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ABSTRACT 

ANALYSIS OF A TENSION SPLICE BY FINITE 

ELEMENT TECHNIQUES 

Somasundaram Palanivel 

Master of Science in Engineering 

Youngstown State University, 1973 

The purpose of this thesis was to analyze a tension 

splice connection used in the bottom chord of long roof 

truss. Using finite element techniques and the STRUDL-II 

program, analytical results were obtained and then verified 

experimentally. Test specimens were strain gaged at points 

of maximum stress, as obtained from analytical results, and 

then tested to a maximum load of 70,000 lbs. Based on the 

experimental verification of the analytical results, the 

correct analytical procedure or modeling technique was 

obtained and thereby enabling the analyst to determine the 

load capacity of the splice connection. 
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CHAPTER I 

INTRODUCTION 

The objective of this thesis was to analyze the reli

ability of a tension splice connection used in the bottom 

chord of long roof trusses, i.e. spans over 40 feet. Figures 

1.1 and 1.2 show the pertinent details of a general truss and 

the corresponding splice. The analysis was accomplished using 

* finite element techniques and the STRUDL-II program. This 

type of splice is utilized primarily for ease in shop fabri

cation and for ease during field erection. 

A problem arises due to the fact that the force in the 

chord does not act at the center of gravity of the splice 

plate and hence, the splice plate is subjected to considerable 

bending due to the resulting eccentric loading. It was re

quired, therefore, to determine the corresponding stress levels 

and distribution, and to determine structural adequacy of the 

splice. 

The following steps were used in this study, 

* 

1. Analysis of the splice plate using finite element 

techniques by means of the STRUDL-II program. 

2. Verification of the analytical results by 

experimentation. 

See Appendix A. 
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ee Detail in Figure 1 .2 

Figure 1.1 GENERAL TRUSS 

plice Plate l" Thick 
----A--i 12(48) 

2 Ls 3x3x3/8 

i 12(48) 2 Ls 3x3x3/8" 

Figure 1.2 SPLICE CONNECTION . 
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CHAPTER II 

ANALYTICAL PROCEDURE 

The splice, which uses two bolts, is shown in detail 

in Figure 2,1. Taking advantage of symmetry, one half of the 

plate was divided into 134 rectangular elements having 164 

nodes, as shown in Figure 2.2. 

Using the techniques outlined in any steel design 
* text(!) ' <2) the stresses in the welds are given by 

f = P + Mc 
A - I 

in which the welds are treated as lines having no width. 

These weld forces can be distributed to the nodes as shown 

in Figure 2,3, 

Considering the weld as shown in Figure 2.4, the 

moment of inertia, the are~ and the centroid of the weld 

group are as follows: 

1) Moment of inertia (Ixx) = 113 in3 

2) Area= 19,25 in 

3) Centroid y = 3.0 in 

Since the force does not act at the centroid of the 

weld group, a couple will develop having a moment equal to 

P (3,0 - 7/8) or 2,125 P. Thus, the forces in the welds 

can be determined as: 

F = P ± 2,125P ~ 
A I 

* Number in parenthesis indicates reference cited. 
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where F = force per linear inch of weld 

P = applied load in KIPS 

y = distance from centroid in inches 

I= moment of inertia about x-x 

Figure 2.5 show the weld forces developed under the 

eccentric loading. Again, it should be noted that the weld 

forces are in KIPS per linear inch of weld. 

8 

For purpose of analysis, the bolt was assumed to act 

as a reaction point, i.e., the splice plate was assumed to be 

supported at the bolt positions. Since the bolts carry a 

large tensile load, considerable displacement in the bolts 

could result. For this reason, the bolts were considered to 

act as elastic supports having the following stiffness, 

K = AE 
L 

where 

K = spring constant, KIPS/inch 

A = area of bolt, in square inches 

E = Young's Modulus, KIPS/in2 

L = length of bolt, in inches 

Various methods were used to model the elastic support 

provided by the bolt at the nodes around bolt hole. It was 

finally decided to distribute the elastic support equally to 

all nodes around the bolt hole as shown in Figure 2.6. 

As mentioned early, one half of the plate was analyzed 

due to symmetry. This helped to save computer time. However, 

care must be taken at the line of symmetry. The support 
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Figure 2.5 FREE BODY DIAGRAM OF SPLICE PLATE 
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conditions along the line of symmetry differ from the original 

plate conditions. The nodes must be treated as supports and 

the appropriate releases must be made.()) In order to model 

the nodes along the line of symmetry, force in the z direction 

and the moment y should be released. (see Figure 2.7 and 2.8) 

There are no rotations about the x axis along the line of 

symmetry and no releases need be made in that direction. 

y 

X 

Figure 2,7 SIGN CONVENTION OF DISPLACEMENT 

The following four cases were considered for the 

analysis a 

Case I: In this case, the boundary conditions around the plate 

exterior edges were assumed as free edges. The weld forces 

were taken to act as shown in Figure 2.9. The bolt was assumed 

to provide equal elastic support at all nodes on the bolt hole, 



/ 
/ 

/ 
/ 

Figure 2.8 
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SIGN CONVENTION OF STRESS 



i.e., node 63 to 66, 75, 76, 85, 86, 95 to 98 as shown in 

Figure 2,9, Along the line of symmetry, the nodes were 

classified and treated as supports and the appropriate re

leases, i.e., force z and moment y, were accomplished. 

13 

Typical portions of input and output of the STRUDL program are 

presented in Figure 2,10, From the output, the stresses were 

calculated and plotted as shown in Figures 2.11 and 2.12. 

Case II: In this case the boundary condition at the top edge 

of the plate was assumed to be simply supported and the other 

exterior edges as free. The weld forces were taken as shown 

in Figure 2.13. In this case the bolt was also assumed to 

provide equal elastic support to all the nodes around the bolt 

hole. Along line of symmetry, the nodes were classified and 

treated as supports with the force z and moment y released. 

At the top edge where simply supported conditions were assumed, 

a rotation about x axis occurs, and therefore, the moment x 

at all nodes were released. These boundary conditions and 

the applied forces are shown in Figure 2.13. Using these 

boundary conditions and forces, the stiffness analysis was 

made. Typical portions of input and output of the STRUDL 

program are presented in Figure 2.14. From the output, the 

stresses were calculated and plotted as shown in Figures 2,15 

and 2.16. 

Case III: In this case, the adjacent splice plate was assumed 

to provide simple support up to 0.5 inch from the top edge. 

All other exterior edges were considered free. The weld forces 

were unchanged and the elastic support provided by the bolt 
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was unaltered. As before, the force z and moment y were re

leased along line of symmetry. At the simply supported 

support, i.e., those near the top edge of the plate, moment x 

was released at all nodes. The boundary conditions and forces 

acting are shown in Figure 2.17, Typical portions of input 

and output of the STRUDL program are presented in Figure 2,18. 

The results are plotted as shown in Figures 2.19 and 2,20, 

Case IV: Same as Case III except that the adjacent splice 

plate was assumed to provide simple support down to 0,75 inch 

from the top edge of the plate. The boundary conditions and 

forces acting are shown in Figure 2.21. Typical portions of 

input and output of the STRUDL program are presented in Figure 

2.22. The results are plotted as shown in Figures 2,23 and 

2.24. 
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1r1?1,1Jlottm • 1/l((te U//nev.e'JlJt°/y- coMPUTER CENTER 

ST~UDL 'P8-Sl 1 'FIXED AT BOLT A~□ WELD FGRCE ONLY' 4UOOO 

*********************************************** 
* * 
* ICES STRUOL-11 * 
* THE STR.UCTURAL JESIGN LANGUAGE * 
* * 
* 
* 
* 
* 
* 
* 

CIVIL ENGINEER1~G SYSTEMS LABURATORY 
MASSACHUSETTS INSTITUTE OF- TECHNOLOGY 

CAMBR1DGE 1 MASSACHUSETTS 
V2 MO OCTOBER, 1970 

3:26:14 3/16/73 

* 
* 
* 
* 
* 
* 

*********************************************** 
I SPRING CONSTANT K USED FOR JOINT RELEASES AROUND BOLT 

UNIT KIPS INCHES 

: SET ELEMENTS INTEGER 

JOINT COORDINATES 

1 o.o o.o 

2 Q.4375 o.o 

3 0.875 o.o 

4 1.375 o.o 

Figure 2.10 TYPICAL PORTIONS OF INPUT AND OUTPUT FOR CASE I t-' 

°' 
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No de Numb er 

r 
x Coordinate 

y Coordinate r-,r--Support Condit i on 

1.875 2.25 S 119 · 0.875 4.15 lb4 ~.u o.u 

66 2.375 2.25 s 120 1.375 4.75 TYPE PLATE BENDll'-.1 ( 

67 2.875 2.25 12 l l.875 4.75 ELEMENT INCIDENCE~ 

68 3.375 7.25 122 2.375 4.75 l l 2 14 13 

6'.) 3.875 2.2s 123 2.875 4.75 ? 2 3 15 14 

70 4.375 2.25 124 3.375 4.75 3 3 4 16 15 

71 4.625 2.25 125 3.875 4.75 4 4 5 17 16 

72 5.0 2.25 s 126 4.375 4.75 5 5 6 18 17 

73 o.o 2.75 12 7 4.625 4.75 6 6 7 19 18 

74 0.4375 2.15 128 5.0 4.75 s 7 7 8 20 19 

75 0.875 2.75 s 129 o.o 5.25 8 8 9 21 20 

76 2.375 2.15 s 110 0.4375 5.25 9 9 10 22 21 

77 2.875 2.75 131 0.875 5.25 10 10 11 23 22 

78 3.375 2.75 132 1. "J75 5.25 11 11 12 24 23 

79 3.875 2.15 133 l.875 5.25 12 13 14 26 25 

RO 4.375 2. 75 134 2.375 5.25 13 14 15 27 26 

81 4.625 2.75 135 2.875 5.25 14 15 16 28 21 

>l 2 5.0 2.75 s 136 :3.375 5.25 15 16 17 29 28 

8~ o.o 3.25 137 3.875 5.25 16 17 18 30 2q 

84 0.4375 3.2 5 138 4.375 5.25 17 18 19 31 30 

8 5 0.875 3.25 s 139 4.625 5.25 18 19 20 32 31 

Figure 2.10 (Cont'd) 
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l TD l 34 TYPE 'BPR' THICKNESS l. 0 

:: □ NSTANTS 

: 30000. ALL 

->OISSON 0.3 ALL 
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18 

12 24 36 48 60 72 82 92 104 116 128 140 152 FURCE Z MOMENT X 
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LOADING l 'WELD FORCE AT JOlNTS• 
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157 TO 161 FORCE l 0.298 

162 FORCE l 0.223 

163 FORCE l 0.242 
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... ---- •- ·-----.--. ---------------------..-··- --

149 FORCE l 0.280 23 FORCE l 0.939 

l50 FORCE l 0. 189 11 FORCE l o. 7 31 
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1 V) FORCE l o. 304 5 TO 9 FORCE .l l. O 

127 FURCE l 0.416 S rt FFNESS ANALYSIS 

138 FORCE l 0.304 OUTPUT DECIMAL 4 

LIST DISPLACEMENT STRESSES 

Figure 2.10 (Cont'd) 
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·············-•TTT~TTTTTTTTT 
*RESULTS OF LAT[ST A~ALYSES* 
**************************** 

PROBLEM - PB-Sl TITLE - FIXED AT tHJLT AND WELO FDRCE flNLY 

ACTIVF U~ITS INCH KIP RAD DEGF SEC 

ACTIVE STRUCTURE TYPE PLATE 

ACTIVE COORDINATE AXES X Y 

BENOING 

LOADING - l WELD FORCE AT JOINTS 

ELEMENT STRESSES 

ELEMENT 

l NODE l MXX 0.156908E OU MYY l NODE 2 MXX -O.l09lllE 01 MYY l NODE 14 MXX -0.7l0599E 00 MYY l NOOE 13 MXX -0.424l06E-Ol MYY 

2 NODE 2 MXX -O.l04802E Ol MYY 2 NOOE :3 MXX -O.l66704E 01 MYY 2 NODE 15 MXX -O.l37926E 01 MYY 2 NOOE 14 MXX -0.736257E 00 MYY 

Figure 2.10 (Cont'd) 

0.155l80E 00 
-0.473726E-Ol 
-0.123618E 01 
-0.143242E 01 

-0.344272E-Ol 
-0.163928E-Ol 
-O.ll4972E 01 
-0.124389E 01 

MXY 0.374752{: 00 
MXY 0.7l6039E 00 
MXY 0.965951( 00 
MXY 0.624663E 00 

MXY 0.722757E 00 
MXY O.ll6106E 01 
MXY 0.1376801: 01 
MXV 0.938498E 00 

,_. 
\0 



RESULTANT JOINT DISPLl\:f:MENTS - Fr<.Ei: JOINTS 

JOI\JT 

l GLOBAL 
2 GLOBAL 
1 GLOBAL 
4 GLOBAL 
5 GLOBAL 
6 GLOl3AL 

. 7 GLOBAL 
8 GLOBAL 
c) GLOBAL 
LO GLOBAL 
ll GLOBAL 
13 GLOBAL 
l4 GL08AL 
15 GLOBAL 
16 GLOBAL 
l7 GLOBAL 
18 GLOBAL 
1g GLOBAL 

1-----------------DISPLACEMENT--------------------------ROTATION----
X UISP. Y DlSP. Z DISP. X RUT. Y HOT. 

