are 
inclined, it would be convenient to apply the wind loads 
onto the members in the global Z direction. This is accom
plished by using the command MEMBER 1 TO 9 LOADS FORCE Z 
GLOBAL PROJECTED UNIFORM W 200. Note that the individual 
member load intensities have been specified as a function of 
the member lengths projected on a plane normal to the wind 
direction. Members that are not perpendicular to the loading 
direction will have their load intensities resolved auto
matically by the program. This same technique is used for 
applying wind forces in loading 3. LOADING 4 'OVERTURNING' 
shown in Figure 5.4d introduces the concept of applying a 
uniform torque to members of the structure. Notice that the 
loads have been given in the member local axis directions. 
This causes the sign of the uniform moment to change depending 
upon the direction of the local X axes. 

Loading 5 is a combination loading command that is 
used before a stiffness analysis. This command combines the 
loadings in the proportions determined by the designer and 
uses the combined loads in the analysis of the structure. 
Note carefully the form of this command and the difference 
between it and the COMBINE command. The COMBINE command is 
used only after a STIFFNESS ANALYSIS has been performed. 
The COMBINE command combines the results from various loading 
conditions. 

The LOAD LIST ALL command is given next to tell the 
program what loadings are to be considered in the forthcoming 
analysis. In STRUDL II the command is not needed if all loads 
are to be considered in the stiffness analysis. The LOAD 
LIST command is useful then,to consider only certain loading 
conditions, if that is the designers choice. 



z 
ELEVATION OF MODELED STRUCTURE 

XL 

!1-v• 270° 
lL 

y'y' 3QO• 

z• 
z• @ ® ®z' 

y y y 

X X X 

z . z z 


COLUMN BETA ANGLES 


Fig. 5.4c 
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LOADING I 

DEADLOAD PLUS LIVELOAD 

8 9 10
• 

6 2 


LOADING 2 

WIND GROUP ll TRANSVERSE 

4 


8 9 10 


- ...."0 L 
GJ m-- _,~ 0 6 2 

·c; cx:i 
ct v 


LOADING 3 

WIND GROUP II LONGITUDINAL 

Fig 5.4d 
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The next set of commands will be used to verify all 
data submitted, and then instruct STRUDL to perform the 
analysis and obtain results. The command PRINT DATA will 
result in a full print out of structural data and loading 
conditions. The commands following this are then used to 
obtain results for the various loading conditions. These 
commands have been discussed in prior chapters. 

To obtain the section stress at the 1/10 points 
for member 8, the followi~g command may be given: 

SECTION FRACTION DS 0.0 0.1 

LIST SECTION STRESS MEMBER 8 

This command instructs the computer to compute the 
section stresses for the various loading conditions. 

1 .... 

The following output was obtained from the series 
of comman~s just described. Results should always be checked 
to see if they are reasonable and only used after the designer 
is sure his commands have been interpreted properly within 
the STRUDL program. 

._.J 
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-..---·--·-~---,---·-
.....-:r- ~("" ~ 

....-- ...~-~·· -~- < ' 

. .,A_ c; TI'!Hll tDP,I"~ 5.4' 'PE~ESTRt~N OVERCROSSING' $ 14T 15 OOIG. 
• -~~'1 
"-'·t:· *********************************************** 

* * * ICES ST~UOL T1 VERSt ON 1 "10!) 1 * 
THI: STRUCTlJt'Al DES Tr.N l ANGlJAr.F.* * MASSACHlJSHTS INSTITUTE OF TECHNOLOGY* * 

STATF OF CI\LI FIJRN I A ** F\R I OGF l"lEDAR TMFNT nrvt sHJN oF HWVS.* * SPECIAL STIJD!ES SECTJ1"1N PH. 445-6519* * 
"lOVFM~FR 1969 INSTALL EO APRIL 1970 ** 21:46:1 q 12/10/70 ..* 

* * 
*********************************************** 

TYPF SPACE FRAME $ 14T 15 OOi!O 

IJN T1' S FEET $ 14T 15 0030 

JOINT COnROINATES ' 14T 15 0040 

' 
1 12. o. -22. SUPPORT $ 14T 15 0050 

] 2. 4.2 o. $ 14T 15 0060 

3 R.48 6.0 8.48 s 14T 15 0070 

4 0 7.8 12. $ 14T 15 0080 

5 -8.48 9.6 8.48 $ 14T 15 0090 

6 -12 11.4 s 14T 15 0100 

7 -R.48 13.2 -8.48 s 14T 15 0110 

R o. 15. -12. $ 14T 15 0120 

· 15. s 14T 0130·-~-· 9 60. -12. 15 

tO ~0. 15. -12. c;UPPORT $ 14T 15 0140 

11 60. 0 -12. SUPPORT s 14T 15 01'50 

l? o. 0 -1?. SUPPOlH s 14T 15 016() 

13 o. 0 -12. SUPPORT s 14T 15 0170 

MEM~!=~ TNCTOEI'\lCES $ 14T 15 01!~0 

1 L 2 $ 14T 15 0190.. 
2 2 3 $ 14T 15 0200 

3 3 4 $ 14T 15 0210 

4 4 5 $ 14T 15 0220 

5 5 6 $ 14T 15 0230 

,.. 6 7 $ 14T 15 0240 

1 1 A 't 14T 15 0250 

R R q ~ 14T 15 0260 

q q 10 $ 14T 15 0270 

~~10 11 9 $ l4T 15 0280 

11 13 A s 14T 15 02CJO 
/ ,··.l 1'':.1 '. 

'"':, ... "'""'V. 12 tz .. 4 't 14T 15 . 0300 
_;.....; , oi".,;.i . ___..-:.. , ... 
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JnT~T 10 PFLEASE ~~M~~T X V 7. 

tHJTT<; FEFT KYP<:; DF.Gf)EES 

~FM~FO PPOPFRTIES PRTSMATTC 

1 THPII q AX 12 .. 72 IX 6CJ.6 IZ 28.6 JY 120.8 SZ 5.7 SY 54.2 


10 THPII 12 AX 6. tX 4.7 IV 2. J.l 4.5 Sl 3. SY 2. · 


CONSTANTS 


F 432000. ALL 


r. 172800. All 

~FTA 2l0. 10 270. 11 300. 12 


\Jt.ITTS F'f:FT l~S 


l nAOJN('; 1 'nEAOLOAO PLUS lTVELOAO' 


ME~RE~S 1 THP\J q trJAOS FOPCF. Y GLORAL U,_,fFt::'R.M W -2510 


LnAOI!IIG '? 'WINO G~OUP II TPANSVE~SF' 


114E,.~FR 1 TO q LOADS FORCE Z (';L013AL PROJEC·TFO UNIFOP~ W 200 


LOAO!!IIG 3 'WINO G~ntJP It l!"NGTTUOIIIIAL 1 


14E14RER 1 TO 7 LOAOS FORCE )( GLOBAL PROJECTED UNIFORI' W 48 


LOADING 4 1 0VERTIJ~NING• 


MF.MPFR 2 TO 9 lOADS FORCE Y GlOBAL UIIIJFORM W 200 


14F.MRFP LOADS 114014ENT X 


2 TO 5 '.INJFOR114 W -500 


6 Trl q Ut-Jif=OR114 W 500 


trADING C014AJNATTON 5 COMBINE 1 1. 2 1. 3 1. 4 1. 


I nAn LIST All 


PPINT OATA 


$ 14T 15 


$ l4T 15 


$ 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


I 14T 15 


-S 14T l5 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


S 14T 15 


0310 

0320 

0330 

0340 

0350 

0360 

0370 

0380 

0390 

0400 

0410 

047.0 

0430 

0440 

.0500 

'0510 

0560 

0570 

0580 

0590 

0600 

0610 

0620 

0630 
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•••••••••••••••••••••••••••••••••••••••• 
····························~··········· • PDO!IlFI4 OAT.\ FR014 INTERNAl STORAGE * 

JOB TITlE - P~OEST~IAN OVEPCROSSING 

ACTJV~ U'IITS - l El'lt:TH WI' IGHT ANGLE TEMPFIIATtlttE TJ'1E 
HFT LB OEG OEGF SEC 

********** STRUCT 1JR-l f'\ATA ********** 

i 
1 

ACTIVE HRtlrTUP.E TYPE - SP\C~ 

ACTTVF COORDINATE AXES X Y l 

JOINT COOP.I'INATFS--------------------------------------1 STATUS---I IJOINT ~ Y CONOlTIIJN 
I 

17.000 (),I) -22.000 SUPPni'T ACTIVE 
~ 12.000 •• zoo o.o ACTIVE 
\ 8.4110 6,000 8.4~0 ACTlVF .. o.o 7.!100 12.000 ACTIVE j.. -8.480 'f.600 8.480 ACTIV!: 

"' -u.ooo l1.400 o.o ACTIVE 
7 -11.480 13.2!'0 -8.480 -CTIVE i 
8 o.o 15.000 -12.000 ACTIVF I 
q 60,000 1'1.000 -tl.'lOO ACTIVE 
10 ~o.ooo l';.ollo -12.000 SUPP()OT ACTIVE 
11 60.000 o.o -u.ooo SUPPfJoT ACTIVE 
12 o.o o.o -12.!)00 SUPP!JPT ACTIVE 
n o.o o.o -12.000 SUPOMT ACTIVE 

JOI~T PELEAS~S-------------------------------------/ELASTIC SUPPODT R~LEASES----------------------------------------------1 
JOYNT I'ORrF 'IOMF.NT THFTA 1 THI'TA Z TH!!TA ) J(FX KFY KFZ 1(14)( K"Y KI'Z 
10 X Y l 0,0 0.0 0,0 0,0 0,1) 0.0 0,0 0,0 0,0 

"'F."~EP. 1•1r. IOFNCF. S----------1 l f'lf;TH------1 RELEASES---------------------1 STATUS--I 
"'F"IIER STUT E'IO lOCAL ~00110, STA~T END 

FORCE MOOIENT FORCF """ENT 

I I 2 22.397 ACTIVE 
1 2 1 q,)56 ACTTV!' 
l l 4 '1,)56 ACTIVE 
4 4 5 C>,J'!\6 ACTIVE 
~ ~ 6 '1,156 ACTIVE, 6 1 'f.156 ACTIVf 
7 7 e '1,156 AC~1Vf' 

~ 8 9 60.000 ACTIVE 
10 ?.0.000 ACTIVFq "'11 q10 1'1.000 ACTlVF 

11 13 II 1'1.000 ACTIVF 
12 12 4 20:.236 ACTIVE 

IMIFMRfD PP~P~~TI~,---------------------------------------------------------------------------------------------------1 
'IFOIIIF~/SEt: TYPE St;r..L rm•P AX/YO AYI!O Al/YC IXIZC IYif:Y IZIFZ SY Sl 

PP!~MATIC 12.720 o.o o.o 6'1.601) 120.~00 28.600 '54.200 5.700 
o.o o.o o.o (),0 o.o o.o 

1 POIS"ATIC 12.770 o.o o.o 69.600 120.800 28,600 54.?00 ~.100 
o.o o.o o.o o.o o.o o.o 

') PPI SMATIC 12.120 o.n o.o 0!>9.600 120.800 7.8.600 54.200 '1.700 
o.o o.o o.o o.o o.o o.o 

4 PIIIS"ATJC 1?.120 o.o o.o 6'1.600 120.800 28.600 54.200 '1,700 ..o.o o.o n.o o.o o.o o.o 
5 PIIISOIATJC 12.120 o.o o.o 6'fo600 120,1100 28.MO 54.200 '1.700 

o.o o.o o.o o.o o.o o.o 
PIHSMATTt: 12.720 o.o o.o 6q,600 120.1100 28.600 54.?00 '5.100 I··"' 	 o.o o.o o.o o.o o.o o.o 

1 P•TSMATTC 12.120 o.o o.o 6'f.600 120.800 2~.600 '14.200 5.71)0 
o.o o.o o.o o.o o.o o.o 

PltT~IIIATTC 12.170 o.o o.o 6'f.600 120.1100 28.600 5'>.200 ~.700" 	 o.o o.o o.o o.o o.o o.o 
'J PI!I~OIATfC 12.720 o.o o.o 6'f,600 120.800 28.600 54.~00 5.700 

o.o o.o o.o o.o o.o o.o ~~ 
10 PI!IS"'ATIC 	 6.000 o.o o.o 4.700 z.ooo 4.500 2.000 3.000 

o.o o.o o.o o.o o.o o.o 
11 PPI Sill A TIC 	 6.000 o.o o.o 4.700 2.000 '>.500 z.ooo 1,1)00 

o.o o.o o.o o.o o.o o.o 
12 PI>!SOIATTC 	 6.000 o.o o.o 4.700 z.ooo 4.500 z.ooo 11,000 

o.o o.o o.o o.o o.o o.o 
I 

~FMI!ER r.nNSTANTS---------------------------------------------------------------------------------------------------1 
CONSTA"T ST A'IOAI!O VALUE 'l0"Al'l, VHUF "~'ot6EI! LIST ' 

*************** All 

••••••••••••••• All 

OE'IS ITY 1728.000000 All 

CTF 1.000000 All 

o.o 	 All 1\IJT 

22'J,C>'1"93'J 10 

26"1. '1'1'1756 11 

29'1.9"1'1756 12 
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.. \ .; --:-: ...••••••• DESIG,. DATA ••••••••.. 

USER llATI SFT 

PAPA~ETFR OICTI~"ARV-----------------------------------------1 
!WA"I' TRE4TMf"'T STA,.DARI) L II A TEMI' TIME 

~TRUill DATA SET 

PAAAMFT~P ntCTIO"A~-----------------------------------------1 
'IAMF TRFATM!''IT STANilAP!l l II A TF'IP TIM!; 

FVL!I STA'IDllltll •••••••• -2 
STANDARD t.oo 

F8l"" TUP ~Tft,.DARO l.OD 
r.noe AEOIHRED 
I(Y STI,.!IARD t.oo 
ICZ STA"'OAIID t.oD 
Cll STA'IDAilD t.oo 
LY CD..PUTE OOSTlll.EI'l 
LZ cn..PUTI! OOSTULEit 
CM'I' STINDAIIO o.a5 
CMZ STA'IOARO o.e5 
Ulll!:F COIIIPUTE OOSTUI.E'I 
VAlUE'I ST'"OAIIO t.oo 
TUCf. 'ITA'IDAilO t.oo 
""lilTA STANnARD 1.00 
Till 'tAll ~TA'IDAilD STEEl \IF 
I!XnUt~ STAIIIOAilD zs.oo 
~I!CitDAIIV STAIIIDAilO 1.00 

USf!ll llATA SI!T 

CONSTRAI"'T OICTIOIIIAIIY------------1 
'IAMf RFUJF.VAl 

~Tilllfll. llATA SI1T 

COIIISTRAINT DICTIONAilY------------1 
ltAMf II FTII I EVil 

AX TAIIUI.AII 
A 'I' TABUlAR 
Al TAIIULAII 
u TAIIIIUR 
1'1' U(III.Ait 
1l TAllUlA II 
S'l' TABULAR 
sz TABIILAit 
YO TABUlAR 
ZD TABUlAII 
Fl TIC TIIUUII 
WITIC TABULAR 
'1'0/AI'l TAIIIIUR 
ll'l' TA8lll.AII 
liZ T.Sill.AII 
r.nMP TABULAR 
vc TAIIULl' 
7C TABII\.AR 
WEIGHT TA!IUlU 

********** lOAntNr. ~-TA ********** 

lOAil!lll: - l I'EA"l :'IAI'I "llll' liVFlOAf) STATUS - ACTIVE 

~F"BFP &••n FLE!IIF"'T L~AD~---------------------------------------------------------------------------------------------1 
'IF ltiiFit /ElFI'FMT 
l ""'''""" lOAD r.t F'IRCF y Fill II -250"o999 u o.o lll t.ooo 
? I,.,! FOR" l:JAn Gl FORCE v "" II -?509.99'1 lA 1'1.0 lll t.ooo 
3 l.II'IIFOP~ lnan r.t FOPCE y ..p " -2509.'!9'1 lA o.o LB t.noo 
4 
'I 

II~IH'OR" 
1I>IIFI1R"1 

lCIAil Gl FoP(:f 
l'IAO r.l· FOiiCE 

v 
v "~ 

I'R 
II -2'JOCI.'ICI9 
II -2509.'1'1'1 

L4 
14 "·"n.o 

lll 
l8 

1.001') 
t.ooo 

" IIMJrnP!II liJAD .;l I''IOC~ v FR II -250'1.1199 lA o.n L!l t.oon 
'I' 11MIF"'R"1 liJAO ra. FOIICE v "" II -2"0'1.'1'19 LA o.o l'l t.ooo 
~ .. IJOII FOil" 

II'IIF'IIIM 
l'lt.D I:L ff)DC~ 

l'IAO r.t FnPCE 
y 

v 
FP 
FR 

II -?.50'1.'1'19 
II -251'19.'19'1 

LA 
lA 

o.o 
o.o 

Lfll 
LB 

t.ooo 
t.ooo 

IOJ~T "'or.f IS~11"1PTIO>I~ ------------------------------------------------------------------------------------------1 

JO!•JT T"'ET~ l ' ~ y y 
'10 A<;~•r"I>•!I'NS r.rvf.tl FQO T..J~ l"A!lJ'II; 

~FitiOfP. l'rtqr.E A5~11"1PTin>IS ---------------------1 ----------------------------------1 
"1fl40f!O Cf')MPO"'F~T f')fSTA ..CI' YAlUf 
'10 A~SIJ"I>Tffli'IS I:JVFN FOR TMJ~ UM'll'lr. 
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.. 

