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CHAPTER 5
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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

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).



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)

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

STRUDL considers only members of constant cross
section or members made up of 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.



5.2 Usage

Analysis of a three dimensional structure using
STRUDL can be an expensive undertaking particularly for the
larger structures (structures having approx. 50 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:
{r} = [x]{}

In which {%} is the column matrix of joint forces [K] is a
square stiffness matrix, the element of which are the elastic
properties of the materials and the coordinate of the joint,
and {f} 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 necessitates the
determination of the unknown joint displacements {rp in the
above equation.

To illustrate efficient joint numbering consider
the two following simple cases:
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CASE i
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Fig 5.3a

[K] CASE ii



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,
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:
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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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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 2 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 STRUDL STIFFNESS ANALYSIS of a space frame the minimum
required member properties are the following: '

l. AX (Cross-sectional area)

2. IX (Torsional Rigidity) (See Appendix D)
3. IY (Moment of inertia about local Y axes)
4. 1IZ (Moment of inertia about local Z axes)

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

178 FeFA KIPY DeGacrs |

RN blma . USSP [ W SN W S E——

PR

EMBAR LLOLERLTINES POISMATIIC | o

| THAL 2 AX 72.72 1N 9.6 12 28.4 QY 1208 SA..

8
10 THel 1A AX d. IX 4.7 Ay 2. Uz 4.5 S2 3.0

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 apg}es. For
Member 10 the positive local X axis is in the positive global
Y direction (see Figure 5.4c). Therefore, the reference 2Z'
axis is placed in the global 2z direction. This estab}ishes
the reference Y' axis in the negative global X directhn.
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
\ 1Z = Yz x2x33 = a5#4
Y 1Y = Yz x3x23 = 2 f1.4
5 24—1 IX = R = Bbd3 (REF 5.2)
b4 = ¥2 = 1.5 ~B =0.196
! - ‘ é(or?:;san Ix=R=0I96x 3x23 = 4704 ft4

SZ-=4%,5 = 3.0ft3 Sy = 2 =2

SUPERSTRUCTURE MEMBER PROPERTIES

AX 12.71 ft2

IY 120.63 f1.4

1Z = 28.56ft4

IX = 696 ft.4
Sy = 120.8/, .3 = 5423
SZ = 28.6/5 = 572

Using REF 5.2 to find Iy :

2 2
(a+ci d®_  (6.5+910P(3.502 _ o na

a.,2b c 65 2(375) 9.1
Bt 'Y, ast e ' s2

R =



(0,9)

,._-

(1.5,0) (8.5,0)

FINITE ELEMENT MESH TO DETERMINE
SECTION PROPERTIES

REF. 5.3

A computer program is available for calculation of section properties

LOADINGS
DL = 12.72 x Q.15 = 1.908 K/py = 1908L8/¢7
LL = Assume 608/5q¢1 = 60X 10 = 600L8/¢7

DL + LL = 2508\8/¢y Say 2510

GROUP 11 TRANSVERSE WIND -
50L8/g5q.FT. X 4 = 2008/t

GROUP |1 LONGITUDINAL WIND

12 8/5q.F1 X 4' = 488/

OVERTURNING

. 200 ¢

208/5q ¢kt % 10' wide = 200LB/F7. M =200 x 2.5'= 500FT-L8/

Se13



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 would 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 2Z
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.
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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 following 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.

A D e AU U SRR DU .
PINTT DATH . o P D
T TEFWNESS. UNAASLS. R K .

NUTPUT RECITMAL 5 . . . ]
UNLTS KPS| JMCHES. | | L L

ST EORCAS RrACTIIMS DISVPLACAMENTSY . o 0 L o | .

| SECTIICN FRACTLON. DS 0.0 Oledov o beee v i b o . .
IWAVA ¢fcrzm_szmw/e.adr.h_~_._u. b

The following output was obtained from the series

of commands 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.
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UNITS

¢ e e -

FEET

1 12,
? 12.
3 a.
4 0
5 -8,
6 -12
7 -8,
8 0.
9 60.
10 RO,
11 60,
1?2 0.
13 0.

1

STRUDL *PRAR 5,4' *PENESTRTIAN OVERCROSSING®
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TYPF SPACE FRAME

JOINT CONRDINATES

0. . -22, SUPPORT
4.2 0.

48 . 6.0 8.48
7.8 12.

48 9.6 8.48
11.4

48 13.2 ~ -8.48
15. -12.
15. -12.
15. -12. SUPPNRT
0 -12. SUPPORT
0 -1?. SUPPART
0 -12. SUPPNRT

MEMRF® INCIDENCES

. $ 147

$ 147
$ 14T
$ 147
$ 147
$ 147
$ 147
$ 147
$ 147
$ 147
$ 147
$ 147
$ 14T
$ 14T
$ 14T
$ 14T
$ 14T
s 14T
s 14T
$ 14T
$ 14T
¢ 147
s 14T
$ 14T
$ 147
§ 147
$ 147
$ 147
$ 14T

$ 147

15

15
15
15
15
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15
15
15
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15
15

15

15
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0010

0020
0030
0040
0050
0060
0070
0080
0090
0100
o110
0120
0130
0140
0150
0160
0170
03 §:1¢)
0190
0200
0210
0220

0230

0240

0250
0260
0270
0280

0290

0300



JOTNT 10 PFLEASE MNMENT X Vv 7 $ 147 15 0310
UMNTTS FEFT KIPS DEGRFES ¢ 147 15 0320
MEMRFER PROPFRTIES PRISMATIC $ 147 15 0330

1 THRU 9 AX 12.72 IX 69,6 17 28.6 1Y 120.8 SZ 5.7 SY 54.2 $ 14T 15 0340

10 THRU 12 AX 6. IX 4.7 IY 2. 17 4.5 SZ 3. SY 2. $ 14T 15 0350
CONSTANTS $ 14T 15 0360

F 432000, ALL $ 14T 15 0370

G 172800. ALL | $ 14T 15 0330

RETA 230. 10 270. 11 300. 12 | $ 14T 15 0390
UNTTS FEET LRS ' $ 14T 15 0400
LNAPTNG 1 'NEADLOAN PLUS LIVELOAD® $ 14T 15 0410

MEMRERS 1| THRPU 9 LNADNS FORCE Y GLNRAL UNTFPRM W -2510 & 14T 15 0420
LNADING ? 'WIND GROUP TI TPANSVERSFS $ 14T 15 0430
MEMRFR 1 TN 9 LOANS FORCE Z GLOBAL PROJECTED UNIFORM W 200 $ 14T 15 0440
LOADING 3 'WIND GROUP TT LONGTTUDINAL® $ 14T 15 0500
MEMRER 2 TN 7 LOANS FORCE X GLOBAL PROJECTED UNIFORM W 48 $ 14T 15 0510
LNADING & "OVERTURNING' $ 14T 15 0560
MEMPER 2 TO 9 LOADS FORCE Y GLOBAL UNIFORM W 200 $ 14T 15 0570

MEMRER LOADS MOMENT X $ 14T 15 0580
2 T 5 UNIFORM W =500 : : $ 14T 15 0590
6 TN 9 UNIFORM W 500 $ 14T 15 0600
LPADING COMBINATION S COMBINE 1 1. 2 1. 3 1. 4 1. $ 14T 15 0610
10AD LTST ALL $ 14T 15 0620
PPINT NATA ' $ 14T 15 0630
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s e ERR kY L2 4
¢ PONALFM DATA FROM INTERNAL STORAGE #

J08 1D - PRNB 5.4

JNB TITLE - PEDESTRIAN OVERCROSSING

ACTIVF UNITS - LENGTH NFEIGHT ANGLE TEMPERATURE
FEFT L8 DEG DEGF
*sexgehes STRUCTIRAL DNATA *essbkssk
ACTIVE STRUCTURE TYPE -~ SPACE FRAME
ACTIVF CONRNINATE AXES X Y 2
JOINT COORDINATES /7 STATUS
JOINTY X Y b4 CONDITION
t 12.000 0.0 -22.000 SUPPTRT ACTIVE
2 12.000 4.200 0.0 ACTIVE
3 8.480 6.000 8.48%0 ACTIVE
L3 0.0 T7.800 12.000 ACTIVE
s -8.480 9.600 8.480 ACTIVE
L -12.000 11,400 0.0 ACTIVE
4 -8.480 13.200 ~-8.480 ACTIVE
8 0.0 15.000 -12.000 ACTIVF
9 60.000 15.000 -12.700 ACTIVE
10 A0.000 15.000 -12.,000 SUPPORT ACTIVE
11 60.000 0.0 -12.000 SUPPNRT ACTIVE
12 0.0 0.0 -12.%00 SUPPORT ACTIVE
13 0.0 0.0 -12.000 supormY ACTIVE

JNINT RELEASFS

—

/ELASTIC SUPPORT RELEASES

TIVE
SEC

JOINT FARCE  MNMENT THETA 1 THFTA 2 THETA 3 KFX KFY KFZ Mx KMy
10 xXvz2 0.0 0.0 0.0 2.0 0.7 0.0 0.0 0.0
MEMRER [MCINFNCES—==e—eceee/ LENGTH-—~==~/ RELEASES / STATUS--/
MFMBER STARY END LOCAL CNORD. STAPT E
FNRCE MOMENT FORCE  MNMENT
1 1 2 22.397 ACTIVE
? 2 3 9.356 ACTIVF
3 3 4 9.356 ACTIVE
4 4 S 2,356 ACTIVE
s s 6 9.356 ACTIVE
L3 6 7 9.356 ACTIVE
7 7 ] 9.356 ACTTVE
L] 8 9 60.000 ACTIVE
9 9 10 20.000 ACTIVE
10 11 9 15.000 ACTIVF
11 13 8 1%.000 ACTIVE
12 12 4 2%.236 ACTIVE
MEMRED DRNPEATIES
MEMRFR/SEG TYPE SEG.L COMP AX/YD AY/7D AZ/YC 18 7444 TY/EY 12/€2 sy S?
1 PRISMATIC 12.720 0.0 0.0 69.609 120.800 28.600 54,200 5.700
0.0 0.0 0.0 0.0 0.0 0.0
2 POISMATIC 12.720 0.0 0.0 69. 600 120,800 28.600 54.200 5.700
0.0 0.0 0.0 0.0 0.0 0.0
3 PRISMATIC 12.720 0.0 0.0 69,600 120.800 28.600 54.200 5.700
0.0 0.0 0.0 0.0 0.0 0.0
4 PRISMATIC 12.720 0.0 0.0 69.600 120.800 28.600 54,200 5. 700
0.0 0.0 n.0 0.0 0.0 0.0
5 PRISMATIC 12.720 0.0 . 0.0 69,600 120. 800 28.600 54.200 5.700
0.0 0.0 2.0 0.0 0.0 2.0
6 PRISMATIC 12.720 0.0 0.0 69,600 120.800 28.600 54.200 . 700
0.0 0.0 0.0 0.0 0.0 0.0
4 PRISMATIC 12.720 0.0 0.0 69.600 120.800 28.600 54.200 5. 700
0.0 0.0 0.0 0.0 0.0 0.0
L] PRISMATIC 12.720 0.0 0.0 69.600 120.800 28.600 54.200 5.700
0.0 0.0 0.0 0.0 0.0 0.0
9 PRISMATIC 12.720 0.0 0.0 69,600 120.800 28.600 54.2700 5.700
0.0 0.0 0.0 0.0 0.0 0.0
10 PRISMATIC 6. 000 0.0 0.0 4.700 2.000 4,500 2.000 3.000
0.0 0.0 0.0 0.0 0.0 0.0
11 PPISMATIC 6.000 0.0 0.0 4,700 2.000 4.500 2.000 3.9200
0.0 0.0 0.0 0.0 0.0 0.0
12 PRISMATIC 6.000 0.0 0.0 4.700 2.000 4.500 2.000 3.000
0.0 0.0 0.0 0.0 0.0 0.0
MEMRER CNNSTANTS
CONSTANT STANDARD VALUE DOMAIN, VALUF MEMBER LIST
E AEESRERRRIRAENE ALL
3 FEEEREFRAEEERNE ALL
DENS ITY 1728.000000 ALL
CTF 1.000000 AtL
RETA 0.0 ALL 8UT
229,999939 10
269.999756 11
299.9997%6 12
POISSON 0.0 ALL ~ »

KMz
0.0

e ——

e AR s it W

o e e

T

g



swssssssss NESIGN DATA Sesdsnesss

USER DATA SET

PARAMETFR DICTITNARY /
NavE TREATMENT STANDARD L w A TEMP TIME

STRUNL NATA SET

PARAMETER NICTINNARY /
NAMF TREATMENT STANNARD L w A TEuP TIME
FYLD STANDARD aTERREEE -2 1

PE STANDARD 1.00

FBLTUP STANDARD 1.00

C.ODF REQUTIREN

(31 STANDARD 1.00

(34 STANDARD 1.00

cn . STANDARD 1.00

LY COMPUTE QOSTULEN

Lz COMPUTE DOSTULEN

cmy STANDARD 0.85

(4,24 STANDARD 0.8%

UNLEFE COMPUTE QOSTULEN

VALUES STANDARD 1.00

TRACF STANDARD 1.00

PRINTA STANDARD 1.00

TALNAW STANDARD STEELWF

MXTRTALS STANDARD 25.00

SECNDARY STANDARD 1.00

USER DATA SET
CONSTRAINT DICTIONARY —=-woeeeeean/
NANME RETRIEVAL

STRUNL NATA SET

CONSTRAINT DICTIONARY ~—ecemccaam=/

NANE RFTRIEVAL
AX TABUL AR
AY TABULAR
A2 TABULAR
13 TARULAR
1y TABUL AR
1 TABULAR
Sy TABULAR
sz TABILAR
Yo TABULAR
10 TABUL AR
FLTX TABULAR
waTx TABULAR
YO/AFL TABULAR
rY TABUL AR
L34 . TAB'LAR
Coue TABULAR
Ye TARULAR
144 TABULAR
WE IGHT TABUL AR

sessstasss LOANING DATA sessssssss

LOANING - ] DEAM OAN PLIS LIVFLOAN . STATUS ~ ACYIVE
MFMBFR AMD FLEMFNT LNADS

MFMAFR/JELEMEMT

1 1INF FNRM LOAD €L FNRCE Y FR W -2509.999 LA 0.0 LS 1.000

? UMTFOR™ LJAN GL FORCE Y FP ¥ -2509.999 LA n.o0 L8 1.000

3 UNTFNPY LNOAD GL FNPCE Y FP W -2509.999 LA 0.0 L8 1.000

[ INTFORY LOAD GL FNRCEF Y FP W -2509.999 LA 0,0 L8 1. 000

s 1INT F R LNAD GL FORCE Y FR W -2509.999 tA 0.0 L8 L.000

A UMIFNPM LNAD 5L FNRCE ¥ FR W -2509.999 LA 0.0 LA 1.000

7 IMTFORY LOAD Cf FORCE Y FR W -2509.999 Lts 0.0 8] 1.000

L] YMTFORYM LNAD GL FNeCE Y FPR W -2599,999 LA 0.0 LR 1.000

9 T FNRM LNAD GL FNPCE Y FR W -2509,999 LA 0.0 LB 1.000

ININT FIRCF 8SSIMPTIONS

Jnrar THETA 1 2 3 FNRCE X Y 14 MOMENT X Y
NO ASSUMPTINNS GTVEN FO? THIS LOADING

MFMAFP FARCE ASSUMPTINNS 4 ———

MEMRE P COMPANENT NISTANCFE VALUF COMPONENT DISTANCE VALUF

NN ASSUMPYINNS GIVFN F0R

THIS LNANING
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- - ) .