Figure 2.10 (Cont'd) 
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Distance, Inches 
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Figure 2.11 STRESS (0-yy) FOR CASE I, KSI 
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Distance, tnches 
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Figure 2.12 STRESS (0-xx) FOR CASE I, KS! 
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STRUPL 'PH-3' •_s._s. AT _TC_P FIXfD __ Ar RCLT __ AND l,iELO Fg_BCi_G_;\JLY' 4C~OU 

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

-- . 

l C F. __ S __ $_ T~l.JQL- I T 
THF. STP.UCTURAl DESIGN LANGUAGE 

* 
* 
* 

* * ----·-----·- --·-·--- ---·--- ---·---------------·---· ·-· -
* C T VI L F NG I NF.ER I NG SYSTEMS U\!3 0 Rf\ TORY * 
* --- MASSAC_!--HJSEri:s INSTIHJJE. __ Cf _ T_E(_HN_QLfH)Y_ * 
* CA~BRIOGF, MASSACHUSETTS * 
* ___________ V2 __ MO _____ OCTOBER, 1970 _____________ * 
* 7:14:59 5/19/73 * 
* * 
*********************************************** 

·----· ------------ -----------· -·· 
$ SPRING CONSTANT KUSE □ FOR JOINT rFLfASFS AROU~D BOLT 

_ _, _________ ·-- . ---------

U "-1 JT KIDS INCHES 

srr FLE~~NTS INTEGER 
---------- --· -----

JOINT COORDINATES 

1 o.c o.o 

2 0.4375 o.o 

3 O.B7? C.O 

4 1.31s· o.c 

-----------· - -· -

- --- ------- ------- - - -- --- -

------------- ---- -----¥ -- --- -- ~·---~- ----

---------- --~--~-~. ·- ---· 

---------------------------- --------- --- -

Figure 2.14 TYPICAL PORTIONS OF INPUT AND OUTPUT FOR CASE II N 
-t=-



Node Numb 8r· 
.:,: ca ,; rdinate 

I r y Coordinate l . . ' r Support ~ondi tion 

36 2.175 3.2~ S 119 0.875 4.75 

d 7 2.87':.> 3.25 

88 3.375 3.25 

'.]O 4. 375 3.25 

91 4.625 3.25 

92 5.0 1.25 S 

,) 3 0. 0 3. 7 5 

14 0.4375 3. 75 

-·· - --· ·-- --··- ···••---.. ---
9? o. 875 -:i. 75 

96 1. 375 3.75 

;:; 7 1.875 3. 75 

s 

s 

s 
------- ··- -------···· -- ··-- - -·-gs 2. 175 J. 75 

,-,o 2.'H5 1.75 

100 3.375 3.75 

101 3.875 3.75 

1,02 4.375 3.75 
-- -

103 4.625 3.75 
' j 

1 0 4 5.0 3.75 S 

105 o.o 4.25 
--

s 

l U6 C.4375 4.25 

·-

' -
120 1.375 4.75 

121 1.875 4.75 

12? 2.375 4.75 

123 2.875 4. 75 

124 3.375 1+.75 

125 3.875 4.75 
-- - ' -- -

126 4.375 4.75 
- -

127 4.625 4.75 

-· ----~- ---
128 s.o 4.75 s 

129 o.,J 5.25 

130 0.4375 5.2' 

131 0.875 5.25 

132 1.375 5.?.5 

133 1.875 5.25 

H4 2.375 5.25 

135 2.875 :5.25 

137 3.IH5 5.25 

138 4.375 5.25 

139 4.6?5 5.?.5 

Figure 2.14 (Cont'd) 
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----=-------------- ---
164 5 • 0 6. Cl ·<; 

ti~E PLATE i~ijcij~~

~iEMENT INCIDENCE~ 

1 l 2 14 13 

?' 2 3 15 14 

3 3 4 16 15 

-
5 5 6 t B 17 

. ----
6 6 7 1q 18 

----· ------------
7 7 8 20 19 

--- ----- ----· 
8 8 9 21 20 

- ------ ••··-··-

q '} 10 .?. 2 21 
-- ··-. ---- . 

10 10 11 23 22 

] 1 11 12 24 23 

-- -
l? 13 14 26 25 

-------~ 
13 14 15 27 26 

"---- ·-·-·--- ---- --·•-•------ -~--- -
14 15 lo 28 27 

-- - ---- ··--------· ---·-- -
l 5 16 17 29 28 

16 17 18 30 29 
-

17 18 19 31 30 

lR lQ 2 ,) 32 31 



~LFMfNT PROPERTIES 

l TO 134 TYPE 'APR' THICKNESS 1.0 

'.""ONST!l!\JTS 

E 30000. ALL 

PUISSOI\J 0 • .3 ALL 
- . -- --- - -· -- -·-·---

L SPRING CONSTANT K USED FnR JOINT RELEASFS AROUND RDLT 
- - - . ·-· ---- ·•· 

JCINT RFLFASES 

26 

12 24 36 48 60 72 82 92 104 116 128 140 152 FORCE Z ~GMENT X 

S1 TO 66 75 76 85 86 95 TO 98 KFZ 1856.25 

153 rn lb4 MOME~T X 

---••--·- --• ------ -·· ·- ... -·- ----·-•··-•·--·---·---··-- ··-----· _,. ... ----·•·-------··•---------s WELD FORCE ONLY 

. OAOP.JG l 'WELD FORCE AT JOP.JTS' 

JCTNT LJAOS 

l57 rn 161 FOR(F Z 0.298 

l62 FilRCE l 0.2?3 

lf, 3 F rm CE Z O. 24 2 

3 '+ Fn ~c r: z 0.678 

2 ~/ 
L FORCE z 0.689 

?l FORr:E l 0.693 

--·-· --•----•·••-----------· -•-·-·--···••--------•-• ----- ______ ,.. 

17 T(J 20 FnRCE z 0.924 

47 FURCf: l 0.88? 

35 f CRCF l o. qq9 

11 FORCE Z 0.731 

10 FORCf: Z 0.75 

STIFFNESS ANALYS15 

ClUTPUT DECJr-✓; AL 4 

LlST fJTSPLI\CEMENT STR!:SSE <; ALL 

Figure 2.14 (Cont'd) 



······••+¥•¥+¥~•·~¥~~ ~¥ ¥- ~¥ • 
*PFSULTS JF LATEST ~~tLvs =s• 
**************************** 

-----------------------

PRJ3LE-1 - PE-3 --· - --· --- --- ·-- --- -- TI TL ;: - s_. s. .AT _r OP .LIXflLA_T - Rf)L T _ _e NQ __ WLL D F CRC E- ll.NL '( -

-· -- ·-· --· -- -·-- -- ----- -·----- ---· --- -

ACTIVE U~ITS I~CH KIP RAD DEGF SEC 

ACTIVE STRUCTURE TYPE PLATE BENfJING 

------------· ------- - - -- - - ·-·--- -- --
h CT t VE COORDINATE AXES X Y 

-- ---·-- --------

LO<\DI!\IS - l 

- -·--·-~- --- -

WELD FORCE AT JOTNT~ ------- ----------------- ------------~----~-------

- -- -

ELF'-1::NT STRESSES 

ELEME~T 

l 
- 1 -----···· 

l 
l 

2 
- z__ .. -

2 
__ £__ --

NOD~ l MXX 
_ NOOf: __ 2 ____ ... __ __ ;\1XX __ _ 

NODE 14 
rxooE 13 

MXX 
~xx 

----- ···- -------------·· -··-· 

-------------- ------- ---------------- - --·-- -- -- - - ------

O.156867E 00 MYY O.1553OBE 00 
- _0_ .. J_0_917_3J; Ol ___ MYY _ -0.474143E-0L 
-O.711491F 00 MYV -O.l235Q5b 01 
-0.424299E-Ol MYY -O.l43250l 01 

:-IXY 
'1XY 
'4;( '( 

Mi.,Y 

J.374)03E u,J 
_ 1.1...L.11 6.1..U l E.. 0 u 

.J ■ Y662.b8t oo · 
Ill.. 62 507QE__Qj,) 

--· - ·-- ---- ·-··-- --- -- ---- - ---- --
~ODE 2 MXX -O.l04870E 01 MYY -0.344770E-Ol ~XY J.722841E 00 
t:,!_Q_Q~ . .3 _ . ___ -~~~- -Q. l6qL2.2£.. J)_L ____ ~yy __ ::::_Q-_L6't.Q89E=.Q.l ___ 1XY ... __ ..iJ.ll.{-_Qti.BE_vl 
NOOE 15 MXX -0.138059£ 01 MYY -0.114943£ 01 MXY J.137676l 01 

____ NOOE __ 14_______ MXX _ -0. 73Jl 78.L!:LO MV:Y -0.124368E 01 '1X'l. ..Je938721L.u.:i - . 

Figure 2.14 (Cont'd) 
N 
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ufoor'IJG - 1 WELD ~ORCE AT JOfNTS 

- -· -- -

RESULTANT JOINT DISPLACEMENTS - SUPPORTS 

JC JNT . . . /-~-------__:-:_:-.::.·.::.·==--6I S PLAC [MEN T------------------ -- -------R..JT /\TI 1 \l-

X _D_I ~P. _ __ Y_ Q_I_S_P. l OJS_P. ...JJ. Y f-<.0 f. 

l 2 GUlGAL J ._o __ U2 -J _, o o 43 u • . ') 
2 4 GLOBM. O.OOY5 -J.UO4l J .. r) 

3 t GLCS.\L ____ ...:O::..:..• 0=0"""8-""5_ - ~ • 1()_3 ·J J... 0. 
49 GLOBAL 0.0067 -J.003u ' ().:) 

t: O_ _ _ _;;~ n 11__A ~-- . --- ----- --- ---------· __ -· ___ _ _ _ __ _ti • 0 0 5 0 ___ -J . L () 0 31 ; 0. 0 
63 GLORAL 0.0006 J.O v.O 
64 GLORAL - -··- ·-- ____ _ 0 • 0 JO d _ _ .J •-v u .. o 
6 S GLOH.\L ).0010 ..;. (.1 u.O 
66 GLOBAL - --------·-=-)-=-• O=-<=-J "'-1 2 J • O_ .. _ 0.0 
1 2 ';UlRAL J.0036 -J. 002~ ;_;. ') 

