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TABLE OF OMENCLAT RE 

a = Distance from center of plate to the caliper 

Ao = Initial cross-sectional area of tensile test specimen 

Ab = Area of the bolt 

AI = True cross-sectional area of tensile test specimen 

p = teel correction factor 

C"" = Bolt bending stiffness coefficient 

Cbbr = Bolt bearing stiffness coefficient 

Cbt = Bolt shearing stiffness coefficient 

pbr = Plate bearing stiffness coefficient 

= Plate deformation which is defined a the elongation of the hole 

= orrnalized plate deformation 

dh = Bolt diameter 

dh = Hole diameter 

dml6 = ominal diameter ofa 116 bolt (16mm) 

E = Modulus of elasticity for steel, 29,000 ksi 

F b = Bearing stress 

Fu = Plate steel ultimate stress 

F ub = Itimate stress of the bolt steel 

Fy = Plate steel yield stress 

G = hear modulus for steel, 11 ,200 ksi 

h = Height 

Ib = Moment of inertia of the bolt 

K = Elastic stiffness parameter for Richard Equation 

K br = Bearing stiffness 

K, = Lnitial stiffness of plate 

K p = Plastic stiffness parameter for Richard Equation 
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KI = Parameter in Richard Equation 

Kb = Bending stiffiless 

Kb = Bolt stiffness 

Kv = Shearing stiffiless 

k = Shear deformation shape correction factor, 4/3 for a circle, 1.2 for rectangle 

kb = Stiffness coefficient to account for edge and bolt spacing 

k. = Stiffness coefficient to account for plate thickness 

L = Distance from the center of the plate to the face of the test rig, I-in. 

L = Length 

Lo = Initial length of tensile test specimen 

L. = Clear end distance 

L. = End distance 

Lr = Final length of tensile test specimen 

n = urvature parameter for Richard Equation 

P = Tensile test load 

R = Load or force in plate 

R. = ominal strength 

R. = Reference load for Richard Equation 

S = Bolt spacing 

t = Thickness of main plates 

t ' = Thickness of lap plates 

tp = Plate thickness 

tuP = Ultimate shear stress of the plate 
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AB TRACT 

One of the fundamental components of a steel connection moment-rotation 

behavior is the load-deformation behavior associated with high strength bolts. Ln the 

particular connections being investigated by the writer the behavior of these bolts can be 

approximated by the behavior of a simple lap plate connection. The lap plate connection 

consists of two plates held together by a bolt. The load must pass ITom one plate through 

the bolt and into the next plate. Local deformations occur in the bolt and in the plates as 

the load is increased. 

The study presented in this report isolates the local load-deformation behavior 

associated with the plate and develops a method for approximating this behavior The 

more general load-deformation behavior associated with the lap plate connection is the 

subject of a subsequent report 
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1. Introduction 

As part of a larger researcb project dealing with partially restrained composite 

beam-girder connections the moment-rotation behavior of partially re trained steel 

connections is needed. The localized load-deformation behavior associated with the bolts 

in the steel connection is needed to predict the moment-rotation behavior of the full teel 

connection. The bolt load-deformation behavior can be approximated by the load­

deformation behavior of a simple single bolt lap plate connection The lap plate 

connection behavior is highly influenced by the load-deformation behavior of each plate in 

the connection. The basic relationship between tbe single plate, lap plate connection, and 

the full teel connection is hown in Figure I 
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This report presents the development of a method to predict the load-deformation 

behavior of a single plate bearing against a single bolt. A combination of experimental and 

analytical work provide the basis for development and verification of the method 

l.l Literature 

o literature is known to be available that deals with predicting the complete load­

deformation behavior of a single plate bearing against a single bolt However, there is 

literature that deals with certain aspects of this behavior such as the initial stiffness and the 

nominal strength. A formal literature review is not presented in this part of the report. 

In tead, applicable literature is presented along with the development of the particular 

aspect of plate behavior with which the literature deals. 

1.2 Focus and Objective 

The focus of this report is the load-deformation behavior of a single plate bearing 

• 

• 

• 

• 

• 

against a single bolt. The objective of this report is to develop a method that predicts this • 

behavior with suitable accuracy 

Both eICperirnemai and finite element studies were conducted to provide a basis for 

development and verification of a method to predict the load-deformation behavior The 

eICperimentai investigation consisted of 46 single plate tests. The primary purpose of these 

te ts was to determine the initial stiffuess of the load-deformation response However, 

when possible, the tests were continued until failure of the plate occurred. The specimens 

• 

loaded to failure provided additional data on the basic shape of the load-deformation • 

behavior and the upper limit of the load capacity. The finite element study consisted of 

over 150 finite element models of a single plate bearing against a single bolt. These 

models were used to consider the effect of a large range of geometric and material 

parameters on the initial stiffuess of the load-deformation response. 

Two of the most important characteristics of the load-deformation behavior are tbe 

initial stiffness and the load capacity. These two characteristics are discussed and analyzed 
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• 
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and existing literature dealing with them is presented and evaluated 1ethods for 

determining each of these characteristics are then developed and I or recommended 

The load-deformation behavior of a single plate bearing against a single bolt is 

highly non-linear. Because of this non-linearity the behavior must be represented by either 

a combination of piece-wise linear segments or by a continuous non-linear analytical 

expression. Tbe analytical expression used here in. 

There are a variety of non-linear analytical expressIOns available One such 

expression is the Richard Equation (Richard and Elsalt~ 1991) This equallon IS presented 

in Figure 2 along with a graphical interpretation of each parameter in the equation. Each 

parameter of the equation repre ents a physical aspect of the load-deformation behavior, 

therefore it is deemed the most logical expression to use in this rudy 

R 

R, )-__ +--,1 

n = 

R = Force 
/), = DclormulJon 

-In 2 

( R, K') In - - -­
R. K - K, 

K = Initial (EI .. t,c) SuOne,s 
K, = Plast,c ' t,nness 

K,= K ·K, 
R. = Reference Load 

n = Curvature Parameter 

R( ) = K, 

Figure 2 The Ric.hard Equation 

The following sections of this report present a development and summary of a 

method to predict the load-deformation behavior of a single plate bearing against a single 
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bolt First, a description of experimental work conducted at Virginia Tech (VT) is 

presented. This work provides the fundamental basis for development and verification of 

the method. Next, methods are developed and / or recommended for predicting the initial 

stiffness and load capacity. This is fo llowed by an analysis of the basic load-deformation 

behavior shape and the development of proper parameters for use in the Richard Equation. 

Finally. the complete method for approximating the load-deformation behavior is 

summarized and evaluated against the experimental data. 

2. Experimental Work Conducted At VT 

An experimental study was conducted to provide data for the development and 

verification of a method for approximating the load-deformation behavior of a single plate 

bearing against a single bolt The following sections describe the details and results of this 

study. 

2.1 Test Specimens 

A schematic of the typical single plate specimen is shown in Figure 3 The 

specimens were fabricated from two types of steel. Test specimens for Tests I to 28 were 

fabricated from 9-in wide steel plate that had been in storage at Virginia Tech. The 

particular grade of this steel is unknown Specimen widths of 3.5-in , 4.5-in , and 5.4-in. 

were cut from the 9-in. wide plate. The remaining tests were fabricated from 5-in. wide 

hot-rolled grade A36 steel plate. 

All holes in the test specimens were drilled to standard sizes (db plus 1116-in.). 

One end of the specimen had three holes to fit into the test setup. The test end had one 

hole The edge of the plate at the test end of the specimen was either saw cut or shear 

cut. 
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-~­
I , 
I , 
I , 
I , 
I , 
I 
I 

1" Dia. 

2" 

---1 
2 r'ii12.5" 

~ 

24 ' or 20' 

Figure 3 Test pecimen 

2.2 Parameters Con idered 

The parameters that were systematically varied included the end distance (L.), 

plate thickness (tp) , bolt diameter (db), edge condition (sheared or sawed), and plate width 

Because of an effort to use existing materials rather than purchasing all new material the 

steel properties also varied among the test specimens A summary of these parameters is 

presented in Table L A comparison ofFy and F. values in Table I shows a \\~de variation 

in steel properties. The steel properties of the steel used for test specimens I to 28 are not 

typical of steels used in normal construction today. The steel used for test specimens I to 

28 will be referred to as "high strength" and the steel used for the remaining test 

specimens will be referred to as "mild." The steel properties are based on the results of 

tensile tests whicb are presented in Appendix A. 
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Table I Test Specimen Parameters 

• Boll Plale Plate End Edge Fy Fu 
Tesl Diameter Thl kness W,dth Distance Condluon 

(in) 0n .) (in) (,n) (ui) (b,) 

I I 0.25 45 I Say.ed 60 100 

2 I 0.25 4.5 I S.",ed 60 100 

3 I 0.25 4.5 I.S Sawed 60 100 

4 I 0.25 45 I.S Sawed 60 100 • 
5 I 0.25 4.5 2 S.wed 60 100 

6 I 0.25 4.5 2 Sawed 60 100 

7 1 0.25 4.5 2.5 Sawed 73.5 109 

8 I 0.25 4.5 2.5 Sawed 56 .5 95 

9 I 0.25 45 1 SIl\" cd 60 100 

10 I 0.25 45 1 Sawed 60 100 

II 1 025 4.5 1 Shcu~ 59 96.5 • 
12 1 0.25 45 1 Shoared 59 96.5 

13 I 0.25 45 2 Sheared 59 96.5 

14 I 0.25 4.5 2 Shc:ured 59 96.5 

17 I 0.25 5.4 2 Sawed 73.5 109 

18 I 0.25 54 2 Suwed 7 .5 109 

19 I 0.25 35 2 Sa\\cd 73 .5 109 • 
20 I 0.25 3.5 2 Sa\,ed 73 .5 109 

21 0875 025 45 2 Sawed 56.5 95 

22 0.875 0.25 4.5 2 awed 56.5 95 

23 0.75 025 45 2 Sa\\ed 565 95 

24 075 0.25 45 2 Sa\\cd 56.5 95 

25 0875 0 .25 45 175 Sim-cd 56.5 95 

26 0875 025 4.5 1.75 S."ed 56.5 95 • 
27 0.75 0.25 4.5 15 5.",ed 56.5 95 

28 075 0.25 45 I.S Sawed 60 100 

29 I 0.375 5 I.S Sheared 43.7 63.7 

30 I 0.375 5 I.S Sheared 43 .7 63 .7 

31 I 0.5 5 I.S Sa\\ed 53.3 748 

32 I 0.5 5 I.S Sawed 51.S 74.5 • 33 I 0.625 5 /J SHwed 4 .7 63.3 

34 I 0.625 5 2 u\\;cd 43,7 63.3 

35 I 0.75 5 2 Sawed 44 ,5 678 

36 1 0.75 5 2 awed 44 .5 67 .8 

37 I 0.375 5 1.75 Sheared 434 63,9 

38 I 0.5 5 I.S SU\\ed 51.S 74.5 

39 I 0.25 5 IS Sowed 44.5 65 .5 • 
40 I 0.25 5 I.S Salved 44 .5 65.5 

41 I 025 5 I.S Sawed 44 .5 65 .5 

42 1 0.25 5 I Sav.ed 44 .5 65 .5 

43 I 0.25 5 I Sawed 44.5 65.5 

44 0.875 0.25 5 I Stmed 44.5 65.5 

45 0.875 0.25 5 I Sawed 44 ,5 65 .5 • 46 0.875 0.25 5 1.3125 Sawed 44 .5 655 

47 0.875 0.25 5 1.3125 Sa","ed 445 65.5 

48 I 025 5 I Sa",ed 445 65.5 

• 
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2.3 In trumentation 

Two linear calipers were used to measure deformation on each side of the plate as 

shown schematically in Figure 4 The calipers have markings at each 0 00 I-in By 

interpolating between the e marks the deformations were read to the nearest 0 000 I-in. 

+/- 0 00025-in. This instrumentation was chosen over electronic instrumentation in an 

attempt to improve the accuracy of displacement measurement The accuracy of the 

electronic potentiometers varied from instrument to instrument but on average they were 

accurate to the nearest OOOI-in +/- 00015-in This resolution was believed to be 

insufficient for determining the initial stiffness values because the initial deformation are 

typically very small. 

Clamping 
POint 

Linear 
alipcrs 

A325 Boll 

Front of Test Plate 

ClampIng 
POint 

Linear 
ahpcrs 

A325 Boll 

Back of Test Plme 

Figure 4 Displacement Instrumentation 

As illustrated in Figure 4 the calipers were attached to the te t plate With a mall 

-clamp. This fixed one edge of the caliper while the other edge was po llIoned so that it 

re ted against the bottom of the bolt The deformations determined b thl etup included 

both elastic deformations in the plate as well as plate bearing deformations below the bolt 
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Load values were based on the load cell readings taken from the universal testing machine 

used to test the specimens. 

2.4 Test Setup 

The test setup used is shown schematically in Figure 5. The top of the test plate 

was bolted to the test rig with two or three I-in. diameter bolts. Spacing plates were used 

to center the plate in the test rig. The top and bottom of tbe test rig were placed in the 

upper and lower heads of a universal testing machine wbicb was used to apply the load for 

the test. A single A325 bolt was placed through the hole in the test end of the specimen 

and through two holes in the bottom test rig The 2-in. gap in the bottom test rig provided 

sufficient room for the plate and linear calipers. 