LPANING = 2 WIMA GROIP TT TPANSVEPSE STATUS - ACTIVE
MEMRER AND FLEMENT L1ADS ’
MEMRER /FLEMENT
1 UNIEORM  LNAD GL FNRCF 7 F° W 200.000 LA 0.0 L8 1.000
? UNTFNRM LNAD Gt FAPCF. 2 FP w 200.900 LA 0.0 LB 1.000
3 UNTFARM  [IJAD GL FAPFE 7 Fo W 200.000 LA 0.0 L8  1.000
& UMIFNRM LOAD GL FNRCF 7 FP w 200,000 LA 0.0 LR 1.000
5 HUNTFNRM  LOAN GL FI9CT 7 SP W 200.000 LA 0.0 L8 1.000
s UNTENRM  LAAD GL FOOCE 7 FR W 200.000 LA 0.0 ta 1,000
k4 UNTFNRM  LNAD GL FARCF 7 Fe W 200.000 LA 0.0 L"  1.000
a UNMIENRM [ NAD GL FARCE 7 FR W 200.000 LA 0.0 LR 1.000
9 IINTFNRM  LCAD GL FARCE 7 FR W 200,000 LA 0.0 LB 1.000
N 1
J0TNT ENRCE ASSUMDT IINS ’ !
JOINT THFTA 1 2 3 FORCE X Y 7 MAMENT X Y 14 ,
NN ASSUMPTYNNS GIVEN FOR THIS LDADING ) i
MEMAER EORCF ASSUMPTIONS ’ ’ .
MEMBER COMPONENT  DISTANCE VALUE COMPONENT  DISTANCF VALUE
ND ASSUMPTIONS GIVEN FNR THIS LNADING
|
LOANING - 3 WIND GROUP T1 LONGITUDINAL STATYS - ACTIVE i
MEWRER ANN FLEMENT { VADS ’ !
WENRER/FLEVENT |
> UNTFORM  LOAD GL ENRCE X FR W 48,000 LA 0.0 LB 1.000 H
3 INIENRM  LIAD GL FNRCE X FP W 48.000 LA 0.0 L8 1.000
. UNTFORM  LJAN fL FNRCE X FR W 48,000 LA 0.0 LB 1.000
s UNIENRM  LDAD GL FNRCF X FP W 48.000 LA 0.0 L3  1.000
6 UNTFORM  LOAD GL FORCE X FR W 48,000 LA 0.0 L8 1.000
7 UNTFIRM  LJAD GL FOPCF X FP W 48,000 LA 0.0 L8 1,000
JOTNY ENRCF ASSUMDTTANS / :
JOINT THETA 1 2 3 FORCE X Y 7 MOMENT X v 7 i
ND ASSUMPTIOMS GIVEN FOP THIS LNADING
!
MEMBFP FNRCE ASSUMPTIONS ’ ’ i
MEMRER COMPONENY  DISTANCE VALUE COMPNONENT  DISTANCF VALUE
NO ASSIMPTINNS GIVEN FOR THIS LNADING
LOADING - & NVERTURNING STATUS - ACTIVE
MEMAFR AMD CLEFMENT LNADS 4
WEMRER /EL EMFNT
2 UNTFNPM  LNAD GL FNPCF Y FR W 200.000 LA 0.0 LB 1.000
UMIFNR™  LDAD MOMENT X FR W -6000.000 LA 0.0 L8 1.000
3 UNTFNRM  LDAD 6L FNPCE Y FR W 200.000 LA 0.0 L8  1.000
UNTENPM  §.NAD MOMENT X FP W -6000.000 LA 0.0 L8  1.000
s UNTFORM  LOAD GL FNRCE Y FR W 200.000 LA 0.0 L8 1.000
UNTENRM  LDAD MOMENT X FR W -6000.000 LA 0.0 LR 1.000
5 UMIFORM  LDAD GL FORCE Y FR W 200.000 LA 0.0 L8 1,000
UNTENRM  LDAD MOMENT X FP W -6000.000 LA 0.0 LB 1.000
6 UNIFNeM L NAD GL FORCF Y F® W 200.000 LA 9.0 LA 1.000
UNTFORM  LNAD MOMENT X FR W 6000.000 LA 0.0 LB 1,000
7 UNTFORM  LDAD GL FORCE Y FP W 200.000 LA 0.0 L8 1.000
UNTFORM  LOAD MOMEMT X FR W 6000.000 LA 0.0 LB 1.000
8 UNTFORM  LOAD GL FOPCE ¥ FR W 200.000 LA 0.0 LR 1,000
UNTFORM  LOAD MOMENT X FR W 6000.000 LA 0.0 LB 1.000
L) UNTFORM  LDAD 6L FORCE Y FR W 200,000 LA 0.0 LR 1,000
UNTFNPY  LIJaD MOMENT X FR W 6000.000 LA 0.0 L8 1,000
JNINT FNRCE ASSUMPTIINS ’
JOINT THETA 1 ? 3 FORCE X Y 7 MOMENT X 14 b4
NN ASSUMPTIONS GIVEN FOR THIS LODADING
!
MFMRFER ENRCE ASSUMPTIONS 4 I
MFMRER COMPNNENT  DISTANCE VALUE COMPONENT  DTSTANCE VALUE
NO ASSUMPTINMS GIVEM FNOR THIS LOADING
i
{
LPAPRTNG - S STATYS - ACTIVE i B
COMBINATION GIVEN - 1 1.000 2 1.000 3 1.000
4 1.000

REXEEEALEAREEEE XGRS R RREEREERRER KRR EREREK
* FMD NF DATA FROM INTERNAL STORAGF =* ¢
SR AL EEEEREEREXX AR RS EERRRREEE RERREX KRR RS
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5~25

STIFFNESS AMALYSIS $ 147 15 0640
OUTPUT DECIMAL S $ 147 15 0650
HUNITS KIPS INCHES $ 147 15 0660
LTIST FORCES RPEACTINNS DISPLACEMEMTS $ 147 15 0670
EEFF AR BB EN BRI RRE R TN EK
*RFSYLTS NF LATFST ANALYSFS*
REE XSRS EE R AR RN R R T Rk
PRNRLFM - PRNB 5.4 TITLE - PENDESTRTAN OVERCPOSSING
ACTIVE IINITS INCH KIP DEG DEGF SEC
ACTIVF STRUCTURE TYPE SPACE FRAME
ACTIVF CONRDINATE AXFS X Y 2
'; LOADING - 1 NEADLNAD PLUS LIVELOAD
v
< MEMBER FDRCES
+ MFMRER JOINT /7 FORCE 177 MOMENT 4
AXT AL SHEAR Y SHEAR 7 TORSIONAL BENDIMG Y BENDING 2 |
1 1 -26.91113 90.44180 17.31166 -758. 44067 =-T7602.46484 20469,.33984
1 2 37.45312 -35,22185 -17.31166 758, 44067 2949,.65063 -3582.18066
2 2 -27.51169 33,4921 32.62506 509.025.11 -3212.88672 3382.02661
2 3 32.02968 -10,44654 -32,62506 ~589,02417 -450.12061 -915,.39819
3 3 0.15158 4.1375% 46 .71490 1082.52686 353.37427 301.28906
3 & 4£,.366461 18.90810 ~46.71490 -1082,52686 -5598,32812 -1130.47778
[ - -4, 79653 35,92625 -61.87567 92.96074 5437.63672 1472.27466
L3 5 9,31452 -12.88060 61.87567 «92,96074 1509.50586 1267.63989
s 5 -48.8%5803 20.63292 -35,61523 -894,61938 -131%5.89771 -1167.14868
5 6 %3.37602 2.41272 35.61523 894.61938 5314,62091 2189,.99268
6 [ -63,15085 -0, 49641 11.61854 -2458,22778 -5008.0859% ~-164R,58667
5 7 67.66879 23.54207 -11.61854 246458,22778 3703.60864 299,11%48
7 7 ~41,89894 ~28.59413 S51.91478 -2178.68384 -375%,40869 °88.30542
7 L] 46, 41695 51.63979 -51.91478 2178.68384 ~2070.36768 ~5492,.46275
] L] -4, 94952 73.70105 -3,92168 2396,73682 1400.03784 6999,70312
n 9 4.9495%3 76.89874 3.92168 -2396,73682 1423,57471 -8150.83984
9 9 ~-16.21954 51. 75859 6.82008 0.0 -1636.81982 6398,07031
L] 10 1621954 -1.55864 -6.82008 0.9 -0.00000 0.00000
10 11 128.65736 -15.47290 1.72863 ~213,24516 -509,05103 177.54430
10 9 =128, 65736 15.47290 -1.72%63 213,24516 197,89723 -2962.66675
11 13 133,.30605 65.52385 -8.,06131 -212.51260 492,89478 9160, 75000
11 9 -133,.30605 -65.52385 8.04131 212.51260 9%54,54053 2633,.54468
12 12 116. 46086 13,06368 13.98564 -54,28261 -2793,.26562 2721.29370
12 & -116.46086 -13.06368 -13.98564 54,28261 -1441,9807° 1234, 75488
AFSULTANT JITNT LNADS - SUPPRPTS
JOINT / FNRCE 17 MNMENT /7
X FNRCF Y FNRCF 2 FORCE X MOMENT Y MOMENT 7 MOMENY
1 -17.31166 83,7909° ~-43,39365 ~20669,33984 -7609.83203 680. 64697
10 1621954 -1.55864 -6.,82008 0.0 -0.00000 0,00000
11 -11.27902 128.65736 10.74177 -463,21899 -213,.24516 275.83154
12 4432769 53.72729 104.99580 -3779.68457 896,29590 -34R8.37356
13 8.N4143 133,30605 -65,52383 ~9160.74609 -212.51260 -492,91235
QESULTANT JOINT DISPLACEMENTS - SUPPIRTS
JOINT Jormrmmmmem e eeee [ SPLAC FMENT /7 POTATION /
X nise, Y DISP, Z DISP. X ROT. Y ROT, 7 ’nr,
1 0.0 0.0 0.0 0.0 0.0 0.0
10 nN.0 0.0 0.0 0.06315 0.02030 ~-0.00223
11 0.0 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0 2.0
13 0.0 0.0 0.0 0.0 0.0 0.0
QFSULTANT JOINT DISPLACEMENTS - FREF JOINTS
JOINT  Jeccccccccccaea— DYISPLACEMENT 17 POTAT 1NN /
X DISP, Y DISP, 7 NISP. X ROT, Y POT. 17 ROT,
2 0.02909 -0.27097 0.05333 0.09338 0.01188 0,00460
3 0.04916 ~-0.44824 0.09997 0.10075 0.01262 0.005n8
4 0.05561 ~-0.53279 N0.15885% 0.10463 0.00935 0.00543
5 0.024733 -0, 46646 0.21234 0.10481 0.00763 n. 00506
6 0.,0293%7 -0.27786 0.25847 0.11009 0.01106 -0.020008
7 0.00685 -0.07722 0.29003 0.11722 0.016467 ~-0.00604
L] -0.00136 -0.00926 0.30262 0.12024 0.,01874 -0.01913
9 -0.00071 -0.00893 0.08295% 0.06315 0.11880 0.01474