75 GLORAL 0._0J)05 J.O 0. ,') 
76 GL OBA L 0.0009 ..;.O 0.0 

_82 ___________ GLOBAL ____ J=-~·~0_,,_0-=2 5 -- -~_Q QJ '} o.o 
~5 GLOPAL 0.0004 u.O C • ') 
d 6 G l OR Al _ ______Q--Lfil)_Q.I_ __ _ J • 0 l,. J 
92 GLOBAL Q.0017 -J.0014 J. {) 
q5 GLOBAL J.OOOtt ..;.(; 

fa------· ----------------- -------- --- ·- - - -· - -- --- -- ----·- - -- . J.C 
96 GLOBAL 8.0004 ve D J. ,J 

, 97 GLflBAL ___________ --~- ----------~ _______________ . _____ Q.._Q_Q_Q~'t.-.~ __ _,;_.JL .:.. 0.0 
98 GLOB .Al 0 .0005 J.0 o.o 
1 0 4 G l J B AL O • 0 Q l.Q____.....::.J_.__Q_Q_ll_ 
116 Glf1BAL O.OOOb -.; .0008 

:-0.. .. Q __ 
0.() 

___ _l ?JL ~!,._O_B_~ !-_ ___________ ____ ---·------ .. ________________________ Q~.Q.QQ3_ _-\l. Q_0_05 u_. o 
140 GLOBAL 0.0001 -..,.0003 J.J 

_ l~l . Gl_0_6AL ___ __ ___ _ __________ Q._0 _ _ --.1 .. LOQl u.') 
142 GLC1R1L 0.0 --.i.0)01 

~ _ _1_43 ____ C;LOBAL _________ ________ ____________ O.O . _ -J._..iQOl 
0.0 I\) 

- i.:t. ') co 

Figure 2.14 (Cont'd) 
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Distance, Inches 
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Figure 2.15 STRESS (tryy) FOR CASE II, KSI 
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Figure 2.16 STRESS ( 0-xx) FOR CASE II, KSI 
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S l Rlll)L 'P P. -SS' •s.s. IJl'li , .·) P ~C H FR[f.A TCJP ANl1 11'11-L C F(il<( I= 
-- --·- --·--·• - - -· - -- - -

********************************•************** 
'°.C 

* 
* 
* 

ICFS $JRUnL-I1 
THE STRUCTURAL DESIGN LANGUAGE 

* CIVIL FNGINEERINr SYSTE~S LA BC R~T ORY 

* 
* 
,:, 

* .,, .,. 

___________________ * ______ Ml\ SSACHUSETTS _ I NS T_I TUTE __ OF_ T_FCHNOLOGY ______ * 
* CAMBRIDGE, ~ASSACHUSETTS * 

v2_ r,10 ____ O(TflBER_t _1970 _____ ------ * * - ------ -- - ·- ·-· 

* 7:40:12 5/19/73 * 
* * . __ ., - - ----------------------------- --------------------
*********************************************** 

$ SPRING CONSTANT K us~o FOR JOINT R~LfASES AROUND BOLT 
- -------- --------- -----·--·----- --- --·--

UNIT KIPS INCHES 

S ET Fl EM ENT S I NT f. GER 
--------·--··----------·- -· --

J 01 NT COORDINATES 
----------··--------· ----· --·--

l O.O 0.0 

2 0.437"> 0.0 
-- ------- -·-· ----------------

3 0.875 o.o 
·---- ---- --- - --- --------- ---.·--------------------

4 1.375 o.o 

5 1.875 o.o 
---- ----------~ -·-·---- ---------- ----- ----- --- --

b 2.375 0.C 

7 2.875 c.c \..u 
N 

8 3.375 o.o 
Figure 2.18 TYPICAL PORTIONS OF INPUT AND OUTPUT FOR CASE III 



- Node Number 

l 
x Coordinate 

[ ry Coordinate . 

?3 1. 5 1.75 L31 0.875 5.25 

54 2.375 1.75 

55 2.875 1.75 

56 3.375 1.75 

57 3.975 1.75 

58 4.375 1.75 

60 s.o 1.75 S 
H -- • -• -• 

61 o.c 2.25 

132 1.375 5.25 

133 1.875 5.2:, 

134 2.375 5.25 

135 2.875 5.25 

----------·· 
' 137 3.875 '>.?5 

138 4.375 5.25 

139 4.625 5.25 

33 

164 _5.0 6.0 S 

TYPE PLATE BENDING 

ELEMENT INCIDENCES 

1 1 2 14 13 

2 2 3 15 14 

4 4 5 17 16 

~ 5 6 18 17 

··- --- -·--·--------~----·-····-····-
6 6 7 l9 18 

··---·-··- ·-··-··· - ·- -·----·· ---------- ----·-·-···-· ----· -· - --------------- · 
1405.05.25 S 7 7 A 20 19 62 0.4175 2 .25 

63 o. 875 

64 l • 37S 

--- -----· - ----
f- 5 1.875 

66 2.375 

67 2.875 

2.25 

-
2.25 

2.25 

2.25 

--· . -· 

2.25 

s 

s 

s 

s 
-----

141 o.o 5.50 S 
-- . ---- -

142 o.4375 ?.so s 

143 0.875 5.50 S 

144 1.375 5.50 S 

145 1.875 5.50 S 

------·------------ --------146 2.~75 5.50 S 68 3.175 2.25 

69 3.875 2.25 

7 0 4.37'5 2.25 

72 5.0 2.25 S 
.. 

73 0.0 2o75 

147 2.875 5.50 S 
-·------ -------- ---- ···--·· ·--- - -
148 3.375 5.50 S 

151 4.625 5.50 S 

Figure 2.18 (Cont'd) 

..,. ........ -----•·--------··---
8 8 9 21 20 

9 9 10 22 21 

10 10 11 23 22 

---• -------··----- -- -··-··- -- -
11 11 12 24 23 

l 2 13 14 26. 25 

13 14 15 21 26 

-
1 4 15 16 28 27 

----·---------
15 16 17 29 28 

1 7 18 l 9 31 3 C 

18 lq 20 32 31 
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" - ···-· -----··-------· - -· •--·-· - - -· 
ELEMf:NT PROPERTIES 

·-·------·••-•·••----·---·- -- ---·----- --·---•--------• ---- -
1 TO 134 TYPE 'BPR' THICKNFSS 1.0 

C n NST /\NT S 

E 30000. ALL 

·---- --------------· --------
t SPRI~G CONSTANT K USED FOR JOINT RELEASFS AROUND BOLT 
- . 

JOINT RELEASES 

--· ---· ...... -·- -- - --- . --------- ---- -- - ------ ··------·--- - -~--- --
12 24 36 48 60 72 82 92 104 116 128 140 152 FORCE Z MO~ENT X 

- •··· - - .. - ----- ----· ~-- -·--- --- - ---- -----------
63 TO 66 75 76 85 86 95 TO 93 KFZ 1856.25 

. ------···-·- --- -····· 

141 TO 151 153 TO 164 MOMFNT X _______ , ___ _ 
$ WFLO F □ Rr[ GNLY 

LOADING 1 'WFLD FORCE AT JOINTS' 

JO I NT UJ/, DS 

1 ':> 7 -- f fj- l 6 l F CJ R CE ·z -··-o-.-2-9_8_ ------······ ---· - ---· ------

162 •ORCE l 0.223 

--- ... - . 

163 F7RCE Z 0.242 

46 FC1 RCI: Z 0.66?. 23 FORCE Z 0.939 

---· ---- ·-•-· -- -· ·----- --· -- ---· ----- ·-----·· ·- ------- ---- ·•· 

34 FCR(E Z _O.n78 
.. 

22 FORCE Z 0.689 

----
? l FURCI: Z 0.693 

17 TO 20 F!lRCE Z 0.97.4 

11 FORCE Z 0.731 

10 FORCE Z 0.75 

5 TO 9 FORCE Z 1.0 

STIFFNESS ANALYSIS 
.. 

OUTPUT fJECIMAL 4 

35 FJPCE Z O.~gy LIST DISPLACEMENT STRESSES All 

Figure 2.18 (Cont'd) 

\ 



**************************** 
*PESULTS OF LAT~ST ANALYSES* 
**************************** 

PRrJBLEM - Pf.-SS T Tl L f - S • S. UP TO • 5 p~ f,,_+_-l_ F RSM T n P A \l D ¼ EL O F 1J RC E !l,~ L ( 

-

ACTIVt: U~JTTS INC~ KIP RAD OESF SEC 

i.\CTIVE SlRU(TURE TYPE Pl.~.TE BENDING 
·------ -- - --------

~CTIVE COORD1NATF AXES X Y 
-------- --·-·-- ·•·-• -- ---- ---- --• --------------·- ·-· -----

LOADING - 1 wELD FORCE ~T JOINTS - --- --------~- -·--------------------- --·---·---- .. -· 

ELE~ENT STRESSFS 

ELEMENT 

l 
l 
l 
l 

2 
? 
2 
2 

---- ----·-·-- ------ ···-
!\JUDE 1 MXX O.l56827E 00 MYY 0.155561E 00 MXY ~. 3 7512 8[ Gu 
"JODE 2 -- ----· -- - . MXX -o. 1oq293f _01 __ MYY :-0_.__4_7~-'!~ZJ_~_QL _____ J ___ X'( _ _ __ -l_._716u49E J :J 
NODE 14 MXX -0.7l3166F. 00 MYY -0.123512E Ol 11XY .J. '16659~E OG 
\JODE p. ---- ·~ MXX -0.424836E~Ol . MYY -0.14319gE Jl MXY ~.625b74E_ 00 

- - ... --------·-------·-- -
NODF: 2 
l\lODF 3 -------- -------
NOOE 15 
"·' 'J rH.: 14 

--·- ·-·-·----· - -
MXX 
_MXX . 

-0.104992E 01 MYY 
-0. l 6 7029E ___ 01 -~ .MYY 

MXX -0.138330f 01 ~yy 
MXX -Q.~ 7189 31 F _Q_Q_ ____ ~YY 

Figure 2.18 (Cont'd) 

-0.345649f.-Jl ~XY 
:-Q • Lq5 l ,:)OE::::D L ___ ~X Y __ 
-0.114877E 01 ~XY 
-O.l2428lf 01 ~XY 

J.722821E JJ 
J • l_l 6_0 ~ 7 E O 1 
J.137643!: 01 

----•U 9 3Ji_8 7Y_f QO. 

w 
V\ 



L C.\Ol"l G - 1 ~EL~ FGP CE AT JOINTS 

-
f- ':SUL TM 1 T J C TNT DI<;i->LA( f"'1EN TS - SIJPDflPTS 

---·-··------·-·- ----··-- - --------· 
J n It\JT 

12 
24 

GL Ot3AL 
-·-· --·· - - ·-·- -- .. 

GLO BAL 
3 ~ GUWAL 
4 F3 

6 0 
~ ~ 

f; 't 

be., 

f :J 

7 2 

- --
GL"lR AL 
GLOBAL 
SLOBAL 
GL:JJ/',L 
Gt. UC.AL 
SlOBn 

. C,, 1J ,J AL 

7S ·,LO f:'. AL 
- -- ----- ---
76 SL OPAL 

1-----------------0ISPLACEMFNT-----------------,,---------------
X D[SP. V OISP. Z OISP. X {JT. 