L"lOJNt'; - 2 Wl'lll GP"'IP T! TPJINSVEPSF. STATUS - ACT! VI! 

~l~'4f'IT t1~ns----------------------------------------------------------------------------------------------l"''""'"" A'Ill 
lllf..,.FP/FlEMfNT 
I IIN!Ff'lll"" L'lAD GL FOilCF FO w 200.000 LA o.o L'l t.ooo 
~ 

~ """ ..""" IINIF'lllOI 
Lna~ t';t 
L1ll0 t';L 

F'IPCF. 
rn,,.c: ""ro 

w 
w 

~Ot'I.OOO 

zoo.noo 
L4 
LA 

o.o 
o.o 

Ll.\ 
Lll 

1.!)00 
t.ooo 

4 IJNIF'IIll' L'"!AO r.L Fn~r.;: FP w 2nn.ooo LA n.o L~ t.oon 
~ liN! FOil"' LIJAn '>l F,~cr. ep w 200.000 LA o.o L~ 1.000 
~ ., IINIFIJP" 

•tNJFn~t ... 
Li\AO 
L'lliD 

GL 
r.L 

t=oor.r::: 
Fnor~= 

FR 
FD 

w 
w 

~oo.ooo 

zoo.ono 
I. A 
LA 

1). () 

o.o 
t'l 
L~ 

1.000 
1.000 

q II"'JF'11lll LillO GL ~'lRCF FP, w ZOO.NlO LA o.o Lll 1.ooo 

" II'IIFOilOI Ll'AO '>L Ft11lC'E FA w ?00.000 LA o.o LB 1.000 

JOI~T FnPC~ ~~~~~PTJ1'1S ------------------------------------------------------------------------------------------1 
y yJOINT TllFTA l 2 3 FO~CE X 

NO A~SU'fPT•O'IS t';IVE'I FOR Till~ lOAOI'It'; 

"'F"ACP CryRCF ASSUIIIPTIDNS ----------------------1 ----------------------------------1 
"ENI!F.Il CI'IIIP'JIIIE'IT 'liSTANtl' VALIJF CrJIIIPOIIIFNT DISTANr.F VALliE 
'IO A~SUMPTIONS r;Jv~'l Fn.R TillS tn•ntNr. 

WtNn GROUP It L!WIGITIJOIN-.:. STATU~ - ACTJVE 

'Nn FLEIIIF.NT I'"!&DS----------------------------------------------------------------------------------------------1"'e""£" 
"'F.'"II.,~/FLE•E•IT 

U'IIFORIII LOAD t';L Fnt>CC X Fll! w 411.000 ll o.o LB 1.000,' llf'!IF'lfiN L'lAD t';L F~C~ • FP, .. 48.000 LA o.o Lll 1.000 
4 UNTFOIIM L::JAn ~l FIJRC£ r II 4s.ooo LA o.o LB 1.000~q 

~ LOAD Gl F'1RCF 'rl ~ w 48.000 ll o.o lll 1.000 
6 ''"'~""" lOAD Gl X FP 4~.000 LA ll! 1.000IJNIFIJRIII FORC"' .. o.o., tJNIF'lRIII l'JAD GL Flll'rF X Fit .. 48.000 LA o.o lll 1.000 

JOfNT F'liiCF A551JNDTfQNS ------·-----------------------------------------------------------------------------------1 
JniNT TllFU 1 2 1 FORCE 'rl y T 
,.0 A~St,..P1'10'1~ GIVFt.t Fill' TillS LnADIIIIG 

"'fNIIFP FOPCf A5SU~PTTONS ----------------------1 ----------------------------------( 
MENIIER f.OIIIPO~F~T OI5TANCE VALUE DISHHCF VAlUE 
NO ASSIJNPTIO'IS 1';1~"1 Fntt TillS tllAOIIIIG 

lOADI'IG - 4 

fii~MftFit A'lll HFO!F"'T ttJ•os----------------------------------------------------------------------------------------------1Nf!IIIFR /El f'!F'IT 
? UN!~~~~~ LOAD Gl FI!PCF T FR II 200.000 LA o.o lll t.ooo 

IJIII!Fnll!" LOAD 11(111t~ftCT X Fit w-6noo.ooo ll o.o lB t.ooo 
1 IJNIFOI>'! lOAD t;l Fn'~t'= y Fll .. 200.000 Ll o.o L'l 1.000 

IINIFOI'N I.OAD ltOIIf"'T X FP w -61!00.0110 LA o.o lB 1.000 
4 IIIII I FORO! LOAD Gl FnOCE y F~ w 200.000 ll o.o Ul r.ooo 

IINI~f'P'! LOAD NO'!F'IT • FR w -6000.000 LA o.o L~ 1.000 
~ IIIIIIFO~'! LOAO t';L FOPCE T Fl" w ~oo.ooo LA o.o L" 1.000 

IINIFIJR'I LOAD '!OOOf'IT X FP II -MOO.OOO LA o.o LB t.ooo 
tl 1111110:'1~11 LOAD Gl FOPCF y F~ w 200.000 LA o.o LA 1.000 

Ut.tlF~II LOioD l!n'!F"'T • FR w 6000.000 ll o.o L!l 1.000 
7 lt'ltFntllll lOAD Gl F~CE y FP .. zoo.oon LA o.o Lll r.ooo 

tJNI FOR"' lOAD IOOMfi'IT X FR .. 600D.OOO LA o.o LB t.ooo 
8 IIHIFOR" LOioD GL FIJRCC v FR .. ;ooo.oon LA o.o ll! 1.000 

IJNJFI)IIIII LOAD OIOfiiF.,T X FR w 6000.000 u o.o lB 1.ooo 
11'11 FmriM LOAD r.t FlliiCE v FR II 100.0DO u o.o lll 1o000" IJNIFOP'! LUO IOOIIF'IT X FR w 60011.000 u o.o l'l 1o000 

JOINT FOPC~ lSSUIIPTIOt.tS ------------------------------------------------------------------------------------------1 
Jn!NT THETll 1 ? ~ FORCE X y l y z 
Nil ASSU'fPTIONS t;JYE'I FOR Tll15 LO&OING 

"'FMPFR FOPCE ASSUMPTIONS ----------------------1 ----------------------------------1 
"FM-~R CllMPni\IFt.tT DISTANCE VALUE CO"''ONENT DTSUt.tCE VALUE 
N!! A~St,..PTJn>!<; r.IVE"' FrJR TillS lOADING 

tnAOHIG - t; STJITIJS - ACTIVE 

rn"8l~ATT~N r.tVEN - l 1.000 2 1.000 ~ 1.000 
4 1.000 

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

• PIO nF DATA FRO"' INTEP'IliL ~T!"JRAGF • ........................................ 
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STTFFNESS ANALYSIS S 14T 15" 0640 

OUTPUT I)ECIP4At 5 $ l4T 15 0650 

liN ITS I( TPS INCHES S 14T 15 OMO 

LIST FORCES PEACTIONS OISPLACEP4E~TS S l4T 15 0670 

............................ 
*~F~!JlT~ OF lAHST ANAlVS~S* ............................ 

ACTIVF lllfiTS INI:M KIP DEG OEGF SEr 

ACTTVF STRI~TURF TYPE SPACE ~RANE 

ACTIVF COnRntNATE AXF.S X Y l 

lOADIItr. - 1 OEAOLryAo PlUS liVF.LOAO 

·'.:- JOT 'IT 1-------------------- F~-CE --------------------11-------------------- MO~NT --------------------1AXIAL SMEAR Y SMEAR Z TOIISIONAL BENOI'IG Y !!ENDING Z , 

1 1 -26.~1113 '10,44110 11o 31166 -7511.44067 -7607,464114 2046'1.33'1114 
1 7 ,7,4o;n2 -35,22185 -11.31166 nii.44067 2'149,6506] -35112.18066 
2 ' -27.511&9 3'3.4'121'! '32,62506 511'Jo02411 -3212.111167?. 3'3112.02661 
~ ' 32.02%11 -10.44654 -12.62506 -511'Jo 024"11 -450.12061 -915. ]'Jill'! 
3 ~ Oo15U8 4.1H5'! 46.114'1() 1082.52686 351.3"..,27 301.211906 
3 4 4.36641 lft,901110 -46,714''JO -1Oil. 526116 -'55'J8.121112 -1130.477711 
4 4 -4.796'!3 35.'12625 -61,87567 'J2,'16074 5437.63672 14?2.27466 
4 
'! 

5., '1,314'52 
-48.8'!11113 

-12.88060 
20.632°.?. 

61.117567 
-"\5,61523 

-'J2,%074 
-11'14o6l'J311 

1504J,'!05116 
-lll'!oii'J7Tl 

1267,639119 
-1167.141168 

o; 6 '5~.3761'? 2.41272 35.61'523 894.61'1311 Sl14.62t!'H 2189.'J92611 
6 6 -M.1'1011"l -0.49641 11.611!54 -24'111.227711 -50011.011"1'14 -164!1,58667 
6 7 b7.6687~ 23.54207 -11.61854 :1!4511.22178 1'?01.60'164 299.11'!411 
7 7 -41.11'111'14 -211. 5'1..13 51.'11478 -2178.68384 -315~.401169 "811.30542 
7 II 46,416'15 '11.61'17" -'11,91478 21711.6113114 -2070.367611 -5....2.461!75 
II 
II " ., -4.'14'J'Il 

4.'14'J'I3 
73.70105 
76.8'1874 

-3.'1216"11 
3,'121611 

23'J6,736112 
-23'16.73682 

1400.0:!17114 
1423.57471 

6'J90.103l2 
-~150.81984 

" " -16. 219~ .. 51. 7'!859 6,8ZOOII o.o -l6:!16oiii'J!Il 61'Uio 07031 

" 10 16.21'15" -1.55864 -6.81.008 o.n -o.ooooo o.ooooo 
10 11 12'11, 6"JT;I6 -1o;.472'10 1.72863 -213. 2"5111 -'111'1.05103 177.54430 
10 '! -1211.65736 15.472CJO -1. 72~63 213.245111 1'1... 8'1723 -2'162.66675 
11 n 113.lll6'l"i M. 52385 -!1.04131 -Zl2.5l260 4~?.11'J418 916(1, 75000 
11 ' -1l1.30...05 -65.52'1115 11.04131 212.51260 '1'14,54053 2631.544611 
12 
12 

12 .. llllo4b0q6 
-ll6.411086 

13.06368 
-13.06368 

13.'111564 
-13,'JII564 

-54.211261 
54.211261 

-27'J3. 26562 
-1441.9807! 

2721.2'J370 
1234.1541111 

1-------------------- ~ODC~ --------------------11------------------- MOME~T -------------------1 
~ ~ORCF Y ~ORC!" l FORCE II MOMO:NT Y Mll"'f"IIT l MOMENT 

1 -17.1116" ~"3.790'10 -43.39365 -20469.33'184 -760'1.83203 6110.64691 
10 16.2.1954 -1. 55864 -6.82008 o.o -0.1)0000 o.ooooo 
11 -11.27'11)2 128.65736 10.74177 -463.218'1'J -213.24516 27'5.81154 
12 4o3?'l69 53.12729 104. 'JCI580 -1779. 6114'17 !196,Z'J"i90 -341Jo37354 
11 !1.1)4143 133.30605 -65.523111 -'11110. 74609 -212.51260 -492,91n5 

I!F.~ULTANT JOINT OISPU(.:fMEIIT~ - Stti>P'llltTS 

1-----------------0ISPLACFMENT-----------------//-------------------..OTATI"N-------------------I 
X 015"• Y D!SP, l OISP. )( ROT, Y ROT, Z '!t)T, 

1 o.n o.o o.n o.o o.o o.o 
Ill 11.0 o.o o.o 0.06315 0.02030 -0.00123 
11 o.o n.o o.o o.o o.o o.o 
12 o.o o.o o.o o.o 0.11 o.o 
13 o.o o.o o.o o.o o.o o.o 

JO!IIT I-----------------OYSPl~CEMFNT-----------------1/-------------------P.OTATtOII-------------------/ 
X DTSI>, V OTSP, 7 OISP. X ROT, Y P.OT, Z ROT, 

o.o2<io" -0.270'17 0.05333 0.0'1138 o.o1tR8 o.oo"60 
0.0..'116 -0.44824 o. 0'19'17 0.10075 0.0126?. 0.0051111 
0,05561 -0.5!127'1 0.1511115 0.10461 0,00'135 • 0.00543 
0.0..1;11 -0.4(>646 0.21234 Oo10ltlll 0.00763 1),00'106 
0.02CJ'I7 -0.277116 0.251147 ll.llOO'J 0.01106 -0.1)00011 
0,1)0685 -0.07722 0.29003 O.UTZ' 0.011147 -0.00604 

-0.00136 -0.00926 0.30262 0.12024 0.011174 -0.01'113 
-0.00071 -0.0011'13 0.082'15 0,06315 0,•)1!1110 0.01474 
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lOAO!NG - l NINO <;P'11JP l! TllA'ISVfP SF . . (•- ,,.~· ~ 

. \ ~.:·j~ 
' ~~ ~ 

;;l

·tJ·tlfFM~ ~~ Jn!~T 1-------------------- FORr.F --------------------11-------------------- ~nMENT --------------------1 ,l
AXUl SHEAR y SHEAR l TOP.S!ONAl IIENO!N(: Y 1\F.NOING l 

l-7.35<1'1~ 2. 36~37 0.0782<1 -211.25117 -50~. 7341J 1104.13770 

1 2' 6. 514~5 -2.20780 -0.07~2" 2 u. 25717 4,4.1<1214 -4A9. ~;,423 


? 2 -5.911205 7. 131°2 z.&•H<>t -20.1ll2'l -'520."b5A? 4<16.<120"0 


' 3 5.26541 -1.99342 -2.31187.7 20.71123 235. "'4710 -265.22046 

3 3 -2.02077 1.1'17'H 5.1!>1058 155. 88005 -no. Jbb10 170.14905 


4 1. 36850 -t.n<>45 _, .00927 -155.8800'1 -26<>. b7l88 -?4.<13277 
4 2.032ZA 1.9387f> 4.65121 10.11121!> 26l.R7<1b4 7.1>5111 


4 5 -1.311!100 -2.06613 -3.049'l7 -10.11126 -6<14.20605 217.14685 

5 5 3. 21<116 1.70557 1.48436 -104. 8<1117 716.76367 -66. 52<117 

'I 6 -7.'>02'52 -1. 114607 -1.1!1122 104. 8<1117 -866.4040~ 265.910!1'1 

6 6 1.80391 -0.65360 -211.90923 8!17.1!1428 3.18721
'· 71744.. 1 -2.ooon -1.94441 o. 35046 211.90923 -831.011155 207.2:3!110 

1 7 1.30282 2.011126 -1.31033 -250.15741 83... 516115 11:!.<14049 

7 ft -0.6~054 -2.10914 -0.210911 250.15741 -774.55615 12'1.<11373 


R o. 20843 0.04290 -8.26016 45.<18'1!11 717.78l'f1 24.33043
"~ .. -0.20843 -o. G4l'90 -3. 7'1913 -45.9119111 <10<1.534"1 6.55713 

'I .. G.t1'5070 -o.os562 1.977\0 -o.ooooo -954.50269 -20.54811 


10 -•).8~070 0.08'567 -5.'11709 o.ooooo <>.oooon o.ooooo
"10 11 -o.1?R52 1.76318 G.64106 -~4.<>6791 -134.2:34'\6 361.5<1521 

10 o.12852 -1.7b31R -0.64106 44.<16791 U.R43fl9 -44.22346 

11 "n -z. 25013 s. 3<1168 0.07722 5. 82165 -'5.12<103 1051.11'1117 

ll 8 2.25013 -II. 3'1168 -0.011?2 -5.82165 -11.71141 459.'382'32 

12 12 -0.161'!7 1.05114 1.0<>279 -17.97527 -222.'17'560 21<1.10167 

12 4 Oo161'17 -1.05114 -1.09279 17.<17'527 -10tl.l'H2<1 99.014411 


'\ 

DFStll TAitT JOINT tOlOS - SUI>POIIT~ 

JO!'lT 1----~--------------- FORCE --------------------11------------------- MOMEMT -------------------1X FIJRr.F Y Fr:>•CE l FORCE X MI]OIENT Y ~"!F.NT l '«!Mf'NT 

1 -0.0'111129 0.<14321 -7.67292 -ll04.13770 -535.118745 -112.766116 
10 -0.8'5070 0.011562 -5. 'J7709 o.ooooo 0.001)('1\ o.ooooo 
It o. 642,7 -0.121152 -1.762n -363.211\'J8 -44.<>67"1 -12'1.60017 
12 1).16'\<13 1. 34982 -0.60900 -302.57983 6<1.13223 -41.36876 
n -0.0"'721 -2.2501) -8.3916~ -1051. tl <187 5.112165 5.12702 

~F~Ul UNT Jnt'lT '!ISPllr.F"!E'ITS - SIIPPnRTS 

/-----------------OISPLACEHfNT-----------------/1-------------------onTAT!'l'l-------------------/ 
~ OISP. Y O!SD. l OISP. X Rot. Y ROT. l R'lT. 