LNADING - 2 WIND GROUP IT TRANSVERSFE
MEMRER FORCES
MEM3IFO JNINT 4 FORCF MNMENT
AXTAL SHEAR Y SHEAR 2 TORSTONAL RENDING Y RENDING 2
1 1 -T7.35992 2.3653? 0.07829 -211.25717 ~-50%.23413 1104,.13770
1 2 6. 53685 -2.20780 -0.07829 211.25717 484,19214 -4R89,.59423
2 2 -5.9820% 2.13302 2.69191 -20.71123 -520.96582 496.920°0
> 3 5.26541 -1.99342 -2.38877 20.71123 235,74710 -265.22046
3 3 -2.02077 1.35733 5.61058 155. 88005 -270.36670 170.14905
2 L 1.36850 -1.22945 -4 .00927 -155.8800% -269,67188 -264.93277
% 4 2.03228 1.93826 4.65123 10.17126 261.87964 7.65111
4 5 -1.38000 -2.06613 -3.04992 -10.17126 -694,20605 217.1468%
S 5 3.21916 1.70557 1.48436 ~104.89117 T16.76367 -66.52917
5 6 ~2.50252 -1. 84607 -1.18122 104.89117 -B66.40405 265.91089
6 6 2. T1T44 1.80393 -0.65360 -211.90923 887.38428 3.18721
5 7 -2.00079 ~1.94443 0.35046 211.90923 -831.01855 207.23810
7 4 1.30282 2.08126 -1.37033 -250.15741 83%,51685 112.94049
7 8 -0, 65054 ~2.20914 -0.,23098 250.15741 ~774,.55615 127.91373
L] 8 0. 20843 0.04290 -8.,26016 45,98981 T17.78271 24.33043
3 Q -0.20843 ~0. 04290 -3.73983 -45.98981 909.53491 © 6455713
9 9 0.85070 -0.08562 1.97710 -0, 00000 ~954,50269 -20.54817
9 10 ~-N,.8%070 0.08562 -5.97709 0.00000 2.00000 0.00000
10 11 -0.12852 1. 76318 0.64106 ~44,96791 -134,.2343%6 361.59521
10 9 0.1285%2 -1.76318 ~0.64106 44,96791 18.84399 -&4,22348
11 13 -2.25%5013 8.39168 0.07722 S. 82165 -5.,129013 1051.11987
11 8 2.25013 -8.39168 -0.07722 -5,8216% -8.77141 459.38232
12 12 -0.16197 1.05114 1.09279 -17.97527 -222.77%60 219,30167
12 o 0.16197 -1.05114 -1.09279 17.97527 -108.1%129 99.01448
SESIUL TANT JOINT LOADS - SUPPNRTS
JOINT ’ - FORCE 144 MOMENT
X FNRCE Y FNRCE 7 FORCE X MOMENT Y MOMENT 1 MOMENT
1 -0.07R29 0.94321 ~T7.67292 -1104.13770 ~535,88745 -112.76686
10 -0.85070 0.08562 ~5.97709 0.00000 0,00900 0.00000
11 0.64227 -0.12852 -1.76273 -363,28198 ~44,96791) ~129.60017
12 N.36393 1.34982 -0.60900 -302.57983 69,13223 -41.36876
13 -0.07721 ~2.25%5013 -8.39168 -1051.11987 5.8216% 5.12702
RESULTANT JNINT NISPLACFMENTS - SUPPNRTS
JOINT /mmmm e e e e=== D] SPL ACEMENT 77 POTAT INN, /
X DISe, Y DISP, 7 DISP. X ROT, Y ROT, Z ROT,
1 0.0 0.0 0.0 0.0 0.0 0.0
10 0.0 0.0 0.0 0.,00980 0.00499 0.00002
11 0.0 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0 n.0
PFSULTANT JNTINT DISPLACEMENTS - FOEF JOINTS
JOINT e ————— OTSPLACEMENT 17 POTATION ’
X nise, Y DISP, 7 DISP, X ROT, Y POT. T 20T,
2 0.00239 -0.01780 0.00374 0.00687 n.0013% 0.00166
3 0.00434 -0.03265 n.00783 0.00813 N.0016" 0.00219
4 0.00467 -0.04295 0.0139R 0.00870 0.00155 0.00230
s 0.00286 -0.04033 0.01976 0.00889 0.00113 0.00194
6 0. 00077 -0.02553 0.02383 0,00924 0.00054 0.00123
T -0.,00002 -0.00798 0.02728 0.00993 -0.00003 0.N0053
R 0.0N006 0.00016 0.03169 0.01090 -0.00051 0.090015
9 0.00004 0.00001 0.01936 0.00980 0.00397 -0.00006
LOARIMG - 3 WIND GROUP 11 LONGTTUDINAL
MEMRED  ENRCES
MFM3FR  JNINT [omm e ———————— FNPCE ====m 17 MOMENT
AXTAL SHEAR ¥ SHEAR 2 TORSTNNAL RENDING Y RENDING 2
! 1 1.10208 0.08470 0.94519 -4.79272 -209.63135 22.74709
1 2 -1.10208 -0.08479 -0.94519 4. 79272 ~44.40567 0.04098
> ? 1.27310 0.02530 0.46405 -3.610R8 44,24013 4.95938
2 3 -1.22156 -0.05590 -n.07973 3.61088 -74,76698 ~0.39636
3 3 0.91559 n.11185 -0,78229 1.79776 73.70662 12.93817
3 4 -0, 76650 -0,14587 0.85504 -1.79776 18.20999 1.51308
4 4 0.33745 -0.08520 -0,22565 1.17959 -9,543850 ~-1.35519
I8 s -N.15245 0.05148 0.15289 -1.17959 30.79884 -6.31818
5 5 1.170659 -0.02132 -0.22644 3.52882 ~31.25961 -0.52638
s 6 9. 14905 -0.01937 -0.15788 -3,52882 35.10838 -0.14454
5 L 7.00273 -N,02056 N.21695% 0.,68196 ~34,5502% ~T.13343
6 7 ~-Ne.159219 0.05125 -N.60127 ~0.68194 -11.382923 3.10179
7 7 N.5282% -0.12360 0.30848 -1.03164 11.718380 -1.12295
7 L) -0,70028 0.15731 -0.38123 1.03164 -50.43803 ~14.54671
] L] N.76546 0.02057 =N .06110 4.49493 47.80954 11.15114
[ ) -0.74646 -0.,02057 0.06110 -4,49493 -3.81624 3.65706
Q L) 0.727513 -0.02210 -0.01640 0,00000 3.93%31 -5,30324
3 10 -0.72753 0.02210 0.01640 -0.00000 -0.00000 0.0
10° 1 -0.04266 -0.046641 ~0.01423 0.11907 0.93385 -3.85310
10 Q 0.04266 0.04641 0.01423 -0.11907 1.62825 -4.50165
1 13 0.04022 0.13815 0.06233 -1.48783 -4,73512 16.09010
1 L -0,04022 -0.13R15 -0.06233 1.49783 -6.48466 8.77673
12 1?2 -1.03682 -0,049641 0.04172 -0.56067 ~7,269T1 -7.67180
12 4 1.03482 0.04941 -0.0517? 0.55067 ~5,3629% ~7.28966
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PESULTANT JAINT LNANS -~ SHPPNRTS

JOINT

19
1"
12
12

JnInT

JOINT

VIBINIANSL NN

I TANING - &

MEMRER FNRCEFS
MFuRED JniNTt
1 1
1 2
2 ?
2 3
3 3
3 L
4 4
L s
s 5
5 6
6 6
L) 7
T k4
7 L]
L] L]
q Q9
? Q
3 10
mn 11
10 Q
11 1?
1 L
12 12
12 L]

PESILTANT JNINT

JOINT

1

10
11
12
13

- FNRCE

QESHLTANT JNINT DISPLACFMFNTS - SUPDIPTS

JNINT

10
1
12
12

JPINT

SR@NPAIWN

’ " MOMENT
X FNPCE Y FORCE 7 FORCE X MOMENT v MOWENT Z wOMENT
-0.94519.- 0.28995 1.06663 -22.74709 -206.81148 34.60291
-0.727%3 0.02210 0.01640 -0.00000 -0.00000 0.0
-n.01893 -0.04266 0.04470 1.55191 0.11907 1.76135
-0.06354 ~0. 30960 -0.98953 -2.45987 -9.94882 2.64782
-0.06233 0.04022 -0.13815 -16.09012 -1.48783 4.73509
PESULTANT JNTHT NISPLACEMENTS = SUPPAPTS
A O NISPLACEMFNT 144 ANYATINN
X n1se, Y nrse, 7 oise. X ROT, Y enT. z R0T,
0.0 0.0 0.0 0.0 0.0 0.0
0.0 2.0 0.0 0.00003 -0.00001 0.00001
0.0 0.0 0.0 0.0 0.0 0.0
9.0 0.0 0.0 0.0 0.0 0.0
2.0 0.0 0.0 0.0 0.0 0.0
CESULTANT JUNINT DISPLACFMENTS -~ FREF JNINTS
f-=men- e DISPLACEMENT 7 POTATION
X n1se. v nise, z o1se, X ROT. Y rOT. z roT,
0.00060 ~0.00031 0.00000 0.00010 0.00017 0.00001
0.00087 -0.00051 0.00013 0.00010 0.00012 0.00004
0.00094 -0.00068 0.00035 0.00011 0.00010 0.00006
0.000n5 -0.0n071 0.00058 0.00011 0.00912 0.00007
0.00059 -0.00056 0.00072 0.00012 0.00014 0.00009
0.09028 -0.00026 0.00066 0.00014 0.00016 0. 00010
0.00013 -0. 00000 0.00045 0.00013 0.00013 0.00007
0.00003 0.00000 -0.0000% 0.00003 -0.00001 -0.00001
OVERTURMINA
. S — enece 7 NMEMT
AXTAL SHEAR ¥ SHEAR 7 TORSTONAL BENDING ¥ RENDING 7
~14.AR687 2.711212 1.01065 -?231.16748 -1060.79590 2304.19970
14.83483 -2.711212 -1.01065 731.16748 789.16650 -1575.25879
-13.35845 2.48883 6.73644 363.49536 -90%,35913 1485.21299
12.99845 -4.32514 -6.73444 310. 15942 140, 24342 -1102,69092
-4.64121 2.64753 14.36264 532, 78638 -314,49920 975.51514
4.08121 -4.48384 -14.36264 140.86836 -129%.07886 -575.17505
2.35676 11.74901 -1.10221 170.80655 1227.73%86 803.22451
-2.71476 -13.58532 1.10221 502. 84839 -1103,98389 613,99219
1.93808 13.73798 -0.81757 -726.11621 1147, 75488 63.54565
-2.29808 ~15.57429 0.81757 1399,77075 -1055.96191 1581.983%9
1.94369 15.64376 -0.05243 -2044.31079 1182,32080 -0.32770
-2.30360 -17.48006 0.05243 1370. 65576 -1176.43481 1859,83081
2.58302 17.42529 0.74108 -2209.23584 1340,93472 -207.61411
-2,94302 -19.26161 -0.74108 1535.5A001 ~1424.04077 2267.14160
0.48514 -7.62228 -5.95291 -2893.58862 1085.03882 -1297.67676
-0.48514 -4.37771 5.95281 -1436.40967 3200.98560 129.63110
-5.14773 -6. 13542 13.68261 -1439, 99478 -3283.82666 -992.50317
5.14773 2.13543 -13.68261 -0.00000 -0.10000 0.00000
~10.51714 -18.66232 -8.30641 -82.84055 307.22729 -601.12061
10.51314 18.66232 8.30641 82.84055 1187.9267% -2758.09863
-27.00027 6.95071 -0.95611 -16.97003 59.60385 1620. 75879
27.09027 -6.95071 0.95611 16.98003 113.49530 -369.63086
17.092587 1.95384 2.30482 -41.04701° -492,21436 477.28125
-17.92587 -1.95384 -2.30482 41.04701 -205.75079 114.39508
LNANS - SYPPNRTS
’ enace 7 MOMENT
X FOPCE Y FORCE ? FORCE X MOMENT Y. MOMENT 7 MNMENT
~1.01065 -0.12760 -15.13134 -2304.18970 -1085.32788 -268.14360
5.14773 2.13543 -13.68261 -0. 00000 -0.90000 0. 00000
-5.62207 -10.51314 19.635642 657. 96680 -82.84055 151.04424
0.53967 8.36802 16.12923 -664,91040 146.35635 -90.72624
0.95612 -27.09027 -6.95071 -1620.75879 -16.98003 -58.60696
e DUSPLACEMENT 77 POTATION ’
x nise, Y nrse. 7 nrse, x ROV, ¥ ant, 2 roT,
0.0 0.9 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.05967 0.01031 0.00080
0.0 0.0 0.0 0.0 0.0 0.0
0.0 n.0 0.0 . 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
RESHLTANT JNINT DTSPLACEMENTS - FREE JNINTS
fommmmm e m e N1SPLACEMENT 1" POTAT ION ’
X 0ISP. v n1se, 2 nise. x ROT, Y rOT. 7 ROT.
0.00466 -0.04097 0.00856 0.01679 0.00225 0.00166
0.00807 -0.07674 0.01787 0.02124 0.00267 0.00331
0.00810 -0.10125 0.03070 0.02292 0.00212 0.00571
0.00459 -0.09573 0.04211 0.02203 0.00126 0.00579
0.00118 -0.05926 0.05132 0.02295 0.00109 0.00102
2 e0.00040 -0.01566 0.05997 0.02846 T 0.00132 -0.00365
-0.00016 0.00188 0.06966 ~ _ " 0.03666 .00150 -0,00227
-0.00022 0.00073 0.03899 -~ "~ 0,05390 0.00731 _  =0.00242