____ O.Oll 7 ______ _ 
J.00]6 
o.ooa6 --------- - ------------- ·-----='-"-=:...=-...:;=---o.oo67 
.Q ._Q.Q5 l 
0.0001 

--- ---· - '1.!0()90 

-J. 0 043 
-0.0040 

____ -:- ~ "-lJ O 39 
-J.003 '.? 
-J.0031 
v.J 
0.0 

0.0011 J.0 
0 • 0 J 1 3 .. ----- J • 0 -· 
0.0031 -J. ro2j 

_______ o.OQ06 _____________ v.o __ 
. . .. 0.0010 J. O 

8_? _ __ GL OBAL _________________________ -- 0 .00_2~--- -~ • __ L/_O 1 ~ 
85 GL OB AL 0.0006 u.o 
8 6 . G L 'J H AL <J • 0 0 0 8 v • ) __ _ 
92 GL0RAL 0.0018 -J. J0 14 

--------- - - _.J • 0 95 GLQSAL 0.0005 --96 _________ GLOBAL - . ------- -------- ____ , - · 0.0005 
J. 0 

9 7 G_!:_OB A~------- ____ ______ _ _ _ ··- ____ ___ _ _________ 0. 000 6 ___ ____ __ _ J. O_ 
q R G LO ~\ ~ l O • 0 0 0 6 J • J 
104 GLngAL 0.0011 -J. 0 011 
116 GLOJIIL 0.0007 -J.0008 
128 GUl8,\L ------ J.0003 -..J. u00o 
140 GLiJf:\AL . - - O.0001 -..,.C003 
1 _~1_ ________ J;l,.OG~L _ __ _____ _ . ______________ ... ____ 9 __ .Q_Q_Q_Q_ _ _ ___ - _1.J.0OO2 
153 
1?4 

r;uJB!\ L 
G1 .. 0hM 

Figure 2.18 (Cont'd) 
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-u. 000~_ 

vJ 

°' 



37 

Distance, Inches 

boo 

0 

6 

5 

1·7'5 

0·75 

-0,\2 -o•18 -1\-•'2.o - t\· 4-4 - '\·So - <\•"\'c, -4·b4 - 21•0\:) -S•4-b -:-8.\ -S,"11, 

-S·S2.. -h• 4-'2: -,·14- _,.be, --r -·2.,. -l,•12. _,,q2- -:1•'12 _q,IS -lo-:l -\ti~ 

-2,94 -3•D£ '3•'30 -3•bb - 4•0l- -o•CfO -S•22. -1:,•31, -1. ,,. Pt01. 
_,., . 

\ ·Cl.. V'lcb \·'1«\- '2.,2. 'Z. C, ,q" -i,,7S -3•0 .... s,o,J - E,,12.. -~,,:, -6,t,4 

' 

-i-ss 5,,0 1,. l:,6 "1·02 -\o•eio 3., e, -4·'\-4 -5'•82. -,-02- -"'J•l -,,SI, 

2•22- \ • 44 -S·H -S-4-o -C\·O -9•6 -6,ct - <\'Sil 

\ ·32. \·So - ~-1e, -·\'~·80 -13·€,o -12;so 
_, __ ., -l:t,12. 

_,, 44 \·(U~> -2.C/·2S -2.1·8\ -\'H4 -\S•bo -1~1 ~ -\2-'l 

-\o•'3e - \e,24 - t,o,'12. - 4$· 0 -62.•C~ -st•4o -2.1-60 -\S·ob ~ls•bh -13- -13•'-

-1!.•92 -19•56 -'2-4•0 -29·2.Z -3o•l,o -2.7,42 -2:i.~.-o -11,•<:tZ. -15'•36 -Sq _q.~j 

-\J•'t(l, -\4·1!, -15·0 -IS-ob - IS'- 12.. _, 3·eo -12.•0i. - q,bo .:.t,.qo -4•'2 -5·8 

-C\·"10 -C\·O - e,. 4- -,·Sb -6-48 -S·69- - 4·'12. -b·'l'b -2.•4o -1•2.. -1,02. 

- '3·S4 -?,·bb -3•'30 -:2.•<\0 --2·\~ -H,e -\·~a - \•OS - C•4-S O• 0 -o,& 

O· 43'?5 O· B71' 1•375" i,{3,5 2-375' 2·875 3·'375 3·875 <F37S 4·b2.5 5·0 

Distance, Inches 

Figure 2.19 STRESS (0-yy) FOR CASE III, KSI 
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Distance, Inches 

0 

CJ 

5 

4.7 5 

5 

5 

-s-

?..7 5 

2,2 5 

,., s-

5 

C 

0 -D 0 

-0•\€ -\·\4 -\•2t> -\· t:>2. -\•~4'- -\· I\--- -\•~ -Vol. -H.2. H•7 -3"lo 

-\·'"- -\.~ -"2-• \O -"2·2..2- -Z•\0 _,,qg -'l.-22.. -'l·Sl.. -'2,10 '2•S -\•~e 

-0· <\-2. -0•"1'2> -o•,8 -o·72 -v·-n. - \ ·4-4- -'2.• 4-o - i3·o -\•So -\'4 _,,-ae, 

c, . 0 c,,l,c, O•S~ ~-hi> \• "3>0 o-4-9 -3•30 -2•Si -o•9" c,.3 0•2-4-

-o•bo '3•\'2.. '2-•Sl- "2.-o4 c\•\ q -\•~6 '5 ·It> ~i-o e,\~ r2., \ "2. •lo 

o,bo 3· /'l- - ~C\·8( - \~rl.o -\·26 ,.,e, l1>•S \\,\ 0 

\,2o 3-\~ -\c•~Z. -7·~1. -0•"2. .. \•14- 4•2.. 4-So 

_,., .. S·4b - ,i-oc -\\•10 -~•O O•C\l, .. 1,1 -,, 62. 

-0•12 -O•bO -\2.•~b -zq. q4- -'lS•H· -~·16 - \u ·Sl, \• ~2. q.qo \ft,\ \~•'1f 

-5·10 -S·'II, -ll<H -IS-·<7o -2..H, _,,. 24 -b·'=tb - t\• \ 4- -12.,'lf, ,,.7 18,s 

- \• &2. -5•4o _q .,2. -13·14- -\-Ho -\0-~ -\·"Z.. ,.cµ. H,02. '2.1,2 '2..1•84 

_,.q& -b· ~b -C\·b -1'2.•bo - 9 ·24 -4·"f2 '2..\0 -\o,2.b \~,?,o 23-, 2.3-& 

-2·52. -,-2-i. -lo•2. o -C\·b -b·?>o -\•14- S, o 4- -12-·B f- 2o,4o l.\•C '2.S•Z. 

0 , 4375 0·8,s \."~75" 1·875 2- -375" 2·075 3-37S '3•$7:5' 4•375 4 , 62.S 5•o 

Distance, Inches 

Figure 2.20 STRESS (0-xx) FOR CASE III, KSI 



,-..--Equivalent Weld Forces 

r Origind Weld Line i 
l:,.oo 1---~--.....-------.----,,...--•,.--M----"lf"'---.--·.,,_-11-,----. 

Y. 

4 ·'2.5 i------+---+---l---~---+---+---+----t---....,,-,-------1 

; o-~s -..---1----1-, 
0 s:: 
ro 
+> rn 2 .,s -..---1--- .. 
•r-i 
Q 

-z.. 2.S- i-----+--+---...::::=::::::.,r------+----+----+----1---~~~---1 
I 
I 

\ ; 15 1-
1 
----------------·t--- --·r------r-- -;-- --,11,:: .. ,--;---1 

I' 

o ,7S 1----+----+---+--~---+-- -+---+----,i-------...r--t-----t 
~ 

" .. 
' 

0,o 0 -~31S 0·87S 1··6,S' \·S1S 2-"3'2.S 2·815' 3·~1S' 6·STS ct-~"1S 4·'-1 S•O 

Distance, Inches 

Line of Symmetry 

Release Force z & Moment x 

Figure 2.21 DETAILS OF CASE IV 
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?.L~UQ_L 'P B- ~~ •- ~_s _._?• IJPTP _0.75 _INCH _FR0"1TDP _ AND _W ELJ: tQ_Pcr:: G:'J LY' 4JQ GJ 

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

- - ·-·- ---------

_ ICE$ STRVQL-'L 
THE STRUCTURAL DESIGN LA NGUAGE 

* 
* 
* 
* ------------- -------------- ---··--- -------- -------- -------·-------

* CIVIL ENGI~EFRl~~ SYSTE MS L\ BOPA TOR Y * 
* ·- -- - M~5--~~-C~_ij,S_f;JJ__$ JNS Il}"!J_TL J1F ___ T_EQ-lNUt,OGY ____ . * 
,:, CAMBRIDGE, MASSACHUSETTS * 
* __________ YI_ MQ_ _ _ nr I m} ER, 19_7 o __ __ _ * 
* 9:10:04 5/19/73 ¢ 

* * ----------- ----
*********************************************** 

t SPRING CONSTANT K USED FOR JOINT RELFASES AROUND ROLT 
~----•· ---------·-- ·--- ·-

UN TT KIPS INCHES 

SET ELE~FNTS INTEGER 
-------- --- - --·-- ---·· - ·- -

JOINT COORJI NATES 

1 o.o o.o 

2 0.4375 o.o 

i 3 0.875 o.o -
I ' 

------ - -- -- --------

I- - -- - - --- ---- . --
4 1."·>-75 o.o 

I 

Figure 2.22 TYPICAL PORTIONS OF INPUT AND OUTPUT FOR CASE IV 

~ 
0 



Node Num":)er 

r 
x coordinate 

y Coordinate . r r Support Condition 

86 2. -~75 3. :~5 S l '3f 0.875 . 5.25 S 

87 2.975 3.25 

89 1.875 3.?5 

90 4.375 3.25 

91 4.625 3.25 

92 5.0 3.25 S 

93 (). 0 ~- 75 
... - - .. 

94 O .. 4375 3.75 

-~ -·- ·-·-----·--·--·-·--·--·-----
95 0.875 ~.75 s 

·-
96 l • 375 3. 7 5 s 

- -
97 1. d75 3.75 s 

98 2.375 3.75 S 

q q 2.875 3.75 

- -

100 3. 3 7 5 3. 7 :> 

101 3.875 3.75 

.. 

102 4.375 3.75 

103 4.67-5 3.75 

104 5.0 3.75 S 

-
105 o.o 4.2'5 

106 0.437~ 4.25 

132 l.375 5.25 S 

- ·--- --··· ··-·-··--- ---
133 1.875 5.25 S 

134 2.375 5.?5 S 

135 2.875 5.25 S 

136 3.375 5.25 S 

- 1373.875 5.25 S 

138 4.375 5.25 S 

------------------. ·-
139 4.625 5.25 S 

-------- -·· 

14C 5.0 5.25 S 

141 o.o 5.::>0 S 

------- ------ - .... 
142 0.4175 5.50 S 

143 0.875 5.50 S 

144 l.375 ~.50 S 

l'-t5 1.875 5.50 S 

--- --------- -----· 
147 2.875 5.50 S 

-- -----·-- - ---- - ---·- ----
148 3.375 5.50 S 

·--------- ---·-·· ,. .. 
150 4.375 5.'50 S 

l 5 i"-·- 4 • 6-·z·s 5 • 5 0 S 
' ' 

Figure 2.22 (Cont'd) 
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164 5.0 6.0 S 

·-·- ·- ··•---• 

TYPE PLATE BFNOTNG 

ELEMENT INCfDFNCES 

l l 2 14 13 

2 2 3 15 14 

- -- -- - --- - ---~ •-----·-- ·- -· -
3 3 4 16 15 

4 4 5 17 16 

5 5 A 18 l 7 

6 6 7 19 18 

1 1 8 20 19 

8 8 9 21 20 

9 q 10 22 21 

l n 10 11 2 3 2 2 

11 11 12 24 23 

12 13 14 26 25 

13 14 15 27 26 

14 15 16 28 27 

15 16 17 29 28 

16 17 18 30 29 

··---- --·- ----· ·---•--· -
17 18 19 31 30 

18 19 20 32 31 



ELEMFNT PROPERTIES 

l TO D4 TYPE 'RPQ.' THTCKNESS l.O 

CONSTANTS 

f 30000. ALL 

PPISSON 0.3 ALL 

42 

---·-·- --·--···- ---------------- ----- ---
t SPQI~G CO~STANT K USED FOP JOINT RELFASES AROUND BOLT 

J OINT RF.LEASES 
----------·-··------------

12 24 36 48 60 72 82 92 104 116 128 140 152 FORCE Z MOMENT X 
- ---- -- --- - - ----- -

b3 TO 66 75 76 8~ 86 95 TO 98 KFZ 1856.25 
-

12g T/J 13 ') 141 T1J 151 153 Tfl 164 t-AGMFNT X 

S WEL0 FO~CE nNLY 

UJAOTNG 1 'WtLD fClRCE AT JOHHS' 
.. 