1 0.1) o.o o.o o.o o.o o.o 
1(1 o.o o.o o.o o.OO'JIIO 0.004<19 o.ooooz 
tl o.n o.o o.o o.o o.o o.o 
12 o.o o.o o.o o.o o.o o.o 
11 o.o o.o G.O o.o o.G I).O .. 

<1!"'\ 

•F~Ul TA'IT Jn!'IT D!SPllr~"!ENTS - F~EF JOI'fT~ 

JOI~T 1-----------------DISPlACEMFNT-----------------//-------------------POTATI~-------------------/ 
X nt~P. Y 'liSP. 1 OISP. X P'lT. Y POT. l "'OT. 

O.OOl3'1 -o. 01 Teo 0.00374 0.00&117 11.00l'l'5 0.00166 
0.004'\4 -O.Ol265 1'.007!11 0.001113 11.00161! 0.0021" 
0.004t67 -<I. O<t2<15 0.013'111 0.0087a (1.00155 o. 00230 
o.:l07R6 -0.0403'\ o.o1<>76 0.008'1<1 o.oou 3 o.oo1<>4 
0.00077 -O.Ol55l 0.02311:3 0.00<124 0.00054 0.00123 

-o.oonnz -0.007'111 0.02728 o.OO'J<Il -0.00003 O.IJOO"'l 
o.noon6 o.o00111 0.0'169 0.01090 -0.00051 0.00015 
0.00004 0.00001 0.01936 o. 00'180 0.00~97 -0.00006 

l"lAf'l'lr. - 3 Ill 'II'! t;~OIIP ! I ll"'lt; !TtJO I NAl 

• 
'1f ..~fQ Jlli~T 1-------------------- Ff1Pr. E --------------------11-------------------- W)M~NT --------------------1.,AXIAl ~HF'AR y SH"4~ z TORSI'l'IAl P~Nfii'IG l!t;NO!NG l 

1. lO?~A IJ.Oq47'~ 0.'1451" -4. 7<1272 -20'>.63135 n. 747()"
-I.IO?I'A -0.0847'1 -0.'14519 4.7<1272 -44.40547 o. 04l'9~ 

~ 1."1'Rt0 o. 075'\0 0.4640~ -l.610A!I 44.24013 4.'15'1'3~ 
~ -1.2?1~11 -0.0'5'5<>'1 -0.0797'1 l.610!1'1 -74. 7()6<18 -0.396'3(, 
3 n. 'l>~~a n.11IR5 -0.78?2<1 t. 7'J'f76 n. 70662 P.'!J!Il1 

'\ 4 -'J. 7.J.4,.;o -0.14~~,. 1).8'5~04 -1.7'1776 1A.?O'l'>tl 1.51)08 
4 4 n. "745 -I). 08'520 -o .22565 1.17'159 -'1.51t!l50 -1.1551<1 
4 '\ -l'l.tiJ11t'5 o. (l~ 148 0 .152"" -1.17'1'5<1 30.7<1884 -1>.~181" 
5 '5 1.'106'\q -0.021'\2 -0.22644 1.~2 .. A? -31.25<>41 -0.52638 
'\ h o.t4QQt; -O.O'I'IH -O.I~7M -3.'52'J82 15.10838 -0.1445 .. 
~ h IJ.oozn -'1.02056 ').21695 0.681"6 -34.55025 -7.13143 
h 7 -!J.1'\'>?A 0.05125 -I). 60127 -0.681<16 -11. 1A28l '·10I7'J 
7 1 "'·"'~?'! -0.12360 0.30114" -1. 03l64 lt.7!PAO -1.122<1~ 
7 A -0.7'l078 o.157Jt -O.JA121 1. 'lll64 -50.43803 -14.!>46'11 

11.74~1t6 0.020'57 -'1.0..110 ... lt'l4<13 47.80954 lt.15111t 
~ -0.74646 -0.02057 O.'l6lt0 -4.4'J4<13 -3.81624 3.65706.. .. 1). 7275' -o.e>n1o -0.016411 o.noooo 3."3'111 -5.30324 

q 10 -0.727'51 o.onto 0.01640 -o.ooooo -o.ooooo o.o 
!0' ll -0.042(,6 -0.04641 -0.0142) 0.11 'J07 0.<>3185 -3.85110 
10 .. 0. 04?66 0.<14()41 0.01423 -0.11907 1.6?'175 -4. ~0145 
!I 11 0.04027 0.13815 0.0623) -1. 4!17113 -4.7)512 16.0<1010 
11 ~ -0.04072 -0.13~15 -0.06?.33 1.4~71!~ -'>.48466 s. 77671 
p 17 -1.0'\682 -0.04'J41 o.0417Z -0.560f>7 -"'.2'6<171 -"'.67180 
12 4 t.O~I,A~ 0.04'141 -<l.l'l-'17~ 0.511067 -~. ,6?CI-, -7.21!966 
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1------------------··- '"O~C~ _____.;:...._________11------------------ "D"I'NT --------------1 
'I( Fn!>C~ V Ft'111Cf l I'ORC!'' X NO,.FNT . ., 140"1'11T l "'li41'11T 

I -ll.q411)tq._ o. 28'!'!5 1.06661 -n. 7470'! -206. 8114A 34.60~'!1 
I~ -0.171'13 o.Mzto 0,<)1640 -o.ooooo -o.ooooo o.o 
II -"1.01qq" -I).047b~ 0.04.. 70 1.'55191 0.11'107 1.76H'I 
12 -o.o~'~" -o. 10'160 -0.'!8'!'59 -2.45987 -9·""~82 2. 64182 
n -'l.O~Zll o. 04027 -0.1381'1 -16. 1'9012 -l.'tP183 't.7350'! 

jl"'tfMT I-----------------"IS~lACE~FNT-----------------/I-------------------•nTAT!ON-----------------1 
~ 'll~o. Y nr~P. l OISP, K POT, V ~nT. l ~r)T, 

I n.o o.o n.o o.o o.o o.o 
10 0,(1 ry,o o.o 0.00003 -0.00001 0.00001 
ll o.o (l. 0 o.o o.o (l,() o.o 
17 ().() o.o o.o o.o o.o o.o 
13 ?.0 o.o o.o o.o o.o o.o 

JO!'lT I-----------------OISOLAC!'M£11T----------------II------------------POTATION-----------------I 
'I( O!~o. Y OfSD, l OISP, X ROT. V POT. Z ~OT, 

o. 1100~0 -o. ooo3! o.ooooo 0,00010 0.00017 o.oooo1 
0,00087 -o. oon'il o.oonn 0,00010 0,00012 o.oooo4 
!l,OOO'>... -0.01)068 0.0003') 0.00011 0.00010 o.oooo6 
O.OOOA'I -o.ono7t o.ooo'le o.ooo 11 0.00'>12 0.00007 
o.ooM? -0.000'56 o.ooon 0,00012 0.00014 0.00009 
ll,OM?8 -0.00026 0.00066 o.ooo14 o.n0016 o.ooo1o 
0.00013 -o.ooooo 0.0004'1 0,00013 o.ooon 0.00007 
0.0(1001 o.ooooo -o.oooo'l 0.00003 -0.00001 -0.00001 

-..F ...A;FJt JO!"T ~OIIC~'1-------------------- --------------------11-------------------- IIOMf~T --------------------1
lX!Al SHI'-R V Sllf4R l TORS!OfUl f!f'NO!IIG V ~ENDING l 

1 -J4.A~6R~ 2.11212 1.01011~ -7~1.1614!1 -1o60.7<Jo;-.o 2'04.1 '1'!7() 
2 J... MI,RJ -2.71212 -1.01065 731.167411 78... 166'10 -157'1.2587.., -13.1"<1145 2 ...11883 6.73,44 3M.'t'!'l111 -9n'l.l~91l 1485.212'19, 1 12.'19845 -4.3251" -11.73....... '110. 15'142 14". 24142 -llo:>,II'!092
,3 -4.4412! 2.647'13 14.36264 '132.78638 -314.4'!'12" 975.51514 
4 ".of! 121 -4.4113114 -14.36264 140.116836 -:-129111.07886 -57'!1. 17!105 

~ ' 4 ~. 35... 76 1!.74901 -1.10221 1:70.8065') 1?27.1,'1'14 808.22~1 
5 -?.71.,76 -11.5'1532 1.10221 soz. 84113'! -110.,,'!1131!'1 613.'1'1219".. 5 I,OJROfl n. 737911 -0.111757 -776.11621 1147,7'14'18 63.54565 

'I ... -2. 2'>9011 -15.5742'> 0.1117"17 ll'M. 77075 -10'15...6191 15111.983'1'! 
6 h 1.<>436'" 1'1.64371> -0.05243 -2044.111)7'1 11112.12080 -o. nno .., 7 -?.,'lJ60 -17.4~006 n.052H 1170.65576 -11711...34111 11!'1<>.83081 
T 7 2.5!130? 17 .4252'! 0.74108 -720'!. 23'11!4 13411. ~J't72 -20T.61411 
7 q -2.'!4307 -19.?61()1 -0.741011 1535.'111081 -1424.04077 ??67.14160 

~ 1).48"<14 -7,62278 -5.9'12'11 -21183.'11!862 l'l!I'J.03ll~2 -12'17.67676"~ .. -0,4R'514 -4.37771 '1.95281 -1436.40967 3200.'"!560 119.63110 
'> .. -5.14773 -6. D'l42 n .68261 -1'>39. 9'111711 -32113.!12666 -9'12. 50317 
~ 10 '5.l't711 2.13'l'o1 -13 .MZIII -o.ooooo -0.'10000 o. 00000 
10 II -to.~nl~t -18.66237 -8.30641 -82,81t0~5 107. 227?'! -601.12061 
10 .. \0.~1114 U.f>6212 B.3064l 82.84055 llR1.'ll'l1.., -21"<8.0'>~63 
II p -?7.0~1)27 1>.'!'1071 -0.95611 -16.9~003 ~~.110185 1621). 75879 
II p 27,0?027 -6.95071 0,95611 16.'!800'1 111.4'15)0 -36'!.610811 
12 12 17,02587 1, '1')3A4 2.30482 -41.04701' -lt'l2.214J6 ...77.28125 
\7. -lT ·"2587 -1. '!53114 -2.30482 41.04701 -:>05. 7507'1 114.'19505" 

~F~fll TANT JOI>tT ll'lU>S - StJPPfl•T ~ 

Jf'I"'T 1-------------------- ~OQC~ --------------------11------------------- ~~fNT -------------------1X FO~CF. V FOIICE 7 FORCF X ~~14EIIT V ~M!'IT l NOI4!NT 

1 -1.01065 -0.127M -15.ll!J4 -2104.111<>70 -1085.327118 -2e. 14360 
111 5.14713 2.11543 -13 .1182"'1 -o.ooooo -o.ooooo !).00000 
11 -5.632~1 -10. '11314 19.63'142 6')7. '16680 -112.1140'15 1'11.04"124 
12 !).'13'!67 e. 16802 l6.12'!l3 -66ft. 91040 146.35635 -'10.7?.624 
B o.'!5M2 -27.0'!027 -6. '1'5071 -1620.7~87'> -16.'!8003 -5!1. 606'16 

~FSIIl UNT J'lii'IT OI~Pl ArF~f'O!T~ - S!IPD1PTS 

/-----------------OISPlAr.f•ENT-----------------11-------------------POTAT!ON-------------------I 
'I( OJSD, Y ~TSP. l ~ISP. X ROY, V ~OT, l ROT, 

1 tl.o o.o 1),0 n.o o.o (),1) 
tO o.o o.o o.o 0.0~'16l 0.01031 o.oooeo 
II o.o o.o o.o o.o o.o o.o 
12 O.fl fl.O o.o o.o o.o o.o 
13 o. 0 o.o 11.0 o.o o.o o.o 

JI'I'IIT l-----------------ntSPlAffNENT-----------------I/-------------------P.OTATtON-------------------1 
X O!SP. Y !liSP, l 'liSP, X R"T• 'I POT. Z POT, 

2 0.00461> -0.040<>7 0.008'!6 0~0167'1 o.oons 0,00)66 
3 0.00807 -o. 07674 0.01787 0,02124 0.()0267 o. 00331 
4 0,00810 -0.10125 0.03070 0.02292 O,OOZ12 o.oo5Tl 
'! 0.0045<> -o.o<>573 0.04211 0.02203 o.oot26 o.oo579 
6 o.oot 19 -o. 05'!:>6 O.O'Sl32 o. 022'!'5 0..0010., o.oo102 .,.. -~-

1 ·,.; --.· ..0.00040 -0.01'566 0.05997 0.02846 &.~Ot1Z -0.00165 
8 •O.OMt6 0,001R8 o. 06'!66 0.0"1666 '>.00150 -O.M227 
'! -o.ooo22 0,00073 0.0311'!'1 o.o~3'!0 o.oo7"1t -n.oo2~!.---· ~ ""·---- ..-....-:~-. 



•••••••••••••••••••••••••••• 

l'"'l\11l'l!"'j  • 

!4t:""'O Filii'= I!~ 

'4t:'J4~ ~!1 J<1!'1T 1-------------------J FORCE --------------------11-------------------- MOMENT --------------------1
AX! Al SHEAR Y SHEAR Z TORSTOIIAL BEIID!IIG Y 1\EIIDTNG Z 

I I -48.0~~82 95.603<>3 1'1.3457" -1205.65771 -9378.1 2'100 ?~."378<11 
I 2 ~1.112n -.(,0. 22656 -10,3457'l \20'5.651'71 41n.M156 -5<'>46.98047 
7 2 -4~.4740~ 38.14023 42.51546 928.19727 -4594.9687'5 53 69. t.\719 
7 l 4<J .071<1~ -11.. ~2108 -41.82800 -254.54242 -13"· 8'11'11 -Z283. 70483 
~ l -5.11181 8. 25.(,25 65.905n 1712.'1897'5 -157.18416 1459.8"l081' 

' " <~.oo;l';z n.0-(,'124 -64.23177 -109".3341'2 -7147,87109 -1 72".01'010 
4 .. " ~ 

-0.07503 
5.0512'1 

o(,'J. 52832 
-28.48056 

-58, 552)1 
110.080116 

275.11792 
3'18.53662 

6917.70312 
-251'.81525 

22116. 7931'0 
2092.451174 

~ ~ -43.6<1416 36.05515 -35.17487 -1722. 0'1766 517.36133 -1170. 6571'1 
~ 6 48.72537 -15.01700 35.0'1370 Z3'J5.7'1171 "1427.37061 4037.742611 
6 6 -58o41!6<1R 16.'ll071 11.12'146 -4713•• 1'6562 -2972. '93359 -1652.851164 
6 1 63. ?0'502 4.16RI2 -ll.816'l1 4040.11060 1614,1'1'11'3 236<>.28564 
7 7 -J1.4M82 -o.21l15 51.5"401 -4639.10547 -1567. 33111'1 8CJ2.50fl79 
7 ~ 42.12309 30.32614 -51.26807 3965.45264 -431".40234 -3112.06177 
II ~ -3.50'J'IO 66.14218 -11.1'9576 -436.J68CJO 3250.661170 5737.501'11 
~ '1 1.'10950 72.4'1743 6.1'l576 -3883.62964 5'530.27134 -8010.'9'1219 

" .. 'I 
10 

-tt:?.78q-O'\ 
\'l,711<10' 

45. '11544 
o.M45t 

22.46H8 
-76.463311 

-1439,<19878 
-o.ooooo 

-5871.21094 
-o.ooooo 

531'9.1'1M4 
o.ooooo 

10 11 117.<>7297 -31.41846 -5.'J50~ -340."3431 -335.12421' -6'1.13411 
10 'I _, !1.'J720? 31.41846 'J.9"i0'J5 340;.,433 1406.29'190 -5769.411121 
11 D 104,00580 81,00410 -8.15785 -zz5.15872 "i41.63452 11848. 7181'5 
11 ~ -1'14.00<;110 -et.00430 8o85785 225.1587? 1052.71'88.1 273?.07080 
12 12 Bl.l•7115 16.01924 17.424'96 -111.86548 -3'515. 523611 3410.20361 
17 4 -1 n.18785 -16.01'J24 -11' .424'J6 113.86548 -1761.24365 1440.8731'1 

JO!"'T 1-------------------- FOPCF -------------------~(1------------------- MOME!IT -------------------1X FOOCE Y F!li'CE l FORCE X -EIIT Y -EIIT l M'JO!I!IIT 

I -19. 34~79 R4. 8<1648 -65.13129 -23900,17891 -'1437.85"41' 574. 33'936 
10 1<J,7lf<IOJ o. 68451 -26.46338 -o.ooooo -o.ooooo o.ooooo 
11 -111.17954 117.'H292 18.65915 -164."11236 -340.'13433 2'19.03681' 
12 5.16064 63,11553 110,52635 -474'l.63281 HOI. ~3472 -471'. 82471 
13 11.8"801 104.00580 -111.004~ -118411.71484 -225.151112 -541.651'23 

•F~•JtHMT J<1l'IT 'HSPLAr.fMENB - suoor'IRTS 

J<1!'1T 1-----------------0tSOLACEMfNT-----------------II-------------------ROTATIQN-------------------I 
X OtS•. Y 'liSP, l 015~. X ROT. Y ROT. Z ROT. 