Top ofTest Rig 

Bottom of Test Rig 

Spacing Plates 

Connection Plate 

A325 Bolt 

2" 

Figure 5 Test Setup 
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2.5 Te t Procedure 

Test specimens were loaded to I kip at a rate ofO. I-in.lrninute. The calipers were 

then checked to ensure they were bearing on the bottom of the bolt The plates were then 

either loaded at a load rate of 2 kips/minute or at a displacement rate of 0 005-in.lminute. 

The displacement controlled loading was used in lieu of the load controlled loading in the 

latter test specimens because it was found to provide better control over the test. Once 

the load deformation behavior started to soften the specimen was loaded at a rate of 0.04-

in.lminute The initial deformation reading was taken when the load was between 2 and 3 

kips. Subsequent deformation readings were initially taken at approximately every 2 5 

kips After the behavior started to soften load readings were taken at approximately every 

o 05-in. of deformation. 

Specimens were loaded until either the specimen failed or the limits of the test 

setup were reached. The primary characteristic of the plate load-deformation behavior 

that prompted these tests was the initial stiffness. As a result, the test etup wa not 

designed to test all specimens to failure . Consequently, many specimens were not tested 

to failure but instead only initial stiffness data was obtained 

2.6 Re ults 

Test summaries for each test specimen are presented in Appendix D These test 

summaries consist of two pages. On the first page there is a summary of the geometric 

and material properties, a summary of the primary test results and test comments, and a 

plot showing the load deformation behavior for the specimen. On the second page the 

load-deformation data and a plot of the data used for determining the initial stiffness is 

presented 

The following sections describe the types of failure modes observed. adjustments 

that were made to the raw data, and the effect that plate width had on the load­

deformation behavior. Aside from these topics, additional discussion of re ults is not 

presented here. Rather, the remaining results are presented and discussed in the later 
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sections of the report as appropriate. This will allow the reader to focus on one particular 

characteristic of tbe load-deformation behavior at a time without having to constantly refer 

back to this results section. 

2.6.1 Types of failures 

As previously discussed, the maximum load that could be applied to the test 

specimen was limited by the test setup. In many cases this load limit was reached before 

any form of plate failure occurred. In some cases, however, plate failure occurred before 

the test setup limit was reached. Ln these tests there were four plate failure modes 

observed These failure modes are shown schematically in Figure 6. 

o o 

Bearing Tearout Splitting Curling 

Figure 6 Typical Plate Fa ilures 

These failure modes are described as follows 

• 

• 

• 

• 

• 

• 

• 

• 

• Bearing: Plate deformations exceeded O.S-in. without any substantial loss in load • 

capacity. This occurred in most of the specimens fabricated from mild steel and three 

of the specimens fabricated from high strength steel. 

• 
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. : 
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• 

• Tearout: A block of steel between the bolt and the free end of the plate starts to shear 

out resulting in a loss in load carrying capacity. This occurred in only one test . 

• Splitting: A split along the free end of the plate initiates and starts propagating toward 

the bolt hole. This occurred in all plates with sheared edges. Load capacity is usually 

not affected by the split until it propagates near the bolt hole. The rate at which the 

split propagates depends on the load stage. If the split occurs in the early load stages 

then the split propagates slowly; however, if the split occurs in the later load stages 

• then it typically propagated quickly leading to fairly rapid fai lure. 

• 

• 

• 

• 

• 

• 

• 

• C urling: The plate below the bolt buckles out of the original plane of the plate. This 

occurred in almost all Y.-in. plates that had end distances greater than or equal to two­

in. A loss in stiffness and eventually a loss in load capacity was associated with the 

plate buckling. Tests were typical ly stopped when the plate had deformed far enough 

to cause conflicts with the test setup or there was a drop in load carrying capacity. 

2.6.2 Adjustments to data 

Before the raw data could be used for the development and verification of load­

deformation behavior prediction models there were typically three and in some ca es four 

types of adjustments made to the data. First, estimates of elastic plate deformations and 

bolt deformations were removed from the raw data . Next, the new data was used to 

determine the initial stiffness of the specimen. The data was then shifted based on the 

initial stiffness such that the initial response passed through a point of zero load and zero 

deformation. Finally, in tests where excessive curling of the specimen occurred it was 

sometimes necessary to remove one of the linear calipers to prevent it from being 

damaged. For these tests data was adjusted for the missing caliper readings 

2.6.2. 1 Removing Elastic Plate Deformation.~ From Data 

The deformations read from the calipers included not only bearing deformations in 

front of the bolt but also elastic deformation of the plate. Because the bearing 

II 



deformations are the only deformations of interest it was necessary to estimate the elastic 

plate deformations so that they could be removed 

Based on the initial caliper reading and the bolt hole diameter the distance between 

the top of the bolt hole and the clamping point for the calipers was determined. The stress 

in the plate was then calculated as the plate load divided by gross area of the plate. The 

stress was then convened to strain assuming a modulus of elasticity of 29,000 ksi . The 

strain was multiplied by the distance between the top of the bolt hole and the clamping 

• 

• 

• 

point for the calipers to estimate the elastic deformations over this length. Any • 

deformation along the side of the bolt hole has been ignored and consequently has been 

lumped into the bearing deformations 

2.6.2.2 Estimating Bolt Deformations 

The bolt that the test plate was bearing against had to span approximately 2-in. 

between the plates of the bottom test rig. Consequently it is assumed that as the test plate 

was loaded the load on the bolt would cause tbe bolt to bend. The calipers used to 

measure deformations rested against the bottom of the bolt at a small distance from the 

faces of the test plate. The venical bolt deformation that occurs between the center of the 

• 

• 

test plate and the point where the calipers rest against the bolt would be included in the • 

caliper measurement. This situation along with tbe model used for estimating the bolt 

deformation are shown schematically in Figure 7. 

• 

• 

• 
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Figure 7 Vertical Bolt Deformations 

l 
1 

Both shear and flexural deformations were included because the height to length ratio of 

the bolt deformation model is as high as one-half. Based on the model assumed. the 

change in deformation can be expressed as . 

Where: 

t5 6. = ~[_I (La 2 

-~J +~] 
2 Elb 2 6 GAb 

k = Shear deformation shape correction factor, 4/3 for a circle 

L = Distance from the center of the plate to the face of the test rig, I-in 

a = Distance from center of plate to the caliper, O.2 IS-in. + tp/2 

(Eq I) 

These deformations were calculated and then subtracted from the caliper measurements 

2.6.2.3 Shifting Data Based on Initial Stiffness 

Once estimated elastic plate and bolt deformations were removed from the raw 

data, the first few data points were used to establi sh the initial stiffnes of the load 

deformation response. Based on a best fit line through these data points and the 
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corresponding load intercept, a fictitious caliper reading for zero load was determined 

(fictitious because no caliper reading was taken at zero load). Tne data was tnen shifted 

by subtracting the fictitious caliper reading from the actual readings. This shifts the data 

so that the load-deformation response passes through zero load zero deformation. 

2.6.2.4 Adjusting Data for Missing Caliper 

if plate curling was observed one of the calipers would be removed from the plate 

to prevent it from being damaged before the test was over. Prior to the caliper being 

removed the deformation was assumed to be the average deformation from the two caliper 

readings. The caliper readings from the remaining caliper needed to be adjusted so that 

they would be consistent with tbe average caliper readings that were previously used. 

• 

• 

• 

• 

This was done by determining the typical difference between the average reading and the • 

reading of the remaining caliper. This difference was then assumed to be constant for the 

remaining readings. These deformation readings based on the remaining caliper were then 

adjusted by this difference to estimate the deformation. 

2.6.3 Effect of Plate Width on Load-Deformation Behavior 

The effect of plate width on the load-deformation behavior was investigated by 

• 

comparing the results from tests 5, 6, 17, 18, 19, and 20. The only variable changed in • 

this group of tests was the plate width. Unfortunately, all the tests from this group except 

Test #5 failed because of plate curling. This premature failure mode prevented the tests 

from developing the full strength and I or deformation capacity. The load-deformation 

behavior for all the test from this group are plotted in Figure 8. 
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Figure 8 Effect of Plate Width on Load-Deformation Behavior 

• The following observations can be made by referring to Figure 8 

.. P 10 about 2S kips there is little if any difference between the tests 

.. Beyond 25 kips the tests pi it into two groups Tests 5, 19, and 20 stan to soften 

• compared to Tests 6, 17, and 18 

• 

• 

• 

• 

.. Out of the group that softened Tests 19 and 20 soon become unstable and curlmg 

failure ends the test while Test 5 continues and develops the full stren~>th and 

deformation capacity 

.. 

.. 

All the other tests developed the full load but then became unstable and curling failure 

ended the tests before they could develop the full deformation capacit 

The deformation at the end of the tests were between O. IS-in and 0 25-m for the te ts 

that failed by curling 

The affect of plate width on the initial stiffiless cannot be seen in Figure 8 because 

of the scale The initial stiffness values for the test group are given in Table 2 As can be 

seen in Table 2 the differences between initial stiffness values are Ie than 5% This 

15 



variation can easily be explained when considering the average coefficient of variation for 

each pair of tests is 9%. 

Table 2 ElTect of Plate Width On Initial StilTness 

Plate Average Initial 
Test Width Stiffness 

(in.) (lei slin. 

19 & 20 3.5 1515 
5&6 4.5 1525 

17 & 18 5.4 1590 

Based on the above observations the foUowing conclusions may be made about the 

effect of plate width. 

• 

• 

• 

• 

• The width of the plate may have some effect on the load capacity before the plate • 

becomes unstable. The wider the plate the higher the load before instability. 

• The width of the plate has a negligible effect on the initial stiffness. 

These conclusions are based on only six tests and the minimum plate width was 3.S-in. so 

they should be regarded as preliminary at best. 

If the plate width is less than 3.5-in. it is expected that the elastic stretching of the 

plate alongside the bolt hole will start to effect the initial stiffness value. In addition, as 

the plate width decreases the mode of failure would change from bearing type failure to a 

net section tension rupture. 

3. I nitial Stiffness 

The initial stiffness of the load-deformation behavior is one of the two most 

important quantities needed to provide reliable predictions of this behavior. 

Unfortunately, it is also the hardest quantity to predict and measure. Because of the 

difficulty in measuring experimental initial stiffness values, it was decided that a 

combination of experimental and finite element work would be used to develop and 

evaluate predictive models. 
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The following sections describe how experimental and finite element values for 

initial stiffness were determined. Existing models for predicting the initial stiffness are 

presented and a new model is developed These models are then evaluated against the 

experimental and finite element results. In addition, the effect of edge condition on the 

initial stiffness is discussed. 

3. 1 Data For Evaluation of Models 

There are two sources of initial stiffness data used to evaluate and develop an 

initial stiffness prediction model. First , experimental values of the initial stiffness were 

determined from the experimental work previously described. Second, a finite element 

model was constructed and verified against the experimental data. The finite element 

model was then used to conduct a parameter study. 

3.1.1 Initial Stiffness Values Based on Experimental Work 

This section presents a discussion and summary of the initial stiffness values 

determined from the experimental work previously. First, the basic method for 

determining the initial stiffness from the test data is described. Next, the sensitivity of the 

initial stiffness values to the effects of loading and unloading are discussed. This is 

followed by a discussion of how sensitive the initial stiffness values are to the accuracy of 

load and deformation measurement. Finally, a summary of the initial stiffness values along 

with upper and lower bounds for these values based on measurement accuracy is given. 

3. I. 1.1 HolY Illitial Stifflless Values Were Determilled 

There appears to be no indisputable method for determining the initial stiffness of 

test data. Each set of data has to be evaluated individually and some judgment must be 

used to determine which data points are appropriate for measuring the initial stiffness. For 

this reason it is not possible to give exact details on how the initial stiffness values were 

determined. However, in general the following procedure was used to determine the 

initial stiffness. 

17 
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After subtracting elastic plate and bolt deformations from the raw experimental 

data the first few data points were evaluated. The initial stiffness was defined as the 

maximum slope of a be t fit line through at least two measured data points. The data 

points used to determine the slope were not necessarily the first two data points. This is 

• 

• 

panicularly true for the thicker plates where the stiffness appeared to increase and then • 

decrease as load was increased. A plot showing data points chosen and the best fit line 

through the data is included with each test summary found in Appendix D 

3.1.1.1 Effect of Unloading and Reloalling 

Because of various problems with the universal testing machine used, the first 

measured load for some test specimens far exceeded the load range desired for 

• 

determining the initial stiffness. These specimens were unloaded and the test was staned • 

agam Consequently, the initial data recorded came from the second loading of the 

specllnen. 

To determine what if any effect this loading and unloading might have on the initial • 

stiffness three test specimens were intentionally loaded two times Deformation data was 

recorded for both the first and second load sequences. The stiffness was then determined 

for each load sequence These stiffness values are presented in Table 3. 

Table 3 Effect of Unloading and Reloading on Initial tiffness 

Test 

25 
26 
28 

First Stiffness 

1189 
669 

Second Stiffness 
(ki S/in. 