JC7TNT LflADS 

157 T!l 161 FORCE Z 0.298 
-- - - - ---- -- -

16? F!lRCE l · 0.223 
- - - - -

163 FORCF l 0.242 

145 TO 148 FORCE Z 0.374 

14g FORCF Z 0.280 

150 FORCE -Z 0.189 

1 s· 1 FORCE ~Z--(5:26":3" -- --

l39 FORCE Z 0.304 

127 FORCE Z 0.416 

138 ~ORCE Z 0 .30~ - -

11 FORCE Z 0.731 

- ·------- ------···---- --~ --- -- -------··--· - -- .•. 
10 FORCE l 0.75 

5 TO g FORCE Z 1.0 

STIFFNESS ANALYSIS 

OUTPUT !1ECIMAL 4 

LIST DISPL~CEMFNT STRESSES All 

Figure 2.22 (Cont'd) 



***************** *********** 
*RFSULTS OF LATFST ANALYS~S* 

**************************** -- . - -

------·------ - - ·--·--• -·-~---·--- ~----·---- -• -~---

PR.O')LE~ - PR-SS T ITLf - S.S. UPTP Q_. 75 fN(H FRCI~ Tf l P ANO 1,-H:U) FCJ<Ct u'ili 

-

. .\CTIVE UNITS INCH KIP RAfl DFGF SFC 

A r, T T VE S TR U( Tl Fff TY P E D L ~ TF 2- E r-.: n r ~--J r, 

--- -·-- - - --·- ---------------- --~ ---- ---------
A CT IVE COORDINATE AXfS X Y 

-- --- ·- - --·---·-

__ LrJAOING _- _l _______ ... ____ WF.LO _FORCE AT _JnINTS ___ _ 

-· 

ELEMENT STRESSFS 

ELEMENT 

- ------- - -~ ------------------ -- --- --- - -------- - - ------ - - --- - ---

--- ··-

1 NODE l 
1 NOtJt 2 
1 NOOE 14 
l NOOE 13 

2 Nnoc ? 
2 _____ . . NODE _ 3 _ 
2 NODE 15 

- - -- ---~- -- -

MXX O.l5b9l4f 00 MYY 
MXX -0. 1oq20t,F 01 t-'YV 

MXX -0. 712002E 00 ~YV 
.J1XX __ -0. 42 52 64..E-O L ___ .f1YY 

MXX 
MXX 
MXX 

-0.104899E 01 MYY 
-0. 1667q8E _ul ____ MYY 
-0. 138073 E 01 MYY 

0.15~3.'32E JO "IXV j.375073c c ,~ 
__ -(~._4..7 5.Q4;1 £ -0 l ___ '1X.L -- _.) •-716191 [ v J 

-0.123609~ 01 MXY J.96A395L Lv 
-0 .1432661; 0 l i'-1XY J.....sd..52..l...1E . 0 0 

-0.345786E-01 ~XY J.7230o8E 0~ 

=-Q.-1£152.B.8.E.::-_O_l. ___ ~ .1.X.Y ____ J • 116100 f: u 1 
-0.115013E Jl 1XY J.l37&53E 01 

2 _ ___ __ ___ ~Q_Q F l_~ .. _ J1XX - Q_._13 7.B 2 4 E OD MY Y -0. 1243 8 5 E Q l ·1XY J. 9 3lb-'7b.l.. _Q;_, ~ 

Figure 2.22 (Cont'd) 
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p r: s u L T .\ ;'l T j ( I :H rq s p L ,'\ C ~ 1'1 ~ !\) r s - s u [l p ri D Ts 

J ,-. 1,n 1-----------------rr s 0 t1:-::··,1i:_:r,1T-----------------1 ---- -- ----- - ., ,..,r,
11 

r••. 

X :)ISP. Y 8ISP . ? DISP. .<_;f. y ,;,_: f. 

l 2 
2 4 
3t 
48 
ti 0 
6'3 
64 

0 " 

':>6 
72 
75 
76 
82 
85 
86 
O? 
95 
9o 
g7 
99 
104 
l l 6 
128 
129 
130 
131 
1 ·p 

GL f,~ Al 
• ;L □ ,,.A L 

:-;U)!-\!\L 
GL!lBAL 
Gt OHAL 
r;urn~L 
GL'JP, AL 
Gt lF,M 
SL79Al 
GL Jt5 6.L 
GLUBAL 
";UJBAL 
GU-lB-\L 
GL CP.A L 
GL'1RM 

-- --•··---

G U JP. 6. L 
GLGeM 
GU)H t. L 
GUF'\AL 
GL OP 6.L 
GUV~AL -
GL'lfl.ill 
GLf}FAL 
Gl[lkt\l 
GL C1Fi\l 
;L rJP, '\L 
r., c-,., 1\1 
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(' . C 11 j 

0 . 0:)94 
v . QJ.)~ _j: __ 
~) . (>") 6 5 
iJ.0049 
J . CJ06 
o .c,_o_c 1 
0 .00 iJ '-1 
O_! (_)_)J_ l ____ _ 
0 . 0035 
0 . 00 ()4 
J.OO;J8 
J ._()')? 4 
J . 0 00 11-

- J • '.: ~! I+ ) 

- J • 'J J 1i 1 
-J. JJ'.l.y 
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CHAPTER III 

TESTING PROCEDURE 

3,1 Equipment: 

The Baldwin HV Universal machi.ne was used throughout 

the testing phase. The Model HV is a hydraulic' testing 

machine of the conventional two-space design with a capacity 

of 60,000 pounds. The two major components of the machine 

are the straining structure and the control console. The 

latter is essentially the same for all capacities except for 

differences in the load ranges provided and in details of the 

electrical controls, The straining structure, in all cases, 

i.ncludes a lapped piston which operates without packing in a 

cylinder that is integral with the base of the structure. In 

the universal machine, tension specimens are placed between 

the two cross heads. The work table is fixed to the top of a 

hydraulic piston which moves in a cylinder and is integral 

with the base of the straining structure. The upper cross

head is supported on a pair of columns fixed to the base of 

the straining structure supports the lower crosshead which is 

vertically adjustable. Each crosshead contains a tapered grip 

jaw pocket located on the vertical axis of the load-apply 

cylinder and piston. Upper movement of the hydraulic piston 

applies load to a tens i on specimen supported between the cross

heads. Pressure to move the piston in the cylinder is produced 
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by a motor-driven hydraulic pump whose output passes through 

suitable control valves. 

For the strain measurements, the BSG-6 Switch Balance 

and the BAM-1 Bridge Amplifier were used. The strain gages 

selected were SR-4, type AFX-7, 90° rosette with a gage factor 

of · 1. 97 :t 2%... Up to six channels of the strain gages were 

individually connected to the inputs of the BSG-6 enabling 

any individual channel to be prebalanced and switched into 

the single channel instrumentation, i.e., the BAM-1 Bridge 

Amplifier. 

The strain gages were placed at the locations on the 

splice plate shown in Figure J.l. These points were selected 

from the points of maximum stress as obtained from the analysis 

portion of the study. It was hoped that the gage positions 
' 

selected would yield a maximum and minimum stress distribution 

across the plate. 

3.2 Test Procedure, 

Using the standard bonding techniques, the strain 

gages were bonded on the prepared surfaces of the splice 

plates. The specimens were clamped between the two cross

heads of the testing machine by tapered, grip jaw pockets as 

shown in Figures 3.2 to J.4. The load was increased gradually 

in increments of 2,500 pounds. The strains were recorded a.t 

every load increment. The stresses were calculated at each 

gage position using the following procedure: 
µ 

er xx = E 2 (€. + E ) xx yy 1- .A.{ 



where 

~yy = E (Eyy +I-LE xx) 
1-,J 

cr-xx = stress produced in x-direction, KIPS/in2 

~yy = stress produced in y-direction, KIPS/in2 

E = Young's modulus, 30,000 KIPS/in2 

M= Poisson's ratio, 0.3 

~xx ;:: strain in x-direction, micro in/in 

~ yy = strain in y-direction, micro in/in 

49 
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Figure 3,1 STRAIN GAGES ON TEST. SPECIMEN 

Figure J.2 SPECIMEN IN THE TESTING MACHINE 

• 
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Fie;ure 3.3 SPECIMEN IN THE TESTING MACHINE 

Figure 3.4 TEST SETUP 
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CHAPTER IV 

TEST RESULTS 

The strain gage locations used are shown in Figure 4.1. 

Tables 4.1 through 4.2 inclusive tabulate the recorded strain 

and corresponding applied loads. 

Figures 4.2 through 4.11 show the load vs. strain 

curves for gage locations 1 to 5. Tables 4.J and 4.4 tab

ulates the stresses for gage locations 1 to 5. The tabulated 

stresses were obtained from recorded strain values as followsa 

cr- xx = E ( E. ffi. L ) xx c; yy 
1-).).. 2 

er- yy = 

where 

E Young's modulus, 30,000 KIPS/in 2 = 
,JJ.. = Poisson's ratio, 0.3 

E. xx = measured strain in x-direction, (10)-6 in/in 

E. yy = measured strain in y-direction, (10)-6 in/in 
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TABLE 4.1 

RECORDED TEST RESULTS FOR TEST SPECIMEN 

Strain reading (10)6 in/in 

Applied Load Gage 1 Gage 1 Gage 2 Gage 2 Gage 3 Gage 3 
(lbs) (y) (x) (y) (x) (y) (x) 

0 0 0 0 0 0 ·o 
2,500 - 40.0 40.0 - 20.0 10.0 - 40.0 30.0 
5,000 -100.0 90.0 - 60.0 20.0 -100.0 100.0 
7,500 -130.0 110.0 - 80.0 20.0 -130.0 140.0 

10,000 -160.0 130.0 -100.0 20.0 -200.0 180.0 
12,500 -200.0 140.0 -140.0 30.0 -240.0 200.0 
15,000 -200.0 150.0 -160.0 30.0 -300.0 260.0 
17,500 .:.240.0 160.0 -180.0 30.0 -300.0 260.0 
20,000 -260.0 180.0 -240.0 20.0 -340.0 280.0 
22,500 -280.0 180.0 -220.0 30.0 -380.0 300.0 
25,000 .. 300.0 200.0 -240.0 30.0 -400.0 320.0 
27,500 -330.0 200.0 -260.0 30.0 -400.0 340.0 
30,000 -340.0 200.0 -280.0 30.0 -470.0 380.0 
32,500 -360.0 210.0 -300.0 30.0 -500.0 400.0 
35,000 -.380.0 220.0 -JOO.O .30.0 -540.0 440.0 
37,500 -400.0 240.0 -330,0 30.0 -560.0 460.0 
40,000 -430.0 240.0 -.340.0 .30.0 -600.0 .500.0 
42,500 -460.0 260.0 -.370.0 .30.0 -640.0 520.0 
45,000 -480. 0 · 260.0 ... .390, 0 40.0 -680,0 560.0 
47,500 -500.0 280.0 -400.0 40.0 -700.0 600.0 
50,000 -520.0 .300.0 -4JO.O 40.0 -740.0 620.0 
52,500 -540.0 .300.0 -450.0 40.0 -780.0 660.0 
55,000 -560.0 .310.0 -460.0 40.0 -820.0 700.0 
57,000 -590,0 .320.0 -480.0 40.0 -840.0 720.0 
60,000 -610.0 340.0 -500.0 40.0 -880.0 760.0 
62,500 -6JO.O 340.0 -520.0 40.0 -920.0 800.0 
65,000 -660.0 .360.0 -540.0 40.0 -960.0 820.0 
67,500 -680.0 .380.0 -560.0 40.0 -990.0 860.0 
70,000 -700.0 400.0 -580.0 40.0 -1010.0 900.0 
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TABLE 4.2 