1 1),0 o.n o.o o.o o.o o.o 
10 o.o o.o 0.13260 0.03558 -0.00140'· n11 o.o o.o o.o o.o o.o o.o 
I? o.o o.o o.o o.o o.o o.o 
n o.o o.o o.o o.o o.o o.o 

PFS!Il TlNf J'll'IT 'lgPlAr.F"IP<TS - FPFE JOTNTS 

JO!'IT 1-----------------0lSPlACEMFNT-----------------II-------------------ROTATtOM-------------------I 
"!'fSP, Y 'll~o. Z O!So, X ROT, Y ttOT, Z ROT, 

O.I)J674 -o. 3"'004 0.06564 0.117\4 0.01565 0.00793 
0.06245 -o. '15814 0.1257" 0.13022 0.011'10 0.01062 
0,06932 -0.67761' 0.20389 0.13645 0.01312 o.on5o 

~ 0.0'5'163 -0.6032'3 0,27479 O.l358'! 0.01014 0.01285 
6 0.03241 -0.36'!20 0.1)434 0.14240 0.01283 0.00226 
7 0.0061'1 -0.10112 0.11791 0.15575 0.01192 -0.00906 
~ -o.oonz -0,00722 0.40442 0.16794 0.01916 -o.o21111 
q -0,(1008" -0.0081" 0 .lltlZ4 0.12681 0.03007 o.o1224 

~FCTYON FRArTTON OS O.o·o.t $ lltT 15 0680 

t gr S.ECTION STRESS ... EMBEP 8 s lltT 1'5 0690 

··········••••*••············••£~lilT<; !1F lATt=~• ANAlY~~S• 

ACT!VF STO!JCTlloE TYI'F Sl'A(F 

ACTtV~ r.nOo'l!~ATF ~XFS X Y ! 
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lf"~OPti, "EA')UJAI' PLIJS LIVEt'l&O 

!'"If~ TA~s:' !--------------------------------------- STRt='S -------------------------------------1 
~q('M ~U•T UIAL y SHEAP SHEA II y fiENtli'IG 8E"4DING "'AX IIOROOU "'iN NOR"Al 

o.o FR 0.00270 o.o o.o -O.fl11t"'> -0.71066 0.72'1'1 -0.72290 
n.too 0.00270 o.o o.o -0.01191 -0.22695 o. 241 ')9 -0.216111 
n.?O'l 1).00~70 o.n n.o -0.0011"12 O.lltf>67 0.1582'> -0.1'>28"1 
n. J~n 	 1).00,70 o.o o.o -0.005"10 o • .r,1o2o o • .r,111111 -O.Itl31t0 
0.400 o.oonn o.o n.o -o.oozsq 0.56165 o.56"12~t -0.~638'3 
l'.~oo 0.01)?70 o.o o.o o.ooou 0.60700 0.60"1'13 -0.60•1"2 
~.t.no ~. M270 o.o o.o 0.0031" o.5~to21 o.51t61l -o.5.r,on 
0.700 0.1'10?70 o. 0 o.o o.0061f> o. 3611t'§ '1.37231 -0.36691 
n.Pt'IO o .no?7o n.·O o.o 0.00"117 o. 076'15 O.OIIIIIt~ -0. OA302 
0.'11'10 0.00270 o.o o.o 0.01218 -0.3201t4 o. 3'3533 -o. 32"1"12 
1.~00 0.007.70 o.o o.o o.ouzo -0.112752 0.84"iltZ -0.81t001 

l~AO T~IG 2 W!Nn GROUP 11 Tf>AHSV£0~f 

"I•TAOI(F 	 STRESS1--------------------------------------- -------------------------------------1 
FRf'\W HUT A~ I Al y 5H-::Att ~Hf'AR y 'IENDI"G !IE..OING ..u HOII.. Al "'IN NOIIIOAL 

o.o •R -0.00011 o.o o.o -0.00766 -o.oo2.r,1 0.010(12 -o.o1o2o; 
0.100 -0.00011 o.o 1).0 -0.00178 -0.00216 J.003A~ -0.00405 
O.?OO -o.ooon o. () o.o 0.00119 -0.00181t O.OOit"2 -0.00515 
0.1!!0 -0.00011 o.o o.o 0.00121t -o.not~~ 0.0086'1 -O.OOIIRII 
n.400 -0.00011 n.o o.o 0.01036 -0.00122 0.01146 -o.•:n 16"1 
0.511<' -0.00011 o.o o.o 0.01256 -0.000"10 o.otBit -o.onn 
o.~oo -O.O'lOll o.o o.o o. 013111 -0.000'5CJ o.011t31 -o.otlt'53 
0.700 -0.00011 o.o 11.0 o.o1.r,1CJ -0.00028 O.OH35 -o.o1.r,•n 
O. ROO -0. OOillt o.o o.o n.Ol362 o.oooolt o.o13'11t -0.01317 
0.<>00 -0.00011 o.o o.n 0.01213 o.ooo35 o.o1236 -0.012'1'! 
1.000 -o.ooo l1 o.o o.o 0.00"171 0.00067 0.01026 -o.OtOit'l 

lOAI')fNfi, 3 111 ..0 1>1>0\1" II Ul'IGTTUI'l ..Al 

OT~Tl!lf:F. 	 STRfSS1--------------------------------------- -------------------------------------1 
F~OOO STli!T lXIAl y SHEAR l SH£ All y IIENOTNG BENOfNG ... x HORMU "'I" -"'Al 

o.o FP -o.ono~tl o.o o.o -0.00051 -0.00113 o.oo12~t -!l.00205 
o. 1(10 -0.0001t1 o. 0 o.o -o. ooolt6 -0.000"18 o.oo101t -0.00185 
o.zoo -o.ooo.r,t o.o o.o -0.0001t2 -o.OOOR3 O.OOORit -0.00166 
o.~oo -o.ooo.r,1 o.o o.o -0.00037 -o.noo,~ 0.01'06" -o.oo1.r,6 
0.400 -o.noo.r,t o.o o.n -0.00037 -o. ooos1 o.ooo.r,'l -O.O!llZ6 
n.~no -o.ono.r,1 o.o o.n -o.ooo2~ -0.000'18 0.00025 -0.00106 
O.hOO -o.ooo.r,1 o.o o.o -0.00021 -o.ooon o.ooooo; -0.000117 
0.700 -o.ooo1t1 o.o o.o -0.00018 -o.oooo~ -0.00015 -11.0(")61 
0.800 -0.00041 o.o o.o -o.ooon 0.001"01 -o.ooo2o -0.00061 
O.'lOD -o.nno.r, 1 o.o o. 0 -0.0000'1 o.ooon -o.oon to -O.'lOOT2 
1.00'1 -o.ooo.r,t o.o o. 0 -o.oooo.r, ').00017 o.ooooo -0.00082 

LOAOI"G It OVFQTUR'II'tG 

OTHA'It:f 	 ST"fSS1--------------------------------------- -------------------------------------1 
F,OM START lXIU y SHEA' z SHE AI' y llfNOTNG t!E"''H'IG '!AX NORIO~I. .. , .. "TlR,.Al 

o.o Fll -0.00026 tl.O o.o -O.Oll5CJ 0.13175 o.11t307 -o.t.r,'l60 
o. 100 -0.00026 o.o o.o -0.00701 O.OIIIIIt? 0.011716 -o.on69 
o.zoo -0.00026 o.o o.o -0.0021t3 0•03786 0.04002' -0.04055 
0.300 -0.00026 o.o o.o o.oozt.r, O.OOit07 0.005"15 -0.00648 
o • .r,oo -0.00026 o.n o.o 0.00672 -0.1}20"5 0.07.71t0 -0.027'!3 
0.500 -0.00026 o.o o.o o. 01130 -O.OHI'I O.Oit821 -O.Oit,75 
0.600 -0.0002'6 o.o o.o o.oner -o.n~tlt67 0.060:!7 -'1.0601!0 
o. 700 -0.1'0026 o.o o.o o. 0201t5 -O.Oit)37 0.06'\'15 -O.II61t0~ 

O.AOO -0.00026 o.o o.o 0.02502 -0.03330 0.05806 -o.o~85Q 

0.'100 -0.00026 o.o o.o o. 02"160 -0.01445 0.04'37.. -O.Oitlt'3? 
1.ooo -O.OM26 o.o o.o 0.03418 0.01116 o.o~o7o7 -O.Oit760 

lOA!ll'IG ..,_______________________________________ 
Ol~T AOI(e 	 STRe5S -------------------------------------1 

Fqnoo qAqT AXIAl y SHE AI' SHFA~ y A!:NOINI; 8E.. OI ..G 'lAX HOI>OOAL "l'l "1'11>00\l 

o.o fP 	 o.ootn o.o o.o -O.O'llt71 -o. ~8252 (l.bl'll4 -0.61531 
0.100 	 o. 001 '!2 o.o o.o -0.02118 -o .11t'l6R 0.17278 -'l.168'l'5 

O.OOIQ2 o. 0 o.o -0.00858 o.tet84 o.tCJZ1~t -o.tq'!soo. ""' 0.300 	 0.001"12' o.o o.n 0.00311 O.lt1205 0.41707 -0.41324 
O. 4M 0.001"12 o.o o.o o.onq"' ,o. 540"14 0.55672 -0.'5'52'1'! 
11.'500 o.ootn o.o o.o 0.023">0 o. 56852 0.'5<>1t11t -0.5'10'30 
0.600 	 0.00192 o.o o.o 0.01?62 0.4"11t78 o. 52'131 -ll.5?5.. 8 
0.700 	 0.001'12 o.o o.o 0.04061 0.11Q73 0.11,22'5 -o. 35~~tz 
o. eno O.OOl'lZ o. 0 o.o o. 0476~ 0.043'36 0.092'>'5 -o. 08912 
0.<>011 0.001"12 o.o o.o 0.05382 -0.31... ~2 o. 1'1006 -o. 1R6l3 
I.JOO o.oo1n o.n o.o 0.0'5'105 -0.81'332 11.R71t28 -1).87045 
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5.5 Summit Road Separation 

This example is included to illustrate how a 
designer used STRUDL to analyze the Summit Road Separation. 
Figure S.Sa shows a general plan of the bridge and Figure 
S.Sb gives the joint and member configuration of the model 
for the STRUDL analysis. To reduce the amount of input and 
output the structural model has been somewhat simplified and 
only three of many loading conditions are included in the 
analysis. The superstructure girders have all been lumped 
into a single longitudinal girder and modeled as a single 
line element. The abutments have also been modeled as single 
line el~ents to permit application of the earth pressure 
loadings. 

The loading conditions presented include the dead 
load, the earth pressures at the abutments, a temperature 
loading and a combination of these loadings. Note that the 
earth pressures applied to the abutments tend to rotate the 
whole structure in a clockwise direction as seen in plan view. 
For the temperature loading the designer has assumed a 20 
percent differential between the portion subjected to dir,ect 
sun and the unexposed portions, thus inducing a temperature 
bending moment in the girder members. 

The usual form of data input was used in this sub
mittal to the STRUDL program. The first command, shown on 
the coding form below, identifies the subsystem (i.e., 
STRUDL) to be used and the identification that will be used 
for the problem. The joint coordinates were determined and 
entered in the standard x-y-z order. In this particular 
submittal several useful comments were entered just after 
the JOINT COORDINATES COMMAND. Since comments are reproduced 
as submitted, they can be used as headings for tabular type 
entries. After the joint coordinates have been given, the 
member incidences are given in the usual manner with the 
exception of using a comment statement for column headings 
member numbers, and.the start and end joints of the members. 

The next command, MEMBER RELEASES, is used to 
specify the release condition at the abutment supports. 
Foll_owing this command the constants are given for the mate
rials being used for the members. In this case the mate·rial 
is concrete with a Young's Modulus of 3 x 106 psi. Converted 
to the unit~~:f;P~~fi:~tf~ll'~command 0030 the entry should be . 
CONSTANTS E·.2f3~jg~ ·· The next "CONSTANTS" command descr1bes 
the BETA angles and~h . c.oe~f.icient_.of ..!:h~,:..m~l e~~s~on. ..,.-'PTE). 
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The member properties are given next for each mem
ber of the frame. Since the properties are variable the 
members have been modeled-as four or three prismatic sections 
or segments. Each segment's properties have been entered 

-into the STRUDL program with the following commands: 

I I 
-~ -'-- ......~ "--·- l .......__...~ 
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The next commands to be considered give the load
ings that the structure will be designed to support. Loading 
one describes the dead loads. The loading diagram for this 
loading is shown in Figure 5.5c. Notice the linear variation 
in the loadings to account for the variable cross-sectional 
areas of the members. The abutment dead loads are given as 
linearly distributed loads to account for the decrease in 
axial dead load as you move downward in the abutment. Note 
that WA indicates the start of the member and in this case 
would refer to joints 10 and 7. Care must be taken to insure 
the variation of the loading is in the correct direction. 
The weights of the hinges and the weight of the cap members 
are taken into consideration with the joint loads command. 
The following commands show the entries that have been chosen 
to describe the dead loads: 
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The next loading condition shown below and in 
Figure 5. 5d, LOADING 2 1 EARTH PRESSURE ABUTMENTS 1 AND 2 1 , 

is used to check the forces that will occur due to earth 
pressures. Note that these loads will tend to rotate the 
whole structure. In this problem the designer chose to 
apply a linearly varying load on the abutment members to 
simulate the earth pressures acting on the abutments. 
LOADING 3 'TEMPERATURE LOADS 20 PERCENT DIFFERENTIAL' was 
included in the loading conditions to determine the effects 
of a 20 percent temperature differential on the structure. 
Notice that the superstructure members 1 thru 5 are sub
jected to both axial and bending temperature loads. The 
abutments and columns were assumed to have a uniform tem
perature increase· of eighty percent of the specifications 
requirement for bridges in a moderate temperature range area. 

Upon completion of the loading commands a LOAD 
LIST ALL command and PRINT DATA command is given to verify 
that STRUDL has processed the commands in the manner intend
ed. This technique is useful for finding errors in input 
commands. Following the PRINT DATA command, STIFFNESS 
ANALYSIS and LIST FORCES REACTIONS AND DISPLACEMENTS commands 
are used to obtain the analysis and results for the structure. 
Following the listing of the forces the following commands 
are give~_:__ 
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Loading combination 4 is a combination of the 
results obtained from loadings 1, 2, and three. The forces 
and moments from each loading condition for which results 
have been calculated may be combined in any proportion 
selected by the designer. In this problem the designer 
selected one hundred percent of loading conditions one thru 
three to be combined into loading four. 

The following output shows the commands given to 
the program, and the calculated results of the analysis 
requested. At th!s point the designer should check the 
STRUDL 1 PROBLEM DATA FROM INTERNAL STORAGE 1 to determine 
that STRUDL has the proper structure defined and that the 
loads imposed are correct both in magnitude and direction. 
Once the problem is defined correctly a SAVE command could 
be used to save the problem. The entire problem and results 
will be saved on secondary storage in the computer for sub
sequent retrieval, modification additions or deletions. The 
problem when restored, may be changed at will by the designer 
to determine the optimum configuration of the structure for 
the design loading conditions. If the SAVE, RESTORE option 
is needed special handling will be required in the Bridge 
Department. For further information on using this STRUDL 
feature please call Bridge Computer Services, 5-6519. 
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STRUOL I PROH .5.5' I SUMM-IT RD SEP. ' R.. A. OflKKF.N• $ l4B 25 0010 

*********************************************** 
* * 

ICES STRUDL I I VE~ SION 1 MOO 1 ** 
* HE STRUCTIIRA.L OESIGN LA"JGUAGE * 

* *
M.AS SAC HUSETT S INSTITUTE OF TECHNOLOGY 

STATE OF CAll FURNIA* * 
BRIDGE OEPARTI.!PH DIVISION I"JF HWYS. ** SPEC IJIL STUDIES SECTION PHo 445-6519* * NOVEMBER 1969 INSTALLED APRil 1970 

19:42:4q B/20/70 * 
* * 
* * • 
*********************************************** 

TYPE SPACE F!o!.~ME $ l4B 25 0020 

UNITS Kl PS t FFET, CE<:REES s 14B 25 0030 

$ y AXIS D~TUM= 1175 $ 14~ 25 0040 

$' JCI NT CCCROINATES WERE SELECTED TO BE APDROXIMATELV AT $ 14~ 25 0050 

$ THE CENT~OICS OF TI-E :o1EMRERS F~A'41NG INTO THE JOINT $ 14R 25 0060 

JOINT COO~C I NATES ~ 14B 25 0070 

$ JT X y l SUPPORT $ 14B 25 0080 

1 0.75 50.8 0 $ 14~ l5 OOCJO 

2 r;q.o lt9.7 f) $ 14A 25 0100 

3 80.0 lt'J.3 I) $ 14B 25 0110 

4 170 .o lt7.5 0 $ 14!3 25 0120 

5 1CJ 1.0 47.1 0 $ 14R 2'5 013() 

b 239.25 lt6.C ~.1<; $ 14R 25 I) 140 

1 o.o 41.9 0 s $ 14R 25 0150 

8 42.1 15.0 0 s $ 14R 25 0160 

9 20 lo 22 25.0 (1 s $ 143 25 0170 

10 240.00 36.4 3.75 s $ l4R zo; 0180 

MEfoiiBEf.t INCIDFNCES s 14Fl. 25 0190 

$ foiiPlRER START END $ 14R 25 0200 

l 1 2 $ 14R 25 07.10 

2 2 3 $ 14B 25 0220 

3 3 4 $ 14R 25 0230 

4 4 5 .$ 14H 25 0240 

<; 5 6 $ 14B 25 0250 

6 1 1 $ 148 25 0260 

7 fl 2 $ 14~ 25 0270 

8 9 5 $ 14B 25 0280 

9 10 6 $ 14~ 25 0290 
------ . -··-- ··- -- - -- - ·- --- ----- ----------------~-------
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MEMBER RELEASES $ 14R 25 0300 

