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ABSTRACT 

EVALUATION OF TENSION SPLICE DESIGNS USED IN ROOF TRUSSES 

Kosol Ruttanaporn 

¥aster of Science in Engineering 

Youngstown State University, Year 1971 

ii 

Tension splices used in conventional roof trusses were analyzed 

and tested to verify the existing analysis and existing designs. fused 

upon the analytical results, test specimens were strain gaged at calcu

lated critical locations and tested to failure. Points of critical stress 

and modes of failure were determined. The adequacy of the analytical pro

cedures ard present designs were compared to the test results and recom

mendations were made for modifications·. Based upon the recommerxled modi

fications, newly designed specimens were tested to failure. 
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CHAPTER I 

INTRODUCTION 

The objective of this thesis is to study the reliability of 

tension splice connections used in the bottom chords of a long span 

trusses, i.e., spans over 40'; the 40' limitation primary because this 

is the longest span that can be trucked. This type of connection has 

been designed primary for ease in shop fabrication in the jig and for 

ease in field erection. 

1 

The major problem is that the force in the chords does not act 

at the center of gravity of the splice plate. Hence, the splice plate is 

subjected to considerable bending. The problem is to detennine the amount 

of beming & reduce it if possible. 

The following steps have been used in this project& 

1. Analysis and calculations. 

2. Test for adequacy and check computations in currently used splice 
plates. 

J. Recommendations for modification. 

4. Retest of modified samples. 

Because the step between theory and actual results 1s made 

difficult by the theoretical assumptions used in the equations, the re

sults will never reach perfection; these results can, however, urvier pro

per fabrication techniques, be brought within a resonable limit of error. 



CHAPTER II 

ANALYTICAL PROCEDURE 

Two bolts connections 

The basis for the calculation of forces acting on the plate of 

the connection shown in Figure 2.1 is based on the fundamental equili

brium equationsl 

Z F = 0 
2 M = 0 

2 

Compatibility of deflection yields another equation used to 

solve for the unknown forces. This equation exists due to the fact that 

the deflection of the plate at the bolt position is equal to the defor

mation of the bolt. Note that all forces are calculated in terms of 

axial force in the angles. 

Al.so included in the theory are the following assumptions: 

1. The weight of the members can be neglected. 

2. The surfaces of the splice plates are smooth. 

;. The contact force required to maintain equilibrium in the plate is 
assumed to be uniform. In other words, the opposite plate creates 
a uniform reaction over the contact area, see figure below. 

The calculation procedure _is as followsa 

ffi 

'2fi·P 

p 
8 

p 

(shear diagram) 

" ' 
~ I 
OI' 

- ·- --- - - ...... (x) 
(free body diagtam) 
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in which 

F = applied axi al f or ce 

w = unifonn f or ce ordinate developed at plate contact area 

t = length of plate contact area 

pl = resultant force of the contact area reaction 

P2 = bolt force 

By talcing the sum of moments about P1 , the following eq. 

is obtained; 

4 

< 6.50 - o.soll p 
(6.75-L) 

(1) 

By taking :?1 Fx = 0 , the following eq • . is obtained; 

P+ w.t - 2 P- • o 2 
(2) 

When equating the axial deformation in the bolt to the bending 

and shear deflection in the plate at the bolt location, the following 

ODnstants will be used; 

E ·- 30,000 ksi 
G = 12,000 ksi 4 
I = moment of inertia of the plate= 0.855 in.2 
A = cross sectional area of the bolt= 1.485 in. 
L = length of the bolt= 2 in. 

and; 

Deformation in the bolt = i{fil) 2 AE 



To find the deflection in the plate, Castigliano•s second. 

theorem [4]* is applied as follows; 

3\-l l 
aBENDIN<> = E~ {J. [ P(2'8H-) -2 'lX](-x)dx + 1 ( 11!"1:t•l (1f.il:z1)(t Pz)f dx} 

= _1 [-1.063P (3.375-1)
1 

- (P-.2fl )(3.~75-tf + U~Ot, i t3
) 

EI 3 (i1.o - >' 

L 

l ( A.2s )2 2d } 
+ 0 11.0.£-!1 (t?a)X. X. 

Now, Sin the bolt = S due to bending + S due to shear 

Thus, 

5 

(3) 

Equating Ekt.(1) = Fq.(3), the following is obtained; 

121.1-89.ot +t, . .AL1 -2.3t.J + 60.3L+6.3£1 
(11.o-!)1 

By trial and error method, 

l = 

5.60- O.IJo.L _ 0 
'-7~ - I, 

Substituting the value or 1, in E::t• (1) and F,q. (2), the values or P2 and 

ware obtained; 

P2 = o.89JP kips 
w • 0.586P kips/in. 



.. 

The next step is to find the forces acting in the welds. 

If these forces are knot-m, the complete free body diagr1=1m as ·Nell as 

the momEmt diagram of the plate can be drawn. 

Usinfs the Figure shown below, the first step is to find the 

centroid and moment of inertia of the weld group. Using techniques 

* * outlined in a~v steel design text [1]or(2] , the £ollow:l.ng is obtained.a 

1. centroid i . = J. 09 in. 
2. moment of inertia (I) = 79.916 in~ 

- ·- l 
I 

I t 

I ', _j . ',.1., I /•.. • .... 

,. 
tc) 

... - - - '--
• I ~ 

.. ,, ti _ ! 

I 

I It 

~ i 0 
U'II :;, II? r, I 

~i 
N.A. 