244 1 
2054 
1438 

• 

• 

As can be seen in Table 3 the stiffness determined from tbe second load sequence • 

was larger that that determined in the first load sequence for each test. The average 

increase was 821 kips/in This represents a significant increase compared to the first 

stiffness. The intent of the experimental work was to determine the initial stiffness of a • 
18 
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previously unloaded specimen. Consequently the initial stiffness values based on test data 

from pecimens that were unintentionall loaded, unloaded, and reloaded are not 

con Idered in the remaining discu ion and evaluation of results 

3. 1.1.3 Sellsitivity of Illitial Stiffllesl' to IIIstrllmetrtatioll 

To detennine the sensitivity of the measured initial stiffness to the accuracy of the 

mstrumentation the accuracy of the instrumentation must fir t be determmed The 

deformations were measured with linear calipers that are marked at every 0 00 I-in By 

interpolating between the marks, measurements were made to an accuracy of 0 000 I-in 

+/- 0 00025 Load was measured using the load cell in the universal testing machme The 

accuracy of this load cell for the typical loads associated with the initial stiffne s data was 

a sumed to be +/- 100 Ibs 

The first and last data points included for determining the initial stiffness were used 

to determine the upper and lower bounds for the initial stiffness. The variation in load and 

deformation was added and subtracted from the data point values Tllis created a box of 

pos ible load-deformation points that could have been read for each pomt pper and 

lo\~er bounds on the initial stiffness were based on slopes passing from the edge of the e 

boxes as shown in Figure 9 

p K, ..... 

Measured data POint 

Bounds on defoll113uon and 

toad accuracy 

Figure 9 pper and Lower Bounds For K; 
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3.1.1." Test Parameters and Experimental Initial Stiffness 

A summary of the test parameters that were varied and the values of the initial 

stiffuess are presented in Table 4. ote that test specimens which were unintentionally 

loaded, unloaded, and reloaded have been omitted. The initial stiffuess based on the best 

fit of the data as well as the upper and lower bounds on this stiffuess are included . 
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Table 4 ummary of Initial Stiffness and Test Parameters 

Bolt Plate Plutc End Edge Fv Fu IG Ki IG 
rest Diameter Thickness Widtll Distance C<Jndlbon Best FII Uppcr Lower 

(in) (10 ) ( 10 .) (in ) (k.,j) (hi) (k 10 ) (k In I (l 10 I 
I I 0.25 4 .5 I Sawed 60 100 11 38 1677 824 
2 I 015 4.5 I 'uwed 60 100 1278 1955 906 
3 I 015 4.5 1.5 SS\\ed 60 100 1511 1765 1336 
5 I 0.25 4.5 2 Sawed 60 100 1477 1866 1217 

6 I 0.25 4 .5 2 Suwed 60 100 1572 1999 1277 

8 I 0.25 4.5 2.5 Sawed 56.5 95 16-13 2089 1332 
9 I 0.25 4 .5 3 Sawed 60 100 1601 2038 1J03 
10 I 0.25 45 3 Sawed 60 100 2137 294(, 16-16 
II I 0.25 4.5 I Sheared 59 965 1258 1869 910 
12 I 0.25 4.5 I Shtllred 59 96.5 163 1 2995 1055 
13 I 0.25 4.5 2 Sheared 59 96.5 1542 1927 126 1 

14 I 0.25 4.5 2 Sheared 59 965 2057 2783 1604 
17 I 0.25 54 2 Sa\\ed 73.5 109 1777 2337 1416 
18 I 0.25 54 2 Snwcd 73.5 109 1403 1741 1157 

19 I 0.25 3 .5 2 SS\\ed 73 .5 109 1573 1988 1281 

20 I 0.25 3.5 2 SS\\W 735 109 1457 1821 1199 
21 0.875 025 4 .5 2 Slmcd 56.5 95 1124 1330 958 

22 0.875 015 4 .5 2 Sawed 565 95 1172 1421 996 
23 075 0.25 4.5 2 Sawed 56.5 95 1098 1306 9.11 

24 0.75 015 4.5 2 Ss,\cd 56.5 95 935 1087 813 

25 0.875 0.25 4.5 1.75 Sa\\td 56.5 95 16 11 20]8 1314 

26 0875 025 4.5 1.75 Sawed 56.5 95 1189 1451 1005 

28 0.75 0.25 4.5 1.5 Sawed 56.5 95 669 753 597 

29 I 0.375 5 1.5 Sh<lln:d 437 617 1393 1701 1164 
30 I 0.375 5 1.5 Sheared 437 637 1724 2220 1375 

31 I 0.5 5 1.5 Sawed 5D 748 1670 1917 149.1 

32 I 0.5 5 L5 S~l\\cd 51S 745 2779 4165 2044 
33 I 0625 5 1.3 Sa\\cd 437 633 2265 309(, 1757 

34 I 0 .625 5 2 Sa\\ed 437 63.3 2295 2852 1920 

35 I 0.75 5 2 Sa\\-ed 445 678 3590 49'-1 2752 

36 I 075 5 2 Ss\\cd 445 678 3531 4861 2717 

37 I 0.375 5 175 Sheared 434 63.9 1778 2335 1425 

38 I 0.5 5 1.5 Sawed 51.S 74 S I86S 2390 1512 

41 I 0.25 5 1.5 Sawed 44 S 65.5 1522 289.1 963 

42 I 0.25 5 I Sawed 44 S 65.5 561 667 462 
43 I 0.25 5 I Sawed 44 5 65.5 111 3 1484 860 
44 0.875 0 .25 5 I Sawed 44 5 65.5 902 11 2S 760 

45 0.875 0.25 5 I Sawed 44 .5 65.5 1056 1646 745 

46 0 .875 0 .25 5 1.3125 Sawed 445 65 .5 797 897 698 

47 0.875 025 5 1.3125 Sawed 44 5 655 856 1099 695 

48 I 0.25 5 I Sawed 44 .5 65 .5 388 4.11 349 

A summary of the average, minimum. maximum, and coefficient of variation of the 

best fit K, is presented in Table 5 with the tests grouped by parameters. The maximum 

upper bound and minimum lower bound values for the test group are also given. 
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Table 5 ummary of Initial tiffne s tatistics 

Tests Avernge Max MOl COY Upper Lo\\cr 

Bound Bound 

(l<IlO I (\;/10 I (\;/10 I (kim.) (\;/10 I 

1, 2 1208 1278 11 38 8% 1958 824 
3 1511 · · · 1765 1336 

5,6 1525 1572 1477 4% 1999 1217 
8 1643 · · · 2089 1312 

9, 10 1869 2137 1601 20% 2946 1303 
11 , 12 1445 163 1 1258 18% 2995 910 
13, 14 1799 2057 1542 20% 27 3 126 1 
17, 18 1590 17n 1403 17% 2337 11 57 
19, 20 1515 1573 1457 5% 1988 11 99 
21, 22 1148 11 72 11 24 3% 1421 958 
23, 24 1016 1098 935 "". 1306 813 
25, 26 1400 1611 II 9 21% 2038 1005 

28 669 · · · 753 597 
29, 30 1558 1724 139 15% 2220 11 64 

37 1778 · · · 2335 14 25 
31 1670 · · · 1917 1494 

32,38 2322 2779 1865 28% 4165 1512 
33,34 2280 2295 2265 10/0 3096 1757 
35, 36 3560 3590 1531 1% 4934 2717 

41 1522 · · · 2894 963 
42, 43, 48 687 1113 3 8 55% 1484 49 

44, 45 979 1056 902 11% 1646 745 
46,47 826 856 797 5% 1099 695 

3.1.2 Initial tiffne s Data Ba ed on Finite Element Model 

The initial stiffness for a limited number and range of plate and bolt parameters 

were investigated experimentally Additional data is needed to develop and / or verity a 

model for predicting initial stiffness. Finite element models of the single plate bearing 

against the single bolt were developed for this purpose. The finite element program 

ANSYS was used to analyze the models. The fini te element model was initially verified 

against the experimental data 

parametric study. 

ext, the finite element model was used to carry out a 
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3. 1.1.1 Finite Element Mesh and Elemellls 

Plate bearing against a bolt first appears to be a problem that can be modeled in 

two dimensions. However. the initial stiffness values obtained from preliminary two 

dimensional finite element models were in general much higher than the values determined 

experimentally. This was true even with very fi ne meshes. ollsequently. a three 

dimensional model was constructed. As discussed later. this model compared much better 

with the test data. A typical three dimen ional mesh is shown in Figure 10 

J 
I I 

I i 
, I I 

I 
I : I I 

I J 
I I 

'", / I I 

~.~1t I ' Y I 
~~ ~ ~J rf , 
~ r ... l'1'. J] , 
~~ ,~ 

... r::::J 
, 

l\-Boll Face \..- loading Surfa X 
Plane of S)mmelr) 

1- Fronl of Boll Hole 

Figure 10 Typical Finite Element Mesh 

ANSYS Solid 4S elements were used which are 8 node 24 dof elements 

Depending on the thickness of the plate being modeled the mesh is one to four elements 

deep ANSYS Contact 49 elements were used to model the contact occurring between 

the bolt face and the front of the bolt hole Boundary conditions were apphed to the bolt 

face such that it acted almost as a rigid surface. Attempts to refine the me h den Ity and I 

or use higher order elements resulted in very little if any change in initial stiffness values 

The three-dimensional plate is doubly symmetric with planes of symmetry Iymg 

parallel to the length of the plate. One plane passes through the plate mId-thIckness and is 

parallel to tbe face of the plate while the other plane passes through the center of the bolt 
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hole and is perpendicular to the face of the plate (the second plane is shown in Figure 10). 

Because of the symmetry, only half the thickness and half tbe width of the plate was 

actually modeled. 

3.1.2.2 Stress-Straill Relatioll.\·ltip 

Piece-wise linear representations of the steel stress-strain behavior were used in the 

finite element models for the elements in the steel plate. The stress-strain behavior was 

based on tensile test data of the steel used to fabricate the experimental test plates and a 

statistical study of mild steel stress-strain behavior (Rex and Easterling, I 996(a» . All the 

stress-strain relationships used for verifying the finite element results are given in Table 6. 

[n add ition, data for a typical stress-strain plot is given. This typical behavior depends 

only on values of Fy and Fu. A set of example data for Fy and Fu of 50 and 70 ksi 

respectively is also given. 

Tab[e 6 Stress-Strain Relations Used For Finite E[ement Model 

SCI2 SC22 SC44 SC4~ SC46 

" " • " " " c " " " 
( lit 10.) (PSI) (mj m.) (PSI) ( IR., Ill) (PSI) (m.lln.) (psi) (10. U\.) (PSI) 

0001776 ~ I ~oo O.ool~ 43~00 0.00 1534 44 ~00 0.00 1379 40000 0.001379 40000 

002 ~I~oo 0.Q2 43~00 0.02 44~00 0.003 ~~ooo 0.002 ~0000 

O.O~ 6332~ O.O~ ~41 4~ o O~ ~7630 0.Q2 78000 0.007 60000 

0.1 7077~ 0.1 60~ 1 ~ 0 1 6441 0 OO~ 92000 O .O~ 8~OOO 

0.2 74~00 0.2 63700 0.2 67800 0.1 100000 O . I~ 9~000 

I 74~00 I 63700 I 67800 O . I ~ 100000 I 9~000 

I 100000 

SC4~ SC~ I Typical Fy · ~o Fu - 70 

I; c • " c " • " 
(In. 10) (psi) (In.. m.) (psi) (Ul. In.) (PSI) (10, In.) (psi) 

0.00207 60000 0.00 1 ~34 44~00 Fy/E Fy 0.00 1724 ~oooo 

0.003 74000 0.02 44~00 002 Fy 0.02 ~oooo 

0.006 74000 O . O~ ~~67~ O.O~ 0.85 Fu O.O~ ~9~00 

0.04 100000 0.1 6222~ 0.1 0 . 9~ Fu 0.1 66~00 

O. I~ 109000 0.2 6~~00 0.2 Fu 0.2 70000 

I 109000 I 6~~00 I Fu I 70000 
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The stress-strain values in Table 6 are engineering (Lagrangian) stress-strain 

values These values were converted to true stress and true or natural stram before being 

used in the finite element models The definitions of true and engineering stre ses and 

strains along with conversions from engineering to true stresses and strains are given by 

~= ~~ (~~ 

a ... = PIA. = aen, (I + E",.) 

E"" = ~UL() 

E""" = In ( LILo ) = In (I + Een 

(Eq 3) 

(Eq 4) 

(Eq S) 

Where P is the tensile test load, Lo and Lt are the initial and final lengths of the ten lie test 

pecimen, and ~ and A. are the initial and true cross-sectional area of the tensile test 

specimen respectively The conversions were given by the Y User's Manual (1992) 

The MlSO option in the SY finite element program wa used for entering the 

piece-wise linear stress-strain behavior. This option uses von Mises yield criterion, an 

a ociative flow rule, and isotropic work hardening. 

3. 1.2.3 Analysis Procedure amI Determ;lIlttitm of Results 

The finite element model was loaded by giving the loading surface (Figure 10) a 

fixed displacement of 0 O~S-in. in the positive X direction This displacement was ch~sen 

becau e it was about the average deformation associated with the last data pomt used to 

determine the initial stiffness for the experimental tests Force developed through the 

contact between the bolt hole and bolt face. Displacement was defined as the hole 

elongation which was determined by evaluating the X displacement of the nodes on the 

back face of the bolt hole. 