6,9 START MOMENT Z $ 14A 25 0320 

CO~STANTS E 432000. ALL $ 14R 25 0330 

CO~STANTS eETA 0.0 ALL BJT 29.0@ 6 1 8 9 $ 14A 2S 0340 

CT E .00021 ALL $ 141-\ 25 0350 

ME~ER PROPERTIES $ 14~ 25 0360 

1 VARIABLE S 14B 25 0370 

SEG 1 AX 63 IX 720 IY 7000 YD 5.4 IZ 240 l 14.565 $ 146 25 0380 

SEG 2 AX t4 IX R30 IV 7100 YO 5.7 IZ 275 L 14.565 $ 1413 25 0390 

SEG 3 AX 65 IX 920 IV 7200 YD 6.0 IZ 315 L 14.565 $ 14R 25 0400 

SEG 4 AX 66 IX 1030 IY 7300 YO 6.1 IZ 350 l 14.565 $ 14A 25 0410 

2 V.ARIARLE 0420 

SEG 1 AX t6 IX 1030 IV· 7300 YO 6. 3 ll 350 L 5. 251 $ 14R 25 0430 

SEG.2 AX 65 IX 92~ IY 7200 YO 6.0 IZ 315 l 5.251 $ 14R 25 0440 

SEG 3 AX 64 IX 830 IV 7100'YO 5.7 IZ 275 l 5.2S1 $ 14f\ 25 0450 

SEG 4 AX 63 IX 720 IY 7000 YO 5.4 IZ 240 l 5.251 $ 14R 25 0460 

3 PRISMATIC AX 35 IX 20 IY 3430 YO 5.3 IZ 105 $ 14R 25 0470 

4 VARIABLE $ 141'\ 25 .0480 

SEG 1 AX 63 IX 720 IV 7000 YO 5.4 IZ 240 l 5.251 S 14R 25 0490 

SEG 2 AX 64 IX 830 IY 7100 YO 5.7 IZ 275 l 5.251 $ 1413 25 05rl0 

SEG 3 AX 65 IX 920 IY 7200 YO 6.0 IZ 315 l 5.251 .$ 14R 25 0510 

SEG 4 AX 66 IX \010 IV 7100 YO 6.3 IZ 350 l 5.251 $ 14R 2S 05l0 

5 VARIABLE $ 14R 25 0530 

SEG 1 AX tb IX 1030 IY 7300 YO 6.3 11 350 l 12.102 S 14R 25 0540 

SEG 2 AX 65 IX 920 IV 7200 YO 6.0 IZ 275 L 12.102 $ 14R 25 0550 

SEG 3 AX 64 IX 830 IV 7100 YO 5.7 IZ 315 l 12.102 S 14B 25 0560 

SEG 4 AX 63 IX 720 IV 7000 YO 5.4 IZ 350 L 12.102 $ l4R 25 0570 

6 V~RI ABLE· $ 14R 25 0580 

SEG 1 AX 45 IX 15 IV 7600 IZ 4 L 2.990 $ 14R 2"i 

SEG 2 rx 12'5 IV 13300 IZ 10 $ 14R 25 0600 

SEG 3 AX 11 ~ IX 2"4 tv 1qooo IZ 15 $ 14B 25 0610 

7 VARIABLE $ 14'3 2 5 Ofl20 

SEG 1 AX 31 rx 143 IV 158 IZ 41 L 9.649 $ 14R 25 0630 

SEG 2 AX 4C IX 260 JY 2 85 IZ ~ 14R 25 0640 

SEG 3 .\X 5C IX 380 IV 420 IZ· 120 l 9.649 $ 14~ 25 0650 

SEG 4 AX flO IX 510 IV 535 $ 1413 25 0660 
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8 VARIABLE $ 1413 25 06 7() 

SEG 1 AX 44 IX 228 IV 245 tz (;,q L 6. 087 $ 148 25 06BO 

SEG 2 ~X 5C IX 3?.0 IY 340 IZ 90 L 6. OH7 $ 14~ 25 1)!,90 

SEG 3 ~X 55 IX 420 IV 440 IZ 130 L 6.CB7 $ 14~ 25 070~ 

SEG 4 AX 60 IX 510 IV 535 IZ 169 l 6.087 s 14~ 25 0710 

9 VARIA~lE S l4R 25 0720 

SEG 1 AX 45 IX 15 IV 7600 IZ 4 L 3.209 s 141'\ 25 07"30 

SEG 2 AX 79 IX 125 IV 13300 IZ 10 L 3.209 s 14~ 25 0740 

SEIJ 3 AX 113 IX 234 IV L9000 I Z 15 L 3.209 $ 140 25 0750 

LOADING 1 1 0EAO LOAD 1 ~ l4R 25 0760 

ME~BER LOAC'i s 14~ 25 0770 

1 FORCE Y GLOBAL LIN f-R WA -9.9 WB -1C.5 $ l4R 25 0780 

2 FORCE Y GLOeAL LIN FR WA -10.5 WB -Q.9 $ 1411 25 0790 

4 FORCE V GLOBAL LIN FR WA -9.9 WB -10.5 s 14!\ 25 08.00 

5 FORCE Y GLOBAL LIN FR ~A -10.5 ~B -9.9 $ 14'3 25 0810 

3 FORCE Y GLOBAL UNIFOR~ W -7.32 S l4R 25 OR20 

6,9 FORC~ Y GLOBAL LIN FR WA ~6.75 WB -17.0 $ l4R ?.5 0830 

7 FORCE Y GLOBAL LIN FR WA -4.65 WB -8.95 S l4B 25 0840 

8 FORCE Y GLOBAL LIN FR W~ -6.60 WB -8.95 S l4B 25 0850 

JOII\T LOAnS S l4R 25 0860 

2,5 FORCE Y -195 $ 141'\ 25 0870 

3,4 FORCE Y -100 $ l4R 25 0880 

LOADING 2 1 EARTH PRESSURE AT ABUT~ENT$ 1 S l4R 25 0890 

ME.,BER LOACS $ l4B 25 0(}00 

6 FORCE Y LINEAR FR WA 19.7 WB 6.7 $ 14~ 25 0910 

9 FORCE Y LINEAR FR WA -1Q.7 WR -6.7 $ l4B 25 0920 

LGAOING 3 1 TE~PERATURE LOADS 20 PEQCENT DIFFERE~TIAL' $ 14~ 25 Q£}31) 

~EMBER TEMPFRATURE LOADS $ 141'\ 25 0940 

1 TO 5 FR LA 0.0 LB 1.0 AXI 0.9 BEND Z -0.2 $ 14R 25 0950 

6 TO q FR LA 0.0 Lu 1.0 AXI 0.8 $ 143 25 0960 

LCAD LIST ALL s 149 25 0970 

PRINT DATA $ 14~ 25 0980 
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•••••••••••••••••••••••••••••••••••••••• 
........................................

* PR08LE~ DAJA FROM INTERNAL STORAGE * 

JOB ID - PROS 5.5 JOB TITLE - SUMMIT RD SEP. R. A. DOKKEN 

ACTIVE UNITS - LENGT~ WEIGHT ANGLE TEMPERATURE TIME 
FEET KIP DEG OEGF sec 

********** STRUCTURAL DAU ***..****** 

ACTIVE STRUCTURE TYPE - SPACE FRANE 

ACTIVE COORDINATE AXES X Y Z 

JOINT CDDRCINATES----------------------1 STATUS--/
JCIIIT X Y Z . CQIIIDI TION 

1 O.l50 50.800 o.o ACTIVE 
2 59.000 49.700 o.o ACTIVE 
3 8o.coo lt9o300 o.o ACTIVE 
4 110.000 47.500 o.o ACTIVE 

' 191.000 to7.100 o.o ACTIVE 
6 239.250 46.000 'tol50 ACTiVE 
1 o.o 41o900 o.o SUI'PORT 4C1'1VE 
8 42.100 u.ooo o.o SUPPORT ACTIVE 
9 201.220 25.000 o.o SUPPORT AtTIVE 
10 240.000 36.400 3. 750 SUPPORT ACTIVE 

JOINT RELUSES·---------------------/ELASTIC SUPPORT IIELEASES-------------------------1 
JOINT FO~CE MOMENT THETA 1 THETA Z THETA 3 KFX KFY KFZ ICMX ICMY KJIZ 

NEMIIER HICIDENCES·-----1 LENGTH---/ RELEA ses----------1 STATUS-/
MEMBER START END LOCAL COORD. START END 

FORCE MOMENT FORCE MOMENT 

1 1 2 58.260 ACTIVE 
z 2 3 21.004 ACTIVE 
3 3 ~ 90.018 ACTIVE 
4 ... 5 21.004 ACTIVE 
5 5 6 .. a • .r,ol! ACTIVE 
6 7 1 8.•n2 z ACTIVE 
7 8 2 18o5'l ACTIVE 

9 5 21oo31o9 ACTIVE•9 10 6 9.629 z 4CTIVE 

MEMBER PRO PERT IES----------------·-------------------------------------------------------1 
~E"IIER/SEG TYPE SEGeL COHP U/YD AY/ZD U/YC IX/ZC IY/EY IZIEZ SY sz 
1 VIRUBLE 

Ho565 L 63.000 o.o o.o 719.999 6999.9811 240o000 o.o o.o 
5o1tOC o.o o.o o.o o.o o.o 

z 11oo565 L 64.000 
!1.700 

o.o 
o.o 

o.o 
Oo? 

1129.999 
o.o 

7<)99.988 
o.o 

275.000 
o.o 

o.o "·" 
3 t4.5E!I L u.ooo o.o o.o 919.999 7199.9811 315.1100 o.o o.o 

.. 11oo565 L 
6,000 

66,000 
o.o 
o.o 

o.o 
o.o 

o.o 
102'9.999 

o.o 
7299.988 

o.o 
350.000 o.o o.o 

6o100 o.o n.n o.o o.o o.o 
2 VIRUBLE 

5.2'11 L 66.000 o.o o.o 1029.999 7299.9118 3!10.000 o.o o.o 
6.300. o.o o.o o.o o.o o.o 

2 5.251 L 65.000 o.o o.o 919.999 7199o981 31'5,000 o.o o.o 
6.000 o.o o.o o.o o.o o.o 

3 5.251 L 61to000 o.o o.o 829.999 7099.9811 zn.ooo o.o o.o 

4 5.251 L 
5.700 

63.000 
o.o 
o.o 

o.o 
o.n 

o.o 
719.999 

o.o 
6999.9118 

0.1)
Zloll.OOO o.o ll.O 

5olt00 o.o o.o n.o o.n o.o 
3 P-ISM.TIC 35.000 

5.300 
o.o 
o.o 

).0 
o.o 

20.000 
o.o 

31o29.996 
o.o 

105.000 
o.o 

o.o I'J.o 

"' VfR IAeL E 
5.251 L 63.000 o.o o.o 719.99'1 69'19,988 ZloOoOIIO o.o o.o 

2 5.251 L 
5.400 

61t.OOO 
o.o 
o.o 

o.o 
o.o 

o.o 
829.999 

o.n 
7099,988 

0.1) 
215.000 n.o 1).0 

5.700 o.o o.o o.o o.o o.o 
3 5.251. L. 65.000 o.o Oor.J 919.999 7199 .'188 ·n~.oon o.o o.o 

6.000 o.o o.o n.o o.o n.o 

" 5.~51 L 66.000 o.o o.o 1029,'199 7299.988 350.000 o.o r.~.o 
6.300 o.o o.o o.o o.o o.o 

5 VfRIABLE 
12.102 L 66.000 o.o o.o 1029.'1'19 7299.988 ~!10.000 o.o o.o 

6.100 o.o 11.1) o.o o.o o.o 

3 

12.102 

12.102 

L 

L 

65.'100 
6.000 

64.000 

o.o 
o.o 
o.o 

o.o 
o.o 
o.o 

'119.99'1 
0.1) 

1129.'1'19 

7\99.'188 
o.o 

7099.988 

2T5.000 
o.o 

315o00r.J 

o.o 

o.o 
"·" 
o.o 

5.700 o.o o.o o.o o.o o.o .. 12.11)2 L 63.000 o.o o.o 719.999 6999,'188 350.000 o.o o.o 
5.1tOO o.o ·o.o o.o o.o o.o 
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6 v•RIAeLE 
2,"90 L ..,5,<JOO 

o.o 
a. o 
o.o 

o.o 
'),Q 

1~.ooo 
o.o 

75'1'1.•198 
o.o 

.... ooo 
(1,0 

o.o o.o 

2 z,qqo 7'1.000 
o.o 

o.o 
o.o 

a.o 
1),0 

125.000 
o.o 

132'1'1,980 
o.o 

10.000 
o.o 

o.o o.o 

3 ?,qqo L 113, 'lOO a. o o.o 234.000 18999.977 15.000 o.o o.o 
o.o o.o o.o o.o o.o o.o 

7 HRUBLE 
~.b49 L 31.000 o. 0 o.o 143.000 158 .ooo 41.000 o.o <J,O 

o.o o.o o,o o.o o.o o.o 
q,~49 L 40,000 o.o o.o 260.000 285.000 ~o.ooo o,o o.o 

o.o o,n o.o o.o o.o o.~ 
'l.b4'1 L 50.000 o.o o.o ~80,000 1tl9.9'l9 120.01)0 o.o o.o 

o.o o.o o.n o.o o.o o.o 
4 <l,blt'l o>o,ooo o. 0 o.o 509,999 534.'1'1'1 16'1.000 o.o o.o 

o.o n.o o.o o.o o.o n.o 
8 VARIABLE 

6.cn ltlt,OOO o.o o.o 228.000 21t5,000 69.000 11.0 o.o 

b.nn L 
o.o 

50.000 
o.o 
o.o 

o.o 
o.o 

o.o 
320.000 

o.o 
HO.OOO 

o.o 
'10,000 o.o o.o 

o.o o.o o.o o.o o.o o.o 
1>.087 L 55.000 o.o o.o 41CI,'l'l9 43'1,99'1 130,000 o.o o.o 

o.o o.o o.o o.o o.o o.o 
4 6.0~7 l 60,000 o.o o.o 50'1,9C!C! 534.99'1 16'1,000 o.o o.o 

o,o o.o o.o o,o o.o o.o 
q V•RIABLE 

3.20'! L lt5.000 o.o '),O u.ooo 75'1CO,C!88 4.000 o.o o.o 
o.o o.o o.o o.o o.o o.o 

3.20'! 7'1.000 
o.o 

o.o 
o.o 

I),O 
(),1) 

125.000 
o.o 

132'1'1.980 
o.o 

10.000 
o.o 

o.o "·" 
3. ~0'1 113.000 o.o o.o 23.... 000 189'19,977 15.000 o.o o.o 

o,o o.o o.o o.o o.o o.o 

MEMAER CONSTANTS--·------------------------------------------------------------------------------------------------1 
CO~SUNT ST ANOAIIC VALUE lXIII AIN, VALUE 14E'48ER LIST 

43l'IC!9,t2,01!-·) ALL 

G o.o ~LL 

DENSITY 1.727'199 ALL 

CTE c.oaono All 

PET4 360.0CCOOO ALL AUT 
29. 079'171 6 7 8 0 

PCISSO"' a.o ALL 

•••••••••• OESIG~ O~r' •••••••••• 

use~ ona SET 

PARAMETER CICT!ONAPY-----------------------------------------1 
NAIIE TREATME"'T STA"'DAR~ L W A TEMP TIME 

STRUDL DAU SFT 

PIMANETER CICTIONAIIY·----------------------------------------1 
"'AI'!E TREATME"'T STA"'UARll L W A TF.MP TI14E 

FYlD STA"'CARC '181to 00 -~ 
PF STANCARC 1. 00 
FBlTIJP STA"'CARC 1,0<)
CODE REQUIRED
KY SU"'OAPC 1.00 
KZ SU"'CARO 1.00 
CA SU'ICARO 1,00
LY COI'!PUTE 'JQSTULEN 
LZ COI'!PUTE ~QSTULE"' 
CMY STANCARC 0,85 
C"'l STANCARC 0.85 
UNLCF COMPUTE OQSTliLC'l
'HLUES ~TANCARC 1.01)
TRACE SUC\ICARO 1.00 
PRIOTA SHNCARC t.oo 
TdlNAM SHNCARC STEELWF 
MXTRI ALS STANOARC zc;,oo 
SECNCARY STANCUr. t.oo 
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USER DATA SET 

CONSTRAINT DICTIONARY·-----------/
N&ME ~!!TRIFVAL 

STRUOL DAU SET 

CONSTRAINT DICTIONARY------------/
NAME ~F.T~IEV~L 

AX TABUL4R 
AV TASULAP. 
AZ UBULAR 
IX UfiUL4R 
IV TAIIULAR 
IZ T~!IULAR 

SY To\"ULAR 
sz U'IUUR 
YO T~~ULAR 

zo UfiULAR 
FLn TA~UL.t.~ 
IIBTK UtiUL4A. 
YD/AFL H!lULAR 
RY H8ULAit 
RZ TA'IUL4R 
COMP TMIJLAR 
YC TAIIUL.t.R 
zc TJI!lULAR 
II EIGHT UIIULAR 

********** LOADI~G OATA ********** 

LOADING - I STATUS - ~CT!VI! 