I 
- I 

L -

I 

· Since the force does not act at the centroid of the weld group, there 

will be a couple of moment equal to P(J.09 - 7/8) or 2.215P acting. 

Thus, the stresses in the welds can be detennined as; 

t = P + Mo 
i - T 

* Numbers in brackets indicate reference cited. 

6 



Str esse s f rom the f l exure portion of this interaction f onnule are shown 

on t he Figure below; 
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tension 

Stresses due to the axial force Pare obtained as follows; 

The stress due to P = p = o.o684P (tension) 
t otal area 

7 

Combining the stress due to the axial force and due to flexure according 

to the above expressed interaction formula, the combined effect shown 

on the following free body diagram is obtained along with the ·forces 

obtained previously. Thus, a complete free body diagram is obtained. 

YOUNGSTOWN STATE UNIVERS\TY 
- ------ LlBRARY 
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... 

0.01146 F' 

0.06250".t • -

1---

0.13600P 

0.:2.7280P --------. 
0.3.M60P 

Checking; 

Summation of forces = 1.82772P - 1.77655p 
= o.05117p ( error .= _2.8"%) 

Summation of moments at (2Pz) = 2.2250P - 2.2170P 
= 0.0080P (error= O.J % ) 

The complete shear and moment diagrams are shown in Figure 2.2 
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Four bolts connection: 

For the four bolts connection, see Figure 2.3, the same theory 

and assUJ11ptions are used. Another additional assumption, however, is 

made. Since the upper bolts are in the compression contact area and the 

bolts are designed for the purpose of resisting a tension force, it is 

assumed that the upper bolts do not resist any force. 

Thus, referring to the figure below, the calculation pronedure used is 

as ro·11ows; 

w 

----: 
2e 

(y) 

1 - t ✓ L / 
'T 
I I 

~ ! 

l~:~ ! 
~ ' I CO 
I : 

I . / 

__ ,__P,... ._ ..... __ __, .. ~ · 
.. p I . 

(shear diagram) (free b~d; di~~~f) 

in which 

p = applied axial force 

w = uniform force ordinate developed at plate·contact area 

1, = length of plate contact area 

P1 = resultant force of' the contact area reaction 

p2 = bolt force 

By taking the swn of moments about P
1

, the following eq. 

is obtained; 

Pa = 1.1& -o.eoL 
(12.12- ) 

p (1) 
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By taking ~F = O, the following aq. is obt.'lined; 
X 

P + wt - 2 ij - 0 

12 

(2) 

When equating the axial deformation in the bolt to the bending 

and shear deflection in the plate at the bolt location, the following 

constants will be used; 

ar:d; 

E = 30,000 ksi 
G = 12,000 ksi 4 
I = moment of inertia of the plate = 0.771 in. 2 A = cross sectional area of the bolt = 0.785 in. 
L = length of the bolt = 2 in. 

Deformation in the bolt = 1 (fil) 
2 AE 

To fir:d the deflection in the plate, Castigliano•s secor:d 

theorem [4] is applied as follows; 

,¼,-l l 

68f NDIN4i = ti: {1 [ 1 ,,& pt ( P-a fl) "J ( •JI.) dx + 1 ( ... ~~:51-t• )(fA.~;.~l-v )(~l)ltdl(.} 

tX,-l t 

asH&AO\ = ;6 lJ. < 21}-PJ dx. + J. (1,.:~~u.}c2Pz }ld,.} 



Now, 

Sin the bolt = ~ due to bending + 8 due to shear 

Thus, 

Equating Eq.(1) = Eq.(3), the following is obtained; 

359.1>5 -169.ool+ 2,.,ot'- 1.1.5ol" + 16.41 l+ 1.03V 
{ 14.375 - t )& 

By trial and error method, 

l = 4.41 1n. 

7.18- o.~ol _ 0 
1,.12 -t 

1'.3 

(3) 

Substituting the value of J, in Eq.(1) am .&}.(2),. the values of _P2 and · 

ware obtained; 

P2 = o.646P kips 
w = o.0653p kips/in. 



The next step is to find the forces acting in the welds. 

If these forces are known, the complete free body diagram as well as 

thA moment diagram of the plate can be drawn. 

Using the Figure shown below, the first step is to find the 

centroid and moment of inortia of the weld group. Using techniques 

outlined in any steel design text, the following 1s obtained1 

1. centroid y = 4.07 in. 
2. moment of inertia {I) = 172.83 in~ 
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Since the force does not act at the centroid of the weld group, there 

will be a couple of moment equal to P{4.07 - 1.125) or 2.945p acting. 

Thus, the stresses in the welds can be detennined as; 

£ = P + Mc 
i - T 

14 



StressAs from the flexure portion of this interaction formulA Are shown 

on the Fir,ure below; 

' I 

....I 

-

compr or;sion 

stresses due to the axial force Pare obtained as follows; 

The stress due to P = p = o.0627p (tension) 
total area 

15 

Combining the stress due to the axial force and due to flexure a ccording 

to the above expressed interaction formula, the combined effect shown 

on the following free body diagram ia obtained along the forces 

obtained previously. Thus, a complete free body diagram is obtained. 
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Checking; 

Summation of forces = 1.31013P - 1.29485P 
= 0.01528P (error= 1.2 % ) 

Summation of moments at top = 7.852799P - 7.765800P 
= o.086999p (error= 1.1 ~) 

The complete shear and moment diagrams are shown in .Figure 2.4 
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CHAPTER III 