10ANTYG < 8

MEVAER  FNRCES
uEMy €2 JNINT 4 -~ FORCE /7 MOMENT 4
AXTAL SHEAR ¥ SHEAR 2 TORSTONAL BENDING Y SENDING 2
1 1 -48.05582 95.60373 19.34579 -120%5.65771 -9378.12500 23900.37891
1 2 5T.77272 -40.22656 ~19.34579 120%5.65771 4178,.60156 ~5646.98047
? 2 -45.4740R 38.14023 42.51546 928.19727 -4594,96875 5369.11719
? 3 49.07198 -16.82108 ~41.82800 ~254.54242 -139,89711 -2283.70483
3 3 -5.37381 8.25425 65.90591 1772.98975 -157.78416 1459.89087
3 4 9.05152 13.04924 -64.23177 -1099.33472 -7147.87109 -1729.07080
4 4 -0.07503 49.52832 -58.55231 275.11792 6917.70312 2286, 79370
L] 5 5.05729 ~28.468056 60.08086 398.53662 -257.8852% 2092. 45874
s s -43,69418 36. 05515 -35.17487 - -1722.09766 517.36133 -1170. 65771
s 6 48,72537 -15.01700 35.09370 2395, 75171 3427.37061 4037.74268
6 6 -58.48698 16.93071 11.12946 -4T13,76562 -2972.93359 -1652.85864
6 7 63,20502 4.16882 -11.81691 4040.11060 1684,.77173 2369.28564
4 7 ~-37.48482 -9,21115 51.59401 -4639,10547 -1567.33789 892.50879
4 L] 42.12309 30.326%4 -53.26807 3965.45264 -4319,40234 -3112.06177
8 L] -3.509%50 66.14218 -18.19576 -436. 36890 32%0.66870 $737.50781
L] 9 3.50950 T2.48743 6.19576 -3883.62964 5530.27734 -8010.99219
9 9 -19,78903 45.51544 22.46338 -1439,99878 ~-5871.21094 $379.71094
e 10 19.78903 0.68451 -26.46338 -0.00000 -0.00000 0.00000
10 11 117.97292 -32.41846 -5.9509% -340.93433 -335.12427 -65.83411
10 9 ~117.97292 32.41846 5.95095 340.93433 1406.29590 ~5769.48828
11 13 104, 00580 81.00430 -8.8578S -225.15872 541.63452 11848,71875
1 L] -104,00580 -81.00430 8.85785 22%.15872 1052.77881 2732.07080
12 12 133.19785 16.01924 17.42496 ~113. 86548 -3515.52368 3410.20361
12 L3 ~133.18785 -16.01924 -17.42496 113.86548 ~1761.24365 1440.87378
OF SULTAMY JOINT LOADS - SUPPNPTS
JNINT FORCF 7/ MOMENT
X FOOCE Y FORCE T FORCE X MOMENT Y MOMENT T MNMENTY
1 -19.34579 B84, 89648 -65.13129 -23900. 37891 ~9437.85547 574. 33936
10 19.78903 0.68451 -26.46338 -0.00000 -0. 00000 0.00000
11 -16.27954 117.97292 28.65915 -164,98236 -340,93433 299.03687
12 5.16064 63.13553 119,.52635 ~4749.63281 1101.83472 ~477.82471
13 8.8%801 104,00580 -81.00430 -11848,.T1484 -22%5.15872 -541.65723
RESULTAMT JNINT DISPLACEMENTS - SUPPORTS
JOINT [ eseecc e DISPLACEMENY 7 ROTAT ION 4
X nise, Y n1se, 7 DISP. X ROY. Y ROT. ¢ z ROT.
1 2.0 0.0 0.0 0.0 0.0 0.0
10 0.0 0.0 0.0 0.13260 0.03538 -0.00140
11 0.0 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.9 0.0 2.0 0.0
RESULTANT JNINT DISPLACEMEMTS -~ FRFE JOINTS
JOINT [=————— e eae DISPLACEMFNY ==—= 17 ROTATION I4
% DISP, Y nise, Z pDISP. X ROT, Y ROT. Z ROT.
2 0.93674 -0.32004 0.06564 0.11714 0.01565 0.00793
3 0.06245 -0.55814 0.12579 0.13022 0.01710 0.01062
4 0.06932 -0.67767 0.20388 0.13645 0.01312 0.01350
s 0.05563 -0.60323 0.27479 0.13583 0.01014 0.0128%
6 0.03241 -0.36320 0.33434 0.14240 0.01283 0.00226
T 0.006T1 -0.10112 0.37793 0.15575 0.01792 -0.00906
L] -0.00132 -0.00722 0.40442 0.16794 0.01986 -0.02118
9 -0.00086 -0.00819 0.14124 0.12688 0.03007 0.01224
SECTIDON FRACTION DS 2.0 0.1 - $ 147 15 0680
LIST SECTION STRESS MEMBER 8 $ 147 15 0690
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TERNAL MFMAFR 2ESULTS
- rreg < Y
MFURER MNRMAL STRCSS
MEMRER A
LnapTING 1 NEADNLNAN PLYUS LIVELNAD
NICTANCF /== -=== STRESS -/
Fapm STAT AXTAL Y SHEAR 7 SHEAR Y ARENNING 1 BENDING MAX NORMAL MIN NORMAL
0.0 FR 0.00270 0.0 0.0 -0.01495 -0.71066 0.72831 -0. 72290
n. 100 0.00270 0.0 0.0 -0.01193 -0.2269% 0.24159 -0.23618
n.209 0.00270 0.0 0.0 -0.00892 0.14667 0.15829 -0.15289
0,310 0.00270 0.0 0.0 -0.00590 0.41020 0.41881 ~0.41340
0.400 0.00270 0.0 0.0 -0.00289 0.56365 0.56924 ~0.56383
0.500 0.00270 0.0 0.0 0.00013 0.60700 0.60993 ~0.560442
0. 600 0.00270 0.0 0.0 0.00314 0.54027 0.54611 -0.54071
0.700 0.00270 0.0 0.0 0.00616 0.36345 N.37231 -0.36691
n. 200 0.00270 0.0 0.0 0.00917 0.076%5 0.NR842 -0.08302
0.900 0.00270 0.0 0.0 0.01218 =0.32044 0.33533 -0.32992
1.900 0.00270 0.0 0.0 0.01520 -0.82752 0.86542 -0.84001
LIADTNG 2 WINN GRNUP 11 TRANSVERSF
NISTANCF ’/ ~=== STRESS ’
FRAM START AXT AL Y SHEAR 7 SHEAR Y RENDING 7 BENDING MAX NORMAL MIN NNRMAL
0.0 FR -0.00011 0.9 0.0 ~0.00766 -0.00247 0.01002 -0.0102%
0.100 -0.00011 0.0 0.0 -0.00178 -0.00216 J.00382 -0.00405
0,200 -0.00011 0.0 0.0 0.00319 -0.00184 0.00492 ~0.70515%
0.300 -0.00011 0.0 0.0 0.00724 -0.00152 0.0086% -0.0088%
0,400 -0.00011 0.0 0.0 0.01036 -0.00122 0.01146 -0.91169
0.500 -0.00011 0.0 0.0 0.01256 ~0.00090 7.013% ~0.01357
0.600 -0.00011 0.0 0.0 0.01383 -0.000%9 0.01431 -0.01453
0.700 -0.00011 0.0 6.0 0.01419 -0.00028 0.01435 -0.01457
0.800 -0.00011 0.0 0.0 0.01362 0.00004 0.01354 -0.01377
0,900 -0.00011 0.0 0.0 0.01213 0.0003S 0.01236 ~0.012%9
1.000 -0.00011 0.0 0.0 0.00971 0.00067 0.01026 ~0.01049
-- LOAN ING 3 WIND GROUP 11 LONGITUDINAL
NISTANCE 4 -=== STRESS 4
FROM START AXT AL Y SHEAR 2 SHEAR Y BENDING T BENDING MAX NORMAL MIN NORMAL
0.0 FR -0.00041 0.0 0.0 -0.00051 -0.07113 0.00124 -0.00205
0.100 -0.00041 0.0 0.0 -0.00046 -0.00098 0.00104 -0.0018S
0.200 -0.00041 0.0 0.9 -0.00042 -0.00083 0.00084 -0.00166
0.300 ~0.00041 0.0 0.0 -0.00037 -0.00068 0.00064 -0.0N146
0.400 -0.0N041 0.0 0.0 -0.00032 -0.00053 0.0004% ~0.00126
N.5N0 -0.0n041 0.0 0.0 -0.0002% -0.00038 0.00025 -0.00106
0.600 -0.00041 0.0 0.0 -0.00023 ~0.00023 0.0000S -0.00087
0.700 -0.0N041 0.0 0.0 -0.00018 ~0.0000" ~0.0001S -N. 00067
0.800 -0.00041 0.0 0.0 -0.00013 0.00007 ~0.00020 -0.00061
0.900 -0.00041 0.0 0.0 -0.00009 0.00022 -0.00010 -0.70072
1.000 -0.00041 2.0 0.0 -0.00004 0.00037 0.00000 -0.00082
LOAD ING 4 OVFRTURNING
’
NISTANCE ’ ~=== ST®FSS 4
FPOM STARTY AXTAL Y SHEAR T SHEAP Y BENDING 1 BENDING MAX NORM AL MIN NNRMAL
0.0 FR -0.00026 0.0 0.0 -0.01159 0.1317% 0.14307 -0.14360
0.100 -0.00026 0.0 0.0 -0.00701 0.08042 0.08716 -0.08769
0.200 -0.00026 0.0 0.0 -0.00243 0.03786 0.04002 -0.04055
0.300 -0.00026 0.0 0.0 0.00214 0.00407 0.0059% -0.00648
0.400 -0.00026 0.0 0.0 0.00672 ~0.02095 0.02740 -0.02793
0.500 -0.00026 0.0 0.0 0.01130 -0.03719 0.04823 -0.04375
0.600 -0.00026 0.0 0.0 0.01587 ~0.04467 0.06027 -1.06080
0.700 -0.00026 0.0 0.0 0.02045 -0.04337 0.063%S =0.N6408
0.RN0 -0.00026 0.0 0.0 0.02502 -0.03339 0.05806 -0.05859
0.900 -0.00026 0.0 0.0 0.02960 -0.01445 0.04379 -0.74432
1.000 -0.00026 0.0 0.0 0.03418 0.01316 0.04707 ~0.04760
LNAN ING 5
DISTANCE ’ - ==== STRESS ===- 4
FRMM START AXTAL Y SHEAR 7 SHFAR Y BENDING 7 BENDING MAX NNOMAL MIN NNRMAL
0.2 FR 0.00192 0.0 0.0 -0.03471 -0.58252 0.61914 -0,61531
0.100 0.00192 0.0 0.0 -0.02118 -0.14968 0.17278 -N.16895
0.200 0.00192 0.0 0.0 -0.00858 0.18184 0.19234 -0.19850
0.300 0.00192 0.0 0.0 0.00311 0.41205 0.41707 -0.41324
0.400 0.00192 0.0 0.0 0.01386 0. 54094 0.55672 -0.55289
n.500 0.00192 0.0 0.0 0.02370 0.568%52 0.59%14 -0.59030
0. 600 0.00192 0.0 0.0 0.03262 . 0.49478 0.52931 =N.52548
0.700 0.00192 0.0 0.0 0.04061 0.31973 0.34225 -0.35842
0.800 0.00192 0.0 0.0 0.047618 0.04336 0.09295 -0.08912
0.990 0.00192 0.0 0.0 0.05382 -0.33432 0.39006 -0,38623
1.000 0.00192 0.0 0.0 0.05905 -0.81332 N.87428 -0.87045
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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 5.5a shows a general plan of the bridge and Figure
5.5b 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 elentents 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 direct
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.
Following this command the constants are given for the mate-
rials being used for the members. In this case the material
is concrete with a Young's Modulus of 3 x 10° psi. Converted
to the unltg spec1f1edwmn3bommand 0030 the entry should be
CONSTANTS E-432000 ALL. "~ The next "CONSTANTS" command describes
the BETA angles and tﬁg coefficient of thermal expansion _ (CTE) .

STATE OF CALIFORNIA - BUSINESS AND TIANSFOQTAI'ION AGENCY - DEPANTMENT OF PUBLIC WORNKS - DIVISION OF ADMINISTRATIVE SERVICES

COMPUTER SYSTEMS

ICES
™ L]l o™ e our | oo | “eseboeicamt |8
SLTE(/D Elﬁé —R‘ 5 /7 1 I‘ ?Lﬂﬁjf @‘;‘é‘{fsl !’l ID 3. 37 38 S.‘AO ol 2L4“‘4' 46 47 48 49 50351 82 83 ll;ll 56 37 88 89 60
AT Va2 - S AN DA B N D B .8
UMLTS| KLPS),. FEET . DEGREES, .o |l b b e ]
Y_AXLS DATZMEY 770 | o e e L
I EINT COpRDINATES. WERE [SELEATED 701 AE \APPRIXIMATELY. AT .
CEMT'ELD?LﬁﬁA7&5ﬁ&£&ﬁ£§ﬁ_£ZVMFM@LJMZ§QZ%£QA%&MZ;L¢.~4
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1T LNIT CORRLINAT ".:“j%_. e . .
VA A | /A I =
yin 75 5.8 Ja L
A 59.n. R AN R © R
3 sl T 493 . o]
I /s WMo 7, N D~
A /9.0 2./ 1. . .0
A 229,25, a.0 1. .. 13.75
g do 4.9 . .. 4
4 VA 5.0 .
A 20/.22 29.0 . .1 .0 .. |....
1A 240,00 . a4 . ... . 13.78
BER IMATDEAMAES | ol
‘5%52} J_SIAILRL L EWND
e P2 c D
RN AN ISR C AN VU ATEUUNE N B |
S S _Jg:w__ e N
G e Vu. S B S
ez 52»” 2 D
A DY/ 1720 D
(EMBER RELEASES oo bl b L
. .9 QTART WMIMENT- Z | . . .| ... .
CONSTUNTS & 433000, Wil | | .. -
CONSTANTS. BETA. .0 AL BUT23.08 & 17 8 3
ol eTE o2/ AL | .

The member properties are given next for each mem-

ber of the frame.

or segm

ents.

Since the properties are variable the
members have been modeled as four or three prismatic sections
Each segment's properties have been entered
-into the STRUDL program with the following commands:

|
ENEAR . papeRTAES | T N I T :
LJAALMH_ S N U IS . e
SEG N AX 3 TN 720 LY. 7000 YD 4.4 7z 1240 WVAAS
SEG. 2| AX . /44_%.&33.0&1.)@ (7000 YD 5.7 12 .zzﬁﬁm.,%:);
SEG.3 AX . G5 [N . 920 1) 7200 YD 6.0 LZ LAWLM_,;
SEG. 4 AX @6 IX_ 1030 7). . [7300 AW WZACAR
2. VARIA T s S D R I
SEG /L 4X . B IX 1030 7Y . 7300 YD 4.3 12 W . 52481 YC
SEG 2l AX 6T IX . 2200 LY. 7200 YD 6.0 JZ 3/48 L . 5.25). 1Y
CEG 3| Ax . ed IX 830 1Y . |7/00 Y2 4217 LZ P75 A5 Y
SEC. A AX 3 JX . 720 [V 7000 YD 5. IZ P40 5.25/.
2 PA[S»(A.TJ . AX 135 IX .20 4. 2430 YD 5.3 1z /d5 . YC 2.
TABLE| . . A R A, . i
<o JLAX 3 X 7200 1y 7aoo YD AM 7z K525 e
SEG 2 AX 64 I R30 LY 17/00 YD 5.\7 IZ L __5.250 YO 2.
SEG 2 AX @5 [N 220 1Y 17200 YD 6. L IZ 3/5 L 5.25/_1YC_3.]
SEG 4 AX . e IX| 1030 LY 17300 YO a3 [Z 250 Y. 5. 25/__ya .51
A VARIARLE . . , U SR SR B
SEG._[| AX . pé TH 1030 7Y 17300 YD 6.3 _1Z 5o L 12.)1c2 Y,
£6 2 AX w5 TN . .220) A‘Q./d_;gaa_xu.  IZ zuzz.mzé_
SEG 3| AX . ed IX 830 LY (7100 YD 5.7 IZ (2.1/C2.
SEG 4l AX 7 720l 7Y oo lyp A4 7z /2.11.02




- %rgfgﬁg;;;‘axz{#% h&_‘ Z‘éﬂ“ § fJ;_;,g
G T T I S T T
7 VAL /%5/_5_}_‘4__ e . m“ DI
S V=23 /A" AN S 7 AV C Y A7
o 2 L AX 4o _H,,yxh 260 .. Y . 2
.1 SE6 3 X_. 50 _ UX 380 .. Iy . &
| SEG M o . x5l . lry 5
8 VALIARLA . . . I JRUR Do
I SEG Y. UX L] /X 228 .. Y 24
B S b WX Ao . X 320 ... 1LY . 3
SEG B . S5 X420 . Y. 4
A7) _ X 57 RVAZN;

9 VARIABLE . . . . | . L N
K7 X L5 X . /5 A’;/A/g

L SEG R X . 2 X /. - .