'IEMBER. ANIJ ELEMENT L0~US-------------------------------------------------------------------------------1 
IIIE"'8ERIELE14ENT 
1 LlNUR, LOAD GL FORCF. y I'll IIA -'1,'100 LA o.o Mil -10.500 • LB lo!'!On 
2 LINEAR, LPAD GL FORCE y FR ..... -10.500 LA o.o 11!3 -9,'100 L~ lotiOn 
3 UNIFORM LOAU GL FI'!Rt:E v FR II -7.320 LA o.o LB 1.ono.,It LINEAR, LOAil GL FoRCE F'l ..... -'1,'11)0 u o.o liB -10.500 L~ 1.000 
5 LINEAR, LCAO r.L FrJRCF. .., FR WA •1C,500 LA o.o WB -'1.~00 L8 1,0!'10 
6 LIIIIEAII, LOAIJ GL FORCE v FR ... -&,750 L.t. o.n Wfl -17.000 L~ 1.ooo.,7 LINUR, LOAU {;t. FORCE FR IIA -lt,650 LA o.o WB -11,'150 LB 1.noo 
8 LI"'EAR, LI"AD GL FORCE y FR ..... -6.1t00 LA o.o 1111 -a.•no Ll!l 1.000.,9 LINEAM, LOAD GL FORI:E FR IIA -&. 750 LA Q,l) Mil -:11.000 u loOOO 

JOINT LOADS··------------------------------1 ----------------------------1 
y y 

2 o.o -1'15,(\01) o.o a.n a.o o.o 
3 o.o -tllo.ono o,n o.o o.o Q,(l 

!),') -10!).000 o.n o.n o,n o.o 

JOINT STEP FORCE X z NOMENT It z 

•5 ,.o -195.0013 o.o 1),0 o.o o.o 

JOINT DISPLACE~ENTS---------------------------------1 ----------------------------------1.., yJOINT STEP CISP, X z ROT, X z 

JOINT FORCF 4SSUMPTIONS ------------------------------------------------------------------------·-----------------1 
..,JOINT THETA l ~ ~ FORCE X y z ~OMENT X 

NC 4SSUNPT Hl~S GIVEN F<JP THIS LIIA<HNG 

MENHER FORCE ASSUNPT ION~ -----------------1 ---------------------------------1 
MEMBER COMPONENT niST4NCE VALUE C014PONENT OISTIINCE VALUE 
NO ASSUIIIPT IO~~S GIVEN FllR THIS LfiAOING 

LCAOING - 2 EARTH P~FSSURE 4T ABUTMENTS SUTUS ·- 4CTIVE 

M~NAER AND ELEMENT LOAOS-------------------------------------------------------------------------------------------1 
MEIIAER/ELEIIEIIIT
6 LIIIIF.AR, LOAD FORCE Y FR WA 19,700 LA 0,0 IIA 6oTOO L8 loOO'I 
9 LINEAR, LOAD FORCE Y FR ~A -19,700 LA OoO WB -6,700 LA loOOO 

JOINT LOADS-----------------------------------------1 --------------------------------·1
JCJNT STEP FORCE X Y Z I'OMENT X Y Z 

JOINT DISPLACF.IIENTS---------------------------------1 ------------------------------------1 
JOIIIIT STEP DISP, X Y Z ROT, X Y Z 

JOINT FORCE ASSUMPTIONS ------------------------------------------------------------------------------------------1 
JOINT THETA 1 2 3 FURCE X v NOMF.IIIT X .v z 
NO ASSUMPT lOIIlS GIVEN FliP. THIS LOA'lii\IG 

MEI'8ER FORCE lSSUMPTICNS ----------------------1 ----------------------------------1 
MEMBER CO~PONENT OISTA~CE VALUE COMPONENT Dl STANCE VALUE 
~ ASSUMPTIONS GIVEN FOR THIS LOl~ING 
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-t.OAiliNG- J H.~PERATUR E LO~OS 20 PERCFNT DIFFERENTIAL ST~T!JS - ACTTVE 

MEMeER UIIJ ELEMENT LOAOS----------------------------------------------------------------------------------------------1 
MEMeER/ELEMENT 
I TE ""ERATUR E L04Ct• LA o.o LB 1. 000 AXIAL 0.900 ~ENDING y o.o z -0.200 
2 
3 

TE~PERATURE lQ41) 
TEMPE~ATURE lO~O 

LA 
LA 

o.o 
o.o 

LR 
LB 

1.ooo 
1.00~ 

AXUL 
AXIAL 

o,qon 
0.<100 

~E'lOI NG 
BENOING 

y 
y 

o.o 
o.o 

z 
z 

-n.zM 
-O.ZM 

4 
5 
6 
7 
8 
9 

TE~PERATUR.E LIHif 
TE'1PERAT\JRE LOh,l 
TE,.PEqATUR E LilA()
TE'IOER.ATURE LOAO 
TEMPERATURE Lr'IAO 
TEMPERATURE LOAJ 

LA 
t.a 
LA 
LA 
LA 
I.A 

o.~ 
1).0 
o.n 
o.o 
o.o 
o.o 

LB 
L~ 

LB 
LB 
LA 
LR 

1.coo 
1. OOJ 
1. 000 
t.ooo 
1.oory 
1. COO 

AXIAL 
AXIAL 
AX14L 
AXIAL 
AXUL 
AXUt. 

0,9011 
0.900 
o.~oo 
n.ann 
o.aoo 
o.aoo 

DENOING 
~ENCING 

RENDING 
SENOI NG 
~ENO!'IG 
RENO! 'lG 

y 
y 
y 
y., 
y 

o.n 
0,1'1 
0.0 
o.n 
o.o 
o.o 

z 
z 
z 
z 
z 
z 

-o.2no 
-I). 200 

o.o 
o.o 
o.o 
o.o 

JOINT LOADS-----------------------------------------1 ----------------•-------------------r
JOI'lT SHP FO,~CE X Y l MOMENT X V Z 

JCI~T DISPLACEMENTS---------------------------------1 ------------------------------------1 
JOINT STEP DISP X Y Z ROT. X Y Z 

JOINT FORCE ~SSUMPTIONS --------------------------------------------.:.------------------------------1 

JOINT THF.TA 1 2 J FIJRCE X y "'OMENT X y l 
~0 ASSUMPT!UNS GIVEN FOR THIS LOADING 

MEMBER FO~CE ASSUMPTIONS --------------------1 -----------------------------1 
MEMOER CCMPONENT DIST4~CE VALUE CO"PO"'E"'T 01 STANCE VALUE 
NO ASSUMPTIONS GIVEN FOR THIS LOA•li~G 

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

• END OF CATA FRO" INTERNAL STO~AGE • 

STIFFNESS ~NALYSlS S 14R 25 09~0 

LIST FORCtS RE~CTIONS DISPLACEMENTS $ 146 25 1000 

•RESULTS OF LATEST ANAt.VSES• 

PRO~LEP - PROH 5.5 TITLE - SUM"IT RO SEP. R, A, DOKKEN 

ACTIVE UNITS FEET Kif OE~ DEGF SEC 

ACTIVE STRUCTURE TYPE SP4CE FRAME 

ACTIVE COORCINATf AXES X Y Z 

LCAOI"'G - 1 DEAD LOAD 

MeMBER FORCES 

ME"8ER JOINT 1-------------- FORCE --------------11------------------- MOMeNT --------------1 
AXIAL SHEAR Y SHEAR l TORSIONAl BENDING Y IIENOING l 

1 1 -21.0821838 12~.1"30511 -'8.5110025 326. e66~55l -1.1~59513 -~44.7841197 

1 2 9.8623266 470.0024414 8o5111980 -326.8664551 't91.0056152 - 9't60o '1593750 
2 2 824.9~43457 6-42.2348633 1.2956't95 -17.5619659 -207.3522034 l'tll2. 9906250 
2 3 -BZ9.031t423, -·\28. 01~9121 -1.2955790 . 17.5619659 180.11'13738 -2895,1)739746 
3 3 830.62597116 328.8'tH500 1.2<155465 -17.3905182 - 180.155'1601 2895.0739746 

-~43.8020020 329.955566~ -1.2953300 17.3905182 63.5H2587 -29~5.139't043
3 " 4 4 8~5.H25l81 -43C. 7395o2o 1.2952076 -17.4509277 -63.5267029 2945.140625" 

-~4'1.472<>00~ 644.93'1~531 -1.2'152271 17.4509277 36.3212585 -14219.7656250
" 55 5 -90,810607'1 464.6643066 -6.17113897 858.2387695 381t.4M4492 905~.9609375 
5 6 7'1.5909271 28.96902~7 6.1765499 -858.2387695 -85,4700165 1 'Hit, 4 724121 
6 1 228.1936035 29.0'1'19756 -25.9222870 20.15~0527 -286.3222656 o.ooooooo 
6 1 -122.5061035 -21.3164168 21.593591't -20.1540527 501.29858't0 230.l4886't7 
1 8 177\ .454831·0 -13. 1128693 51.8811>223 ll7o8094635 -325.8't545<10 -700.9686523 
7 2 -1535,4978027 173.5452271 -107.1355499 -u7.8094635 -26't0o 8820801 -3A54o92't5605 

1756. '188769S -165.7810364 107.838~857 287.9553223 -290.4702148 -521.12939't58 " 
8 5 -1585.1657715 235.2230377 -146.4576111 -287.9553223 -2781.7153120 -4318.2109'375 
9 10 134,8625488 12.891357<1 -54.6969757 -<lr.9.0876~65 -'l,OOilOOOO"· 3285446 
9 6 -20.8777618 -65.108886 7 50.3688660 -9. 32854~6 1477.9409180 669.8166504 

5-43 




RESULT,NT JOINT LOADS - SUPPORTS 

JCJNT 1------------- FORCE ----------------11--------•------ "OMENT -------------1 
X FORCF Y FORCE Z FO~CE X ·M0'4ENT Y "O!OENT l '40MENT 

1 -18.1345121 23Co 5811615 -8.5111731 251.0378265 -0.92'1351t1 -13'1.16123'16 
8 855 .171)2631 1~53.5'137500 9. 8064795 1.3522234 130.3804016 -171!.88961t81t 
q -<116.5446777 1511. Q\47'14'1 -13.67001>87 -12!.3821564 261.1228027 596.6llt2578 
10 7".5088043 141. <tS51 074 12. H46080 -845.0805664 -~6.bl'>lt77•H 411.0056152 

JOINT 1--------------0ISPLACEMENT----- --------11-----------------ROTATJON-------------------1 
X DISP. Y DISP. l DISP. X ROT. Y ~OT. l ROT. 

7 o.o o.o o.o o.o o.o 1!.0 .,_.,.
8 o.o o.o o.o o.o o.n 
9 o.o o.o o.o o.n o.n ll.o 
10 11.0 o.o o.o o.o ll.O 1).0 

RESULTINT JOINT DISPL~CEMENTS - FREE JOINTS 

JOINT 1----------01SPLACEMENT------------/1---------------ROTIITION------------1 
X DISP. Y DISP. Z OISP. X ROT. Y ROTe l ROT. 

I 0.0022081 -o.oo0241t7 -0.0012389 -0.001t2709 -0.01)1221'1 -1).0073887 
2 o.ooz1511t -0.001t9726 -o.ooooo61 -o.Oll607l -O.OOOI!161t -O.Qit07'>99 
) Oe001l9433 -0.0356486 0.0001601 -o.Oll4636 -o.ooo71t31 -ll.tllt8081 .. -0.0040207 -o. 031t5825 o.oo1sozo o.011tlt92'1 -0.0008385 0.1150866 
5 -O.OOit0755 -0.003'10'10 o.cot7043 OoOl4'.oH6 -0.(10118217 I).Oitll2'138 
6 -0.0038828 -0.0003351 0.0021815 0.0015150 -0.0006676 <).1)023555 

LOADING - 2 EARTH PRESSURE liT ABUTMENTS 

MEMIIEA FOIICES 

Mf~~ER JOINT 1-------------------- FORCE ----------~-------11-------------------- ~I'IEN7 --------------1 
AXIAL SHEAR Y SHEAR l TORSIONAL BfNOING Y BE1'401NG Z 

1 1 -29.66033'1'> 6.9155302 0.8196010 18.26669!1 -5.5980'121 220.6708679 
1 2 l9.6603394 -6.9155302 -0.8396011) -18. 2666'131 -lt3. 3173676 l82.Z)Qit535 
2 2 -1'>.8232601 2.8781176 1.2116618 -!1.3858062 39.3569031 17'>.3'177966 
2 3 14.8232601 -2· 878117, -1.2716618 0.3858062 -66.0666501t -113. '1'>63 1!06 
3 l -1•h8259'107 2.8640089 1.2716618 -0.'>486809 66.066238'> 111.9'>62280 
3 4 11te8259907' -2.,64008'1 -1.2116618 o.lt486809 -U0.53!621lll llt~.865'16611 .. -14.82326"'1 2.8781033 1. 2716618 -0.2710392 180.~38<1557 -lit). 8659668"' 5 11toll232641 -2.8781033 0.27103'12 -2o7.Zit!I70'Io 2olt.l1712J'>... -1.2716618 
5 5 H.CJ524381t 14.0402'>51 -5.4153509 64.'110607'1 26'>.7717285 lt54. ~ltll0879 
5 6 -l'1.9521t384 -Ito. Olt02'>51 5.<t15350'1 -64. 31 0607" -2.6255'132 22'>.8199'>63 
6 7 4.'168671t7 -'llo22S1799 -13.8703137 -4.4009151 214.887'>512 -o.ooonollo 
6 1 -4.96111oH7 -26.668151" 13.8703737 4.4009151 -91.0<)15551 -zo~.gqoJ656 

1 8 2.5834570 -13.03706'13 7.7'>'>7529 -11.4390182 -112.2611378 -191!.'1252011t 
1 2 -2.5831t57C n.o3106<13 -1. 1'>4752'1 11.43'10182 -186.6580353 -JOlt. 2612305 
8 -14.1731'119 4'1.2686157 -23.3361157 17.7591705 291.151)8 71!'1 5'11t.81)6t5n 
8 "5 14.1 H7'1!9 -49.268'.o157 23.1367157 -31. 75'11705 277 .065'1 181l 60'>.~169'145 
9 10 -'1.92'17953 8'1.7201331. 111.1582'147 5.1941347 -352.527587'1 'l.Oil01)01)1) 
9 6 q.9297'153 n. 3406830 -18.1582'11t7 -5.1'141347 117.67654'>2 l'H. <!5690Zit 

~ESULUNT JOINT LOAOS - SUPPflHS 

JCII\IT 1-------------------- FORCE ------------------11------------------- MOMeNT ------------------/
X FORCE Y FORCE Z FORCE X MOI'IENT Y ~MENT Z '4014F.NT 

7 13 .llt617'12 -1.1717086 -'i6.'>615326 -187.5051t932 11.38...1t'l38 11J4olt'>171tt9 
8 !'>.7587252 -it.llltlt0'13 'l.lt1206ZO -3.721t9680 -10.'10'13'1'12 -Z2111.1t1Zit90'l 
q 55.325485~ 9.'1688Tio0 -3.551075'1 -47. 2938080 1'1.730'ilt50 -66t.11tolt727 
10 70.llt72'131 -4.4798079 -5'1.1t 762878 -307.5573730 -18.817'1016 171.3389893 

RESULT.NT JOINT OISPLAC~~ENTS - SUPPORTS 

JCJNT 1-----------------DISPLACEI'IENT-----------------//-------------------ROTIITION-------------------/ 
X OISP. Y DISP. l DISP. X ROT. Y ROT. l ROT. 

1 o.o o.o o.o o.o o.o 1).0 
8 o.o o.o ().fl o.o o.o 'l.O 
9 o.o o.o o.o o.o o.o 'l.O 
10 ~.o o.o o.o o.o o.o O.ll 

~ESULTANT JOINT C!SPL4CE~ENTS - F~EE JOINTS 

JCI'IT 1---------------0 I SPL.\C E"E NT----------------11-----------------I>OTA'!' 101'4--------------/
X DISP. Y DISP. l OISP. X ROT. Y POT. Z ROT. 