TESTING PROCEDURE 

p.quipments 

The Balwin HV Universal Testing Machine was used throughout 

the testing phase. The Model HV is a hydraulic testing machine of the 

conventional two-space design which affords low-cast testing without. 

sacrificing quality ard accuracy standards. The HV machine used has a 
• 

capacity of 600,000 pourds. The machine has two major components as 

18 

shown in Figure J.5 & J.6. These are the straining structure arrl 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 s~ructure, in all cases, includes a 

lapped piston which operates without packing in a cylirrler 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 cylirrler arrl 

is integral with the base of the straining structure. The upper cross 

head is supported on a pair of columns mounted on the table. 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 

cylirrler arrl piston. Upper movement of the hydraulic piston applies load 

to a tension specimen supported between the crossheads. Pressure to move 

the piston in the cylinder is produced by a motor-driven hydraulic pump 

whose output passes through suitable oontrol valves. 
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For the strain moasuroments, the BSG-6 Switch Baln.nce and BAM-1 

BridP,e Amplifier wore selected. The strain gages selected wer~ SR-4, 

ty~e A-8 with a gage factor of 1.83 ± 2 %• These are shown in Figure J.J 

Up to six ohannols of the strain gages can bo individually 

connected in to the inputs of the BSG-6 so that any irrlividual channel 

can be prebalanced arrl switched in to single channel instrumentation. 

The strain gages were placed at various locations of the splice 

plates including the points of maximum moments from the analysis as 

shown in Figure J.1. The design em result was to obtain a stress dis

tribution along the length of the plate. Also, berding was assumed to 

be one-dimensional. 

@- --- -

CD- . --- -- --

FiguN :3.1 Gage location• ot the two bolt• apecimen 



, 

1 

@ ""?:fj~ -~--~

CD-@ -

I, L .[ _ / 
, ' ' 

Figure :,.2 0.ge location• ot th• tour bolt• apeoimen 

Figure:,.:, BSG-6 Switch Balance am BM-1 Bridge Amplifier am Met.r 
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F_igure :3.4 strain gage• on the tour bolt• specimen 

n,gure :3.5 Two bolt■ ■pecimen in the te■ting machine 
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Figure J.6 Four bolts specimen in the testing machine 

Test Procedure& 

Using the starrlard bonding techniques, the strain gages were 

bonded on the prepared surfaces of the splice plates at the positions shown 

in Figures 3.1 and 3.2. From these positions, it was hoped that the stress 

distribution along the plate could be obtained. The specimens were clamped 

between the two crossheads of the testing machine by tapered, grip jaw 

pockets. The load was increased gradually in increments of 5,000· pounds. 

The strains were recorded at every load increment of 5,000 lbs. 

and load-strain curves were plotted to determine the stress level at each 

gaga position. The load was increased until failure oooured. Note was 

made of the progressive failure as irxiioated by' popping mill scale, 

increased deformation, etc. Figures 4.1 and 4.2 show the test specimens 

after failure. 
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CHAPTER IV 

TF.sT RESULTS 

Referring to the graphs and data ( Fig. 4.3, 4.4, 4.5, 4.7, 4.8 

and Tables 4.1, 4.2, 4.3, 4.4) the maximum loads causing bolt failures 

were 275,000 pounds for the two bolts specimen arxl 2JO,OOO pourxls for the 

four bolts specimen. The average yield stresses ot splice plates are 79.75 

ksi arrl 54.23 ksi for the two bolts and four bolts specimens respectively 

as determined frOI11 the load-strain curves. 

The yield zone locations were detemined by the mill scale 

scalings on the surfaces of the steel arxl by the strain readings. The 

bolt failures did not occur simultaneously because of imperfections in 

the specimens. In the experiment, the contact area caused by the reac

tion of the adjacent plate followed what had been initially assumed. 

But, in the two bolts specimen, the two splice plates began to move apart 

after reaching the yield point. This resulted from the large deforma-
, 

tion in the bolts. Similarly, the berxling in the splice plate of the 

four bolts specimen followed the contact area assumption~ The splice 

plates in the two bolts specimen, however, started to bend in the other 

direction after the two contact areas were apart and the load was beyond 

the yield point in the bolts. This can be explained due to the fact that 

there was considerable yielding occuring across the cross section of the 

splice plate arxl hence, there was a redistribution of stress. There were 

no failures in the welds or chord members. In addition, the contact 

--: areas in both specimens were not uniform because the oontaot surfaces of 

the plates were not perfeotly- smooth. These failures were shown in 



Figure 4.1 & 4.2. 

Figure 4.1 Two bolts specime~ after failure 

Figure 4.2 Four bolts specimen after ·failure 
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The graphs depicting load and deformation in this test correlate 

with Hooke's law. The stress is calculated from the equation <f= E€ 

up to the proportional limit. ( In this case where the load ceased being 

proportion to the strain. ) 