The total displacement of 0 O~S-in was typicall broken up into fi ve or more 

steps At each of these steps the contact forces and the displacement were detenruned 

These force and displacement points were then plotted and a best-fit hne \ as pas ed 

through the data to determine the initial stiffness. 
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3.1.2.4 Verification of Finite Element Model 

Twenty fi nite element models were used for verification against the experi mental 

data These models included all the parameters that were included in the experimental 

tests except fo r edge condition which will later be shown to have no effect on the initial 

stiffness. Nominal values for the geometry were used. These include the plate thickness, 

plate width, end distance, bolt hole size, and bolt diameter. The model parameters, model 

results, and the corresponding experimental test results are summarized in Table 7. A 

graphical summary of the results is presented in Figure 1 I. Note that the experimental test 

results in Figure II have error bars representing the upper and lower bounds on the initial 

stiffness. 

Table 7 ummary of Finite Element Verification Model Parameters and Results 

ISteel Coupon lpp" Lo",,, 

Model Bolt Plate Plate End a-. Model ie_ponchn t\v&- Test Bound Bound 

DIameter Thi~ Width 0.""""" Appro .. K, TeMNo, K, ", I\.i 
( ",1 ( IR ) (tn.) (In.) (1.>", on I (k, .. on ) (lollS on ) (lo,.. ,n ) 

\"OI~UD I 025 4l I SC'1 117~ 1.2 1208 1918 824 

V02~UD I 02l l I S I I 10X I 42.43.48 687 1484 149 

\'0 IUD I 021 4 1 U S 41 Il97 3 1111 176l 1316 

\"(J4IUD I 02l l 1.1 SCII 1221 41 Iln 21<94 963 

,OlM3D I 0.2l 4l 2 SC41 1714 l.6 1121 1999 1217 

V061UD I 02l 4l 2.l SC46 1662 8 1643 201!9 1332 

V07\UD I 0.2l 4l 3 S 4l 1641 9, 10 1869 2946 1)03 

\"O.IUD I 021 1..1 2 'C48 1947 17. 18 1190 2337 IIl7 

\"09\UD I 0.21 3.l 2 SC48 1826 19,20 Il l l 1988 11 99 

VIOM3D I O.37l I U SC2" 1860 29.30 Ill8 2220 11 64 

VIIM3D I 0.371 I I7l SC22 INn 37 In8 233l 1421 

VI1M3D I 0.1 I I.l SC I2 3032 3UX 2322 41 61 11 12 

VI3\ UD I 0.62l l 1.3 S 43' 310l 31.34 nl<O 3096 1717 

VI 4\UD I 0.71 I 2 SC44 4424 3l,36 1160 4934 27 17 

VIl M3D 087l 0.21 4 2 SC46 Il33 21.22 1148 1421 918 

VI6M3D 0 871 0.2l 4 171 SC46 Il l7 2l.26 1400 2038 100l 

VI7M3D 0.87l 0.2l I I S I I 107 1 44.41 979 1646 74l 

V18113D 0871 0.21 I 1.3 12l SCI I 11 12 46.47 826 1099 69l 

VI9M3D 071 02l 4 2 SC46 1422 23.24 10 16 1306 813 

V20100 0.71 021 4 I.l SC46 1403 28 669 713 197 

' SC' and SC43 about same as sen 10 sen used lIlSIead 
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Figure II Finite Element 10del K; Vs, Experimenta l K, 

Comparison of the finite element re ults to the expenmental test results In Figure 

I I shows that all but four of the finite element results fell witlun the upper and lower 

bounds for the experimental test results 

model and experimental test results include 

ources of difference between finite element 

• Difference between the nominal and actual geometry 

• Difficulty in experimentally measuring initial stiffness 

• ariations between the actual and modeled stress-strain behavior 

Overall, the agreement between the finite element results and the te t re ult IS deemed 

satisfactory. 

3. 1.2.5 Parameter Finite Element Models 

Approximately 140 finite element models were analyzed to investigate the effect of 

changing parameters The parameters included were 
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• Bolt Diameter 3/4-in., 7/S-in., and I-in. 

• Plate Thickness ' liS-in to I-in. in increments of liS-in. 

• Edge Distance: I-in. to 3-in. in increments of 1/4-in. 

• Yield Stress: 35 ksi to 60 ksi in increments of 5 ksi 

• Ultimate Stress: 50 ksi to 100 ksi in increments of 10 ksi 

A summary of the model parameters and results is given in Appendix C. Plate 

width was not included as a variable based on the experimental results discussed in Section 

2.6.2 

The following observations were made based on an evaluation of the finite element 

models. 

t large end distances: 

• End distance had no effect 

• K, was linearly proportional to the thickness and the yield stress of the steel plate 

• K, was not affected by changes in the ultimate stress of the steel plate. The ultimate 

stress had little influence simply because the strains associated with determining the 

initial stiffness were typically smaller than the strains associated with significant strain 

hardening. 

• The ratios between K, of different bolt diameters were approximately constant. The 

ratio of K; for I-in. diameter bolts over 3/4-in. diameter bolts was on average 1.23 

with other parameters constant. The ratio of 7/S-in. diameter bolts over 3/4-in. 

diameter bolts was on average 1.13 with other parameters constant. 

At small end distances K; is dependent on a complex inter-relationship between the 

plate thickness, end distance, bolt diameter, and plate yield stress. The initial stiffness 

values based on finite element models for a 114-in. plate with a yield stress of 45 ksi and 

varying end distance and bolt diameter are plotted in Figure 12. 
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Figure 12 Relation Between Bolt Diameter, End Distance & K, 

Review of this Figure 12 shows the effect which reducing the end distance has on the 

initial stiffness for different bolt diameters . For the 'I.-in. bolt there is little to no effect on 

the initial stiffness for end distances as little as I-in. For I-in. diameter and 7/8-in. 

diameter bolts the end distance has an effect on the initial stiffness stamng at end distances 

of I 75-in. and 1.5-in. respectively. 

A relationship between end distance and Fy also exists. Finite element models for 

\4-in plates and I-in. diameter bolts with varying end distance and F y are plotted in Figure 

13 The initial stiffuess values have been normalized by the initial stiffness determined at 

large end distances which is termed the bearing stiffness K",. Review of Figure 13 shows 

that as Fy increases the effect of decreasing end distance becomes larger. 
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Figure 13 Relation Between Yield Stress, End Distance & KI 

3.2 Exi ting Prediction Model 

Three models for predicting the initial stiffness of bolted joints, in which bolts are 

not fully tightened, were reviewed from the literature. These are described in the 

following paragraphs 

The first of these was given in Eurocode 3 Annex J (1994) This was developed 

for the purpose of determining the initial stiffness of the moment-rotation behavior of 

bolted joints where the bolts are in shear and not fully tightened. This initial stiffness is 

given by: 

Where: 

K, = 2414, k. db F. 

14, = Minimum (1...,,/ (4db) + .5 or 5 I (4db) + .375) $ 1.25 

k, = 1.5 tp I dml6 $ 2.5 

30 

(Eq 6) 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

dml 6 = Nominal diameter ofa MI6 bolt (16mm) 

Tate & Rosenfeld (1946) developed a method for determining the bolt load for a 

particular bolt in a butt joint with multiple bolts. In doing so they developed an expression 

for estimating the stiffness of bolts. The stiffness, Kb, is based on a combination of 

deformation constants associated with bolt shear (C",), bolt bending (Cbb) , bolt bearing 

(Cbb<), and plate bearing (Cpb<) . 

Where: 

t + 21' 
Cb.= --

3GAb 

(t + 2t') 
Cbb< = -'----'­

Ett' 

I 2 
Cp",=-+-

t'E IE 

t' = Thickness of lap plates 

t = Thickness of main plates 

A review of this derivation gives the estimate of the plate bearing stiffuess as 

K, = tp E 

(Eq 7) 

(Eq 8) 

(Eq 9) 

(Eq 10) 

(Eq II) 

(Eq 12) 

Fisher (1965) reported that Vogt (1947) developed a theoretical approximation for 

the load deformation of riveted assemblies . The stiffness is based on bending and shear 

deformations in the bolt and an approximation of bearing deformations in the plates. 

31 



(Eq 13) 

A copy of Vogt ' s paper was not obtained, consequently it is unclear what part of the 

expression deals with bearing deformations of the plates. Vogt' s expression will not be 

evaluated later; but, it has been presented bere for completeness. 

3.3 Proposed Model 

Based on the results from the finite elements models and the experimental tests it 

appears that the initial stiffness depends on three primary stiffness values in the plate. The 

stiffness associated with bending, shearing, and bearing combine to determine the final 

initial stiffness. The bending and shearing occurs in the portion of the plate between the 

bolt and the free edge of the plate. Bearing occurs at the contact between the bolt and the 

plate. The model that accounts for these three stiffness values is simply three springs in 

senes. The final stiffness is given by 

Where 

Kbr = Bearing stiffness 

Kb = Bending stiffness 

Kv = Shearing stiffness 

I I I 
+ + -

Kb. Kb Kv 

(Eq 14) 

This simple model is consistent with the observations made from the finite element results. 

At large end distances the bending and shearing stiffness values would be large compared 

to the bearing stiffness. This means only parameters affecting the bearing stiffness would 

have an affect on the final stiffness. As the end distance becomes shorter the bending and 

shearing stiffness values start to become more comparable with the bearing stiffness and 

consequently start to have an affect on the final stiffness. 
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The three stiffness values, Kt"., ~, and Kv should be related to the material and 

geometry of the plate and bolt The following two sections develop analytical expressions 

to predict these stiffness values. 

3.3.1 Bearing Stiffne 

At large end distances the initial stiffness is primarily controlled by bearing 

deformations. The physical reality of a bolt bearing on the side of a bolt hole is really a 

complex three dimensional problem involving material non-linearity Some Simplifications 

of the real problem have to be made to develop a model that relates the plate geometry 

and material to the bearing stiffness. Two assumptions were made to implity the 

problem. First, the problem is assumed to be two dimensional, and second, the steel in 

contact with the bolt is assumed to be at its yield stress With these two assumptions the 

basic problem becomes one of geometry 

The bolt and the bolt hole are modeled as two circles of different radii . The bolt 

has a radius of RI and the hole has a radius of R2. Note that R2 is always larger than RI. 

Bearing deformations are represented by the ponion of the bolt circle that lies out ide the 

bolt hole circle. This basic geometry is shown in Figure 14 
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x 
Bearing Deformation 

Figure 14 Bearing Stiffness Model 

The bearing length will be defined as the portion of the bolt circumference that is in 

contact with the bolt hole. The bearing area is then defined as the bearing length times the 

plate thickness. Finally, the bearing force is given by the bearing area times the yield stress 

of the plate. 

Initially (i .e. prior to load being applied), the bearing area would be zero. As load 

is applied the bearing area has to increase in proportion to the load. The deformation 

required to cause the appropriate increase in bearing area is proportional to the radii of the 

bolt and the bolt hole. Based on the geometric definitions given in Figure 14 the fo llowing 

relationships can be derived. 

Bearing Area = 2 al RI t" (Eq 15) 

And 

(Eq 16) 
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The derivation of ell is given in Appendix B. Note that!!. in Equation 16 is the vertical 

distance between the center of the bolt and the center of the hole which is equal to the 

maximum bearing deformation plus the difference between the bolt radius and hole radius 

The bearing force for a given bearing deformation can be determined with 

Equations 15 and 16. The stiffness can then be approximated as the force divided the 

maximum bearing deformation. 

For standard holes the hole radius is 1/32-in. larger than the bolt radius Assuming 

standard boles and a assuming a bearing deformation of 0.004-in. the initial stiffness based 

on the above model is given as 

(Eq 17) 

The assumed bearing deformation of 0.004-in. was based on comparisons between the 

resulting value ofKbc and the results of the finite element models. 

Because of the simplifYing assumptions made to derive Equation 17 there are some 

discrepancies between initial stiffness values determined using the equation and the values 

determined from the finite element models. omparisons to the finite element results 

suggested that the relation between bolt diameter and initial stiffness was not exactly 

linear. To account for this difference one modification is made to Equation 17 to yield tbe 

final equation for determining the bearing stiffness. 

% = 120 tp Fy dba' (Eq 18) 

3.3.2 Bending And Shearing Stiffness 

The bending and shearing stiffness values are similar to the bearing stiffness in that 

they are in reality a complex three-dimensional problem with some material non-linearity 

A very simplified model of the real problem is assumed to develop an analytical expression 

to determine the bending and shearing stiffness. The steel in from of the bolt is modeled 

as an elastic fixed end beam of length L and height h. This basic concept is shown 

schematically in Figure 15. 
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Figure 15 Bending And hear tilTne s Model 

Before bending and shearing stiffness equations can be derived for the fixed end 

beam the distribution of load on the beam must be assumed Ln addition, the relationship 

between the slenderness of the beam (Uh) and the geometry of the plate must be 

determined. Three load distributions were considered: point load at the midd le of the 

beam, a triangular load with the apex of the triangle at the middle of the beam, and a 

uniform load. Three measures of slenderness were also considered. 