L LSEG 1B, X /23 . . . UX 23% VAN

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:

-+ P R SRR SO S ¥ S 4 O — Ak 1 U S RS S G S

JADING. /.| L LOAD | e e e e

WEMBER LOADS. |l b ] P N S T

~ ./. JRCE Y GLOBAL YLIN FR WA | ~9.AWE A/0.5 . . .| .. . |.. .. 1. . B§
ORCA .Y _GLOBAL LIM._F /0.5 WB 2.9 . B

L_Lgcgcgw GUOAIL LIN FR v | =9.9] 1700 SRR N S
|3 FORCALY. GLORAL JIN. AR Wb 5108 WA F2-2 1 . |... .| ... B

2 ¥ZRCA Y GLOBAL WMIded W)=z 32 | T TR
-2 JEORCA Y GLOEAL 1IN FR WA [, 79 0B /7.0 LTI RE
%Zgﬁ@&SAMLM. [_FIR_WA. T

B e Y GBI AR WA A ,aL_LWB =024 N D B N I

AR LA P A DIV U IV I D R D . I
25 moacE Y lrgs | T T T

L. 3, L rokcE Y -loo | | o e NN S
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The next loading condition shown below and in
Flgure 5.5d, LOADING 2 ‘'EARTH PRESSURE ABUTMENTS 1 AND 2°',
is used to check the forces that will occur due to earth
pressures. Note that these loads will tend to rotate the
whole structure. 1In 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.

LOADL QA_MZM,P SSURE AT- A ﬁUDj’[MZE' e b e e
MEMBER. LOAPS. o DR DRI PR I
G FORCE Y. L INEAR FR WA /?uz A .é.7 — . RN IRV
QHEQE £ Y LINEAR FR WZJATAZ. WA _—A.7 . . DR R B B
LIADING 3 |\ TEMAERATURE LD Q_sz.é”&ﬁf g/.gzzmm'u_ L
MEMBER T MPJA.ZUEE“LGALSL I DU (RPN ESU N P B
[_TOB_FRUA 0.0 LA /HOLJ_AM . ,9, Ap A-o.2 . 1. ..*ﬁ_
B TO9 AR A.pﬁam/o xZda. | .. ... L

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 given:

—— P —— e g e g

s B TR 7O Y RS U SRR U S P — .

LIAD. Y IST- ALL. A B N e e
DINA2ATA |

STILAMESS Wndidszs | | . 1 1- N
ST Ea0cAs RAACT7oMS DISPLACma/iTd | .
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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.

V7Y rre R A D P N . T.
L 2.0 2 Na 31/.0. N R . R B

LOAD WIST- W 1 ] | D D DU D e

[ ST EQR0AS REACTIONS DIdPldcidinTs . | o

The following output shows the commands given to
the program, and the calculated results of the analysis
requested. At this point the designer should check the
STRUDL 'PROBLEM DATA FROM INTERNAL STORAGE' 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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ICES STRUDL 11

BRICGE OEPARTMENT DIVISION OF HWYS,
SPECIAL STUDIES SECTION PH. 445-6519

NOVEMBER 1969 INSTALLED APRIL 1970

TYPE SPACE FRAME

UNITS KIPS,

FEET,

VERSION 1 MOD 1
THE STRUCTURAL DESIGN LANGUAGE
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

STATE OF CALIFORNIA

19:42:49

CECREES

$ Y AXIS DATUM=177E

$° JCINY CCCRDINATES WERE SELECTED TO BE APOROXIMATELY AT

$ THE
JOINT
$ JT

1

9

10

CENTROICS OF THE MEMBERS FRAMING INT3 THE JOINT

COORCINATES

X
0.75
59.0
80.0
170.0
191.0
239.25
0.0
42.1
201.22

240,09

MEMBER INCIDENCES

$ MEMBER

1

2

START
1

2

50.8
49,7
43.3
47.5
47.1
46.C
41.3
15.0
25.0

36.4

END

N

8/20/70

KEXEBREERREEREXREXE R IR E AR KRR EXRRKERKKRERRK XKL

SUPPORT

*
*
*
*
*
*
*
*
L
*
*

$ 148 25

$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 143 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 148 25
$ 14B 25
$ 148 25
$ 147 25

$ 148 25

0010

0020
0030
0040
0050
0060
0070
0080
0090
0100
0110
n120
013n
0140
01590
0160
o170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270

0280

0290



MEMBER RELEASES

699 START MOMENT Z.

CONSTANTS E 422000. ALL

CONSTANTS BETA 0.0 ALL BJUT 29.0°%

CTE

.00021 ALL

MEMBER PROPERTIES

1 VARIABLE

SEG 1 AX 63
SEG 2 AX &4
SEG 3 AX 65
SEG 4 AX 66
2 VARIABLE

SEG 1 AX €6
SEG.2 AX 65
SEG 3 AX 64

SEG 4 AX 63

IX
X
IX

IX

X
Ix
Ix

IX

1

1

720
830
920

030

030
92n
830

720

3 PRISMATIC AX 35 IX

4 VARTABLE
SEG 1 AX 63
SEG 2 AX ¢4
SEG 3 AX 65
SEG 4 AX &6
S VARIABLE
SEG 1 AX €6
SEG 2 AX 65
SEG 3 AX 64
SEG 4 AX 63
6 VARIABLE -
SEG 1
SEG 2

SEG

w

7 VARIABLE
SEG 1
SEG 2
SEG 3

SEG 4

IX

IX

Ix

Ix

IX

IX

X

1

AX

AX

AX

AX

020
920
830

720

4C
5C

€0

Iy
1Y
1y

ty

1v
|84
Iy

20

IY
1Y
1Y

1Y

1Y
1Y
1Y

1y

6789
7C00 YD 5.4 17 240 L
7100 YD 5.7 12 275 L
7200 YD 6.0 1Z 315 L
7300 YD 6.3 IZ 350 L
7300 YD 6.3 IZ 350 L
7200 YD 5.0 1Z 315 L
7100°YD 5.7 1Z 275 L
7000 YD 5.4 IZ 240 L

[Y 3430 YD 5.3 1IZ 105
7000 YD 5.4 IZ 240 L
7100 YD 5.7 IZ 275 L
7200 YD 6.C IZ 315 LU
7300 YD 6.3 17 350 L
7300 YD 6.3 1Z 350 L
7200 YD 5.0 1Z 275 L
7100 YD 5.7 -1Z 315 L
7000 YD 5.4 12 350 L
IX 15 1Y 7600 12
IX 125 Iy 13300 1z
IX 234 IY 19000 1z
IX 143 Iy 158 1z
IX 260 IY 285 12
IX 380 IY 42¢ 12
IX 510 IY 535 12z

5-38

14.565
14.565
14.565

14.565

5. 251
5.251
5.251

5,251

5.251
5.251
5.251

5.251

12.102

12.102
12.102

12.102

15

41
80
120

169

24990
2.990

2990

9.649
9.649
9.549

9.649

148
148
148
148
148
148
148
148
148
148
148
148
14R
14R
14R
148
148
148
148
148
148
148
148
14R
148
148
148
148

149

148

148

148

148

149

14n

148

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

25

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

25

0300
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460

0470

. 0480

0490

05n0

0510

0520

0530

0540

0550

0560

0570

0580

0590

N6920

0610
0620
0639
0640
0650

06690



8 VARIABLE

SEG 1
SEG 2

SEG

(§%)

SEG 4
9 VARIABLE
SEG 1
SEG 2

SEG 3

AX
aAXx
AX

AX

AX
AX

AX 1

LOADING 1 *DEAD LOAC®

MEMBER LCACS
1 FORCE Y

2 FORCE Y

4 FORCE Y

5 FGRCE Y

3 FORCE VY
649 FCORCE Y
7 FORCE Y

8 FORCE Y
JOUINT LOADS
295 FCRCE

344 FORCE

GLOBAL
GLOBAL
GLOBAL
GLUBAL
GLOBAL
GLOBAL
GLOBAL

GLOBAL

Y ~-19¢8

Y -100

44 IX 228
50 IX 320
55 IX 420
60 IX S10
45 IX 15
79 IX 125
13 IX 234
LIN FR WA =9.9

LIN FR WA -10.5

LIN FR WA

'9.9

LIN FR WA =-10.5

UNIFORM W -7,32

LIN FR WA -6.75

LIN FR WA -4,65

LIN FR WA -6,60

184
184
Iy

1y

1Y
1Y

(84

W8
WB
WR

W8

W8
L)

L[]

245
340
440

535

7600
13300

19600

-1C.5
-9.9
-10.5

-9.9

-17.0
-8.95

-8.95

LOADING 2 'FARTH PRESSURE AT ABUTMENTS?

MEMBER LOACS

6 FORCE Y LINEAR FR WA
9 FORCE Y LINEAR FR WA

LCADING 3 *TEMPERATURE LOADS 20 PERCENT DIFFERENTIAL!

13.7 WB 6

MEMBER TEMPERATURE LQADS

o7

-19,7 WB =-6.7

1 TO 5 FR LA 0.0 LB 1.0 AXI 0.9 BEND

6 TGO 9 FR LA 0.0 L3 1.0 AXI 0.8

LCAD LIST ALL

PRINT CATA

12
17
12

1z

12
1z
12

63

130

169

10

15

Z -0,2

6.087
6.087
6.C87

6.087

3.209
3.209

3.209

148
148
148
148
148
148
148
148
148
148
148
148
148
143
148
148
148
148
148
148
148

148

$ 148

w

w e

148
148
148
14R
148
148

143

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

25

25
25
25
25
25
25
25
25
25

25

25

0670
0680
9490
o700
0710
0720
0730
0740
0750
0760
0770
0780
0790
0300
0810
0820
0830
0840
0850
0860
0870
0880
0890
0900

0910

0920

0930

0940 -

0950
09560

0970

0980



=
® PROBLEM DATA FROM INTERNAL STORAGE =*

3

J0B ID - PRUB S.5 JOB TITLE - SUMMIT RD SEP. R. A. DOKKEN
ACTIVE UNITS - LENGTH WEIGHT ANGLE TEMPERATURE TIME
FEET Kip DEG DEGF SEC

*sksxsssss STRUCTURAL DATA ssssstssss

ACTIVE STRUCTURE TYPE - SPACE FRAME
ACTIVE COORDINATE AXES X Y 2

JOINT COORCINATES /  STATUS===/
JOINT - X Y z. CONDI TION
1 0.750 50,800 0.0 ACTIVE
2 59.000 49,700 0.0 ACTIVE
3 80.C00 49,300 0.0 ACTIVE
L3 170.000 47.500 0.0 ACTIVE
5 191.C00 47.100 0.0 ACTIVE
6 239.25¢C 46,000 3. 750 . ACTIVE
7 0.0 41,900 0.0 SUPPORT ACTIVE
8 42.100 15.000 0.0 SUPPORT ACTIVE
9 201,220 25,000 0.0 SUPPORT ACTIVE
10 240.00C 36,400 3.750 SUPPORT ACTIVE
JOINT RELEASES /JELASTIC SUPPORT RELEASES
JCINT FORCE MOMENT THETA 1 THETA 2 THETA 3 KEX KFY KFZ KMx KMY KMZ
MEMRER INCIDENCES / LENGTM: / RELEASES / STATUS==/
MEMBER START END LOCAL COORD. START END
FORCE MOMENT  FORCE MOMENT
1 1 2 58,260 ACTIVE
2 2 3 21.004 ACTIVE
3 3 4 n.018 ACTIVE
4 “ 5 21.004 ACTIVE
H 5 6 48.408 ACTIVE
6 7 1 8.932 13 ACTIVE
7 a8 2 38.597 ACTIVE
8 9 5 24,349 ACTIVE
9 10 L 9.629 4 ACTIVE
MEMBER PRUPERTIES 7 .
MEMBER/SEG TYPE SEG.L COMP AX/YD AY/Z0 AZ/YC Ixszc 1Y/EY 12/7€2 SY Sz
1 VARIABLE
1 14.565 L 63,000 0.0 0.0 719.999 6999.988 240.000 2.0 2.0
5.40C 0.0 0.0 0.0 0.0 0,
2 14,565 L 64,000 0.0 0.0 829.999 7099.988 275.000 0.0 2.9
5.700 2.0 0.9 0.0 0.0 0
3 14,5¢5 L 65.000 0.0 0.0 919.999 7199.988 315.000 0.0 0.0
6.000 0.0 0.0 0.0 0.0 0.0
L3 14,565 L 66.000 0.0 0.0 1029.999 7299.988 350.000 0.0 0.9
54300 0.0 0.0 0.0 0.0 0.0
2 VARIABLE
1 5.251 L 66,000 9.0 0.0 1029.999 7299.988 350.000 0.0 0.0
6.300, 0.0 0.0 0.0 0.0 0.0
2 5.251 L 65.000 0.0 0.9 919.999 7199.988 315.000 0.0 0.0
6.000 0.0 0.0 0.0 0.0 0.0
3 5.251 L 64,000 0.0 0.0 829,999 7099.988 27%.000 0.0 2.0
5.700 0.0 0.0 0.0 0.0 0.0
4 5.2%51 L 63,000 0.0 2.0 719,999 6999,.988 240,000 n.0 2.0
5.400 0.0 0.0 0.0 0.0 0.0
3 PRISMATIC 35.000 0.0 J.0 20.000 3429.996 105.000 0.0 2.0
5.30C 0.0 0.0 0.0 0.0 0.0
4 VERTABLE
1 5.251 L 63,000 0.0 0.0 719.999 6999.988 240,000 0.0 0.0
5.400 0.0 0.0 0.0 0.0 0.9
2 5.251 L 64,000 0.0 ~ 0.0 829.999 7099.988 275.000 n.0 n.0
5.700 0.0 0.0 0.0 0.0 0.0
3 5.251 L 65,000 0.0 0.0 919.999 7199.988 315,000 0.0 0.0
6.000 0.0 0.0 0.0 0.0 0.0
4 5.251 L 66,000 0.0 %.0 1029,.,999 7299.988 350,000 0.0 N.0
6.300 0.0 0.0 0.0 0.0 0.0
5 VARIABLE
1 12.102 L 66,000 0.0 2.0 1029.999 7299.988 350.000 0.0 0.0
6.300 0.0 n.0 0.0 0.0 0.0
2 12.102 L 65,000 0.0 0.0 919.999 7199.988 275.000 0.0 0.9
6,000 0.0 .0 0.0 o n.0
3 12,102 L 64,000 0.0 0.0 829,999 7099.988 315.000 0.0 0.0
5.700 0.0 0.0 0.0 0.0 0.0
4 12.102 63,000 0.0 0.0 719.999 6999.988 350.000 0.0 0.0
5.400 0.0 0.0 0.0 0.0 0.0
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6 VARTABLE