The stress distributions of the splice plates were then drawn 

to show stresses at different sections of the {>lates, as shown in Figures 

4.6 and 4.9. 
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TABLE 4.1 

SUlvJMARY OF TEST RESULTS ON T1-JO BOLTS SPECINEN 

Strain reading x 50 micro in./in. 
Load 

(lbs) 
gage 1 gage 2 gage 3 gage 4 gage 5 gage 6 

5,000 1.0 5.5 6.1 - 1.0 -10,000 1.0 6.5 6.1 - 2.5 -15,000 2.1 8.1 8 • .5 .. 4.5 -20,000 3.0 11.0 11.0 0 • .5 6.5 0.5 
25,000 4.6 14.o 13.0 1.0 9.5 1.0 
30,000 5.5 16.5 15.0 1.0 11.5 1.1 
35,000 6.5 18.5 16.8 1.1 13. 1 1. 7 
40,000 7. 5 20.5 18.5 1. 5 16.0 2. 1 
45,000 8.5 24.o 20.0 1.6 17.0 2.5 
50,000 9.5 2.5.0 21 • .5 2.0 19.0 3.0 
.55,000 10.0 27.0 22.5 2.0 21.0 3.2 
60,000 11.0 29.0 24.3 2.0 23.0 3.8 
65,000 12.0 31.5 26.0 2.1 2.5.0 4.1 
70,000 12.5 . 33.0 27.2 2.3 26.5 4.9 
7.5,000 13.0 36.0 28.9 2.5 28.0 5. 1 
80,000 13.9 38.0 30.0 2.9 30.0 .5.5 
85,000 14.2 40.0 31 • .5 3.0 32.0 6.o 
90,000 15.0 42.0 33.0 3.0 33.5 6 • .5 
9.5,000 15.2 44.3 .. 34.1 3.0 3.5.5 7.0 

100,000 16.0 47.0 36.0 3.0 37.J 7.1 
10.5,000 16.3 49.0 37.0 3.0 39.0 7.9 
110,000 17.0 .51.0 38.5 3.1 41.0 8.0 
11.5,000 ·17.1 53.0 40.0 3.2 43.9 8.9 
120,000 17.5 55.0 41.5 3.2· 46.o 9.0 
125,000 17.9 57.0 43.0 3.2 48.o 9.5 
130,000 18.0 59.0 45.0 3o2 50.3 10.0 
135,000 18.2 61.2 46 • .5 3.3 52 • .5 10.3 
140,000 19.0 64.o 48.2 3.6 55.0 11.0 
145,000 19.0 66.o ·50.0 3.8 58.0 11.2 
150,000 19.3 68 • .5 52.2 3.9 60.9 12.0 
155,000 19.9 71.0 54.5 .4.o 64.o 12.2 
160,000 20.0 71+.o 56. 5 4.o 67.0 13.0 
165,000 20.3 77.0 59.4 4.o 70 • .5 13.5 
170,000 21.0 80.0 62.0 4.o 74.1 14.2 
175,000 21.5 83.5 64.9 4.2 78.2 1.5.0 
180,000 22.0 87.5 67.8 4.J 82.5 16.0 
185,000 22.9 92.5 71.5 4.J 87.2 16.8 
190,000 23.5 98.0 75.5 4.9 93.0 17.5 
195,000 24.5 106.0 80.5 5. O 100.0 18.9 
200,000 25.5 111.0 85.5 5.0 108.0 20.0 
205,000 27.0 119.0 90 • .5 5.0 21.5 
22.5,000 28.0 174.o 109 • .5 6.o 28._5 
250,000 40.o 164 • .5 8.0 J8.0 
275,000 Rem1trks1 bolt fnilura 

I I I 
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TABLE 4.2 

SUMMARY OF TEST RESULTS ON TWO BOLTS SPEC[MEN 

Load 
Stress = E. x 50 x 10-6 

x 29,005 = 1.4,5£ (ksi) 

(lbs) 
gage 1 gage 2 gage 3 gage 4 gage .5 ga ge 6 

.5,000 1.45 7.98 8.85 - 1.4.5 -10,000 1.4,5 8.70 8.85 - 3.63 -15,000 3.0.5 11.7.5 12.33 . - 6 • .53 -20,000 4.3.5 15.95 1.5.9.5 0.73 9.43 0.73 
2.5,000 6.67 20.30 18.85 1.4.5 13.70 1.4.5 
30,000 7.98 23.93 21.75 1.45 16.68 1.60 
3.5,000 9.43 26.83 24.36 1.60 19.00 2.47 · 
40,000 10.88 29.73 26.83 2.18 23.32 3.0.5 
45,000 12.33 34.80 29.00 2.32 24.6.5 J.63 
.50,000 13.78 36.2.5 J1.18 2.90 27 • .5.5 4.3.5 
.5.5,000 14.50 39.1.5 32.63 2.90 JO. 4.5 4.64 
60,000 1.5.9.5 42.0.5 3.5.24 2.90 33.3.5 · 5 • .51 
6.5,000 17.40 4.5.68 37.70 3.0.5 36.2.5 .5.9.5 
70,000 18.13 48.,58 39.44 3.34 38043 7.11 
7.5,000 18.8.5 .52.20 41.91 3.63 40.60 7.40 
80,000 20.16 55.10 43 • .50 4.21 43 • .50 7.98 
85,000 20 • .59 58.00 4,5.68 4. 35 46.40 8.70 
90,000 21.75 60.90 47.8.5 4.J.5 48.58 9.43 
95,000 22.04 64.24 ·49.45 4.35 ,51.48 10.1.5 