Shearing and bending stiffness equations were determined for each load 

di stribution and slenderness measure. These stiffness values were then compared to the 

fimte element model results Based on this comparison, a uniform load di tribution was 

chosen and the best slenderness measure was chosen. The expressions for the bending 

stiffness, shearing stiffness, and the inverse of the beam slenderness are given as 

Kb = 32 E tp (h/L)3 (Eq 19) 

Kv = 6.67 G tp (h/L) (Eq 20) 

h/L = Ljdb - 1/2 CEq 21) 

Equations 19 and 20 are derived in Appendix B. The value of the slenderness basically 

assumes the beam has a length of db and a height of L. - dt/2 which is a reasonable value 

based on the geometry shown in Figure 15. 
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3.4 Evaluation of Exi ting And Propo ed Models 

The proposed initial stiffness model as well as the existing models given by E 3 

Annex J (1994) and Tate and Rosenfeld (1946) were evaluated against the experimental 

and finite element data Initial tiffness values were determined using each of the models 

The test and finite element initial stiffuess values were then divided by the predicted 

values. The results of this evaluation are presented in Table 8. 

Table 8 Evaluation of KI lodel 

10del Pro osed EC3 Annex J Tate & Rosenfeld 

Experimental Results 
Average 088 I 15 017 

CO 23% 24'1-. O· • 
Finite Element Results 

Average 1.02 1.48 o 17 
COY 5% 16% 14% 

The model by Tate and Rosenfeld (1946) did not compare favorably With test or 

finite element initial stiffness values This wa expected based the implicit and lack of 

parameters in the predictive model onsidering the expenmental stiffne s re uhs the 

proposed model and the model in EC3 Annex J (1994) were comparable. The propo ed 

model tended to over predict the stiffness and the model in E 3 Annex J (1994) tended to 

under predict the stiffness Both models had similar variation around the mean "Ith 

regard to the finite element results the proposed model compared much more favorably 

than the model in ECJ Annex J ( 1994). 

The following observations are based on a qualitative comparison of the proposed 

model and the model given in E 3 Annex J (1994) 

• When the end distance is reduced to 0.5 db the proposed model gives a zero stiffness 

while the model given in EC3 Annex J (1994) does not In reality. when the end 

distance is reduced to 0.5 db there would only be a small shver of steel between the 

edge of the boh and the free edge of the plate. For this condition a zero stiffne s 

seems appropriate. 
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• Both the proposed model and the model given in EC3 Annex J (1994) are linearly 

related to the plate thickness. The model given in EC3 Annex J (1994) indicates tbat 

this linear relationship ends when tp ~ I .OS-in. and that subsequent increases in tp will 

not increase tbe stiffuess. The experimental and finite element results do not include 

• 

• 

any plates above I-in. in thickness. Consequently, this particular aspect cannot be • 

evaluated in a definitive manner; however, it is hard to believe that the initial stiffuess 

would not increase at all with increasing plate thickness. 

• Both models do account for reductions in stiffuess as the end distance is reduced. 

• The proposed model is linearly related to Fy while the model given in EC3 Annex J 

(1994) is linearly related to F.. The results from the finite element models clearly 

showed a relation to the F y and not F. 

• either the modulus of elasticity or the shear modulus are parameters in the model 

given by EC3 Annex J (J 994) while they are both parameters in the proposed model. 

However, EC3 (1993) is for steel structures and the general assumption would be that 

the given model is applicable only to steel. 

Without knowing the basis for the development of the model given in EC3 Annex 

J (1994) a broad conclusion that the proposed model is better than the model given in EC3 

• 

• 

• 

Annex J (1994) is partly unjustified. The only justification for such a conclusion is the • 

comparison to the finite element model results. However, because the finite element 

model is itself an approximation to the real behavior it is uncertain that this comparison is 

truly valid. For purposes of the current work the proposed model is used. 

3.5 Effect of Plate Edge Condition 

Some of the experimental tests were designed to determine the effect the plate 

• 

edge condition may have on the initial stiffness. The measured initial stiffness values for • 

these tests are presented in Table 9 The only difference between the tests in Table 9 was 

the end distance and edge condition. Based on these results it appears that the edge 

condition has no conclusive effect on the initial stiffness. • 
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Table 9 Effect of Edge Condition On Initial Stiffness 

End Edge First Initial A verage Initial 
Test Distance Condition Stiffuess Stiffness 

(in) (kips/in.) (kips/in.) 
I I Sawed 1132 1201 
2 I Sawed 1270 -
II I Sheared 1250 1435 
12 I Sheared 1619 -
5 2 Sawed 1467 1514 
6 2 Sawed 1560 -
13 2 Sheared 1530 1530 

3.6 Summary 

Lnitial stiffness values based on the experimental tests were determined. In 

addition, finite element models were developed and used to analytically determine the 

initial stiffness for a wide range of variables. Based on the experimental and finite element 

results a model was developed that can be used to predict K,. This model along with 

existing models were evaluated against the experimental and finite element results. In 

general, the proposed model compared well with these results and is consequently 

recommended for use. 

The proposed model is based on very fundamental mechanics. However, there are 

four aspects of the proposed model that were based on comparisons to the experimental 

and finite element data. These include 

• 

• 

• 

• 

The bearing deformation of 0.004-in. used to determine the 120 constant for the 

bearing stiffuess. 

The 0.8 power on the bolt diameter for the bearing stiffness. 

Using a uniform load distribution for the development of the bending and shearing 

stiffness. 

Using L.ldb -1/2 as a measure of the slenderness for bending and shearing stiffness. 

Because these aspects of the model were somewhat dependent on the experimental and 

finite element results it is not recommended that the model be used outside of the range of 

parameters included in the experimental and finite element studies. 
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4. ominal Strength 

This section considers the nominal strength of the plate in front of single bolt in a 

standard hole (db + 1/ 16-in). The nominal strength represents the upper boundary on the 

load-deformation behavior and will be limited by one of three failure modes; bearing, 

tearout, or splitting. Note that the curling failure mode is not considered here because it is 

not a common failure mode seen in typical steel connections. These failure modes were 

described in Section 2.6 I of this repon 

Data on the nominal strength from two experimental investigations is presented. 

This data is used to evaluate four existing strength models. Based on this evaluation one 

strength model is recommended. 

-'. 1 Experimental Data For Evaluation of Model 

There are two sources of experimental data. The first source of data is the 

experimental work that was conducted at VT and described in Section 2 of this repon. 

The second source of data is the experimental work conducted at Oklahoma State 

niversity (OSU) by Lewis (1994) 

4.1.1 Experimental Work Conducted at VT 

As described in Section 2 of this repon, 46 single bolt single plate tests were 

conducted Out of those tests 20 fai led by either bearing, tearout, or splitting. The results 

of these 20 tests are summarized in Table 10 along with the imponant plate parameters. 
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Table 10 ummary of Nominal trength Parameters and Re ults 

rest Ip Le ru db Rull 1 'a Rull R (ii 02S" " lncrease ',IncrCl.SC F.liu~ 

(on ,) (on ) cUt) (m) (lips) (10) Clips) InR In~ Mode 

I 02S I 100 24 J 02174 243 0', · Beanog 
2 02S ) 100 221 02498 22.3 0', 0'. Tearout 
1 0,25 IS 100 142 0 4171 31.3 3', 67', SpillUI1& 
4 0,25 1.5 100 118 0,3851 33.0 2", 54', Beanng 
5 025 2 100 432 0.129 1 42 I 3', 32', Beanng 
II 025 I 965 2.18 0.20 17 237 0', · SPIDlng 
12 025 I 965 22 .1 0226 1 21 9 I', · SpllUng 
29 0.375 IS M7 325 01557 . . · SplJlUng 
lO 0,375 IS 617 107 02205 J06 0', · SpllUn 
17 0,375 175 619 154 02115 354 0', · Sp1ltang 
W 025 IS 65 I 2S1 01068 239 ~, 10.'" Ilcanng 
40 025 1.5 6S5 25 ,9 0.5072 24 I 7', IO~·. BeannS 
41 025 1.5 bI.5 217 04996 24 I 7', 100', Beanng 
42 025 I 6S1 16.1 0.1338 160 2", ]4' , Beanns 
41 0,25 I 65 .5 ) 16.3 0,)807 116 4', Sll, Beanng 
+I 025 I 651 0871 161 0.3833 118 2", S-", Beanng 
41 021 I bll 0875 160 0.3210 118 I', 2J!;' , Beanng 
46 0,21 13121 611 0875 22 .1 0 44n 21 I S', 7'1', lleanng 
47 0,21 1.3 125 65.5 0871 226 0 -1486 21 6 4', 79', Beanng 
48 025 I 65,5 I 171 0,3734 169 2", 49' , lleanng 

Ln Table 10, R.II is taken as the maximum test load measured before the test ended, 

and, @ R.II is the deformation al this maximum load. If two or more load-deformation 

point had the same maximum load value then the first of these points was used 

Bearing failure in Table 10 means the bolt hole elongation reached 05-10 and the 

test was stopped, For later evaluation the load at 0.25-in, of hole elongation is also 

included in Table 10, The percentage increase of R. compared to R @ 0,25-in and the 

percentage increase in @ R. compared to 0 25-in. is also included for later evaluation 

4.1.2 Experimental Work Conducted at 0 

Lewis (1994) conducted 48 single plate single bolt tests, Variables considered in 

the test program included the clear distance (L.:) which was varied from 0 125 to 2 75-in., 

Ihe plate thickness which varied from 25 to 75-io" and the bolt diameter which varied 

from ,625 to I-in, The plates were a1l 4-in. wide with standard holes and were fabricated 

from A36 steel. The clear distance is the distance from the froot edge of the bolt hole to 

the free edge of the test plate A summary of the variable and test re ults is presented in 
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Table II. For comparison purposes the end distance (L.) was calculated and IS also 

included in Table II . 

Table 11 Test Data Reported By Lewis (1994) 

Tal Ip ... Co Fu 8011 O. R..JI F.I~ 

No In) In) 1m) (Iw) (m) -) M .... 

I 026 067' 0212 10. 075 113 T ...... , 0153 061'2 0006 727 075 1122 T ..... 
) 025) 1 17S 0769 727 075 1222 T_ 

• 025. 1638 1 232 727 075 29' T_", 

5 0252 11IlI4 1 4711 727 075 3) 45 Tcsrou\ 

6 0 741 0 706 0) 637 075 329S TClirout 
7 07<6 om 0 ' ''' 637 075 44 7 T"",,'" 

• 0753 1 120 071 4 637 075 S73 T ...... 

• 0746 I". II) 63' 071 1J !S T"",,'" 
10 OlS2 om 02(14 727 1 11 IS T_ 

Il 025 1211 01S 727 1 ~os T"", .. 

11 0252 1176 1245 7" 1 n il T""" .. 
IJ 0251 181)(1 1'Z69 72' I .,,,. T ...... 

l' 07' om 0241 637 1 un T ...... 

11 07 .. 1 21S 0'''' 637 I "' . T_ 

16 OU2 Ins 12>1 637 I , 5 T_ 

17 .743 0.14 0213 62 .. I 161\ Tdn>Ul 

" 0'" 1296 0'65 62 .. I 615 r"",,,, 
I. 0143 1167 1 236 62 4 I 90 TcatOul 

20 0251 0117 0256 70' I 1 25 T_" 
21 025 1297 0'66 10. 1 23 It Tearout 

22 025 1700 1229 10. 1 31 • T"", .. 

" 0252 "." 22M 10. I 42 !., T ...... 

" 025 07>' o lSI 709 I 114 T"",," 
11 025 1192 0786 109 07< 22 7\ r"""", 
26 0252 1662 1:256 70' 075 301S r""" .. 
21 0252 191)4 1 .911 J09 071 jJ os T ...... 
2. 0142 o 50s 0119 .,. 075 266' T ...... 
19 0744 0'73 0<6' 624 075 449 T ...... 
10 0142 1207 0101 .,. o 71i 61" T ...... 

31 0742 1 41 1 1011 62 • 07< '" T ..... 

Jl 0745 0479 0073 62 .:.1 07< 12 I T"",'" 
JJ 0251 0646 0302 70" 0625 I II ....... 
" 0251 1 )10 1036 707 062$ ". ....... 
)5 0151 109S 17S1 70' 0625 :. ....... 
36 0249 '994 2: 65 70" 0.25 lOS ....... 
)7 025 19m 2496 707 075 )2 ....... 
). 0491 2906 2S 66) 075 10 -)9 05 '946 25. 70S 075 69S ....... 
40 0148 0&94 0 48. 62' 071 44' ....... 
'1 0141 112-4 011' 627 015 56 ....... 
" 0 748 197. 1S7 627 075 liS -.) 07. 2llJ 1917 627 075 90 Sao...,. .. 0 74 1 06J 0,532 617 I 101 s"""", 

' 5 0.745 1m 0742 637 I 60' ""-
46 07S1 1031 I SOl 627 1 IIGl s"""", 

" o 74S 3069 153. 637 I 103 -., 0746 )061 lS3 6" 1 1065 ....... 
3lS 0251 0646 OJOl 70" Oill 113 T_ 
)4S 0251 1310 1036 707 o ill 2522 T ...... 