1 2,990 L 45.000 0.0 0.0 15,000 7599.998 4.000 0.0 0.0
0.0 0.0 2.0 0.0 0. 0.0
2 2.990 L 79.000 0.0 0.0 125.000 13299.980 10.000 0.0 0.9
0.9 0.0 9.0 0.0 0.0 0.9
3 2,990 L 113.700 0.0 0.0 234,000 18999.977 15.000 0.0 0.0
0.9 0.0 2.0 0.0 0.0 0.0
7 VARTABLE
1 S.649 L 31.000 0.0 0.0 143,000 158.000 41.000 0.0 2.0
0.9 0.0 0.0 0.0 0.0 0.0
2 3.649 L 40,000 0.0 0.0 260.000 285.000 80.000 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.9
3 S.649 L 50,000 0.0 0.0 380.000 419,999 120.000 0.0 0.0
. C.0 0.0 0.0 0.0 0.0 0.9
4 9.649 L 60,000 0.0 0.0 509.999 534,999 169.000 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0,0
8 VARTABLE
1 6.087 L 44,000 0.0 0.0 228,000 245,000 69,000 .0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
2 6.087 L 50,000 2.0 0.0 320.000 340.000 90,000 0.0 2.0
0.0 0.0 0.0 0.0 0.0 0.0
3 6.087 L 55.000 0.0 0.0 419,999 439,999 130,000 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
4 6.087 L 60,000 0.0 0.0 509,999 534.999 169,000 0.0 0.0
0.0 0.0 2.0 0 0.0 0.0
9 VARTIABLE
1 3.209 L 45,000 -0.0 2.0 15.000 7599.988 4,000 0.0 2.0
0.0 0.0 0.0 0.0 0.0 0.0
2 3,209 L 79.000 0.0 2.0 125,000 13299.980 10,000 0.0 9.0
0.0 0.0 2.0 0.0 0.0 0.0
3 3.209 L 113.000 0.0 0.0 234,000 18999.977 15.000 «0 9.0
0.0 0.0 0.0 0.0 . 0.0
MEMRER CONSTANTS
CONSTANT STANCARC VALUE DOMA IN, VALUE MEMBER LIST
E 431999,.£2500) ALL
G 0.0 ALL
DENSITY 1727999 ALL
CTE C.0002190 ALL
RETA 360.,0CC009 ALL AUT
29,079971 6 7 8 Q

PCISSON 0.0 ALL

senetnstss DESIGN DATA tesssssnss

USER DATA SET

PARAMETER CICTIONARY

NAME TREATMENT STANDARD L L

STRUDL DATA SFET
PARAMETER CICT IONARY

/
A TEMP TIME

NAME TREATMENT STANDARD L L
FYLD STANCARC 5184.09 -2
PF STANCARC L.00

FBLTUP STANCARC 1.0

CCoE . REQUIRED

KY STANDARC 1.00

K2 STANCARD 1.00

cA STANCARD 1.00

LY COMPUTE DQSTULEN

Lz COMPUTE JQSTULEN

CmHy STANCARC 0.85

cMz STANCARC 0.85

UNLCF COMPUTE QQSTULEN

VALUES STANCARC 1.00

TRACE STANCARD 1.00

PRIOTA STANCARC 1.00

TBLNAM STANCARC STEELWF
MXTRIALS STANDARC 25,00

SECNCARY STANCARR 1.00

/
A TEMP TIME



USER DATA SET

CONSTRAINT DICTIONARY-=cmemeenana/
NAME RETRIFVAL
STRUDL DATA SET

CONSTRAINT DICTIONARY=—-wmemce——a/

NAME RETRIEVAL
AX TABULAR
AY TASULAR
Az TABUL AR
Ix TARULAR
184 TABULAR
1z TASULAR
Sy TABULAR
s TASUL AR
Y0 TABULAR
0 TARULAR
FLTK TAAULAR
WBTK TASUL AR
YO/ AFL TABULAR
RY TABUL AR
RZ TASULAR
comp TARULAR
YC TABULAR
zC TABULAR
WEIGHT TABUL AR

sekusaskss (DADING NATA seaxsksbsss

LOADING =~ 1 DEAD LNAD , STATUS - ACTIVE
MEMBER AND ELEMENT LOADS
MEMBER/ELEMENT
1 T LINEAR, LOAD GL FORCE Y FR WA  =9,900 LA 0.0 W8 ~10.500- LB  1.000
2 LINEAR, LPAD GL FORCE Y FR® WA =10.500 LA 0.0 W3 =9,900 LR 1,000
3 UNIFORM  LOAD GL FORCE Y FR W -7.320 LA 0.0 8 1.000
s LINEAR, LOAND GL FNIRCE Y FR WA =9,900 LA 0.0 W8 -10.500 L& 1,000
H LINEAR, LCAD GL FORCE Y FR WA =1C.500 LA 0.0 WB  =9,900 L8 1.000
6 LINEAR, LOAN GL FORCE Y FR WA =6,750 LA 0.0 WR -17,000 L® 1,000
7 LINEAR, LDAD GL FORCE Y FR WA =4,650 LA 0,0 WB  -8.,950 LB 1,000
8 LINEAR, 'LOAD GL FORCE Y FR WA =6.,600 LA 0,0 WB  -8,950 LA 1,000
9 LINEAR, LOAD GL FORFE Y FR WA  =6,750 LA 0.0 WA -17.000 LA 1.000
JOINT LOADS / /
JOINT STEP  FORCE X ¥ 2 MOMENT X v b4
2 0.0 -19%.000 0.0 0.0 0.0 0.0
3 0.0 -100.000 0.0 0.0 0.0 0.0
. . 2.9 -109.000 0.0 0.0 0.0 0.0
H n.0 ~-165,000 0.0 0.0 0.0 0.0
JOUNT DISPLACEMENTS /
JOINT STEP  CISP. X Y z ROT. X v b
.
JOINT FORCF ASSUMPTIONS
JOINT THETS 1 2 1 FORCE X Y z MOMENT X 2
NC ASSUMPT IONS GIVEN FUR THIS LOADING
MEMHRER FORCE ASSUMPTIONS / /
MEMBER COMPONENT  DISTANCE VALUE COMPOINENT  DISTANCE VALUE
NO ASSUMPT IOMS GIVEN FNR THIS LNADING
LCADING - 2 EARTH PRFSSURE AT ABUTMENTS STATUS = ACTIVE
MEMAER AND ELEMENT LOADS
MEMBER/ ELEMENT
6 LINEAR,  LOAD FORCE Y FR WA 19,700 LA 0.0 WB 6.700 LB 1,000
9 LINEAR,  LDAD FORCE Y FR WA =-19,790 LA 0.0 WB  -6.,700 LR 1,000
JOINT LOADS / ’
JCINT STEP  FCRCE X Y bd MOMENT X Y 2 .
JOINT DISPLACEMENTS / /
JOINT STEP D1SP. X Y 2 ROT, X Y 2
JOINT FORCE ASSUMPTICONS
JOINT THETA 1 2 3 FORCE X Y z MOMENT X v
NO ASSUMPT TONS GIVEN FUPR THIS LOANING
MEMBER FORCE ASSUMPT ICNS ’ /
MEMBER COMPONENT  DISTANCE VALUE COMPONENT  DISTANCE VALUE

NO ASSUMPTICNS GIVEN FOR THIS LJADING
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-LCADING - 3 TEMPERATURE LOADS 20 PERCENT DIFFERENTIAL STATIYS -~ ACTIVE
MEMBER AN ELEMENT LOADS ’
MEMBER/ ELEMENT .
1 TEMPERATURE LOAD LA 0.0 L8 1.000 AXIAL 0,900 BENDING Y 0.0 2z =0.200
2 TEMPERATURE LOAD LA 0.0 LR 1. 000 AXIAL 0.900 BENDING Y 0.0 z -n.200
3 TEMPERATURE L0AD LA 0.0 L8 1.000 AXIAL 0.900 BENDING Y 0.0 1 -0.200
L3 TEMPERATURE LWAD LA 2.0 L8 1.C00 AXIAL 0.900 BENDING Y 0.0 2 -0.209
5 TEMPERATURE LDAY LA n.0 LR 1.000 AXIAL 0.900 RENCING Y 0.0 z ~0,200
6 TEMPERATURE LUAD LA 0.0 L8 1.000 AXIAL 0,800 RBENDING Y 0.0 2 0.0
7 TEMPERATURE LOAD LA 0.0 L8 1.000 AXIAL 0.800 BENDING Y 0.0 4 Q.0
8 TEMPERATURE LNAD LA 0.0 LA 1.007 AXIAL 0.800 BENDING Y 0.0 b4 0.0
9 TEMPERATURE LOAD LA 0.0 LB 1.000 AXIAL 0.800 RENDING Y 0.0 z 0.0
JUINT LOADS . r .
JOINT STEP FORCE X \ 4 MOMENT X Y z
JCINT DISPLACEMENTS / /
JOINT STEP DIsP X Y z ROT. X A4 2z
JOINT FORCE ASSUMPTIONS I4
JOINT THETA 3 FORCE X A\ 14 MOMENT X Y 4
NO ASSUMPT IUNS GIVEN FOR THIS LOADING
MEMBER FORCE ASSUMPT IONS / /
MEMBER CCMPONENT DISTANCE VALUE COMPONENT DISTANCE VALUE
NO ASSUMPT IONS GIVEN FOR THIS LOANING
SEPESERRES SRS S SB RSN SERE SRR RN ERTEERES
* END OF CATA FROM INTERNAL STORAGE =
. - SRS LSRR ISR SREEEE
STIFFNESS ANALYSIS $ 148 25 0990
LIST FORCES REACTIONS DISPLACEMENTS $ 148 25 1000
*RESULTS OF LATEST ANALYSES*
PROBLEM - PROB 5.5 TITLE - SUMMIT RD SEP. R. A. DOKKEN
ACTIVE UNITS FEET KIF ODEG DEGF SEC
ACTIVE STRUCTURE TYPE SPACE FRAME
ACTIVE COCRCINATE AXES X Y 2
LCADING - 1 DEAD LOAD
MEMBER FORCES
MEMBER JOINT / FORCE 1/ MOMENT /
AXTAL SHEAR Y SHEAR 7 TORSIONAL BENOING Y BENDING 2
1 -1 -21.,0821838 124.1430511 -8.5110025 326.8664551 -1.1459513 ~444,7841797
1 2 9.8623266 470.0024414 8.5111980 ~326.8664551 497.0056152 -9460.3593750
2 2 824.9543457 642.2348633 1.2956495 -17.5619659 -207.3522034 14112.8906250
2 3 ~829.034423% -428.0349121 ~1.2955790 .17.5619659 180.1393738 -2895.0739746
3 3 830.6259766 328.8437500 1.2955465 -17.3905182 -180.1559601 2895,0739746
3 4 -843.8020020 329.9555664 -1.2953300 17.3905182 63.5432587 =2945.1394043
4 4 845,3925781 ~43C. 7395020 1.2952976 -17.4509277 -63.,5267029 2945.1406250
4 5 -849.4729004 644.9394531 =1.2952271 17.4509277 36.3212585 -14219.7656250
5 5 -93.8106079 464.6643066 ~6.1763897 858.2387695 384.4604492 9053.9609375
5 6 79.5909271 28.9690247 6.1765499 -858.2387695 -85.4700165 1374.4724121
6 7 228.1936035 29.0999756 -25.9222870 20.1540527 -286.3222656 02.0000000
6 1 -122.5061035 =21.3164368 21.5935974 -20.1540527 501.2985840 230,1488647
7 8 1771.4548340 -73.1128693 51.8816223 117.8094635 -325.86454590 -700.8686523
7 2 -1535,4978027 173.5452271 ~107.7355499 -117.8094635 ~2640,8820801 =3854.9245605
8 o 1756.9887695 -165.7810364 107.8384857 287.9553223 -290.4702148 -521.1293945
8 S -1535.1657715 235.2230377 ~-146.4576111 -287.9553223 -2781.7153320 -4318,2109375
9 10 134,8625483 72.8913574 =54.6969757 9.3285446 -969,0876465 -1.0020000
9 [} -20.8777618 -65.1083867 50.3688660 =9.3285446 1477.9409180 669.8166504



JCINT

-0 ®~

RESULTANT JOINT LOADS - SUPPORTS

RESULTANT JOINT CISPLACEMENTS - SUPPORTS

JCINT

-0 ®~

JOINT
1
2
3
4
5
6
LOADING - 2
MEMBER FORCES
MEMBER JOINT
1 1
1 2
2 2
2 3
3 3
3 “
4 4
4 5
5 5
5 6
6 7
6 1
7 L}
7 2
8 9
8 5
9 10
9 6