100,000 23.20 68.15 .52.20 4.35 .54.09 10.30 
10.5,000 23.64 71.05 .53.65 4.3.5 .56 • .5.5 11.46 
110,000 24.65 73.95 .55.83 4.50 59.4.5 11.60 
115,000 24.80 76.85 ,58.00 4.64 63.66 12.91 
120,000 25.38 79.75 60.18 4.64 66.70 13.05 
125,000 25.96 62.3.5 4.64 69.60 13.78 
130,000 26.10 6.5.25 4.64 72.94 14 • .50 
135,000 26.39 67.43 4.79 76.13 14.94 
140,000 27.55 69.89 5.22 79.75 1.5.9.5 
145,000 27.55 72.50 5.51 16.24 
150,000 27.99 75.69 .5.66 17.40 
155,000 28.86 .5.80 17.69 
160,000 29.00 5.80 18.85 
16.5,000 29.44 5.80 19.58 
170,000 JO• 45 .5.80 20.59 
175,000 31.18 6.09 21.75 
180,000 31.90 6.24 23.20 
185,000 33.21 6.24 24.36 
190,000 34.08 7.11 25.38 
195,000 35.53 7.25 27.41 
200,000 36.98 7.25 29.00 
205,000 39.15 7.25 31. 18 
225,000 40.60 8.10 41.J3 
2.50,000 58.00 11.60 55.10 
275,000 
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TABLll: 4.3 

SUMMARY OF TEST RESULTS ON FOUR BOL'J.'S SPhX::IM~N 

Load 
Strain reading x 50 micro in./in. 

(lbs) 
gage 1 gage 2 gage 3 gaga 4 gag9 5 

5,000 2.0 0.5 0.5 0.5 1.2 
10,000 4.2 1.5 1.0 0.5 2.5 
15,000 6.7 2.2 1.5 0.8 4.0 
20,000 8.0 2.8 1.7 1.4 5.0 
25,000 9.5 3.5 2.0 1.5 6.o 
30,000 11.0 4.2 2.5 1.8 6.5 
35,000 12.5 4.8 3.5 2.7 7.0 
40,000 13.5 5.5 4.5 2.8 7.5 

. 45,000 14.7 6.o 5.5 3.0 7.5 
.50,000 16.2 6.8 7.0 3.5 8.0 
55,000 17.2 7.5 8.J 4.1 8.5 
60,000 18.5 8.0 9.5 4 • .5 8.8 
65,000 20.0 8.8 10.5 5.0 9.5 
70,000 21.5 9.5 12.0 5.5 9 • .5 
75,000 22.5 10.2 13.3 6.o 9.8 
80,000 23.5 10.5 14.5 6.7 10.2 
8.5,000 25.0 11.5 15.5 6.7 10.'.3 
90,000 26.5 12.0 17.2 7.'.3 10.5 
95,000 27.5 12.8 19.5 7.6 10.5 

100,000 28.~ 13 • .5 · 20.2 8.0 10 • .5 
105,000 30.4 14.3 21.5 8.6 10.8 
110,000 31 • .5 14.7 23.2 9.3 10.9 
115,000 33.0 15.5 24.8 9.7 11.1 
120,000 .34.5 16.2 26.0 10.3 .11.2 
12.5,000 36.0 16.8 28.0 10.7 11.4 
130,000 37.6 17.5 29.7 11 • .5 11.5 
135,000 39 • .5 18.0 31.0 12.0 11.9 
140,000 41.5 19.0 33.2 12 • .5 12.2 
14.5,000 43 • .5 19.8 35.3 13.0. 12 • .5 
1.50,000 45.5 20.5 37.0 14.0 12.8 
1.5.5,000 47 • .5 21.5 39.2 14.7 13.0 
160,000 50 • .5 22.3 41.4 1.5 • .5 · 13.5 
16,5,000 52.6 22.9 43.8 . ·16.J 13.5 
170,000 .5.5.5 23 • .5 46.5 17.0 14.o 
175,000 ,58.7 24 • .5 49,.5 17.8 14 • .5 
180,000 62.7 2.5 • .5 .52,8 18 • .5 14.7 
185,000 66.7 26.0 56.0 19 • .5 14.9 
190,000 71.0 26.8 60.1 20.2 15.0 
19.5,000 7.5.8 27.7 65.8 21.0 15.5 
200,000 80.5 28.5 71.8 21.8 16.0 
20.5,000 8,5.8 29.5 79.6 22.7 16 • .5 
210,000 91.0 30.2 86.8 23.5 16.7 
215,000 95.7 31.0 9.5.6 24 • .5 17 • .5 
220,000 100.0 :31.7 104.8 25.5 18.0 
225,000 103 • .5 32.5 112.3 26.3 19.3 
230,000 Remarks a bolt failure 
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TABLE 4.4 

SUMMARY OF TEST RESULTS ON FOUR DOLTS SPECIMEN 

LM d Stress == f. x .50 x 10-6 x 29,00.5 = 1.4,5E. (ksi) 
(lhs) 

gage 1 gage 2 gage J gage 4 gage 5 

.5,000 2.90 0.73 0.73 0.73 1.74 
10,000 6.09 2.18 1.45 0.73 3.63 
1.5,000 9.72 3.19 2.18 1.16 ,5.80 
20,000 11.60 4.06 2.47 · 2.03 7.2.5 
25,000 1J.78 5.08 2.90 2.18 8.70 
J0,000 15.9.5 6.09 J.6J 2.61 9.43 
35,000 18.13 6.96 5.08 J.92 10.1.5 
40,000 19 • .58 7.98 6.53 4.06 10.88 
45,000 21.32 8.70 7.98 4.35 10.88 
50,000 2J.49 9.86 10.15 .5.08 11.60 
55,000 24.94 10.88 12.04 5.95 12.33 
60,000 26.8J 11.60 13.78 6.53 12.76 
65,000 29.00 12.76 15.23 7.25 1J.78 
70,000 J1.18 lJ.78 17.40 7.98 13.78 
7,5,000 32.63 14.79 19.29 8.70 14.21 
80,000 )4.08 1,5.JJ 21.03 9.72 14.79 
8,5,000 36.25 16.68 22.48 9.72 14.94 
90,000 J8.4J 17.40 24.94 10.59 1.5.23 
95,000 39.88 18.,56 .. 28.28 11.02 15.23 