RECORDED TEST RESULTS FOR TEST SPECIMEN 

Applied Load 
(lbs) 

0 
2,500 
.5,000 
7,500 

10,000 
12,.500 
15,000 
17,.500 
20,000 
22,500 
25,000 
27,500 
30,000 
32,500 
35,000 
37,500 
40,000 
42,500 
45,000 
47,500 
50,000 
52,500 
55,000 
57,500 
60,000 
62,500 
65,000 
67,.500 
70,000 

Strain reading (10)-6in/in 
Gage 4 Gage 4 Gage 5 

(y) (x) (y) 

0 0 0 
- 20.0 10.0 - 20.0 
- 20.0 30.0 - 40.0 
- 20.0 40.0 - 60.0 
- 40.0 40.0 - 60.0 
- 50.0 40.0 - 70.0 
- 60.0 40.0 - 80.0 
- 60.0 30.0 - 80.0 
- 60.0 20.0 - 90.0 
- 80.0 20.0 -100.0 
-100.0 20.0 -100.0 
-100.0 o.o -100.0 
-110.0 o.o -100.0 
-120.0 -10.0 -100.0 
-120.0 -20.0 -100.0 
-130.0 w20.0 -110.0 
-140.0 -20.0 -110.0 
-150.0 -20.0 -110.0 . 
-160.0 -20.0 -110.0 
-160.0 -20.0 -120.0 
-170.0 -20.0 -120.0 
-180.0 -20.0 -120.0 
-190.0 -20.0 -120.0 
-200.0 -20.0 -130.0 
-200.0 -20.0 -120.0 
-210.0 -20.0 -130,0 
-220.0 -20.0 -130.0 
-220.0 -20.0 -130.0 
-230,0 -20.0 -130.0 

Gage 5 
(x) 

0 
10.0 
20.0 
4o.o 
40.0 
60.0 
60.0 
70.0 
80.0 

100.0 
100.0 
100.0 
110.0 
110.0 
120.0 
120.0 
130.0 
140.0 
140.0 
140.0 
140,0 

· 140. 0 
140.0 
140.0 
140.0 
140.0 
140.0 
140.0 
140.0 
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TABLE 4.3 

STRESS fF"yy) FOR THE TEST SPECIMEN AT THE GAGE LOCATIONS 

Applied Load 
(lbs) 

2,500 
5,000 
7,500 

10,000 
12,000 
15,000 
17,000 
20,000 
22,500 
25,000 
27,500 
30,000 
32,500 
3.5,000 
37,500 
40,000 
42,.500 
45,000 
47,.500 
50,000 
52,500 
55,000 
57,500 
60,000 
62,500 
65,000 
67,500 
70,000 

Stresscr-yy =..L_ (~yy +,u€,xx) (KSI) 
1-J,A.2 

Gage 1 Gage 2 Gage 3 Gage 4 

- 0.92 - 0.56 - 1.02 - 0.56 
- 2.41 - 1.85 - 2.31 - 0.36 
- 3.20 - 2.44 - 2.90 - 0.36 
- 3.99 - 3.10 - 4.82 - 0.92 
- 5.21 - 4.32 - 5.94 - 1.25 
- 5.78 - 4.98 - 5,64 - 1 • .58 
- 6.34 - .5.64 - 7. 33 - 1. 38 
- 6.79 - 6.30 - 8.45 - 1.78 
- 7.46 - 6.96 - 9 , 57 - 2.44 
- 7.92 - 7.62 -10 . 03 - 3.10 
- 8.91 - 8,28 -11 , 1.5 - 3.30 
- 9,24 - 8.94 -11.15 - 3.60 
- 9.80 - 9.61 -12,54 - 4,05 
-10.36 - 9.61 -13,46 - 4.15 
-10.82 -10.59 -13,92 - 3.38 
-11.81 -10,92 . -14.85 - 4.82 
-12.61 -11.91 -15,97 - 5,14 
-13,26 -12,47 -16.89 - 5,47 
-13,73 -12,81 -17. 16 - .5,47 
;..14.20 -13.79 -18.28 - 5,80 
-14.85 -14.45 -19,21 - 6.13 
-13,43 -14,78 -20.13 - 6,47 
-16.30 -15,44 -20.59 - 6.79 
-16.76 -16.10 -21,51 - 6,79 
-17,42 -16.76 -22,44 - 7.12 
-18.22 -17,42 -23 . .56 - 7,4.5 
-18.67 -18.08 -24.15 - 7,45 
-19,14 -18,74 -24,75 - 7,78 

66 

Gage 5 

-0.56 
-1.18 
-1,58 
-1,58 
-1,71 
-2.04 
-2.27 
-2.27 
-2,31 
-2.31 
-2.31 
-2.21 
-2.21 
-2.11 
-2.44 
-2.34 
-2,24 
-2,24 
-2 . .57 
-2,.57 
-2,57 
-2,57 
-2,90 
-2.57 
-2,90 
-2,90 
-2,90 
-2,90 
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TABLE 4.4 

STRESS ("'""xx) FOR THE TEST SPECIMEN AT THE GAGE LOCATIONS 

Applied Load 
(lbs) 

2,.500 
5,000 
7,500 

10,000 
12,.500 
15,000 
17,500 
20,000 
22,.500 
25,000 
27, .500 
30,000 
32,.500 
35,000 
37,.500 
40,000 
42,.500 
45,000 
57,500 
50,000 
52,500 
55,000 
57,500 
60,000 
62,500 
65,000 . 
67,500 
70,000 

Stress (\T"xx) = E (€,xx +,U6.yy) KSI 

i-µ2 

Gage 1 Gage 2 Gage 3 Gage 4 Gage .5 

0.924 0.132 0 • .594 0.132 0.132 
1.98 0.066 2.31 0.792 0.264 
2.34 -0.132 3.33 1.122 0.726 
2.706 -0.33 3.960 0.924 0.726 
2.640 -0.396 4.22 0.82.5 1.287 
2.772 -0 • .594 ,5.214 0.726 1.188 
2.904 -0.792 .5.610 0.396 1.,518 
3.366 -0.990 ,5.874 0.066 1.749 
3.630 -1.386 6,138 -0.132 2.310 
3.630 -1.386 6.60 -0.33 2.310 
3,33 -1.584 6.864 -0.99 2.310 
3.23 -1.782 7.887 -1.089 2.640 
3.366 -1,980 8.250 -1.,518 2.640 
3.498 -1.980 9,174 -1.848 2.970 
3.960 -2.277 9.636 -1.947 2.871 
3.762 -2.376 10.56 -2.046 3.201 
4,026 -2.640 10.824 -2.14.5 3 • .531 
3,828 -2,541 11.748 -2,244 3.531 
4.290 -2.640 12.87 -2.244 3.432 
4,75 -3,267 13.13 -2,343 3.432 
4.554 -3,135 14.058 -2.442 3.432 
4.686 -3.234 14.982 -2,541 3.432 
4,719 -3,430 1,5.440 -2.640 3.333 
5,181 -3.630 16.368 -2.640 3.430 
4.983 -3,828 17.29 -2.739 3.333 
5.346 -4.02 17.55 -2.83 3.333 
5,808 -4.224 18.57 -2.838 3.333 
6.270 -4.422 19.602 -3,03 3.333 
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CHAPTER V 

COMPARISON OF RESULTS 

When comparing the analytical results and the exper

imental results, some flexibility was incorporated. From 

Figure 2.11, 2.12, 2.15, 2.16, 2.19, 2.20, 2.23 and 2.24, it 

can be seen that the stress at some locations is quite sen

sitive to small movements, i.e. from one element to another. 

Since it is difficult to physically place t he strain gages at 

the exact anticipated positions, and orientat i ons, .there can 

exist some discrepancy between the actual gage locations and 

the analytical positions. In order to account for this 

differences, as well as any other introduced errors that 

might have been realized during testing, a comparison between 

the analytical results and the test results was made using a 

1/2 inch radius around the theoretical gage location. In 

other words the bes·t analytical results within a radius of 

1/2 inch was taken for comparison with the experimentally 

obtained results. 

Tables 5.1 to 5.4 tabulate the experimental and 

analytical results for the support cases described earlier 

in Chapter II. Also, the corresponding coordinates of the 

measured or computed stresses are tabulated. 

In order further to determinate which support con

dition, i.e. Case I through Case IV, best models the actual 

conditions, the displaced shape of the plate was examined 
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using the analytical results. The displacements in the z 

direction were obtained from the STRUDL output for the support 

conditions described earlier in Chapter II. These displace

ments plotted and are shown in Figures 5,1 through 5.4 

inclusive. It was hoped that the computed deformed shapes of 

the plate could be compared to that obtained in earlier 

tests (4 ) as shown in Figure 5.5. The displacements along 

different sections of the plate were drawn and are shown in 

Figures 5.6 to 5.25. The support conditions assumed in Case IV 

best describes the actual displacements. (see Figures 5.21 to 

5.25) This can be explained as follows,the assumed simply 

supported condition across the top portion of the plate allows 

no displacement up to 1 inch from the top of plate as the 

load is initially applied. In the other support cases the 

plate tend to displace at the top edge which .is not the actual 

case as can be seen in Figure 5.5. Since the plates initially 

support one another there must be no displacement at top edge 

to small loads. Thus, can be said that the Case IV best 

represents this actual problem. Also, referring to Tables 5.1 

and 5.2 the calculated stress at the various gage locations 

for Case IV is close to experimental stress. 



Experimental Stress 0- yy 

Gage Stress (~yy) 
Locatior Coordinate KSI 

1 (2.50, 1.0) -14.20 

2 (4.0, 1.0) -13.79 

3 (1.50, 2.0) -18.28 

4 (2.0, 4.25) - 5.80 

5 (4.o, 4.50) - 2.57 

TABLE 5.1 

Analytical Results - Stress f::Jyy (KSI) 

Coordinate Case I Case II Case III 

(2.0, 1.0) -12.48 -12.48 -12.48 

(4.50, 1.0) -14.10 -14.10 -14.10 

(1.0, 1.75) -16.50 -16.50 -16.98 

(1.50, 4.25) - 4 . 32 - 4.86 - 5.40 

(3.50, 4.50) 2.22 3.06 1.98 

Case IV 

-12.48 

-14.10 

-16.48 

- 6.26 

0,27 

-',J 
0 

, 



Experimental Stress cr-xx 

Gage Stress (~xx) 
Location Coordinate KSI 

1 (2.50, 1.0) 4. 75 

2 (4.o, 1.0) - 3.26 

3 ( 1. 50, 2. 0) 13.13 

4 (4.o, 4.50) - 2.34 

5 (4.o, 4.50) 3.43 

TABLE 5.2 

Analytical Results - Stress crxx (KSI) 

Coordinate Case I Case II Case III 

(2.0, 1.0) - 4.02 - 4.08 - 4.02 

(4.50, 1.0) - 4.92 - 4.32 - 4.44 

(1.0, 1.75) 11.46 11.46 11.46 

(1.50, 4.25) - 2.58 - 2.40 - 2.88 

(3.50, 4.75) o. 78 1.32 0.72 

Case IV 

- 3.96 

- 4.32 

11.46 

- 3.30 

0.18 

~ 
f--' 



Experimental Stress er- yy 

Gage · Stress (rr-yy) 
Location Coordinate KSI 

1 (2.50, 1.0) -14.20 

2 (4.o, 1.0) -13.79 

3 (1.50, 2.0) -18.28 

4 (2.0, 4.25) ~ 5.80 

5 (4.o, 4.50) - 2.57 

TABLE 5.3 

Analytical Results - Stress cr-yy (KSI) 

Coordinate Case I Case II Case III 

(2.50, 1.0) -14.10 -14.10 -14.10 

(4.o, 1.0) -14.76 -14.76 -14.76 

(1.50, 2.0) -22.74 -22.74 -22.74 

(2.0, 4.25) - 3.75 - 3.16 - 3.74 

(4.0, 4.50) 2.08 3.04 1.46 

. 