)SS 0251 109S 17S1 707 o ill 31 55 T ...... 
3611 024.9 2994 l65 ,.. Oill 31 n T ...... 
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Bearing failure in Table II means the bolt hole elongation reached 02S-in and the 

test was stopped. This definition of bearing failure is different from that u ed for the te ts 

conducted at VT The definition of bearing failure at 0.2S-in. of hole elongation is based 

on the recommendation of Frank and Yura (1981). 

4. 1.3 Evaluation of Experimental Re ults 

The foUowing pre ents a discussion and comparison between the two sets of 

experimental results. The particular topics of discu sion and comparison are based on 

conclu ions made by Lewis (1994) 

Lewis concluded that extreme deformations were required to cause tearout failure 

The only test conducted at VT that failed by tearout was Test 2 Test 2 failed at a 

deformation of approximately 02S-in. This deformation is not extreme. however. F. was 

100 ksi for steel used to fabricate Test 2. In addition, the percent elongation was only 

18% which is low when compared to a more typical value of 30% for mild steel These 

are the most likely reasons for the low deformation at tearout failure as ociated with Test 

2 0 other tests conducted at VT failed by tearout because the te ts were ended at a hole 

elongation of O.S-in The eventual mode of failure for many of the e test would have 

been tearout if the tests were continued 

agree with the conclusion by Lewis 

onsequently, the tests conducted at VT do 

Lewis concluded that increa es in the clear end distance beyond I 6-in did not 

increase the strength of the test specimen significantly. The largest clear end distance 

associated with the tests conducted at VT which did not fail prematurely b plate curling 

was I S-in Consequently, no agreement or disagreement with the conclusion by Lewis 

can be determined 

Lewis concluded if the upper limit for plate strength is set at the load when the bolt 

hole has reached 0.25-in of elongation then the upper limit for the bearing tress for S/8-

in. 3/4-in .• and I-in.bolts was 3.0 F .. 2.6 F., and 2.2 F. respectively Again. no agreement 

or disagreement with this conclusion can be made based on the tests conducted at VT 

because of the premature plate curling failures which occurred in the plates with large end 
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distances. However, it is believed that the source of this conclusion is simply the fact that 

it takes more deformation for a larger bolt to come into full contact with the bolt hole 

which can be shown from simple geometry. 

Lewis concluded that if the bolt holes were allowed to excessively elongate tben 

there was an average increase in load capacity of 5% compared to the load capacity at a 

hole elongation ofO.25-in. The following conclusions were found for the tests conducted 

at VT. For tests fabricated from high strength steel the average increase in load capacity 

was 1.3% for an average increase in hole elongation of 21 %. For tests fabricated from 

mild steel the average increase in load capacity was 3.4% for an average increase in hole 

elongation of 57%. These results tend to confirm the more basic conclusion that there is 

little to no load increase for a hole elongation beyond O.2S-in. However, the only tests 

included in this analysis are those that did not fail by plate curling which typically occurred 

at larger end distances. A comparison of tests 39 through 43 and test 48 conducted at VT 

shows that there is a trend for higher percentage increases in strength as the end distance 

becomes larger. Consequently, a general conclusion that the increase in load capacity for 

a hole elongation beyond O.2S-in. is small is probably unwarranted and probably ignores 

the behavior oflarger bolts at large end distances. 

4.2 Existing Prediction Models 

All existing strength models treat bearing and tearout modes as one limit state. 

When the bolt is close to the end of the plate either a tearout failure will occur and as the 

bolt gets farther away from the end of the plate tearout only occurs after excessive bearing 

deformations (bearing failure) so an upper limit representing bearing failure is applied to 

each model. 

The upper limit imposed on all the bearingltearout prediction equations represents 

one of two things. First, it can represent a true upper limit on the bearing strength 

meaning that increases in the end distance do not result in increases in the strength. 

Second, it can represent a deformation limit imposed to keep joints from deforming 
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excessively before the design strength is reached. It should be noted that none of the 

models explicitly account for splitting failures. 

The most common strength model for predicting tearout failure was developed by 

Fisher and Struik (1974). They used a simple plate shearing model (as shown in Figure 16) 

to develop an equation for predicting the tearout strength of bolt. 

I .... .\.~ 
......--0' 

db J --~ 

~-- :.... 
2 - Le-

Figure 16 Bolt Tearout Model 

The nominal strength Rn is assumed to be the strength developed by two shearing planes 

which radiate from the edges of the bolt to the end of the plate at an angle cx . A lower 

bound on this strength is given by assuming a. is zero and that the shear planes start at the 

point of the bolt hole closet to the end of the plate. With these assumptions the strength 

can be derived as follows 

R. = t/ 2t., [ L, _ ~b] 

Where 

t/ '" Shear strength of the plate (assumed as 0.70 Fu) 

ubstituting and rearranging results in 

(Eq 22) 

(Eq 23) 

The bearing stress, Fb, is defined as the bearing tearout strength divided b the bearing 

area and is given as 
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(Eq 24) 

According to Fisher and Struik (1974) the upper limit of3 .0 Fu is associated with a change 

from a tearout failure mode to a failure mode associated with large bolt hole deformations. 

Although not explicitly stated, the data used for verifying Equation 26 did indicate that the 

upper limit of 3.0 Fu was also an upper limit on the bearing strength and that additional 

increases in end distance did not increase the strength. 

In addition to Equation 24, Fisher and Struik (1974) also recommended a simpler 

expressIOn. 

Le 
Fh = Fu - S 3.0 Fu 

db 
(Eq 25) 

Equation 25 was adopted by the AISC Specification (Load and, 1993). The 

specification states that for a single bolt in the line of force the bearingltearout strength is 

given as 

Lc 
Fb = Fu -S 2 4 Fu 

db 
(Eq 26) 

The only difference between Equation 25 and 26 is that the upper limit for bearing stress is 

2.4 Fu rather than 3.0 Fu. The reduced upper limit was adopted to limit bearing 

deformations as suggested by Perry (1981); however, the specification does state that an 

upper limit of 3.0 F. can be used instead for situations where bolt hole deformation is not 

a concern. 

Recently, there has been a proposed change in the AlSC Specification for 

Structural Joints Using ASTM A325 or A490 Bolts (Minutes, 1994). The proposed 

equation is based on the same development used by Fisher and Struik (I974) with two 

exceptions. First, rather than assuming the length of the shear plane is L. - di/2 the length 

of the shear plane is assumed to be the clear distance (L.) from the edge of the bolt hole to 

the end of the plate. Second, rather than assuming a shear strength of 0.7 Fu the shear 
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trength is assumed as 0 6 F. whIch is more consistent with all other shear faIlure models 

in the AI C Specification (Load alld, 1993) The proposed expression IS given as 

Fb = I 2F. -~ 2.4 F. 
db 

Again, the upper limit of 2.4 F. is appl ied to limit bolt hole deformation 

Where 

EC3 (1993) has a slightly different expression for the tearout strength 

Fh '" 2.5 Cl F. 

Cl = minimum of 

(Eq 27) 

(Eq 28) 

Con idering that the bolt strength (for the mo t commonly used A325 and 490 grade 

bolts) is greater than all plate strengths that are allowed to be used in design under the 

AI pecification (Load aJ/d, 1993), the second value for Cl can be ignored and the 

equation can be rewrillen as 

(Eq 29) 

4.3 Evaluation of Exi ting Model 

This section evaluates the four strength models presented in eC\lon 4 2 by 

comparing them to the experimental test data Both tatistical and graphical comparisons 

are made 

A statistical comparison of the strength models is presented in Table 12 The 

experimental strength R..II is divided by the predicted value R. The average and 

coefficient of variation is given. 
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Table 12 Ratio of Test trength To Predicted Strength 

Model AlSC (1993) Fisher & Struik Proposed EC 3 

Average 998 1.155 1.446 1.227 
OV 10% 25% 30% 12% 

To make a graphical comparison of the models it is convenient to plot the test data 

and prediction models in terms of normalized bearing stress vs. Wdb. Bearing stress was 

defined in Equation 26 and it is normalized by Fu for the steel. 

• 

• 

• 

It should be noted that AlSC (1993) and the Fisher and Struik model can be • 

plotted strictly as a function of the normalized variables. However, to plot the newly 

proposed model and the EC 3 model a couple of assumptions had to be made. First, so 

that the newly proposed model could be plotted an average db was assumed as 0.87-in .. 

This model is fairly insensitive to small changes in this value so using the average value 

seems justifiable. Second, so that the EC 3 model could be plotted an average value of 

L.ldb vs. Wdh was determined as 0.93 Again, small variations in this ratio have little 

effect on the graphical results so using the average seems justifiable. The models along 

with the normalized data are presented in Figure 17 
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Figure 17 ormalized Bearing tress Vs. ormalized End Dista nce 

Review of both Table 12 and Figure 17 leads to the following observations 

For L.ldb greater than 1 AJS (93) is the most accurate of all the models considered 

t L.ldb of 0.5 the normalized strength predicted by AJSC (93) and EC3 is 

approximately 0.5 while the strength predicted by the newly propo ed model and 

Fisher and Struik is zero. The later strength is more appropriate becau e there would 

be only a sliver of steel between the edge of the bolt and the edge of the plate for this 

end distance. However, if the suggested edge distances given by the AJ C 

pecification (Load and, 1993) are followed then the ratio of Wdb would never be 

below a value of one which would preclude using erroneous strength values 

Both EC3 and the proposed model are con ervative and do not repre ent the ba ic 

trend in the experimental data 

The Fisher and Slruik model is conservative for low values of Wdb (less than 2) and 

non-conservative for high values of L.ldb (greater than 2 5) and also does not 

represent the basic trend of tbe experimental data. 
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• Tests with low values of L./db and that failed by splitting agreed well with the AlSC 

(1993) model. However, tests with higher values of L./db (approximately 1.5 and 

above) and failed by splitting had test strengths below the AlSC (1993) model. It is 

questionable whether any of the current strength models properly predict splitting 

fai lure strengths. 

4.4 Effect of Edge Condition 

Plates and angles are typically either saw cut or sheared. The cut edge of a plate 

or angle that is saw cut is much squarer and smoother than when it is sheared. The 

sheared edge typically comes to a very sharp point and there are usually a number of small 

flaws along this edge awed edges also have flaws but they usually smaller and not as 

severe as those found at sheared edges. 

The steel between the bolt hole and the cut edge of the plate acts very much like a 

short deep beam. The bottom of this beam is the cut edge of the plate and in a typical 

loading configuration this edge is in high tension as a result of bending stresses. The small 

flaws along the cut edge of the plate tend to become stress risers The increased stress at 

the tips of these flaws causes them to enlarge and eventually develop into a split in the 

steel that propagates toward t he bolt hole. 

The effect of the increased size and number of flaws associated with sheared edges 

compared to saw cut edges is not currently understood. Some of the experimental tests 

were designed to investigate this effect. Results of these tests are presented in Table 13 . 
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Table 13 Effect of Edge ondition On Test Re ults 

Test L. tp F. @R..h Edge Failure Mode 
in) ksi in) Condition 

I 0.25 100 0.24 Saw Bearing 
2 0.25 100 0.25 Saw Tearout 
I I 0.25 96.5 0.20 heared plitting 
12 1 0.25 96.5 22.1 0.23 Sheared plitting 
5 2 0.25 100 43 .2 0.33 aw Bearing 
6 2 0.25 100 45.6 0.27 aw urhng 
13 2 0.25 96.5 41.4 0. 19 heared urling 
14 2 0.25 96.5 429 0. 18 heared Curling 
29 1.5 0.375 63 .7 32.5 0.16 Sheared p1itting 
30 1.5 0.375 637 307 0.22 heared plitting 
39 1.5 025 65.5 25 . 051 aw Beanng 
40 1.5 025 65 .5 25 .9 0.51 aw Beanng 
41 1.5 025 65 .5 277 0.50 Saw Beanng 
37 1.75 0.375 639 35.4 0.21 heared phtting 

Two general observations are made based on Table 3. 

• Of the tests shown in Table 10 all splitting failures were associated with heared edge 

Although this statistic is not included in Table 10, these splitting failure stared at an 

average deformation of0086-in. It should be noted that Test 3 which had a saw cut 

edge did fail by splitting but only after developing over 0 46-in of deformation 

• All tests with sheared edges reached their maximum load at deformationS less than 

o 25-in. 

The fo llowing are more specific observations based on comparisons of tests with similar 

test parameters. 

• Tests I, 2, I I , and 12 were fabricated from high strength steel and had I-in end 

distances. A compari on within this group of tests hows little difference between Rwt 

and only a slight decrease in the deformation at R..h as ociated with th test that had 

sheared edges. 

• Tests 5, 6, 12, and 13 were fabricated from high strength steel and had 2-in end 

distances. A comparison within this group of tests shows a reduction in both R..1t and 
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the deformation at Rult for the tests with sheared edges. However, this observation is 

not conclusive because tests 6, 12, and 13 failed by curling rather than by bearing or 

splitting. 

• Tests 29 and 30 were fabricated from mild steel and had a 1.5-in end distance. There 

are no directly comparable tests; however, tests 39-41 differed only by plate thickness. 