100,000 41.76 19.58 29.29 11.60 15.23 
105,000 44.08 20.74 J1.18 12.47 1,5.66 
110,000 4,5.68 21.32 :n.64 13.49 1,5.81 
115,000 47.85 22.48 35.96 14.07 16.10 
120,000 50.03 2J.49 37.70 14.94 16.24 
12.5,000 .52.20 24.J6 40.60 15 • .52 16.,53 
130,000 54 • .52 2.5.38 43.07 16.68 16.68 
135,000 .57.28 26.10 44.9.5 17.40 17.29 
140,000 27.55 48.14 18,1) 17.69 
14,5,000 28.71 .51.19 18.8,5· 18.13 
150,000 29.73 20.30 18 • .56 
1.55,000 31.18 21.32 18.8,5 
160,000 J2.J4 22.48 19 • .58 
165,000 jJ.21 23.64 19 • .58 
170,000 )4.08 24.6,5 20.30 
17.5,000 3.5 • .53 2,5.81 21.03 
180,000 36.98 26.83 21.32 
18,5,000 37.70 28.28 21.61 
190,000 J8.86 29.29 22.19 
19.5,000 40.17 J0.4,5 22.48 
200,000 41.JJ Jl.61 23.20 
20.5,000 42.78 32.92 23.93 
210,000 4J,79 34.08 24,22 
21.5,000 44.9.5 35.53 2,5.J8 
220,000 45.97 36.98 26.12 
22.5,000 47.1'.3 )8.14 27.99 
230.000 
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CHAPTER V 

COMPARISON OF RESULTS 

The original assumptions ( see chapter II) used are valid up 

to initial yielding since the test specimens deformed the way assumed 1n 

the analysis. Also, the points of maximum stress found by the experi

ments on both sides of the plates are the same as calculated .from the 

analysis. 

The designs by the Republic Steel can not be considered to be 

adequate because both plates yielded before reaching the working loads, 

i.e., 160,370 pounds for the two bolts connection and 169,648 pounds for 

the four bolts connection. From the graphs, the two bolts splice plate 

yielded upon reaching 120,000 pounds and the four bolts splice plate 

yielded at 135,000 pourxis. However, the bolts failed beyond the working 

loads 1n both cases. 

Visually, the deflection in the four bolts specimen was small 

enough that no recommendation for improvement. The deflection seemed to 

be too great 1n the two bolts specimen. To meet the objective of this 

thesis, therefore, improved design ideas are ·recommemed as shown in 

chapter VI. 

From Figure 4.6 & Figure 4.9, it can be seen that the actual 

stress am the calculated stress for the same loads at various points 

differ by a considerable amount. This can be explained as .follows; first, 

the contribution of the chord angles and the splice angles to the stiff

ness of the splice plates was ignored in the analysis because of the 

difficulty encountered when trying to determine exactly how much stiffness 



J8 

is really added. This is a conservative neglect, i.e., the actual stress 

would definitely be less than the calculated stress which ignors the 

angle contribution to the stiffness of the plates. Secondly, a uniform

ly distributed contact area was not realized between the splice plates 

as assumed. Thus, in testing, less fiexural stress was realized by the 

plates. Lastly, residual stresses from the welding am drilling were 

ignored 1n the calculations. 
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CHAPTER VI 

RECONMENDATIONS & CONCLUSIONS 

Because of the excessive stresses and displacements, particular

ly in the two bolts connection, some recommendations as to improving must 

be made. A change in the bolt positions for the two bolts splice plate 

is reconnnended. This will reduce the maximum moment in the plate as _well 

as decrease the deflections. 

In order to change the bolt position by moving 3/4" towards the 

applied load P (seethe Figure below), the following procedure ia 

obtained; 

I 
1 

obtained; 

e 

t.P,. 

(shear diagram) (free body diagram) 

·,,By taking the sum of moments about P 1 , the foll wing eq. is 

s.so- o.~o.l) p 
s.i,.. > 

By taking ~Fx = 0 , the following eq. is obtained; 

P + wl - tfi • o 



4-0 

As before, by equating the axial deformation in the bolt to the 

bending and shear deflection iri the plate at the bolt location, the 

following constants will be used; 

and; 

E 
G 
I 
A 
L 

= 
= 
= 
= 
= 

30,000 ksi 
12,000 ksi 4 
moment of inertia of the plate = 0.855 in. 

2 cross sectional area of the bolt = 1.485 in. 
length of the bolt = 2 in. 

Deformation in the bolt = ½(fi) 

Using ½{~) = aBENDING+ 8.SHEAR t arxl proceeding as before the 

following results are obtained; 

l = 2.53 in. 
P2 = 0.740P kips 
w = 0.189P kips/in. 

The weld forces remain the same. Then, the corresponding free 

body, shear and moment diagrams can be drawn as shown in Figure 6.1. 