RESULTANT JOINT
JCINT

-om~

RESULTANT JOINT NISPLACEMENTS - SUPPORTS

JCINT

-0 ®~

JCINT

FORCE /! MOMENT
X FORCE Y FORCE I FORCE X -MOMENT Y MOMENT 7 MOMENY
-18.7345123 23C.5811615 -8.5111237 251.0378265 -0.9293541 -139.1612396
855.7702637 1553.5937500 9.8064795 1.3522234 130.3804016 -770.8896484
-916.5446777 1511.9147949 -13.6700687 -121.3821564 261.1228027 596 .6142578
79.5088043 141.4851074 12.3746080 -845.0805664 ~56.6647797 471.0056152
== ——m—eeeeeeeeDI SPLACEMENT /7 ROTAT 1ION.
X DISP. Y DISP. Z 91SP. X ROT. Y ROT, Z ROT.
0.0 0.0 0.0 0.0 0.0 2.0
0.0 0.0 0.0 0.0 0.0 0.9
0.0 0.0 0.0 0.0 0.0 2.0
0.0 0.0 0.0 0.0 2.0 2.0
RESULTANT JOINT DISPLACEMENTS - FREE JOINTS
Jem————— ~———DISPLACEMENT 144 ROTAT ION
X DISP. Y DISP. Z DISP. X ROT. Y ROT. 7 ROY.
0.0022081 =0.0002647 -0.0012389 -0.0042709 -0.0012219 -0,0073887
0.0021514 ~0.0049726 -0.,0000061 -0.0116072 -0,0008164 -0,0407499
0.0009433 -0.0356486 0.0003601 ~0.0114636 -0.000T7437 -0.1148081
-0.0040207 ~0.034582% 0.0015020 0.0144929 -0.0008385 0.1150866
-0.0040755 -0.0039090 0.0017043 0.0145346 -0.0008217 0.0402938
-0.0038828 -0.0003351 0.0021815 0.0015150 ~0.0006676 0.0023555
EARTH PRESSURE AT ABUTMENTS
FORCE - MOMENT
AXTAL SHEAR Y SHEAR 2 TORSIONAL BENDING Y BENDING Z
~29.6603394 6.9155302 0.8396010 18.2666931 ~5.5980921 220.6708679
29.6603394 -6.9155302 ~0.8396010 ~18.2666931 ~43.3173676 182,2304535
-14.8232603 2.8781176 1.2716618 ~N.3858062 39,.3569031 174.3977966
14.8232603 -2.8781175 -1.2716618 0.3858062 -66.0666504 -113,9463806
-14.8259907 2.8640089 1.2716618 <0.4486809 66.0662384 113.9462280
14.8259907 " -2.1640089 -1.2716618 0.4436809 -180.53%6210 143,8659668
-14.8232641 2.8781033 1.2716618 -042770392 180.5389557 -143,8659668
14.8232641 -2.8781033 -1.2716618 0.2770392 =207.2487030 204.3171234
39.9524384 14.0402451 -5.4153509 64.3106079 264.7717285 454,%400879
-39.,9524384 -14.0402451 5.4153509 -64.3106079 -2.6255932 224.8199463
4.9686747 -91.2291799 -13.8703737 -4.4009151 214.8874512 -0,0000000
-4,9686747 ~26.,6681519 13,8703737 4.4009151 -91.0035553 -201,3903656
2.5834570 -13.0370693 T 447529 ~11.4390182 -112.2631378 -198,9252014
-2.583457C 13.0370693 ~T.7647529 11.4390182 -186.6580353 -304,261230%
~14.1737919 49,2686157 -23.3367157 37.7591705 291.1508789 594,8061523
14.1737919 -49.2686157 23.3367157 -37.7591705 277.0659180 604,08168945
-9,9297953 89.72073356 18.1582947 5.1941347 -352.5275879 N.0000000
9.9297953 37.3406830 -18.1582947 -5.1941347 177.6765442 151.9568024
LOADS - SUPPNRTS
/ FORCE 4 MOMENT
X FORCE Y FORCE Z FORCE X MOMENT Y MOMENT 1 MOMENT
73.1461792 ~1.1777086 -56.4615326 -187.5054932 11.3844938 104, 4417419
14.7587252 ~4.3144093 7.4320620 =3.7249680 -10.9093952 -22R.4124908
5543254852 9.9688740 ~3,5510759 -47.2938080 19,7305450 -661.3344727
70.1472931 -4.,4798079 ~59,4762878 -307.5573730 -18.8179016 171.3389893
/===mmmme e e ee- DI SPLACEMENT / ROTAY ION
X DISP. Y 0ISsP. z DISP, X ROT. Y RNT, Z ROT,
0.0 0.0 0.9 0.0 0.0 2.0
0.0 0.0 0.0 0.0 0.0 2.0
0.0 0.0 0.1 n.0 0.0 2.0 *
N.0 0.0 0.0 0.0 0.0 0.0
RESULTANT JOINT CISPLACEMENTS - FREE JOINTS
—————————————— DISPLACEMENT - 1/ ROTAY ION
X DISP. Y DISP. Z DISsP. X ROT. Y ROT. Z ROT.
-0.0019506 0.0001629 J.0010906 N,0012294 0.0002418 0.0021314
-0.0018745 £.0009069 0.0n08270 0.0008184 0.0002294 0.00119906
~0.,0018598 0.0010959 0,0007406 0.0008215 0.0002087 -0.N001754
-0.0018270 ~0.0016835 0.0006719 0.0014824 -0.0002337 0.0015257
=0.0017993 -0.0008150 0.0007609 0.0014832 -0,0003093 0.9031799
-2.0018762 ~C.0001433 0.0010503 0,0004681 - -0.00N4010 7.0007187

SV W
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LOADING - 3 TEMPERATURE LOADS 20 PERCENT DIFFERENTIAL *
MEMRER FORCES
MEMBER JOINT FORCE MOMEMT
AXTAL SHEAR Y SHEAR 7 TORSIONAL RENDIMNG Y RENDING 2
1 1 86%4,363281? 186,7887878 -22.8058777 1726.6076660 =283.8466797 6757.6484375
1 2 -8645.3632813 -186.7387878 22.80587T77 =1726.6076660 1612.5263672 4124.7343750
2 2 1027.7648926 20.2789154 10.8857679 33.,8104095 =1379,4606934 950,2690430
2 3 -1027.7648925 ~20,2789154 ~10.8857679 -~33,8104095 1150,8181152 -524,3344727
3 3 1027.7446283 21.2570038 10.3857679 34.9055939 -1150,7851562 524,3330078
3 & =1027.7446289 -21.2570038 ~10.885T7679 ~34.9055939 170.87N5444 1399,1801758
L 4 1027. 7646484 20.2799072 10.8857679 34.7431488 -170.,9037170 ~1389,1818849
& 5 ~-1027.7646484 -20.2799072 -10.8857679 -34,7431488 -57.7388306 1815.1369629
5 5 653,7556152 -319.5307617 13.6388855 -321.3461914 -573.,2285156 -9407,929587%
5 6 -653,7556152 319.5307617 -13.6388855 321.3461914 -R7,0026550 -6N59,9101562
6 T 242.8295441 ~755.9931641 394.3395996 -170.8938751 -1759,5595703 N.701%00n0
6 1 =242.829544) 755.9931641 -394,3395996 170.8938751 -1762.5048828 ~6752.18759500
7 8 -33,2811737 -172.8837280 1364.5981049 -501.0192871 -1304,3549805% -3031,5%96230
7 2 33,28117137 172.8837280 ~-134.6981049 501.0192871 -3894.5373418 -3641.,1391602
8 9 =142.6205444 ~453,6545410 191.8834229 -716.4040527 -925,9424023 ~4443,9687500
8 L 142.6205444 453,6545410 «191.8%34229 716.,4040527 -3746.1352%39 ~6601,8984375
9 10 383.3947754 ~506,8159180 354.7226563 ~155.3641357 188.7578735 .
9 6 =383,3947754 506.8159180 -354,7226563 155.36461357 =3604.4777832 ~4880,2656259
RESULTANT JOINT LDADS - SUPPORTS
JCINT / FORCE MOMENT
X FORCE Y FORCE 1 FORCE X MOMENT Y MOMENT 7 MOMENTY
7T 869.7358398 170.3979187 -22.8052216 1517.97192348 -299.4184570 -355,198730%
8 153.,2287903 ~169.6958618 33.,6916962 ~519.219482¢4 -304,.4050293 -32983, 3891692
9 ~384.6384277 ~335,0053711 52.7947388 1526.6279297 -83,32139%9 4333,81564062
10 -643.,3261719 334,3034668 ~63.6795044 176.5633240 -142.0435791 -91, 7419891
RESULTANY JOINT CISPLACEMENTS - SUPPORTS
JCINT [mmm e ————————— DISPLACEMENY ROTAYT ION
X DISP. Y DISP. Z DISP. X ROT. Y ROT. 7 ROT,
7 0.0 0.0 0.0 0.0 0.0 0.0
8 0.0 0.0 0.0 0.0 0.0 9.0
9 0.0 0.0 0.0 0.0 0.0 0.9
10 0.0 0.0 - 060 0.0 0.0 0.0
RESULTANT JOINT OISPLACEMENTS -~ FREE JOINTS
JOINT [ e e e e cn e ) | SPLAC EMENT ROTAT 10N /
X DISP. Y DISP. Z DISP. X ROT. Y ROT. 7 ROT,
1 ) -0.,0509723 0.0072335 0.0285762 0.0775337 0.N068787 0.1379592
2 -0.,0248158 0.0393115 0.0196937 0.0387735 0.008629% N.0326714%
3 -0.0156403 0.0315990 0.0161679 0.0385091 0.0091272 N.12035021
& -0.0059771 N0.0149179 ~0.0016324 -0.0135268 0.0124686 N.0117989
5 0.0040432 0.9133086 -0,0N061148 -0.0128077 0.0124964 0,005951%3
6 0.0263442 2.0051789 ~0.0148449 -0.0065736 0.0125758 -NeNN96TN9
LOADING COMBINATION 4 $ 148 25
COMBINE 4 1 1.0 2 1.0 3 1.0 $ 14B 25
LOAD LIST 4 $ 148 25
LIST FORCES REACTICNS DISPLACEMENTS $ 148 25

1010
1020
1025

1030



PROBLEM - FROB 5.5 TITLE - SUMMIT RD SEP, R. A. DOKKEN
ACTIVE UNITS FEET KIP DEG DEGF SEC
ACTIVE STRUCTURE TYPE SPACE FRAME
ACTIVE COORDINATE AXES X Y 2
LOADING - 4
MEMBER FORCES
MEMBER JOINT / FORCE 1/ MOMENY /
AXIAL SHEAR Y SHEAR 2 TORSTONAL BENDING Y BENDING 2
1 1 A815.6208496 317.8471680 =30.,4772797 2071.7407227 -290.5908203 6533,5312500
1 2 -826 8405762 276,2980957 30.4774780 ~2071.7407227 206642141113 -5153, 3945312
2 2 1837.8957520 665,3918457 13.4530764 15.8626375 -1547.4555664 15237, 5546875
2 3 -1841.,9758301 ~451,1918945 -13,4530067 -15.8626375 1264.89Nn8691 -3%33,13525391
3 3 1343,.5446777 352.9645996 13,4529753 17.0664062 -1264.8747559 3533, 1525391
3 4 -1856.7207031 305.8344727 =13,4527607 =17.0664062 53.8752289 -1412.0915527
4 L3 1858,3337402 -407.5815430 13,4527254 17.0151825 -53,891479% 1412,.0915527
“ 5 -1862.4138184 621.7812500 -13,4526548 -17.0151825 -228,6661987 -12200,308%5937
5 5 602.8974609 159.1737366 2.0471439 601.2031250 76.0040588 100.8719788
5 6 -614.1171875 334.4594727 -2.0469837 -601.2031250 -175.0982056 -4460,617187%
6 7 ©75.9916992 -818.1213379 354.5468750 -155.1407166 =1830.9941406 7. 100N000
6 1 =379.3041992 7C8.0085449 -358,8757324 155.1407166 ~-1352,2097168 ~6723,929687%
7 8 1690.7558594 =259.0334473 194,3244781 =394 ,5489258 -1742,4636220 -3931,3818359
7 2 -1454,7988231 359.4658203 -250.1784058 394, 6489258 -6722,0742187 -78N0,3242187
8 9 1600.1938477 ~570.1669922 276.3950098 -390.6894531 -925.2817383 -4370,2929687
8 5 ~1428.3708496 639.6091309 -315.0041504 390,6894531 ~6250.,7812500 -1N315,29296A7
9 10 508.3276367 ~344,2038574 318.1840820 ~140.8413849 -1132.8574219 -0.0000000
9 6 =394.3427734 479.0476074 -322,5122070 140.8413849 ~1948,8608398 -4058.4912109
RESULT ANT JOINTV LOADS - SUPPORTS
JOINT FORCE / MOMENT
X FORCE Y FORCE 7 FORCE X MOMENT Y MOMENT 1 MOMENTY
7 92441474609 399,8012695 -87.7778625 1581.5039062 ~28R,9631348 -849,9182129
8 1028.7578125 1379.5827637 43,9302368 -521.5920410 -184,9341583 -4282,6875000
9 -1245.8566895 1186.8767090 35.5735931 1357.9519043 197.5319061 4269.0976562
10 -492,6699219 471.3085938 -110.7811737 -976.0747070 ~217,.5262451 550.5025391
RESULT ANT JOINT CISPLACEMENTS -~ SUPPORTS
JCINT /==eeemmrmccaaeae-DI SPLACEMENT 1" ROTAT ION
X 0ISP. Y DISP. z DISP. X ROT, Y ROT, Z ROT.
4 0.0 0.0 2.0 0.9 0.0 2.0
8 0.0 0.0 0.0 0.0 0.0 2.0
9 0.9 0.0 0.0 0.9 0.0 N.9
10 0.0 2.0 0.0 0.0 0.0 7.9
RESULTANT JOINT CISPLACEMENTS - FREE JOINTS
JCINTY L At DISPLACEMENT: 4 ROTAT ION
X DISP. Y DISP. Z DISP. X ROT. Y ROT, z rOT.
1 -0.0507148 0.0071517 0.0284279 0.0744922 0.0058987 0.1327019
2 -0.0245389 0.0262458 0.0205146 0.0279850 0.0080425 ~0.0069879
3 -0.0165567 ~0.0029547 0.0172686 0.0278670 0.N085923 -0.1114814
4 -0.0109249 ~0.0213482 0.0005415 1.0024485 0.0113963 N.1284112
5 -2.0018316 0.0085846 =0.0036497 0.0023101 N.0113654 Ne 0494321
6 0.0205853 0.0047005 -0.,0116131 ~0.,0045904 0,0115072 «N.0065967

% 2] .

*RESULTS OF LATEST ANALYSES#®
FEREEEEERERERSRIS S RERERRAER




5.6 Structure on Elastic Supports

This problem illustrates the joint release capabil-

ities of STRUDL.
plane frame,

Although the problem may be analyzed as a
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

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

in Figure 5.6a (Ref. 5.4)

1 */ft.