A comparison between these two sets of tests can be made by dividing Roll by tp and 

F. A comparison of the resulting values shows a reduction in load capacity and a 

severe reduction (approximately 60%) in the deformation at maximum load. 

However, this observation is also not conclusive because of the differing plate 

thickness. 

Unfortunately, no solid conclusions about the effect of edge condition on the strength and 

load-deformation behavior can be made at this time. However, it is believed that 

additional testing would provide the following conclusions. 

• If the plate edges are shear cut rather than saw cut there is a much higher probability 

that splitting failure will occur. 

• The effect of edge condition is negligible at short end distances. This is essentially 

because the load that will cause a splitting failure and the load that will cause a bearing 

or tearout failure will be similar for short edge distances. 

• As the end distance is increased the effect of the edge condition becomes more 

pronounced and the full bearing or tearout strength cannot be developed because a 

splitting failure will develop first. In addition, the deformation at failure will be 

reduced and there will be no plastic plateau of the load-deformation curve. 

• Once the end distance becomes large the effect of edge condition will again become 

negligible because of the small bending stresses induced along the edge of the plate. 

4.5 ummary 

Experimental strength values from two independent testing programs were 

summarized. Four existing strength models were also summarized and discussed. Based 

52 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



. .... 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

on a comparison of existing strength models to the experimental data, the model given in 

the AlSC Specification (Load alld. 1993) best represents the experimental strength values. 

Although not conclusive at this time, shearing rather than sawing plates does 

appear to have a negative effect on the nominal strength. Existing models do not account 

for this effect nor do they account for splitting failure strengths. onsequently. until 

further research can be done it is recommended that critical edges of plates be sawed 

rather than sheared . 

5. Richard Equation Parameters 

While analytical models for determining the initial stiffness and the nominal load 

capacity of a single plate bearing on a ingle bolt have been determined, the relationship 

between these quantities and the four parameters that define the Richard Equation are still 

not known. To determine these relationships an analysis of the experimental load­

deformation data was performed. 

The data from each test that failed by bearing, tearout. or splitting was normalized 

by the maximum load for the test . Each set of data was then plotted against each other to 

determine if there were any noticeable differences in the basic shape of the load­

deformation behavior. Any differences were then evaluated against the plate and bolt 

parameters to determine if there were consistent parametric relationships Three such 

relationships were determined. 

The first relationship determined was that as the end distance increased the load­

deformation behavior softened. As illustrated in Figure 18 this trend is very subtle but can 

be seen by comparing Tests I through 5. 
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Figure 18 Effect of End Distance on Load-Deformation BehllVior 

Increased bearing deformation is believed to be the primary cause of the softening 

effect As the end distance increases the load capacity increases until the maximum 

bearing capacity is reached. However, as the end distance increases the bearing 

deformation associated with a given load does not decrease. Consequently, when the test 

data with larger end distances is normalized it appears softer than the test data with 

shoner end distances. For example, if 12 kips is 50% of the load capacity for a I-in. end 

distance then it would only be 25% of the load capacity for a 2-in end distance however 

the bearing deformations would remain the same. 

A variety of methods to normalize the displacement were considered in an attempt 

• 

• 

• 

• 

• 

• 

• 

• 

to eliminate this softening effect. The method that was fmally chosen was to normalize the • 

displacement by the ratio of the load capacity over the initial stiffness. The resulting 

normalized load-deformation behavior is much more consistent and is plotted in Figure 19. 
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Once the effect of end di tance was removed a second trend was noticed in the 

load-deformation behavior. The normalized load-deformation behavior for the tests that 

were fabricated from the higher trength steel wa tiffer compared to imilar tests 

fabricated from mild steel This relationship can be seen by comparing Tests I and 2 to 

Tests 42, 43 , and 48 in Figure 19 
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The cause of the difference in the load-deformation behavior between the two 

steels is the difference in the stress-strain behaviors for the two steels Higher strength 

steels tend to reach the ultimate stress at lower strains compared to lower strength steels 

A good measure of this relationship is the percent elongation of the teel The high 

strength steel used in the experimental investigation had an average percent elongation of 

16% while the mild steel had a percent elongation of around 30% The difference in 

percent elongation is the reason for the softer behavior associated with the mild steel 

compared to the high strength steel This effect can be removed by multiplying the 
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deformations by the ratio of the percent elongation. Because mild steel is more commonly 

u ed it was decided to normalize the percent elongation with respect to mild steel The 

ratio of the two percent elongation ' s is then 1.875. The load-deformation data for tbe 

high strength steels was multiplied by this factor. The resulting load-deformation 

• 

• 

behaviors are plotted in Figure 20. • 

After the effect of end distance and the effect of steel behavior had been removed 

the third trend in the load-deformation behavior was seen. The load-deformation data for 

all the tests except 29, 30, and 37 laid right on top of each other as shown in Figure 20 
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Figure 20 ElTect of Edge Condition 

The effect of edge condition on the nominal strength was discussed in ection 4.4 

Tests 29, 30, and 37 failed by splitting failures and did not develop plastic plateaus that 

were typical for other tests. Each of these tests had sheared edges. If the splitting failure 

had not occurred, it is believed that all three of these tests would have developed higber 

loads and plastic plateaus Because these tests were normalized by the individual 

maximum test loads they appear stiffer than the tests that developed the full bearing or 
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tearout strength. To correct this Tests 29, 30 and 37 were re-normalized by the their 

respective nominal strength determined using the AlSC Specification (Load alld, 1993) 

strength prediction model. The resulting behavior is still sligbtly stiffer but much more in 

line with tbe other tests as illustrated in Figure 21 . 
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Figure 21 All Parameter Effects Removed 

After all the parameter effects were removed from the normalized load­

deformation data non-linear regression was used to detennine appropriate values of the 

parameters for the Richard Equation. The non-linear regression was done using the 

program Sigma Plot. The resulting values are given as 

K = 1.731 

Kp = -0.009 

R., = 1.74 

n = 0.5 
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By determining the load normalizing factor and the deformation normalizing factor these 

four parameters can be used to approximate the load-deformation behavior of the single 

plate bearing against the single bolt In the above analysis the load-normalizing factor was 

the maximum tests load (except for Tests 29, 20, and 37) The maximum test load is 

• 

• 

approximated by the nominal strength determined in ection 4. The deformation • 

normalizing factor was the nominal strength divided by the initial stiffness and the ratio of 

the percent elongations 

6. Propo ed Behavior Model 

The key pieces required to approximate the load-deformation behavior of a single 

plate bearing against a single bolt were developed in Sections 3, 4. and 5. The following 

section relates these key pieces and summarizes a complete method for approximating the 

load-deformation behavior. This method is then evaluated against the experimental 

results 

6. 1 Model 

The Richard Equation will be used to approximate the load-deformation behavior 

In ection 5 normalized values for the four parameters that define the Richard Equation 

were determined. Substituting these values into the Richard Equation results in 

Where 

R = Plate load 

R 1746. -
R. = (I + 61'5 )2 - 0.0096. 

R.. = ominal strength = L. tp F. ::; 24 db tp F. (Load aJ/d, 1993) 

6. = onnalized deformation = ~ K/R.. 

6. = Hole elongation 

(Eq 30) 

~ = Steel correction factor = 30% / %Elongation (for typical steels taken as I) 

K, = Initial stiffness given by 
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Where 

I I I 
-+ +­

Kb Kv 

Kt.- = Bearing stiffness = 120 Fy tp dbO" (units are kips and inches) 

~ = Bending stiffness = 32 E tp (L.ldb - 0.5)3 

Kv = Shearing stiffness = 6.67 G tl, (L.ldb - 0.5) 

6.2 Evaluation of Model 

The proposed model was used to detennme load-deformation behavior for all the 

experimental tests described in ection 2 These predicted responses are plotted along 

with the experimental load-deformation data for each test summary included in Appendix 

D isual comparisons of the test data to the predicted behavior shows good correlation 

with tests that did not fail by curling A more quantitative evaluation was also performed 

The load for each experimental load-deformation point was calculated using the 

predicted behavior. This was done for each test that did not fail by curling. Tests that 

only had two or three data points were also excluded The ratio of the test load over the 

predicted load was then determined The result are presented in Table 14 

Table 14 Ratio of Test Load Over Model Load 

Statistic High Strength Mild Combined Tests 42. 43, 48 
Average 088 106 1006 102 

COy 12% 19% 19% 19"10 
o of Points 129 323 452 48 

The results are broken into three categories: the ratio for the high strength steel 

specimens, mild steel specimens, and all the specimens combined. In addition, for 

comparison purposes, non-linear regression was used to determine the best coefficients of 

the Richard Equation for the test data of Tests 42, 43 , and 48. These tests had identical 

parameters. The comparison of the re ulting best fit Richard Equation load values to the 

test load values is included in Table 14 As can be seen in Table 14, the variation 
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associated with the model compared to the test data is the same as the variation associated 

with three identical tests. Overall, this evaluation indicates an excellent correlation 

between test and predicted values. 

7. Summary, Conclusions, and Recommendations 

7.1 Summary 

The objective of this study was to develop a method for approximating the load­

deformation bebavior of a single plate bearing against a single bolt. This behavior has a 

significant influence on the behavior of single bolt lap plate connection. The lap plate 

connection load-deformation behavior is believed to be a good approximation to the load­

deformation behavior of bolts in full steel connections. This behavior is needed to 

evaluate the moment-rotation behavior of steel and composite partially restrained 

connections. 

A combination of experimental and finite element results were used to develop and 

/ or verify analytical models that predict the initial stiffness and nominal strength 

associated with the single plate single bolt load-deformation behavior. A qualitative 

analysis of the basic shape of the load-deformation behavior was conducted to determine 

appropriate relationships between the initial stiffness, nominal strength, steel behavior, and 

the four parameters required to define the Richard Equation. Normalized values for the 

&ichard Equation parameters were then determined. 

The complete proposed method for approximating the load-deformation behavior 

of a single plate bearing against a single bolt was summarized in Section 6. J. Evaluation 

ofthe proposed method sbowed good agreement with the experimental test data. 

7.2 Conclusions 

• The model for plate bearing stiffness given in EC 3 Annex J (J 994) under predicted 

both experimental and finite element initial stiffness values by J 5% and 48% 

respectively on average. 
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• The proposed initial stiffness model over predicted the experimental values by 12% on 

average and under predicted the finite element values by 2% on average. 

• Based on the finite element results the initial plate stiffness is linearly related to Fy and 

not Fu• 

• There are four basic failure modes associated with single plates bearing on single bolts. 

These include bearing, tearout, splitting, and curling. 

• Curling failures resulted in test strengths much lower than predicted and in general 

• should be avoided . 

• 

• 

• 

• 

• 

• 

• 

• Large deformations are required to develop tearout failures In mild steel This 

conclusion was also given by Lewis (1994). 

• hearing plates greatly increases the chance of splitting failure occurring rather than 

• 

tearout or bearing failures . 

The current strength model given in the AlSC Specification (Load and. 1993) is based 

on a physical model for the tearout failure with an upper limit imposed for the bearing 

failure. The specification model does an excellent job of predicting the trength 

associated with these two failure modes 

• At small end distances the strength associated with splitting failure is imilar to the 

strength associated with tearout failure . onsequently, the Al C Specification (Load 

and, 1993) strength model also does a good job of predicting the strength associated 

with splitting failures when the end distance is small. 

• At larger end distances the strength associated with splitting failures appears to be less 

than that associated with tearout failures. Consequently, the Al C Specification (Load 

and, 1993) strength model also does not do a good job of predicting the strength 

associated with splitting failures when the end distance is larger 

• Changing the plate width between 3.5 and 5.4-in. had no effect on the initial stiffness 

of the test specimens and had an inconclusive effect on the load capacity because of 

curling failures . 

61 



7.3 Recommendations 

• Strength models for curling and splitting failure modes are currently not available. 

urling failures are not generally seen in typical connections. Consequently. there is 

probably little need for a strength equation for curling failure . Splitting fai lures are 

seen in typical connections and more work needs done to develop a better 

understanding and a strength model for splitting failures . The effect of shearing plates 

rather tban saw cutting plates sbould also be considered with respect to the splitting 

• 

• 

• 

~ureL • 

• The load-deformation behavior for a wider range of parameters should be investigated. 

An improved test setup needs to be developed that allow thicker plates and smaller 

bolt diameters to be tested to failure. In addition, bolt hole types other than standard 

holes should be considered. 

• The larger goal of this research is to determine the load-deformation behavior of bolts 

in full steel connections. Ideally. there would be a direct relationship between plate 

width and bolt spacing in the connection. A series of simple tests could be devised to 

determine if there is a direct relationship between these two paranleters. 

62 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

REFERE CE 

Y ser' s Manual (1992) Volume I Procedures For Revision 5.0 

Boresi, A. P., Schmidt, R. J. and Sidebottom, O. M. (1993). "Advanced Mechanics of 

Materials," Fifth Edition, John Wiley & Sons. 

Eurocode 3: Design of Steel Structures (1993) 

Ellrocode 3: Design of teel Siruciures. Pari 1.1 RevIsed Annex J ./OIlIlS alld Blllldmg 

Frames (1994) Commission of The European Communities. 