After changing the bolt location, it can be seen from the mo

ment diagram that the maximum moment is reduced by 32 ~ and the force in 

the bolt is reduced by 17 ~. This shows that the bending moment in the 

plate depends on the bolt position. The sizes of the bolts for the new 

two bolts specimen w.111 remain unchanged and the deflection in the bolts 

and splice plates anticipated in both flexure and axial stresses will be 

reduced. Furthennore, a bolt size change is recommended for the four 

bolts connection. Larger bolts should be utilized for those bolts carey

ing the high tension loads and those top bolts, assumed only to carry &1\1 

existing shear force, can remain unchanged. Recall that the tension 

carrying bolt• tailed during tasting. 
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The analysis presented here is only one approach to the problem 

and by now means is intended to be the only approach to the problem. The 

analysis assumed one-dimensional barning, i.e., beam action to be predo

minated. It is recommended that perhaps plate theory be exterrled to this 

problem as another method of analysis. Since there was a wide gap between 

the actual and calculated stresses, it ia hoped that the application of 

plate theory could lessen the gap. 
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CHAPTER VII 

RETEST 

The modified two bolts specimen was tested to failure. The posi

tion of the bolts remained the same as for the previous specimen because 

of the difficulty in fabrication, i.e., the bolt could not be tightened 

effectively. The size of the bolt had been changed to a larger size, i.e., 
1 " 1Z diameter. These modifications were established by Republic Steel. 

It was hoped that the deflection in the splice plate would be reduced since 

the axial deformation in the bolt would be reduced because of the increased 

area of the bolts. The stresses were also determined in the direction per

pendicular to the cross section of the splice plate as shown in Figure 7.1, 

gage locations 2 ard 6. 

From the test results, the deformed shape of the plate was quite 

different from the previous specimen and the failure occured in the weld 

instead of the bolt, see Figure 7.7. The maximum load obtained was 247,000 

lbs. which is still beyond the working load and the average yield stress of 

the plate is 39.69 ksi but the plate had yielded before reaching the working 

load. The stress perpendicular to the cross section of the splice plate 

was found to be small when compared to the stress along the plate itself. 

It is still recommended that the bolt positions be moved. It is 

felt that shifting the bolt posit11on as previously mentioned, while main

taining the initial diameter will r_esult in a more effective modification 
'1 
>' 

than increasing the bolt diameters. Additional specimens will be fabricated 

in this way but unfortunately the results will not be included in this 
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Figura 7.1 Gaga locations of mod1t1ed two bolts specimen 
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TABLE 7.1 

SUMMARY OF TEST RESULTS ON MODIFIED TWO BOLTS SF~CIMEN 

Strain reading x 50 micro in./in. 
Load 

. (lbs) 
gage 1 gage 2 gage 3 gage 4 gage 5 gage 6 

5,000 - - -0.5 ' - -0 • .5 -
10,000 -0.8 +1.5 -0.5 -1.8 -1.0 +2.0 
15,000 -1.2 +2.5 -0.5 -J.2 -1.5 +3.5 ' 
20,000 -1 • .5 +J.5 -0 • .5 -4.8 -2.o +4.,5 
25,000 -2.3 +4.2 -0.5 -6 • .5 -2.5 +5.5 
30,000 -2.8 +5.0 -1.0 -8.3 -3.5 +6.5 
35,000 -J • .5 +5.8 -1.5 -10.2 -4.o +7.5 · 
40,000 -4.J +6.J -1.5 -11 • .5 -4.5 +8.5 
45,000 -5.0 +7.5 -1.5 -1J.2 -5.5 +9.5 
.50,000 -.5.5 +8.5 -1.5 -14.5 -6.2 +10.5 
55,000 -6.5 +9 • .5 -1.7 -16.o -7.0 +12.0 
60,000 -7.0 +9.7 -2.0 -17.0 -7 • .5 +12 • .5 

· 65,000 -8.o +10.5 -2.1 -18.J -8.5 +13.7 
70,000 -9.0 +11.3 -2.2 -19.0 -9-5 +14.J 
75,000 -10 • .5 +11.5 -2.5 -20.0 -10.J +14.,5 
80,000 .11 • .5 +12.3 -2.5 -20.6 -11.2 +15.0 
85,000 -12 • .5 +13.0 -2 • .5 -21.3 -12.J +15.6 
90,000 -14.2 +1J.5 .2.7 -22.2 -13.3 +15.7 
95,000 -15.5 +13.6 . -2.8 -22.8 -14.J +15.8 

100,000 -17.2 +14 • .5 -J.o -23.5 -1.5.0 +15.5 
105,000 .. 18.5 +14.8 -J.0 -2'+.0 .16.0 +15 • .5 
110,000 .19 • .5 +15 • .5 -J.2 -24.J -17.0 +1~~5 
115,000 -:21.0 +15.9 -3-5 -25.2 -18.2 +15.2 
120,000 -22.5 +16.5 -3-5 -25.5 -19.3 +15.0 
125,000 -24.5 +17.0 -3.5 -26.2 -20.,5 +14.7 
130,000 -26.J +17.5 -J.7 -27.1 -23.0 +14.2 
135,000 -28 • .5 +17.8 -J.8 ..2.7.5 -24.o +1J.8 
11-1-0,000 -J0.8 +18.2 -4.2 -27.8 -25 • .5 +13.5 
11-1,5,000 -JJ.7 +18.8 -4.3 -28.o -27.0 +13.0 
150,000 -J?.O +18.9 _1-4-.5 -28.6 -29.5 +12.J 
155,000 -39 • .5 +19.5 -4.5 -29.0 .32.0 ~12.0 
160,000 -42.5 +19!'7 -5.0 -29.8 . -J.5.0 +10.5 
165,000 -45.0 +19.5 -5-5 -JO.J -38.5 +10.0 
170,000 -48 • .5 +19.5 -~-.5 -31.5 -41 • .5 +9.0 
175,000 -.5J. J +19 • .5 - .5 -32.0 -46o,5 +7.5 
180,000 -56 • .5 +18.,5 -6.5 -34.8 -.51 • .5 +5.5 
185,000 · -6J • .5 +18.0 -7-5 -37.8 -56 • .5 +2.5 
190,000 -69 • .5 +17.0 -8.0 -41.o -62.5 +Oo8 
195,000 -78.J +15 • .5 -9.0 -46.o .69.5 -2.2 
200,000 -88.1 +14.o ;.9.5 .52.5 -76.J -4.5 
205,000 -98.J +12.5 -10.2 .59.5 -82.o -7.0 
210,000 .109.8 +9 • .5 .11.0 -69.5 -87.7 -1100 
215,000 -121.8 -t-8.o -11.7 -81.5 .91.7 .13.5 
220,000 -132.8 +6 • .5 -12.J -89.8 -9605 .15.5 
230,000 -15J.J +o.o -12.5 -8Jo0 -119.0 -22.7 
247,000 Remarks a weld failure 