-0.0019501> 0.0001629 .).0010'106 '1.0012294 o.ooo21o1R o.no~Bt4 

-O.OO!A145 ').1)009069 0,1)1)08270 0.000818~ o.oooZ2'l4 I).OOlt'lll6 
-0.0018598 0.0010'150 0.0007406 0.0008215 O.IJ002087 -0.01)0175'> 

4 -0.0018270 -0.0016835 o.M06719 1),0014824 -o.oooZB7 0.00152'57 
5 ...:o.oo1T'I'I3 -0.00011150 ll 0 0D07609 0.0014832 -0.001)30'13 1).1)<)317'1'1 
6 _,.001~71>2 -C.0001433 0.0010503 o. 0004691 . -O.f!Oil'>OlO 1).0007187 
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LOAOIJIIG - J TEMPERATURE LOAOS 20 PERCENT DIFFERENTIAL • 

ME~I'IER FORCES 

i'IEMBER JOI'IT 1------------------- Ff!RCE -----------------11------------------ "O"f'tT ------------------1 
~XIAl SHE~R Y SHE-R Z TORSION-l ~ENOI~tG Y AE.,OHlG Z 

1 1 R6'>o363281~ 1 e6. Be7s7a -22.8058717 1nt..6076660 -28 ~. A466 7<17 6757.6484375 
1 2 -~6'>.3632811 -lett.7AA7878 22.8058717 -1726.607661>0 1612.•2631>12 lol24. 7343751) 
z 2 iOH.764~nl, 20.278915/o 10.8857679 33.1110409? -1 n<~.46069~" '150.2<'J'IO/o~O 

2 3 -1027. 764892'> -20.2 78<1154 -10.R857679 -33.8104095 1150.8181152 -~2,. 3344727 
3 3 1027.744628'1 ?.1.2570038 10.11857679 'H.905593'1 -11511.7851562 524. 3331)078 
3 4 -1027.744628'1 -21.2570038 -10.8,57679 -31o.9055939 170oA705444 13~'1.180175~ 

4 4 1027. 761o64~1t 20.2799072 10.~8'17671J 34.7431488 -110.'10J'r170 -HA'I.l~lq848 

4 5 -10H.764MII4 -20.2799072 -10.11857679 -31t.743l(f8A -~7.7388306 1815.1369629 
5 5 1>53.7551>152 - }l9. 5 307()11 13.6388855 -321.3461914 -573.2285156 -'llt07. 9291,q7'1 
5 ~ -t.Sh 7551>152 31'1.531)71>17 -13.1>388855 321.3461914 _,..,.0021>'1~0 -60~'1.'111)1562 

6 1 242.82'1S441 -755.9931641 3'14.33'1~<>96 -170.8'1111751 -175'1.55'1'171)3 'lo'IO'IOfl'lO 
() 1 -242 .82'1541tl 755. 99ll61t1 -394. 31~5'19& 170.!1938751 -171>2. 501t8fl21! -675~.18751){10 

1 8 -~3.2811737 -172.8837280 134.~98104'1 -501.0192871 -1304.354'1805 -3031. 5'!~6230 
1 2 '!3.2811137 172.8837280 -134.6'181049 501.0192871 -3894.517!11tl8 -3M1.H•UM2 
8 9 -l'ol .t.20541tlt -453.t.51t5410 1'11.8834?7.9 -71 It. 40405?7 -<1!5.'16241)23 -lt443.96!!751)1) 
8 5 14Z.t.21l5444 453.1>51t5410 -1'11.8'3422'1 711>.4040527 -37(f6 o13'12'H'I -t.t.'l\.8'1111t375 
9 10 3!13.3'141754 -501>.~159180 354. 7221>51>3 -155.3641357 188.7578735 0.1) 

-383. 3947751t 506.8159180 -351to7221>51t3 155. 31>41357 -3604.4777832 -4880. 265625{1
" 6 

JCI~T 1-------------------- FO~CE --------------------11------------------- KO~E~T -------------------1
X FORCE Y FORCE Z FORCE X MOMENT Y IIOOIENT Z I!OI!ENT 

" 
7 869.13583'18 170.3979187 -22.81J52216 1517.•H19Z311 -299.41'11t'570 -'1'15.19!173fl'5 
8 153.2287'103 -11>9,(,958618 33.6916'11>2 -5\9.21'1482" -~1)4.40502'13 - '2!!3. 111'1\1,1)~ 

- H4 .6384277 -335.0053711 52. 7'l4738~ 1521>.627<12<17 -'13.3213<1'1'1 4H3.1!HI4'lt.2 
10 -M3.32617l'l 334.3034668 -1>3.1>795044 176.5633240 -142.<'1t35791 -'11.71t19.,'11 

RESULT-NT JOINT CJSPL~CEMF.NTS - SUPPORTS 

JCI"'T /-----------------DISPL~CEMENT-----------------11-------------------ROTATJON-------------------/ 
X DISP. Y DISP. l DJSP. X ROT. Y ROT. l ROT. 

7 o.o o.o o.o o.o o.o o.o 
8 o.o o.o o.o o.o o.o 

o.l) "·"9 o.o o.o o.o o.o o.o 
10 o.o o.o o.o o.o o.o o.o 

RESUL UNT JO !NT 0 ISPLACEI4ENTS -· FREE JOINTS 

JOINT 1----------01SPL4CEME14T-------------/I--------------POTAT IOH---------------1 
X DISP. Y DISP. Z DISP. X ROT. Y ROT. l ROT, 

1 -0.050'1723 0.0072335 OoOZB'.i71>2 0.0775337 o.oot.B71!7 "· 137'1'5'12 
2 -0.02481511 0.0303115 0.0196937 o.o387T35 0.00862'15 1).0326714 
3 -0.0156403 0.0315990 1).011>11>7'1 0.0385091 0.00'11272 1).1)035021 
4 -0.0050771 1).01 ..9179 -0.0016324 -0.0135268 0.0124686 'lo'lll798'1 
5 0.0040432 0.1)1,"\086 -o. 00611 ~oa -o.J1:'~077 O.OP4'164 1).0059'1~1 

It 0.0263442 ().0051789 -0.0148449 -0.0065731> 0.0125758 -'l.'l0967'l9 

LOADING COMBINATION 4 S 14B 25 1010 

COMRI~E 4 1 1.0 2 1.0 3 1.0 $ 14B 25 1020 

LOAD LIST 4 $ l4B 25 1025 

LIST FORCES REACTIONS DISPLACEMENTS S 14B 25 1030 
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*RESULTS OF LATEST AN~LYSES* 

PR08LE~ - PROS 5.5 TITLE- SUMMIT RO S~P, R. ~. DOKKEN 

ACTIVE UNITS fEET KIP DEG OEGF SEC 

ACTIVE STRUCTURE TYPE SP~tE FlUME 

ACTIVE COOPOINATE AXES X Y Z 

lOADING - " 

MEN&EA FORCES 

MEMBER JOIIIIT 1------------------ FORCE ---------------11----------------- P40NENT ----------------/
UIAL SHEAR Y SHEAR Z TORSIONAL IIENDING Y BE,DlNG Z 

1 1 H 5,11208'>911 317.8411680 -30.4712797 2071.71o072 27 -290. 5'1011203 6531,5312500 
1 2 -AZ6o8'>057112 2711,2980'157 30.477..780 -2071 .7'>07Z27 20b6o:!141113 -H51, 3945312 
2 2 1@37.8'157520 1>65.19111457 13.4530764 15.8626375 -1547,1>55566'> 15237.5546815 
2 3 -lR41 ,'175~301 -'>51.1 '118'145 -13.1>530067 -15.81>26375 12114.11'11'1811'11 -3'113. '152'13'11 
3 3 1~43.5441>777 352.'1645'1'16 11,/oSZ'1753 17.0664062 -1261t,871o75'5'1 35H,l5253'11 
3 .. -1856.7207~31 305,83ioH27 -13.1o5276n7 -l7.066/o062 53,8752211" -1412.0915527 .. 1658. ])37402 -lo07.58151t30 13.4527254 17.0151825 -5'1,8914795 14t:!oO'H5527.. "5 -ta1J2,toll~Uio 1>21.7812500 -l3.1o526'1/o8 -l7.0151825 -27.11.1>661'187 -12200, 30~5'1117 
5 5 602.897it61)'! 159.1737366 2.0471439 601.2031250 u.. oo~>OSIIII 100.1!71.'17811 
5 6 -6litoll71875 334.459H27 -Z,O/o698~7 -601.2031250 -175.0'!'!12056 -lo't60.6111875 
6 7 lo75.9916'1'12 -a18.121337'l 354.5/o68750 -155.1407166 -1930.'1'l41/o06 o.OOOOOI)I) 
6 1 -17,.30419'12 7C~.00851olo9 -35S.8757321t 155.11o07l66 -1352.20'11168 -6721. 929687'1 
1 8 16<10.755~591o -25'1. 033/oloH l'l4,3Zioio78! -394.~/o89Z58 -17/o2,1o636230 -~9'H.~IIU35'! 
1 2 -11o5/o,7'1882~1 35'!,1o658203 -250.178405~ 394,6/o~'l258 -6722,0H2187 -~~rll),)21o2187 

8 9 !600,1938•H7 -570,1669922 276.B50098 -390.6894531 -'l25.ZIIl13U -4311), 291'1687 
8 5 -1428.3708496 639.6091309 -315.001o150/o 390. 6891o5 31 -62'50,7~12'51'10 -!0315.2929687 

10 5011.3276367 -344.2018574 318. l8/o0112 0 -llo0,8/ol38/o9 -1132.85~4219 -I). 0000001)" 6 -3'14,3427734 ..79,01t7607/o -322,5122070 140.81ol38/o9 -1'1'>8.861)8391! -4051!.491211)9" 
RESUlT,NT JOINT LOADS - SUPPORTS 

JOINT 1-------------------- FORCE --------------------11------------------- MOMENT -------------------1-X FORCE Y FORCE Z FORCE X I!OO!E'lT Y MOMENT Z 'IOOIENT 

7 924.147/ob()'l 3'1'1.8012695 -81.1778625 1~81.5039062 -28~.'163134~ -~~9.'11'!212<1 
A 1028. 7'H8125 1379.5 82763 7 '>),9302368 -521. 5'120410 -18/o,<l341583 - lo2112. 6815001) 
<J -121o5.8566895 ll86. 87670'11) 35.5735931 1357.95190'>3 1<17,53190<'>1 ioZ6'!,1)'176562 
10 -4'B,6b'!'l21'! 1o1l.l085938 -11 o. 7811737 -<171>. Cl7tt7Cl70 -217,5262451 ~so. 60253•n 

RESULTtNT JOINT CISPLACENENTS - SUPPORTS 

JCINT /-----------------DISPLACEIIIENT-----------------/1-------------------ROTATtON-------------------f
X OISP, Y OISP, Z OISP, X ROT, Y ROT, Z ROT, 

7 o.o o. 0 o.o o.o 0.(' 

8 o.o o.o o.o o.o o.o 

9 o.o o.o o.o 0,1) o.o 

10 o.o o.o o.o o.o o.o 


JCINT /-----------------OISPLACENENT-----------------/f-------------------ROT~TION------------------1 
X DISP, Y OISP, l OtSP. X ROT, Y ROT, Z P.OT, 

1 -0.0501148 o. 0071517 (),028<t279 o.o7.r,4q22 0.0058'187 0.13271)19 
2 -0.021t5389 0,0262458 o.o2o5llt6 0,027'1850 O,OO'IO/o25 -1).006~!17'1 

3 -0.0165567 -0.002'151o7 o. 01121>86 ., ,1)278670 O,I)M5'123 -0.111481/o .. -'l.IJ10'12lt'! -0.0213482 0.00051t15 '),0021tlt85 o.o113q43 1).1294112 
5 -0.0018316 o.ooa5&1t6 -0,003M'17 0.0023101 (1,0!13654 1). 0494321 
6 0.020585~ 0.0047005 -0.0116131 -O,OOio5'lO/o 0.01150"'2 -1},1)065'167 
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5.6 Structure on Elastic Supports 

This problem illustrates the joint release capabil 
ities of STRUDL. Although the problem may be analyzed as a 
plane frame, it is deliberately rotated in the X - z plane 
and analyzed as a space frame so that the use of angle specs 
for the joint release command can be illustrated. The use 
of elastic supports is also illustrated in this problem. 

The structure analyzed in this problem is shown 

in Figure 5.6a (Ref. 5.4) 


1 1/ft. 

A 

f0 =0.5 
0 

-ll') I =60 I = 120 I =120 
r-1 

15 1 -0 11 25 1 -011 20 1 -0U 

Fig. 5.6a 

This frame is analyzed as if it were oriented at 
a 45 degree angle between the X and z axes in the XZ plane 
as shown in Figure 5.6b below. Notice that the rotational 
constraints of the supports are given by the fixity factors, 
f, (i.e., the degree of constraint, 1.0 being absolutly fixed) 
in this problem. These are converted to equivalent spring 
constants by the following formula: 

4EI ( f) 
K = L (1-f) 

where E, I, and L are taken from the member to which the 
fixity applies. For example, the spring constant at joint E, 
where the units are kips, radians and inches, is calculated 
below using a ~ixity factor of 1/2. 

KMZ = 4(.001)(60)
15 (12) (. 5 ) = .0013331-.5) 
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The following sketch shows how the structure was 
modeled. 

y 

= .002667 
z 

.002667 

Fig. 5.6b 

The commands shown on lines 10 thru 180 are used 
to initiate the STRUDL system and describe the geometry and 
topology of the structure. 

STATil OP' CALIFORNIA- BUSIN£55 AND T"ANSPORTATION AGENCY - DEP'A1tfMENT Ofl' PUBLIC WORKS- DIVISION Ofl' AOMINISTitATIVI! SEitYICES 

ADDOUI 
COMPUTER "'SYSTEMS 

bpoo®~.
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i :I I sl . I · I . I• ; •. 1. . • _.~ .. Ito 17 .... ,...... .. ......,.............,................ , .. 07 •• •• •• •• 73707071
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:3./R.II£IL I /J& li>R 5._. lb.' '£1../J..iT.llr~IJ.~ R£S.7 "RAI~ tl? SJ, '~I?T.~ l .115 
IY.P£ lt;PA.r~ ;::"DAJ.~ ,_.__,__ ....___..._.. 2C 

--~~--·--

/.JNJ.T:.5 .F£.£7 3C 
Jl5.I.N.7 .rM.z;;!D.r..N.A.ltt:~ 

·~. 

4C
'--··-'  ~-~ 

i'.A I ~- {)()/') ~ Iff, 1"")/Y)f') .0 /)/) ()/) 
-~- '--'--'--· ·-'-· . ·---'-·-- ~-

'./3' ./~. £./1/..~ l.!i 'JOuO. 1/Ll• .C./. /'~t; . • ----- - f-
~~~ 

'l'.. ' 2 IR .2A4 [;' 15. CD.OO i.?A 2.11kiq ~--~- ·-··-l---~··" -~f--· ·-·-

'/). .412. .l~t '4L,S. CQ()Q ~ ,d".V-.d .s ~-:~ 
.···-f--.- ·-~~ .~-·~ 

'£' ~- tJOI. ~ li ")(')/){' (){I ~---~ I __ , __ . ·--.J.  -:'~ 
I .f=.l /) f'Y.).Q") !./h ?.,/¥, ~- I!IJ M ~~- s ·~-.......... · ..
-~-'-· 

'.G.' 2 ~ 21?.4 3 {). Ct)OQ 12A. 2~~..5. .s -~ ··-1-- ,_ ~- !, __, '  ti52
M£t1A.f. R .1/1/f'iT})£)/.{ ,C.c;'. ./.2C~i.--1.._.1,...... •..1. ·--·-~-- •. i-~- ' . •--· -·-· ·-~-

I A 'B' ·-- ~~ 
2 '.13 , '.C.. 

-~~ -~-

."1. 'Cl' 'JJ' 5.~~ 
4. '.£.I' 'A' ··-f--.-·~ .L.b.G 

\ j{l 
--~ ·-~·-~--· ..~··~ \~ I 

c-:)~1 
1 'C 

• • 0 • . . . . ..' ... . ' .. . . . . . ' .. t •• I I I I I I • I o • I o
' 
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Member properties are given in the following input 
commands. Notice that the local Y and z coordinates of the 
column members are oriented at a BETA angle of 135 degrees. 

The sketch shown in Figure 5.6c below illustrates 
the determination of the BETA angle of 135 degrees for the 
three column members. Note, that the local X axis is 
parallel to the global Y axis, thus the reference position 
(i.e., BETA= 0), is established by orienting the local z 
axis parallel to the global Z axis. 
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y 

;-~~~~-r----------------------------x 

z 

Beta 

z 

Fig. 5.6c 

The joint release commands are used to specify the 
condition at the supports. Since the joint releases must be 
given in the global axes, it is necessary to reorient the 
release directions in the case of rotated or skewed joints. 
This is done by specifying the angles THl, TH2, and TH3 
according to the sign convention shown in Figure 5.6d. 
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z 


X Fig. 5.6d 

In order that the orientation of the joint releases 
in this problem be correct, it is necessary to specify a TH2 
of 45 degrees (.7854 radians) as ca~ be seen in the following 
sketch. 

y 

A 

X 

D 

zt 

Fig. 5.6e 
5-51 




Care should be taken in maintaining consistent 
units when specifying spring constants. Notice also that 
the theta angles are specified in radians. The following 
input shows the commands necessary to specify joint con
ditions. 

---------- r----- -- -----

I . 

Structural loading and analysis is done in the 
usual manner as shown in the input which follows. 

~~~-~ 

. I 

An output listing is attached to show the results 
that may be expected from the STRUDL commands shown above. 
The first results shown indicate the individual member forces 
resulting from the applied loads. The forces are reported 
for each joint in each members local axis directions. The 
second block of output results lists the member distortions 
for each member analyzed. The values shown represent the 
relative displacements between the joints at the member ends, 
in local member coordinates. The large values shown are a 
result of not specifying the constant E for the analysis. 
The constant assumed for the analysis is 1 and the final 
distortions of the members may be found by dividing by the 
appropriate Young's Modulus of Elasticity. 