A I=105 |B I-=175 C I=160 DF
) f.205
C.) D
b I =260 I =120 I =120
i
_1 _lef=05 _JF f.=05 G {205

15'-0" 251 Q" 20! -Q"
Fig. 5.6a

constraints of the supports are given by the fixity factors,

£,
in this problem.

(i.e., the degree of constraint,

constants by the following formula:

K

where E, I,
fixity applies.

where the units are kips,

_ 4EI

(_£)
L (1-f)

below using a fixity factor of 1/2.

KMZ =

4(.001) (60)
15(12)

(.5

)
1-.5)

and L are taken from the member to which the
For example, the spring constant at joint E,
radians and inches,

is calculated

.001333

1.0 being absolutly fixed)
These are converted to equivalent spring



The following sketch shows how the structure was
modeled.

—— X

kMz = )

.002667

og% KMZ = .002667

G
KMZ = .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.
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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.

|
UNITS IMCHES 025 | b SN DR PRUR
erRER PROPERTIES. FRLSIATYC AN .00 JX oo Qlry /op. | .~ |
R WA A8, e N JUN VR N
ol WZ A e
A.@[‘“é, e+ oo o Pt Bt FSUE NS R H
1 e AR W TIPS W S SO Y Pt Codea fa ORI S,
. 6. 0z 220. | | T
NITS DEGREES. | oo o e ]
CONSTANTS | |, . A N Y I R ... K2
o BTAV3sE Y s ] s i

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 2

axis parallel to the global Z axis.



Y L
Beta = 135
Z Y
Z!
Fig. 5.6¢

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 TH1l, TH2, and TH3
according to the sign convention shown in Figure 5.6d.



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 can be seen in the following
sketch.

by
A

\ B
E

<< X
F
Y
D
G X
Z! TH2
xl
Fig. 5.6e
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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.

NLZS| RADTUNS. INCHES KZT2 ol il o .

IOINTT RELEASES | o o b o b e

DAL VG TH2 LJAS kmZ \ozae7. |
MEL THe (7AM kME 000333 | | L oL ]

Strﬁcturéi‘Ioading and ahélysis is done in the
usual manner as shown in the input which follows.

WA 772 077 S I N D N N D

—t aa " P ada e

QADING. 1. ' UNIA

=

DADING LIS.T. AL

EMBAR 1. 2| 3 LAAD FORCE W UNIFATRM A0 | . . .| T

U G N " FRE bt 1 U SR b

77 EANESS ANALASTS. .

LSTZFORCAS R[AF[J’O’A/S? LOANS DISTORTIINS DISPLACEMENTS. . | . . .
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.
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MASSACHUSETTS INSTITUTE OF TECHNOLGCGY

SPECIAL STUDIES SECTION PH. 445-6519
INSTALLED APRIL 1970

TYPE SPACE FRAME

UNITS FEET

JOINT COOROINATES

Al
1ge
1Ce
10
1E
X3}

OGI

C.0000
10.6066
28,2843
42,4264

C.00CO
10.60€6

28.2843

MEMBER INCIDENCES

1

5

6

“p0
1
1ce
<
TE

16

1ge
(Xol)
ipe
LAY
1ge

'Ce

UNITS INCHES KIPS

ICES STRUDL Il
THE STRUCTURAL DESIGN LANGUAGE

VERSION 1 MOD 1

STATE UF CALIFORNIA
BRIDGE DEPARTMENT DIVISION OF HWYS.

NUVEMBER 1969
18:01:09

15.CCCC
15.0CCO
15.G0C0
15.C000C
€.Go00
C.C000

0.C000

0.0000
10.6066
28.2843
42.4264

0.0000
10.6066

28.2843

7/28/70

XA EEREFEXXREERREIKAKEREEER R XEKKRE R EEREKERKEK

MEMBER PRUPERTIES PRISMATIC AX 100. IX 1C0.0 1Y 100.

1
2

12
12
1z
1z

6 Iz

105.
175.
160.

€0.

120.

*
P
*
*
*
*
*
*
*
*
*

$

W

L L 2 >

147

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

147

15

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

0010

0020
0030
0040
0050
0060
0070
0080
0090
0100
0110
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240

0250




UNITS OEGREES
CONSTANTS
BETA 135. 4 5 6
UNITS RADIANS INCHES KIPS
JOINT RELEASES
'D* *F* 'C' TH2 ,7854 KMZ .002667
YEY TH2 7354 KMZ ,001333
UNITS KIPS FEET
LUADING 1 'UNIFURM LOADING'
MEMBER 1 2 3 LUAC FURCE Y UNIFORM -l.v
LOADING LIST ALL
STIFFNESS ANALYSIS

LIST FURCES REACTICNS LOADS DISTORTIUNS DISPLACEMENTS

-—

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

147

15
15
15
15
15
15
15
15

15

15
15
15

15

0260
0270
0280
0290
0300
0310
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*RESULTS UF LATEST ANALYSES®
EEESEXEEN

PRUBLEM - PROB 5.6 TITLE - NUNE

ACTIVE UNITS
ACTIVE STRUCTURE TYPE SPACE

ACTIVE COORDINATE AXES X Y Z

GIVEN

FEET KIP RAD OEGF SEC

FRAME

LOADING - 1 UNIFORY LUADING
MEMBER FORCES
MEM3ER- JNINT 4 FORCE MOMENTY ’
AXIAL SHEAR Y SHEAR Z TORSIONAL BEMDING Y RENDING
1 A Y.3867033 5.5529795 0.0000000 0.0000003 0.06000000 4.5130053
1 L] -0.3867034 Y.4472062 =0.0000000 -0.0000003 -0.0000003 -33,7181854
2 8 1.28561738 12.1845999 -2.0000000 -0.0000001 0.0000004 44,2077789
2 C ~1.2856173 12.8153896 V.0000000 0.0000001 0.0000003 -52.0926514
3 [ 0.3365064 11.5826197 =0.0000000 0.0000015 -0.0000002 46.8550873
3 0 =0.83660064 8.4173346 0.0000000 -0.0000015 0.0000003 -15.2023973
4 E 5.5529735 0.3867038 0.9200003 0.0000000 -0.0000007 1.2875547
4 A -5.5529795 -0.3867038 -0.0900003 -0.0000000 -0.0000045 4.5130033
5 F 21.6316071 0.3989152 2.0000009 0.0000001 -0.0970038 2.9940948
5 8 ~21.6316071 -2.3989152 =2.0000009 -0.0000001 -0.0n00094 10.4896326
6 G 24.397995C =Ue 4490129 -0.,0000004 0.0000001 0.0000032 -1.4975986
[ C -24.397995¢C 0.4490129 0.2000004 ~0.0000001 0.0000033 -5.2375965
MEMBER DISTORTIONS
MEMSER ———eee——e DI STORTION ROTATION /
AXIAL SHEAR VY SHEAR Z TORSION BENDING Y BENDING Z
1 -53.0055542 ©694595,3125000 J.0191406 -0.0145404 -0.0035010 -7520. 9375000
2 -321.4045419 1349288.0000000 0.0733457 0.0049674 -0.0017995 80909. 7500000
3 -167.3208771 -534771.4125009 -0.0616562 ~0.1062574 0.0059360 41430, 5250000
- -832.9465332 17441C.2500000 0.1691201 -7.0016355 -0.0429628 58058.0820312
5 -3244.739T461 292564.9375000 0.1004221 =J.2251366 -0.0608121 67459.3125000
6 -3659.6992147 -1009C7.9375000 0.1666791 ~0.2069360 0,0012996 -33659.9921875
RESULTANT JUINT LUADS - SUPPIORTS
JOINT / FNRCE / MOMENT
X FORCE Y FORCE Z FIRCE X MOMENT v MOMENT I MOMENT
0 -Ge5915700 d.4173340 =0.5915700 10.7497177 0.0000003 -10. 7497177
E De2134409 5.5523795 0.2734409 0.9104397 0.0000900 =0.9104391
F Ueb350231 21.6316071 0.6356291 2.1171446 0.0000001 =2.1171455
G -0.3175092 24.39179950 -0.3175002 -1.0589609 9.0000001 1.0589628
RESULTANT JOINT LUADS - FREE JIINTS
JOINT / FURCE 1/ MOMEMT
X FORCE Y FORCE Z FORCE X MOMENT Y MOMENT Z MOMENT
A -J3.0009000 0.3009900 -3.0000000 -0.0000906 0.90900n0 2. 2000096
8 2.02000099 C. 0030000 0.0000009 =0.0000003 -0.C020900 02.0990003
c -04300000) 0.0000900 -9.0000000 0.0000014 2.0000000 ~0.0000014
RESULTANT JOINT DISPLACEMEINTS - SUPPURTS
JOINT /femmmmmmmsmmcee—ee DI SPLACEMENT 1/ POTATIOM - 4
X 01se. Y DISP. Z DIsP. X ROT. Y POT. 1 ROT,
] [ P+] 0.0 0.9 -48367.78904625 0.0 48367.6132812
3 Se 0.9 0.0 -8196.02341375 0.0 8195.992187S
F Je0 VD 0.0 -9525.9804087 0.0 9525. 9453125
S Je0 Ve 0 2.0 4764.7421875 2.0 -4764,.7265625
RESULTANT JOINT CISPLACEMENTS - FREE JOINTS
JUINT [eemeesemmm e VI SPLACEMENT 1/ ROTATION: 4
X VISP, Y DISP. Z ISP, X ROT. Y ROT. Z ROT.
A 335.4249512 -332.9465332 386.3688965 32857.2421875 -0.0016355 -32857.2539062
H 34%.777332) -3244,.7397461 345,33835449 38175.3398437 -0.N051366 -38175.3710937
c 113.3682098 -3659.6992137 118.2592463 -19036.4804687 =0.0069360 19036.4570312
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5.7 EXAMPLE SPACE FRAME PROBLEM

A
Y Global

30 |

\NANSKN

XGlobal

o [=30° / &, .
3 300 | ‘%y a9 }
N 2
el ]
X ,//
— mr
! -
Q
@
&y

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

l. 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 Y2
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.

5=-56



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

/Q Bent

TYPICAL COLUMN SECTION

10-0.

.
|

36" 36" , E= 3000 ksi

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

STRUDL
$

'PROB 5.7°

TYPE SPACE FRAME

UNITS XIPS FEET DEGREES

JOINT COORDINATES

1 0.

2 20.

3 29.271

4 37.634

s 44,271

6 48,532

7 50.000

8 50.000

9 20.000

10 50.000
MEMBER INCIDENCES

1 1 2

2 2 3

3 3 4

4 4 5

5 5 6

6 6 7

7 7 8

8 9 2

9 10 7
CONSTANTS

E 432.E3 ALL

BETA

30. 8 90.

20.
20.
20.
20.
20.
20.
20.
20.
10.

0.

9

SEXAMPLE SPACE FRAME PROBLEM®

80. SUPPORT
80.

78.532

74.271

6T.634

59.271

50.000

0. SUPPORT
80.000 SUPPORT

50.000 SUPPORT

JOINT 1 RELEASE FORCE X Z MOMENT Z TH2 -30.
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ABUT
BENT

BENT
ABUT
BENT

BENT
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147
14T
147
14T
147
147
14T
147
147
147
14T
14T
14T
147
147
14T
147
147
147
14T
14T
147
14T
14T
147
147
14T
147

147

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

0010
0020
0030
0040
0050
0060
0070
0080
0090
0100
0110
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290



MEMBER PROPERTIES PRISMATIC

1 707 AX 14.65 IX 38.43 IY 133.77 171 19.79

8 9 AX 7.00 IX 2.33 1Y 28.58 12 «58
LOADING 1 °*DEAD LOAD®

MEMBER 1 TO 7 LOAD FORCE Y UNIFORM W -2.2

MEMBER 8 9 LOAD FORCE X UNIFORM W -1.05
LOADING 2 °*OVERTURNING®

MEMBER 1 TO 7 LOAD FORCE Y UNIFORM W 0.2

MEMBER 1 TO 7 LOAD MOMENT X UNIFORM W -0.7
LGADING 3 °*LIVE LOAD SPAN 1°

MEMBER 1 LOAD FORCE Y UNIFORM W -0.7225
LOADING & °*LIVE LOAD SPAN 2°¢

MEMBER 2 TO 6 LOAD FORCE Y UNIFORM W -0.7225
LOADING 5 *LIVE LOAD SPAN 3°

MEMBER 7 LOAD FORCE Y UNIFORM W -0.7225
LOADING 6 °*LIVE LOAD SPANS 1-2°

MEMBER 1 TO 6 LOAD FORCE Y UNIFORM W —0.7225
LOADING 7 °*LIVE LOAD SPANS 2-3°*

MEMBER 2 T0O 7 LOAD FORC% Y UNIFORM W -0.7225
LOADING 8 °*LIVE LOAD SPANS 1-3°

MEMBER 1 7 LOAD FORCE Y UNIFORM W -0.7225
LOADING 9 °LIVE LOAD ALL SPANS®

MEMBER 1 TO 7 LOAD FORCE Y UNIFORM W -0.7225
LOADING 10 *WIND LOAD TRANSVERSE®

MEMBERS 2 TO 7 LOAD FORCE X GLOBAL PROJECTED UNIFORM W —.200
LOADING 11 °*WIND LOAD LONGITUDINAL®
MEMBERS 1 TO 6 LOAD FORCE 2 GLOBAL PROJECTED UNIFORM W —.048

LOADING COMBINATION 12 COMBINE 2 1. 10 1. 11 1.
PRINT DATA

ODUMP TIME
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147
14T
147
147
147
167
147
14T
14T
147
14T
147
14T
14T
14T
147
14T
14T
147
147
147
14T
147
147
147
147
14T
147
147
147

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
0570
0580
0590
0600

0610



STIFFNESS ANALYSIS

LIST FORCES REACTIONS DISPLACEMENTS

LOAD LIST 3 TO 9

LIST FORCE ENVELOPE MEMBERS 2 TO & SECTION FRACT NS 2 0. 1.0
LIST FORCE ENVELJPE MEMBERS 1 7 SECTION FRACT DS 0. 0.2

LOAD LIST 1 12

LIST SECTION FORCES MEMBERS 2 TO 6 SECTION FRACT NS 2 0. 1.0
LIST SECTION FORCES MEMBERS 1 7 SECTION FRACT DS 0. 0.2
FINISH
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147
147
147
147
147
147
147

147

60

60

60

60

60

60

60

60

0620
0630
0640
0650
0660
0670
0680
0690
0000
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