46 

TABLE 7.2 

SUMMARY OF TEST RESULTS ON MODIFIED TWO BOLTS SPECD'.iEN 

Load 
-6 

St:ress = 6 x 50 x 10 x 29,005 = 1.45 €. (ksi) 

· (lbs) 
gage 1 gage 2 gage 3 gage 4 gage 5 gage 6 

5,000 - - .0.73 - -0.7J -
10,000 -1.16 +2.18 -0.73 -2.61 -1.45 +4.20 
1.5,000 -1.74 +3.63 -0.73 -4.64 -2.18 +5.08 
20,000 -2.18 +5.08 -0.7J -6.96 -2.90 +6.53 
25,000 -3-34 +6.09 -0.73 -9.43 -J.63 +7.98 
30,000 -4.06 +7.25 -1.45 -12.04 -.5.08 +9.43 
35,000 -5.08 +8.41 -2.18 -14.79 -5.80 +10.88 
40,000 -6.24 +9.14 -2.18 -16.68 -6.53 +12.33 
45,000 -7.25 +1-0.88 -2.18 -19.14 -7.98 +1J.78 
50,000 -7.98 +12.JJ -2.18 -21.0J -8.99 +15.23 

,.55,000 -9.43 +13.78 -2.47 -23.20 -10.15 +17.40 
60,000 -10.15 +14.07 -2.90 -24.65 -10.88 +18.1J 
65,000 -11.60 +15.23 -3.05 -26 • .54 -12.33 +19.87 
70,000 -13.05 +16.39 -J.19 -27.55 -13.78 +20.74 
75,000 .15.23 +16.68 -J.63 -29.00 -14. 9l~ +21.03 
80,000 -16.68 +17.84 -J.63 -29.87 -16.24 +21. 75 
85,000 -18.13 +18.85 -3.63 -30.89 -17.84 +22.62 
90,000 -20.59 +19.58 -J.92 -32.19 -19.29 +22.77 
95,000 -22.48 +19.72 -4.06 -33.06 -20.74 +22.91 

100,000 -24.94 +21.03 ·-4.35 -34.08 -21.75 +22.48 
105,000 -26.83 +21.46 -4.35 -34.80 -23.20 +22.48 
110,000 -28.28 +22.48 -4.64 -35 .. 24 -24.65 +22.48 
11.5, 000 -30.45 +23.06 -5.08 -36.54 -26.39 +22.04 
120,000 .32.63 +23.93 -5.08 -36.98 -27.99 +21.75 
125,000 .3.5.53 +24.65 -.5.08 -37.99 -29.73 +21.32 
130,000 .)8.14 +25.38 -5.37 -39.30 -JJ.3.5 +20.59 
135,000 +25.81 -5.51 -39.88 -34.80 +20.01 
14-o,ooo +26.39 -6.09 -40.31 +19 • .58 
14,5 ,000 +27.26 -6.24 -40.60 +18.85 
150,000 +27.41 -6.53 -41.47 +17.84 
15.5,000 +28.28 -6.53 -42.05 +17.40 
160,000 +28 • .57 -7.2.5 -4,3.21 · +15.23 
165,000 +28.28 -7.98 -43.94· +14.50 
170,000 +28.28 -7.98 +13.0.5 
17.5,000 +28.28 -9.43 +10.88 
180,000 +26.83 -9.43 +7.98 
185,000 +26.10 -10.88 +3.63 
190,000 +24.65 -11.60 +1.66 
195,000 +22.48 -13.05 -J.19 
200,000 +20.30 -13.78 -6.53 
205,000 +18.13 -14.79 .10.1.5 
210,000 +13.78 -15.95 -15.95 
215,000 +11.60 -16.97 -19.,58 
220,000 '+9.43 -17.84 -22.48 
23(),000 +o.oo -18.13 .32.92 
24?.000 
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Figure 7.7 Failure of modified two bolts specimen 



REFERENCES 

1. Jack c. McConnac, Structural Steel Design. International text book 
Company, 1965. 

2. Linton E. Grinter, Design of Modern Steel Structures. Macmillan Company, 
1964. 

J. AISC, ~~nual of Steel Construction. American Institute ot Steel Construc
tion Inc., sixth edition. 

4. Fred B. Seely ard James o. Smith, Advanced Mechanics of Materials. John 
Wiley & Sons, Ino., 1967. 