The next block of output listed as RESULTANT JOINT 
LOADS - SUPPORTS are the reactions at the support joints due 
to the applied loadings. The direction of the results is in 
the global axes directions. Results may be compared with 
member end results when the forces have been properly resolved. 
The RESULTANT JOINT LOADS - FREE JOINTS are the back sub
stituted joint loads on the free joints. The loads may be 
compared with the applied loads to determine the accuracy 
of the analysis. 

The RESULTANT JOINT DISPLACEMENTS both SUPPORTS AND 
FREE JOINTS indicate the movements of the joint itself. These 
results may also be adjusted for the proper Young's Modulus 
of Elasticity. 

5-52 




• • 
• • 

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

STRUUL 1 PRu8 5.b 1 'ELASTICAllY RESTRAINED SUPPORTS 

*********************************************** 
* * 

ICeS STRUDL I I VERSION 1 MOD 1 
* * 
* * 

THE STRUCTURAL DESIGN LANGUAGE 

HASS~CHUSETTS INSTITUTE OF TECHNOLOGY 


STATE uf CALIFORNIA
* •
BRIDGE DEPARTMENT OIVISIO~ Of HWVS.

• SPECIAL STUOIES SECTION PH. 445-6519 •• NUVEHBER 1969 INSTALLED·APRIL 1970 •• 113:01:09 7/28/70 
*
•• 

TYPE SPACE FRAME 

UNITS FEET 

JOINT COORDINATES 

I A' o.oooo 15.CCCC o.oooo 

I 81 10.6066 15.COCO 10.6066 


•c• 28.lS43 15.0000 28.2843 


•o• 42.426't 15.COOO 42.'t264 s 


IE I o.ooco c.oooo o.oooo s 


IF' 10.6066 c.oooo 10.6066 s 


'G' 28·.28't3 o.cooo 28.28't3 s 


MEMBER INC IOENCES 

1 'At '8' 

I' 2 & I •c• 
3 •c• •c• 
4 It I I A I 

5 'F' •s• 
6 'G' •c• 

UN ITS INCHES KIPS 

MEMBER PRUPERTIES PRISMATIC AX 100. IX 100.0 IV 100. 

1 Il 105. 


2 IZ 115. 


3 IZ 160. 


4 IZ 60. 


a; 6 IZ 120. 
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S l4T 15 0010 

$ l4T 15 0020 

$ 14T 15 0030 

$ 14T 15 0040 

s 14T 15 0050 

s 14T 15 0060 

$ 14T 15 0070 

s 14T 15 0080 

$ l4T 15 0090 

' 14T 15 0100 

$ 14T 15 0110 

$ 14T 15 0120 

$ 14T 15 0130 

s 14T 15 0140 

$ 14T 15 0150 

$ 14T 15 0160 

$ 14T 15 0170 

$ 14T 15 0180 

$ 14T 15 0190 

s 14T 15 0200 

$ 14T 15 0210 

s 14T 15 0220 

s l4T 15 0230 

s 14T 15 0240 

s 14T 15 0250 



UNITS DEGREES $ 14T 15 02&0 

CONSTANTS S 14T 15 0270 

BETA 135. 4 5 6 S 14T 15 0280 

UNITS RADIANS INCHES KIPS $ 14T 15 0290 

JOINT RELEASES S 14T 15 0300 

1 0 1 'f' 1 G1 TH2 .7854 KHZ .002667 S l4T 15 0310 

1 E1 TH2 .7854KHZ .001333 S l4T 15 0320 

UNITS KIPS FEET S 11tT 15 0350 

LUAOING 1 'UNIFUR" LOADING' S 14T ·15 0360 

MEM~ER 1 2 3 LOAC FURCE Y UNIFORM -l.u S 14T 1'5 0370 

LUAOING LIST ALL S 14T 15 0380 

STIFFNESS ANALYSIS S 14T 15 0390 

LIST F~RCES P.E~CTIUNS LOADS DISTORTIONS DISPLACEMENTS S 14T 15 0400 
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•••••••••••••••••••••••••••• 
............................ 

*RESULTS OF LATEST ANALYSES* 

PROBLEM- PROB ~.o fiTLE - Nti"'E GIVEN 

ACTIVE UNITS FEET KIP RAU UEGF ~EC 

ACTIVE STRUCTURE TYPE SPACE FRA111: 

ACTIVE COORDINATE AX~S X Y l 

LOADING - 1 UNIFOR~ LOADING 

OIEIIBEM FORCES 

ltEM,EII· JI'IINT 1----------- FORtE ----------------11------------- MOMENT --------1 
AltiAL SHEAR Y SHEAR Z TOIISIONAL BENDING Y !'ENDIIIG l 

1 A o.3&o7uJa 5.5521795 o.ooooooo 0.0000003 o.ooooooo •• 5130053 
1 ~ -a.J&o703d .,••~ono62 -i).iJ01)0000 -0.0000003 -o.oooooo:s -!13o1liJ18S. 
2 s 1.2851>1 H lZo1 Blt5999 -il.OOOOOOO -o.oooooo1 0.00001)0. ••• 2017789 
z c - ,.2856171 12. oH53~'16 o.ooooooo 0.0000001 o.oooooo3 -52.092651• 
3 c o.&3l>!>064 11.5821>197 -o.a•Jooooo 0.0001)015 -1).0000002 .6.8550873 
3 I) -() • .1)3111101>4 lle1tl73346 0.001)0000 -0.0000015 O.OOOOOil3 -15.2023973 

E S.55Z'JH5 0.386703H 0.1)()00003 o.ooooooo -0.0000007 1.21755.7"4 A -S.552'J795 -0.381>70311 -0.0•)00003 -o.ooooooo -0.001)1)0.5 4. 5130011 
5 F n.tJllo011 o.a9.1JCJ152 J.0000009 u.0000001 -0.01)1)1)038 2.99.09.8 
5 8 -2l.IJ3li>011 -o.a9S9152 -·1.0•)00;)09 -0.0001!001 -0.01)0009. 10••!96326 
I> .. .o!4.J9799SC -0.44911129 -•>. 0000004 0.0000001 0.!10001)32 -1.1t975986 

" c -24.3979950 Ooltlt90l2'J 0.0000004 -o.oooooo1 1).0000033 -5.2315965 

~tM8ER DISTORTIONS 

1------------ 01 STOII.Tlil"' ----------------11------------ ROTATIOI'f -------------1 
AXUL SHEAR Y SHEAR l TORSIOIII BENDING Y 8EN!HNG l 

1 -.H.OllS5542 f1Git5 95. 3[25000 .... ,)191401> -0.0145lt04 -0.003~010 -7520. 9115000 
2 -321.1t01t'14l'l l349Z88. 0000000 0.0733457 Oo'l04Cf671t -0.00179G5 80909. 75()1)000 
J -lb7.120117fl -531t7l1.'1125000 -o.o<>1tJ5oZ -0.101>2574 OoOOI;Q]I>Q lt11tiJO. Ut;OOOO 

-1Hl.91tb~H2 1 741t 1c.2sooooo o.ttJ'l1201 -·1.00 111355 -o.o409o28 5!1058. 0820312"5 - .ll41t. 73\171t6l ,l'J25fllt. 'JJ 75000 0.1004221 -·).005131>6 -0.01>08121 67459. !1125000 
-..ll,i.IJ"'Uld 1 -100'107. 917~000 1).11>1>1>791 _.,. 101>9 ~60 o.oo12~96 -331>59.9921875" 

IIESIJLTAIU JOINT LOAliS- SUP~•lMr~ 

J•JJNT 1-------------------- FOKCt ------------------11------------------- ~O~ENT -----------------1 
~ ~O~C£ V FORCE l ~ORCE X MOMENT Y MOMENT Z MOME"'T 

0 -ll.,'H57()J i.417Hlt!J -O.'I'JlHOO 10.1491117 0.00001)03 -10.7491171 
E o. 2 Tlltltl}'f 5. 55Z'H'I5 o.Hllt•O'I 0.9104)97 0.00001)00 -1).910.391 
F OebJ~I)l~l Z1.tJ1lo01l 0.6151>291 2.ll114lt6 0.0000001 -Z.11111t55 
G -a.Juo;uc~z 24.3979950 -o. Jl1S002 -1.0589609 o.oooooo1 1.0589628 

RESULT ANT JOINT LOADS - FRFE J'JI"'TS 

JOINT 1---------------- FORCE ------------------11--------------- '10M~I!T -----------/
X f(IIICE Y FtJIICE l FORCE X MOMENT Y MOMENT l "'IIIENT 

A -J.OOOIJOOI) 0.0001)1)00 -o.ooooooo -o. 0000·106 O.IJilOIIOOO o.ooooo06 
!I a.ooo11o•n o.ooooooo 1).000000') -o.ooooorn -o.ooonooo 0.01)1)1)01)1 
c -o. Jooooo.1 0.1)00()01)0 -J.ooooooo u.oooJ'l14 1).0000000 -o.oooo014 

~ESULTANT JIIINT UISPL\Ctllf.NTS - SUP~U!ITS 

JOt"'T 1----------------1)1 SPL ~CEMEI'<IT---------------11-----------------POTATION--------·---------1 
X OISP. V OHP. l ;JISP. X ROT. V P.OT. l ROT. 

0 o.a -48Jo;7. 7890.. 25 o.o lt!no;T.6112812 
E o.o -81CJ6.023417~ o.o •n95. 9921875 
F ·l.O -9525e911G'to87 o.o 9525.9453125 

o.o "7tllt. 74211:175 o.o -~o764. no562~ 

I!ESIJLUNT JOINT t:lS~LACEMl'lirS - FREE JOII'ITS 

JUI'IiT /-----------------UISPL4CEMEI'<IT-----------------//-------------------ROT4TION-------------------/ 
X OISP. Y OISP. l IJISP. X KOT. Y POT. Z ROT. 

HC>.~2't951Z -d32.'141>5H2 381>. 31>88965 32857.2421ns -0.0011>355 -32~57.2539062 
:;4~ .nr.nl J -321tlt. 13'17461 34~. 3tl35449 38175. 339~4 31 -0.01151366 -~8175.3710937 
11i.Jb8l:l93 -Jo59.119'12ld7 118.25924M -1'1036.41:1041>37 -'l.006CJ360 19016.1t570ll2 
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5.7 EXAMPLE SPACE FRAME PROBLEM 


YGiobal 

Using STRUDL determine the member forces, at the .2 points, 
in the superstructure of the POC structure shown above, for 
the following loading conditions: 

1. 	 Dead load of 2200 pounds per linear foot. 
2. 	 Live load force envelope for a live load of 85 

pounds per square foot of sidewalk area. 
3. 	 Group II wind loads as follows: 

i) 	 Transverse - 200 pounds per foot of structure 
projected on a plane parallel to the global YZ 
plane and in the minus X global direction. 

ii) 	 Longitudinal - 48 pounds per foot of structure 
projected on a plane parallel to the global XY 
plane and in the minus Z global direction. 
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iii) 	 Overturning - 200 pounds per foot applied 
at the right edge of the soffit. 

Abutment 1 and Bent 2 are skewed 30 degrees as shown in the 
sketch. Assume that Abutment 1 is restrained from rotating 
about the X' axis and is free to rotate about the Z' axis. 
Abutment 1 is free to translate in both the X global and 
Z global directions. 

7~0" 

:2! ·w~ 

f F 
I~"~ Bent 

TYPICAL COWMN SECTION 

10'·0'.' 

4 	
g" 

E= 3000 ksi 

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

STRUOL 'PROB 5.7 1 'EXAMPLE SPACE FRAME PROBLEM' $ 14T 60 0010 

s $ 1~T 60 0020 

TYPE SPACE FRAME $ 14T 60 0030 

UNITS KIPS FEET DEGREES s 14T 60 0040 

JOINT COORDINATES $ 14T 60 0050 

1 o. 20. 80. SUPPORT $ ABUT 1 $ 14T 60 0060 

2 20. 20. 80. $ BENT 2 $ l4T 60 0070 

3 29.271 20. 78.532 s 14T 60 0080 

4 37.634 20. 74.271 $ 14T 60 0090 

5 ~.211 20. 67.634 $ 141 60 0100 

6 48.532 20. 59.271 $ l4T 60 0110 

7 50.000 20. 50.000 $ BENT 3 $ 14T 60 0120 

A 50.000 20. o. SUPPORT $ ABUT 4 $ 14T 60 0130 

9 20.000 10. 8o.ooo SUPPORT $ BENT 2 $ 14T 60 0140 

10 50.000 o. 50.000 SUPPORT $ BENT 3 $ l4T 60 0150 

MEMBER INCIDENCES $ 14T 60 0160 

1 -1 2 $ 14T 60 0170 

2 2 3 s 141 60 0180 

3 3 4 s 14T 60 0190 

4 ~ 5 s 14T 60 0200 

5 5 6 $ 14T 60 0210 

6 6 7 $ 14T 60 0220 

7 7 8 $ 14T 60 0230 

8 9 2 S 14T 60 0240 

9 10 7 S l4T 60 0250 

CONSTANTS $ 14T 60 0260 

E 432.E3 All $ 14T 60 0270 

BETA 30. 8 90. 9 $ 14T 60 0280 

JOINT 1 RELE"A SE FORCE X Z MOMENT Z TH2 -30. s 141 60 0290 
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MEMBER PROPERTIES PRISMATIC $ 14T 60 0320 

1 TO 7 AX 14.65 IX 38.43 IY 133.77 IZ 19.79 $ 14T 60 0330 

8 9 AX 1.00 IX 2.33 IY 28.~8 IZ .58 S 14T 60 0340 

LOADING 1 'DEAD LOAD' $ 14T 60 0350 

MEMBER 1 TO 7 LOAD FORCE Y UNIFORM W -2.2 $ 14T 60 0360 

MEMBER 8 9 LOAD FORCE X UNIFORM W -1.05 $ l4T 60 0370 

LOADING 2 1 0VERTURNING 1 S 14T 60 0380 

MEMBER 1 TO 7 LOAD FORCE Y UNIFORM W 0.2 $ 14T 60 0390 

MEMBER 1 To 7 LOAD MOMENT X UNIFORM W -0.7 $ 14T 60 0400 

LOADING 3 'LIVE LOAD SPAN 1 1 $ 14T 60 0410 

MEMBER 1 LOAD FORCE Y UNIFORM W -0.7225 $ 14T 60 0420 

LOADING 4 'LIVE LOAD SPAN 2' $ 14T 60 0430 

MEMBER 2 TO 6 LOAD FORCE Y UNIFORM W -o.7225 $ 14T 60 0440 

LOADING 5 'LIVE LOAD SPAN 3 1 $ 14T 60 0450 

MEMBER 7 LOAD FORCE Y UNIFORM W -0.7225 S 14T 60 0460 

LOADING 6 'LIVE LOAD SPANS 1-21 $ 14T 60 0470 

MEMBER 1 TO 6 LOAD FORCE Y UNIFORM W -o.7225 S 14T 60 0480 

LOADING 7 'LIVE LOAD SPANS 2-3 1 $ 14T 60 0490 

MEMBER 2 TO 7 LOAD FORCE Y UNIFORM W -o.7225. $ 14T 60 0500 

LOADING 8 'LIVE LOAD SPANS 1-3' $ 14T 60 0510 

MEMBER 1 1 LOAD FORCE Y UNIFORM W -o.7225 $ 14T 60 0520 

LOADING 9 'LIVE LOAD All SPANS' $ 14T 60 0530 

MEMBER 1 TO 7 LOAD FORCE Y UNIFORM W -0.7225 $ l4T 60 0540 

LOADING 10 'WIND LOAD TRANSVERSE' $ 14T 60 0550 

MEMBERS 2 TO 7 LOAD FORCE X GLOBAL PROJECTED UNIFORM W -.200 $ 14T 60 0560 

lOADING 11 'WIND LOAD LONGITUDINAL' $ 14T 60 0570 

MEMBERS 1 TO 6 LOAD FORCE Z GLOBAL PROJECTED UNIFORM W -.048 $ 14T 60 0580 

LOADING COMBINATION 12 COMBINE 2 1. 10 1. 11 1. $ 14T 60 0590 

PRINT DATA S l4T 60 0600 

DUMP TIME $ 14T 60 0610 

5-59 




STIFFNESS ANALYSIS $ l4T 60 0620 

LIST FORCES REACTIONS OISPLACENENTS S 14T 60 0&30 

LOAD LIST 3 TO 9 $ 14T 60 0640 

LIST FORCE ENVELOPE MEMBERS 2 TO 6 S~CTION FRACT NS 2 o. 1.0 s 14T 60 0650 

LIST FORCE ENYEL!JPE MEMBERS 1 7 SECTION FRACT DS O. 0.2 S 14T 60 0&60 

LOAD LIST 1 12 s 14T bO 0670 

LIST SECTION FORCES MEMBERS 2 TO 6 SECTION FRACT NS 2 o. 1.0 s 14T bO 0680 

LIST SECTION FORCES MEMBERS 1 7 SECTIOh FRACT OS O. 0.2 s 14T 60 0690 

FINISH 0000 
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