Case n 

-13.73 

-14.79 

-22.56 

- 5.11 

0.03 

-,J 
F\) 



Experimental Stress rr-xx 

Gage Stress (cr-xx) 
Location Coordinate KSI 

1 (2.50, 1.0) 4. 75 

2 (4.o, 1.0) - 2.94 

3 ( 1. 50, 2. 0) 13.13 

4 ( 2. o, 4. 25) .· - 2.34 

5 (4.o, 4.50) 3.43 

TABLE 5.4 

Analytical Results - Stress CJxx (KSI) 

Coordinate Case I Case II Case III 

(2.50, 1.0) -11.40 -11.40 -11.40 

(4.o, 1.0) - 8.55 - 8.64 - 8.58 

( 1. 50, 2. O) 1.62 - 4.02 - 6.66 

(2.0, 4.25) - 4.17 - 3.97 - 4.26 

(4.o, 4.50) 0.85 1.25 o. 78 

Case IV 

-12.42 

- 8.98 

- 7.80 

- 4.38 

0.31 

-.,J 
I....) 
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 
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Finite Element techniques are often used today in 

structural analysis. The problem which occurs in most cases, 

however, is the modeling the original problem, _ i.e., analyt

ically describing the physical phenomenon. Fortunately, test 

specimens were available in this instance to verify the 

analytical results. 

The condition of symmetry can be effectively utilized 

to save computer time and thus, provide financial savings. 

Care must be taken, however, along the line of symmetry as 

explained earlier in Chapter II. 

The stress conditions and displacements are available 

at each corner of an element, i.e., at four nodes. In order 

to obtain the state of stress and displacement of each 

element, the average of the four nodes is taken for each 

stress and displacement. These average results are then 

taken to act at the center of the element. These stresses 

are quite sensitive in some cases to small movements, i.e., 

from one element to another. Care must be taken in placing 

strain gages since a small error in placement or orientation 

can yield different results than expected. 

It was extremely difficult to model this particular 

problem for the STRUDL-II program as evidenced by the 

several support cases used in this study. Because of the 
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many support conditions tried and due to the speed and use 

of the computer, sufficiently accurate results were obtained 

in this instance. For problems of this nature, i.e., physical 

conditions which are difficult at best to model analytically, 

it is recommended that the analytical results not be taken · 

at face value but rather only after experimental testing 

through full scale specimens or models. 

It is recommended that this problem be further 

investigated using many more strain gage locations. Gage 

locations were limited in this study primarily due to lack 

of proper funding for the study. 
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APPENDIX A 

This Appendix is presented to provide the reader, who 

may be unfamiliar with the STRUDL-II program, with an oppor

tunity to become oriented to its use, application, and results. 

Furthermore several numerical examples are presented to dem

onstrate how various support conditions can be successfully 

modeled. 

The following STRUDL commands were used in the 

STRUDL-II program.(5), (6) 

1. Problem Initiation Statements This must be the first 

command in a finite element job. (only the control card 

will precede this command) 

General Forms STRUDL 'a' 1 ('title') 

•a1 • is the problem identifier or name. As an alphanumeric 

element, it must . be enclosed in single quotes~ It is limited 

in length to 8 characters. 

'Title' is an arbitary problem title of up to 64 characters, 

including blanks. It must be enclosed in single quotes. 

2. Dimensional Units For Input And Outputs The units 

statement is used to define the dimensional units of input 

data which follows in subsequent requested output. Any 

number of units statements may be used in a problem. 

J. Identification Mode Commands Set element command is 

optional. If used, it must appear before any member, joint 

loading condition names are used. The integer identification 



102 

mode is provided to make implementation of efficiency consid

erations easier. 

4. Joint Coordinate Commands This command is used to describe 

the geometry of the structures. Any coordinate not given is 

taken as zero. The status of a joint is represented either 

as free or support. A support joint is assumed fixed against 

motion, except as modified by the release command. A free 

joint has no external displacement constraints acting upon it. 

If not specified, free is assumed. 

5. Structural Type Command: It specifies the type of struc

ture used for analysis. This statement must appear before 

each and every element incidences command. 

6. Element Commands, The element incidences define the 

problem topology, or connectivity. 

Tabular Form . Element Incidences 

Elements: 

i 1 integer element identifier 

•a1 • - alphanumeric element identifier 

6a. Element Properties Commands The element properties may 

be input in a variety of forms. The type of properties 

specified depends on the problem and element type. For the 

analysis type 'BPR' is used. 'BPR' is a rectangular element 

with four nodal points, the corner points. The thickness 

used was 1.0 inch. 



7. Specification Of Member Constantss 

General Form: Constants (constant description) 

E 

Constant Description= G 

Poisson 

E refers to Young's modulus for members 

G refers to the Shear Modulus for members 

Poisson refers to Poisson's Ratio 

10.3 

8. Joint Release Commands Unless qualified by releases, 

Strudl assumes all support joirits to be rigidly supported 

according to the structural type. A support joint in a frame 

or grid, unless released, allows no displacement or rotation. 

The displacement directions are shown in Figure A.l. 

y 

z 

Figure A.l DISPLACEMENT DIRECTIONS 
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The released displacement components are specified 

with the joint release command. Joint releases specify 

conditions on joints only. They specify the fixity of the 

joint to the support. If a joint is elastically supported in 

any direction, the joint is initially specified as a support 

joint and the elastic stiffness coefficient in the desired 

direction is given using the joint release command. To allow 

displacement in the desired direction, the fore~ in that 

direction is released in this command. To allow rotation in 

the desired direction, the moment in that direction is re

leased using joint release command. 

9. Specification Of Structural Loading: The STRUDL language 

contains three types of statements for the specification of 

loads: Loading Condition Identifiers, Joint Load Statement, 

and Member Load Statements. 

9a. Loading Condition Identifier: Loading Command 

Loading ( NAME) ('TITLE' ) 

This command identifies the loading condition to 

which the loads listed below it apply. The name may be 

either an integer or an alphanumeric identifier. If alpha

numeric, the name will be enclosed in single quotes and have 

a maximum length of 8 characters. The title is optional and 

if used must be enclosed in single quotes. 

9b. Joint Loads: This may be applied to free joints or at 

supports in the direction corresponding to a joint release. 

This command take the following form: 
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Joint Loads 

(Joint Name) Force (Direction Of Force) (Magnitude Of Force) 

The joint name may be the name of a single node 

corresponding to the point of application of the given force 

or may be a list of joints which are to be loaded with forces 

of the same magnitude and direction. For Plate Bending 

problems, force must be in the z direction. 

10. Analysis Commands The Stiffness Analysis command is 

used to execute a Finite Element analysis of a discretized 

structure. This command may be given any number of times 

during a problem. The form of the command is Stiffness 

Analysis. 

As this is an execution command all the ., data required 

for an analysis must appear before the command. 

11. List Command: To obtain the results of a finite element 

analysis it is necessary to use the list command. The nodal 

displacements and stresses are available as output. It is 

possible to obtain the results for all the nodes and elements 

or any subset of the complete set of nodes and elements. The 

stress quantities are positive as shown in Figure A.2. 

The form of command is List Displacements Stresses All. 

EXAMPLE 1 

Consider a square plate simply supported on all four 

sides and subjected to a uniform distributed loading of q, 

intensity as shown in Figure A.J. The material can be assumed 

to be isotropic. Using symmetry conditions, only one quarter 

of the plate will be used for the STRUDL analysis as shown in 
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z 

X 

Figure A.2 SIGN CONVENTION OF STRESS 

Figure A.4. 

The input and output of the strudl program for 

Example 1 are shown in tables A.land A.2. As can be seen 

in Figure A.4, nodes 1 to 9, except 5, were treated as 

supports, i.e., restraining the translation and rotation 

normal to the boundary. Along the symmetry axis 1-1 (see 

Figure A.J) there is a translation and normal rotation, th~re

fore, w and e'I must be released. The corresponding STRUDL 

statement is Joint Release 8 FORCE Z MOMENT Y 

Along the symmetry axis 2-2 (see Figure A.J) there is a 

translation (W) and normal rotation (Sx) about Zand X axes 
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(2) 
i-----Symmetry Axis 

I 
I 
I 
I 
I 

i----Simply Supported 

(l)-----1--- -- -- -!- - - -- -

t,---- Symmetry Axis 

--i'.-(i) 

Simply 
Supported 

1. 0" 

1.0" 

1 

1. 0" 

( 2) 

Figure A.J SQUARE PLATE ALL SIDES SIMPLY SUPPORTED 

7 8 (1) 

O. 5" (J) (4) 

4 ~----+-----+6 

( 1) (2) 

,------------1_...----- X 

Figure A.4 1/4 OF SQUARE PLATE FOR STRUbL ANALYSIS 
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TABLE A.l 

STRUDL 'EX-1' •ALL SIDES SIMPLY SUPPORTED• 40000 
$ THIS EXAMPLE MAKES USE OF SYMMETRY TO ANALYZE 1/4 OF PLATE 
JOINT COORDINATES 
1 o.o o.o S 
2 0.5 o.o S 
3 1.0 o.o S 
4 o.o 0.5 S 
5 0.5 0.5 
6 1.0 0.5 S 
7 o.o 1.0 S 
8 0.5 1.0 S 
9 1.0 1.0 S 
TYPE PLATE BENDING 
ELEMENT INCIDENCES 
1 1 2 5 4 
2 2 3 6 5 
3 4 5 8 7 
4 5 6 9 8 
ELEMENT PROPERTIES 
1 TO 4 TYPE •BPR' THICKNESS 0.1 
CONSTANTS 
E 10920. ALL 
POISSON .3 ALL 
LOADING •ONE' 'UNIFORM LOAD ON PLATE• 
ELEMENT LOADS 
1 TO 4 SURFACE FORCE GLOBAL PZ - 1.0 
JOINT RELEASES 
2 3 MOMENT X 
4 7 MOMENT Y 
6 FORCE Z MOMENT X 
8 FORCE Z MOMENT Y 
9 FORCE Z 
STIFFNESS ANALYSIS 
LIST DISPLACEMENTS STRESSES ALL 
FINISH 



Joint 

1 
· 2 

3 
4 
5 
6 
7 
8 
9 

Element 

1 
1 
1 
l 

2 
2 
2 
2 

3 
3 
3 
3 

4 
4 
4 
4 

TABLE A.2 

PROBLEM - EX-1 ALL SIDES SIMPLY SUPPORTED 

Resultant Joint Displacements 

Z Displacement X Rotation 
. 

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

-0.0364 
-0.0501 
o.o 

-0.0501 
-0.0692 

o.o 
-0.0848 
-0.1149 
o.o 

-0.0538 
-0.0748 
o.o 
o.o 
o.o 

ELEMENT STRESSES 

Node No. MXX Myy 

1 o.o o.o 
2 -0.0060 -0.0201 
5 -0.1350 -0.1350 
4 -0.0201 -0.6058 

2 -0.0060 -0.0201 
3 -0.0048 -0.0163 
6 -0.1564 -0.1781 
5 -0.1332 -0.1345 

4 -0.0202 -0.0060 
5 -0.1345 -0.1333 
8 -0.1781 -0.1564 
7 -0.0163 -0.0048 

5 -0.1327 -0.1327 
6 -0.1547 -0.1726 
9 -0.2086 -0.2086 
8 -0.1726 -0.1547 

Y Rotation 

o.o 
o.o 
o.o 
0.0848 
0.0538 
o.o 
0.1149 
0,0748 
o.o 

Mxy 

0.1356 
0.0921 
0.0487 
0.0921 

0.0791 
0.0038 

-0.0089 
0.0664 

0.0792 
0.0664 

-0.0089 
0.0038 

0.0434 
0.0140 

-0.1531 
0.1405 
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respectively. Since node 6 along 2-2 was restrained before, 

it must also be released using the joint release command as 

follows 6 FORCE Z MOMENT X. 

As explained previously, if there is a translation, 

a rotation, or both about any axes, (translation about Z axis, 

rotations about X or Y axis) the corresponding release must 

be made using the release command. 

The analytical solution to Example 1 is available in 

Timoshenko.(?) The maximum deflection occurs at the center 

of the plate and is given by 

where 

max = (0.00406) ~ 
DB 

q = Intensity of load, Kips 

a= Length of side of plate, inches 

DB= Flexural rigidity, Kip - inches 

1.1 

The deflection using equation 1,1 is 0.06496 inch and by the 

STRUDL analysis, 0.06925 inch. The difference is very small. 

EXAMPLE 2 

Consider a square plate with one side fixed and other 

sides free as shown in Figure A.5, Two point loads act as 

shown in Figure A,5. Taking advantage of symmetry, one half 

of the plate will be considered in the STRUDL analysis as 

pictured in Figure A,6. The input and output for STRUDL 

program for Example 2 are presented in Tables A.J and A.4. 

Along the line of symmetry, the translations and rotations 



y 

0.2" 

1. 0" X 

1. 0" 

0.25" 
1~ »I 

X 

..-----Fixed 

~--Free 

X 

Figure A.5 PLATE FIXED AT TOP AND OTHER SIDES FREE 

Y. 

0,5" (3) (4) 

0,5" (1) (2) 

.,__ _____ __,__,,3_..,.. X 

Figure A,6 1/2 OF PLATE FOR STRUDL ANALYSIS 
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TABLE A.J 

STRUDL 'EX-2' 'ONE SIDE FIXED AND OTHERS FREE' 40000 
$ THIS EXAMPLE MAKES USE OF SYMMETRY TO ANALYZE 1/2 OF PLATE 
JOINT COORDINATES 
1 o.o o.o 
2 0.25 o.o 
3 0.50 o.o S 
4 o.o 0.5 
5 0.25 0.5 
6 0.5 0.5 S 
7 o.o 1.0 S 
8 0.25 1.0 S 
9 0.5 1.0 S 
TYPE PLATE BENDING 
ELEMENT INCIDENCES 
1 1 2 5 4 
2 2 3 6 5 
3 4 5 8 7 
4 5 6 9 8 
ELEMENT PROPERTIES 
1 TO 4 TYPE 'BPR' THICKNESS 0.1 
CONSTANTS 
E 30000 ALL 
POISSON O.J ALL 
JOINT RELEASES 
3 6 FORCE Z MOMENT X 
LOADING •ONE' 'POINT LOAD AT JOINTS' 
JOINT LOADS 
5 FORCE Z -1.0 
STIFFNESS ANALYSIS 
LIST DISPLACEMENT STRESSES ALL 
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TABLE A.4 

PROBLEM - EX-2 ONE SIDE FIXED AND OTHERS FREE 

Resultant Joint Displacements 

Joint Z Displacement X Rotation Y Rotation 

1 -0.0770 0.0972 0.0039 
2 -0.0781 0.0949 0.0042 
3 -0.0788 0.0960 o.o 
4 -0.0289 0.0918 0.0140 
.5 -0.0312 0.0932 0.0038 
6 -0.0313 0.0941 o.o 
7 o.o o.o o.o 
8 o.o o.o o.o 
9 o.o o.o o.o 

ELEMENT STRESSES 

Element Node No. MXX Myy Mxy 

1 1 0.023.5 -0.01.57 0.0383 
l 2 -0.0202 0.0097 -0.0017 
1 .5 -0.1300 -0.0374 -0.0301 
l 4 -0.0673 0.0.568 0.0098 

2 2 -0.0076 0.013.5 -0.001.5 
2 3 -0.07.52 -0.007.5 -0.0002 
2 6 +0.0.5.59 0.0206 0.0009 
2 .5 -0.139.5 -0.0402 -0.0003 

3 4 -0.0.594 0.0834 -0.0291 
3 .5 -0.1338 -0.0498 0.0099 

· 3 8 0.3104 1.0349 0.0206 
3 7 0.2693 0.8976 -0.0184 

4 .5 -0.1432 -0.0.527 -0.0204 
4 6 0.05.54 0.0189 -0.00.5.5 
4 9 0.3096 1.0321 0.0017 
4 8 0.3104 1.0349 -0.013.5 



about Zand X axis were released respectively, 

EXAMPLE 3 

114 

Consider the same boundary conditions as in Example 2, 

The whole plate will now be analyzed as shown in Figure A.7. 

There are no releases made, since the support allows no trans

lation or rotation, The input and output of the STRUDL 

program are presented in Tables A.5 and A.6. The results for 

Example 2 and Example 3 are tabulated in Tables A.7 and A.8 

for ease of comparison. These tables show no differences, 

and thus, symmetry conditions can be effectively used, and 

can save computer time. 

y 
Fixed 

14 
11 15 

(5) (6) (7) ( 8) 

6 7 8 9 10 

(1) (2) ( 3) ( 4) 
Free 

2 3 4 5 X 

Free 

Figure A,7 PLATE ONE SIDE FIXED AND OTHERS FREE 



TABLE A.5 

STRUDL 'EX-3 • · • ONE SIDE FIXED AND OTHERS FREE' 40000 
JOINT COORDINATES 
1 o.oo o.o 
2 0.25 o.o 
3 0.50 o.o 
4 0.75 o.o 
5 1.00 o.o 
6 o.o 0.5 
7 0.25 0.5 
8 0.5 0.5 
9 0.75 0.5 

10 1.0 0.5 
11 o.o 1.0 S 
12 0.25 1.0 S 
13 0.5 1.0 S 
14 0.75 1.0 S 
15 1.0 1.0 S 
TYPE PLATE BENDING 
ELEMENT INCIDENCES 
1 1 2 7 6 
2 2 3 8 7 
3 3 4 9 8 
4 4 5 10 9 
5 6 7 12 11 
6 7 8 13 12 
7 8 9 14 13 
8 9 10 15 14 
ELEMENT PROPERTIES 
1 TO 8 TYPE •BPR• THICKNESS 0.1 
CONSTANTS 
E 30000 ALL 
POISSON 0.3 ALL 
JOINT RELEASES 
LOADING •ONE' •CONCENTRATED LOAD AT JOINTS• 
JOINT LOADS 
7 9 FORCE Z -1.0 
STIFFNESS ANALYSIS 
LIST DISPLACEMENT STRESSES ALL 
FINISH 
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TABLE A,6 

PROBLEM - EX-3 ONE SIDE FIXED AND OTHERS FREE 

Resultant Joint Displacements 

Joint Z Displacement X Rotation Y Rotation 

1 -0.0770 0.0972 0.0039 
2 -0.0781 0,0949 0.0042 
3 -0.0788 0.0960 o.o 
4 -0.0781 0.0949 -0.0042 
5 -0.0770 0.0972 -0.0039 
6 -0.0289 0.0918 0.0140 
7 -0.0312 0.0932 0.0038 
8 -0.0313 0,0941 o.o 
9 -0.0312 0.0932 -0.0038 

10 -0.0289 0.0918 -0.1404 
11 o.o o.o o.o 
12 o.o o.o o.o 
13 o.o o.o o.o 
14 o.o o.o · o. 0 
15 o.o o.o o.o 

ELEMENT STRESSES 

Element Node No. MXX Myy Mxy 

l l 0.0235 -0.0157 0.0383 
1 2 -0.0202 0.0097 -0.0017 
l 7 -0.1300 -0.0374 -0.0301 
1 6 -0.0673 0.0568 0.0098 

2 2 -0.0076 0.0135 -0.0015 
2 3 -0.0752 -0.0074 -0.0002 
2 8 0.0559 0.0206 0.0009 
2 7 -0.1395 -0.0402 -0.0003 

3 3 -0.0752 -0.0074 0.0002 
3 4 -0.0076 0.0134 0.0015 
3 9 -0.1395 -0.0402 0.0003 
3 8 0.0559 0.0206 -0.0009 

4 4 -0.0202 0.0097 0.0017 
4 5 0.0235 -0.0157 -0.0383 
4 10 -0.0673 0.0568 -0.0098 
4 9 -0.1300 -0.0374 0.0301 
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TABLE A.6 Continued 

ELEMENT STRESSES 

Element Node No. MXX Myy Mxy 

5 6 -0.0594 0.0834 ·-0.0291 
5 7 -0.1338 -0.0498 0.0099 
5 12 0.3104 1.0349 0.0206 
5 11 0.2692 0.8976 -0.01844 

6 7 -0.1432 -0.0527 -0.0204 
6 8 0.0554 0.0189 -0.0055 
6 13 0.0309 1.0321 0.0017 
6 12 0.3104 1.0349 -0.0131 

7 8 0.0554 0.0189 0.0055 
7 9 -0.1432 -0.0527 0.0204 
7 14 0.3104 1.0349 0.0131 
7 13 0.3096 1.0321 -0.0017 

8 9 -0.1338 -0.0498 -0.0099 
8 10 -0.0594 0.0834 0.0291 
8 15 0.2693 0.8976 0.0184 
8 14 0.3104 1.0349 ·-0.0206 



TABLE A-7 

Results of Example 2 (use of symmtry) 

Node No. Displacement Rotation-x Rotation-y Node No. 

1 -0.0770 0.0972 0.0039 1 

2 -0.0781 0,0949 0.0042 2 

3 -0.0788 0.0960 o.o 3 

4 -0.02891 0.0918 0.0140 6 

5 -0.0312 0.0932 0.0038 7 

6 -0.0313 0.0960 o.o 8 

7 o.o o.o o.o 11 

8 o.o o.o o.o 12 

9 o.o o.o o.o 13 

Results of Example 3 

Displacement Rotation-x 

-0.0770 0.0972 

-0.0781 0.0949 

-0.0788 0.0960 

-0.0289 0.0918 

-0.0312 0.0932 

-0.0313 0,0941 

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

Rotation-y 

0.0039 

0.0042 

o.o 
0.0140 

0.0038 

o.o 
o.o 

0.0 

0.0 

..... ..... 
0) 



TABLE A-8 

Results of Example 2 (use of symmtry) 

Stress Stress 
Element No. (tr xx ) KS i (rryy) KSi Element No. 

1 -0.294 0.0198 1 

2 -0.2406 0.0204 2 

3 0.5796 2.94 5 

4 0.7968 3.06 6 

Example 3 

Stress 
~xx) KSi 

-0.294 

-0.2406 

0.5796 

0.7968 

Stress 
~yy) KSi 

0.0198 

0.0204 

2.94 

3.06 

I-' 
I-' 

'° 



120 

REFERENCES 

1, Beedle S. Lynn, et al, Structural Steel Design, The Ronald 
Press Company, New York, 1964. 

2, Bresler Boris, T. Y. Lin, and Scalzi B. John, Design of Steel 
Structures. John Wiley & Sons, Inc., New York, 1967, 

J. Connor J. and Will G, Computer-Aided Teaching of The Finite 
Element Displacement Method. School of Engineering, 
Massachusetts Institute of Technology, Cambridge, 
Massachusetts, 1969. 

4. Patel H. Ramesh. Thesis: Evaluation of Tension Splice 
Design in Roof Truss, Youngstown State University, 
Youngstown, Ohio 1971. 

5, Robert D, Logcher, et al, ICES STRUDL-II The Structural 
Design Language Engineering User's Manual Volume 1 
Frame Analysis. School of Engineering, Massachusetts 
Institute of Technology, Cambridge, Massachusetts, 
1968. 

6. Robert D. Logcher, et al, ICES STRUDL-II The Structural 
Design Language Engineering User's Manual Volume 2 
Additional Design and Analysis Facilities. School 
of Engineering, Massachusetts Institute of Technology 
Cambridge, Massachusetts, 1971, 

7, Timoshenko S. and Woinowsky-Krieger S. Theory of Plates and 
Shells, McGraw-Hill Book Company, Inc., New York, 
1959. 