Fi her, J. W. (1965) "Behavior of Fasteners and Plates With Holes," ./ournal of 

'Iruclural Division, 91 (ST6), 265-286 

Fi her, J. W. and Struik J H. A. (1974) . Guide to DeslglI Critenafor Bolted 1I11d Riveted 

./01111.1', John Wiley & Sons 

Frank, K H. and Yura, J A (1981) " An Experimental tudy of Bolted hear 

Connections", Report o. FHWNRD-81 / 148, Department of Transportation, 

Federal Highway Administration 

LeWIs, B. E. (1994). " Edge Distance, Spacing, and Bearing in Bolted onnections", 

DRAFT Report, OkJahoma tate University 

LOlld and Resistance Faclor Design Specijicallol1 for Stmclural Steel Blllldlllgs, (1993) 

American Institute of Steel Construction, Chicago, JIlinois 

Minutes of the June 3, 1994 meeting of the Research ouncil on Structural onnections, 

Proposal by J.A. Yura and K.H. Frank. 

Perry, W C. (1981) "The Bearing Strength of Bolted Connections," M S Thesis 

niversity of Texas at Austin 

63 



Rex, C. O. and Easterling, W. S. (I 996(a» . "Behavior and Modeling of Mild and 

Reinforcing Steel," Report CElVPI-ST 96/12, Virginia Polytechnic Institute and State 

University, Blacksburg, V A. 

Richard, R. M. and Elsalti, M. K. (1991). "PRCONN, Moment-Rotation Curves for 

Partially Restrained Connections." Users manual for program developed at The University 

of Arizona Department of Civil Engineering and Engineering Mechanics. 

• 

• 

• 

Tate, M. B. and Rosenfeld, S. J (1946) "Preliminary Lnvestigation of the Loads Carried • 

by Individual Bolts in Bolted Joints," Technical ote No. 1051 , National Advisory 

Committee for Aeronautics, Washington, DC., 1-68. 

Vogt, F. (1947). "Load Distribution in Bolted or Riveted Structural Joints in Light-Alloy • 

tructures," Technical Note o. 1135, ational Advisory Committee for Aeronautics, 

Washington, D. C. 

• 

• 

• 

• 

• 
64 

• 



. ... 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Appendix A 

Material Properties 

The tensile test results from tensile coupons of the plates used in the experimental work 

are presented in Table A-I . The coupon designation is used in the data packs to relate the 

plate used in the test to a tensile coupon. The first pan of the designation is the plate 

number and the second pan is the coupon number for that plate. There were typically two 

coupons from each plate. 
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Table A- I Steel Properties • 
Coo",," Width (on , Thoekn"", (on Elmc.ution Fv (1;" \ A\c",~e Fu (1;,;\ A\'eru~ 

I-I UIO 0251 31', 45 .0 455 65 .0 65 .0 

1-2 UOO 0.251 3 t'/, 460 65 .0 

2-1 I 510 0.250 30', 46.0 458 65.5 65.5 

2-2 1.510 0.250 31'. 45 .5 65.5 

3-1 1.500 0.625 2g-. 44.0 44.5 67.0 67.5 

3-2 1.500 0.625 30'. 45.0 680 

5-1 1500 0.995 30'. 43.9 43 .5 70.0 70.0 

5-2 1500 0996 2~. 43.0 70.0 

6- 1 1490 0.998 JO~' 43 .0 43 .5 67.0 67.0 

6-2 1490 0.999 31'/0 44.0 67.0 

7-1 1.500 0.750 29°" 45.0 45 .0 67.0 67.0 • 7-2 \.500 0.750 30'. 45.0 67.0 

8-1 1.500 0.750 JI~. 45 .0 45 .0 68.0 680 

8-2 1.500 0.750 30". 45 .0 680 

9-1 1500 0 .750 29'. 45.5 45 .8 69.0 69.0 

9-2 1500 0.750 30'. 46.0 69.0 

10-1 1500 0.175 32', 510 510 74 .0 140 

10-2 1.500 0375 31', 51.0 740 • 
11-1 1500 0.500 29'. 52.5 53 745 748 

11-2 1.500 0.500 30'. 540 75 .0 

12-1 1500 0.500 31', 51.0 51.5 74.5 74.5 

12-2 1500 0.500 30'. 52.0 74 .5 

13-1 1500 0625 29'. 47.0 468 70.0 700 

13-2 1.500 0.625 JJ~. 46..1 700 • 15-/ 1490 0.121 32', 428 413 60.9 614 

15-2 1490 0.120 31', 438 618 

16-1 1498 0.121 29'. 42.6 42 .9 60.7 61 I 

16-2 1.497 0.119 29', 43.1 61.5 

17-1 1497 0.120 29', 44 .5 44.2 62.0 62.0 

17-2 1.500 0120 32', 438 62.0 

18-1 \.500 0.249 29'/. 478 47.5 669 66.7 • 
18-2 1.490 0.248 29',. 47.2 66.5 

19-1 1500 0246 2~. 47 I 46.9 66.8 666 

19-2 1.500 0.249 29'. 467 664 

20-1 1497 0.248 2S" 45.9 46.1 664 66.2 

20-2 1498 0.250 31'. 463 65 .9 

21-1 1.490 0.367 2~. 43.7 4 4 63.7 63.7 • 21-2 1499 0.370 29'·. 43 I 636 

22-1 1490 0.367 30'. 443 414 638 639 

22-2 1490 0370 29'. 42.5 63 .9 

23-1 1500 0.367 29'. 44 .1 439 638 638 

23-2 1490 0.370 29', 436 638 

24- 1 1500 0.369 29'~ 42.9 433 63 .7 63 .7 

24-2 1 500 0.367 2~. 43.7 6 .6 • 
25- 1 1500 0.371 30'. 433 4 .7 63.7 63.7 

25-2 \.500 0.368 30'. 44.1 637 

• 
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• Table -I teel Properties (Cont.) 

Coupon Width(m) ThicJ..ncs.~ (m £Jone8uon FYi" ... i) A\·cra~. Fu (k,.) AVertll!c 

26·1 1.490 0500 31% 431 ~3 9 ().IJ ().I~ 

26-2 1490 0.500 30% 44.5 644 
27·1 1.500 0624 30% 45 .0 44.9 684 1>81 

• 27·2 1.500 0.622 29% 44.7 678 
278· 1 1.500 0.627 30% 45.1 45.4 68.5 684 
27a-2 1.500 0623 29% 457 683 
28-1 1.500 0749 2'1"10 447 448 689 h') 0 

28·2 1.500 0.750 31% 449 69 I 
29·1 1.500 0.750 29% 448 44 .7 719 7114 
29·2 1.500 0749 30% 445 689 
30·1 1.500 0997 30% 40 I 404 (,Ii) (\1,4 • 
30·2 1.500 0.99R 32% 40.6 064 
31·1 1.500 1000 32% 41 8 42.2 67.9 f>7K 
31·2 1.500 loon 31% 42.5 677 
32·1 1.500 l(~iO 30% 41 I 41.5 674 676 

2·2 1.500 1.00n 31% 418 677 
3)·1 1500 0.491 28% 529 533 738 740 • 
33·2 1500 0.491 28% 53.7 74 I 
34-1 1500 0.49J 29% 514 51 8 73.3 719 
]4·2 I 500 0491 28% 52.2 744 
35-1 1.500 0486 27% 529 527 7J 8 716 

35-2 1.500 0486 28% 524 734 • 40-1 1.500 0246 31'10 479 47.9 066 h7.0 

40-2 1.500 0246 30% 47.9 673 
41-1 1.500 () 247 31% 476 47.8 659 681 
41-2 1.500 0248 31% 479 70.6 
42-1 1.500 0496 30% 471 468 71 I 7n 8 

42-2 1.50() 0495 29"/, 465 70.5 • 43-1 1.500 0627 31'/0 44.2 43.7 640 6n 

43-2 1.500 0.625 31% 432 62 .6 
44-1 1.500 0.748 30% 44.2 44 .5 677 (,78 

44-2 1.500 0742 )1% 44.7 678 

45-1 1490 0.248 18% 60.0 60.0 1000 IIKIO 

45-2 1493 0.248 18'10 60.0 1000 

• 46-1 1.504 0249 190;0 60 .0 56.5 970 950 

46-2 1.500 0.250 20% 53.0 930 
47-1 1496 0.248 190/0 58.0 59 .0 980 965 

47-2 1497 0248 110/, 600 95 .0 

48-1 1.475 0249 100/0 74 .0 73 .5 1110 1090 
48-2 1491 0249 15% 73.0 107.0 

• 50. 1.501 0493 300/, 448 45 .1 67 I 67.5 

SOb 1.501 0.498 30% 45.5 678 

51. 1499 0246 28% 44 .9 44 .5 654 65 .5 

Sib 1.500 0.246 29"/, 441 65.5 

• 
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Derivation of Angle a 

Bearing Defonnnuon 

R, Sin a, - R2 Sin a 2 = 0 

-R, Cos a, + R2 Cos a 2 = I:J. 

R/= x2 +y 
R/ = X2 + (y - I:J./ 

R22 _ R,2 = 21:J. Y _/12 

21:J. Y = R22 _ R,2 + /12 

R2 2 _ R,2 + /11 

y = 

R2 2 _ R,2 _I:J.' 
y - /1 = = R, Cos a, 

21:J. 

- R,- -/1 , 1 ] 
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Derivation of Bending lin-ne 

For a fixed end uniformly loaded beam with length L and height h the equation for the real 

and virtual moments at any point x along the beam are given by 

M(x) 
wLx wL' wx ' 

= --
2 12 2 

m(x) = x/2 - U8 

The virtual moment is based on a unit load placed at the center of the beam sing the 

principle of virtual work the deflection at the center of the beam caused by bending is 

given by 

Carrying out the integration yields the well know deflection equation given as 

ubst ituting 

Yields 

w L' o = 
384 E I 

w = PIL 

l = tp h'/ 12 

P (L)' 
o = 32 E '" h 

This can be rearranged to give the stiffness as 

Kt. = 32 E tp (h/L)3 

70 



Derivat ion of SheJlring tiffness 

For a fixed end uniformly loaded beam with length L and height h the equation for the real 

and virtual moments at any point x along the beam are given by 

V(x) = wU2 - wx 

v(x) = VI 

The virtual shear is based on a unit load placed at the center of the beam Using the 

principle of virtual work the deflection at the center of the beam caused by shear is given 

by 

2 k I~(wL )( I ) o = GA ,- ""2 - wx 2 dx 

Carrying out the integration yields the well know deflection equation given as 

Substituting 

Yields 

k WL2 

o = GA 8 

k = I 2 for rectan~,.ular section (Boresi et al 1993) 

w = PIL 

A = tp h 

o = ~ (L) 
8Gt. h 

This can be rearranged to give the stiffness as 

K. = 6.67 G tp (h/L) 
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Finite Element Model Re ult 
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Table C-I Finite Element Model Results • ModeJ db tp L. PlatcWidth Fv Fu KI 
(10 1 (,n .) (tn . ) (tn.) (k;;) _ {k .. l (\(ftn 1 

D6TIEIW9 075 0.125 I 6 45 70 518 

D6T2EIW9 0.75 0.25 I 6 45 70 1051 

D6T3EIW9 0.75 0375 I 6 45 70 1568 

D6T4EIW9 0.75 0.5 I 6 45 70 2193 

D6T5EIW9 0.75 0.625 I 6 45 70 2493 • 
D6T6EIW9 0.75 0.75 I 6 45 70 3106 

D6T7EIW9 075 0875 I 6 45 70 3712 

D6T8EIW9 075 I I 6 45 70 4296 

D7TIEIW9 0.875 0.125 I 6 45 70 549 

D7T2EIW9 0.875 0.25 I 6 45 70 1084 

D7T3EIW9 0875 0.375 I 6 45 70 1717 • D7T4EIW9 0.875 0.5 I 6 45 70 2363 

D7T5EIW9 0.875 0.625 I 6 45 70 3015 

D7T6EIW9 0.875 0.75 I 6 45 70 3418 

OmEIW9 0.875 0.875 I 6 45 70 4020 

OmEIW9 0875 I I 6 45 70 4465 

08T1EIW9 I 0.125 I 6 45 70 570 

D8T2EIW9 I 0.25 I 6 45 70 1098 • 
D8T3EIW9 I 0.375 I 6 45 70 1640 

D8T4EIW9 I 0.5 I 6 45 70 2193 

D8TSEIW9 I 0 .625 I 6 45 70 2812 

D8T6EIW9 I 0.75 I 6 45 70 3392 

D8T7EIW9 I 0.875 I 6 45 70 3750 

D8T8EIW9 I I I 6 45 70 4287 • D6T1ElW9 075 0.125 1.5 6 45 70 536 

D6T2ElW9 075 0.25 \.5 6 45 70 1038 

D6T3EJW9 075 0.375 1.5 6 45 70 1638 

D6T4EJW9 075 0.5 \.5 6 45 70 2311 

D6T5E3W9 075 0.625 \.5 6 45 70 2634 

D6T6EJW9 0.75 0.75 1.5 6 45 70 3280 

D6T7EJW9 075 0.875 1.5 6 45 70 3816 • 
D6T8EJW9 075 I \.5 6 45 70 4441 

D7TIEJW9 0.875 0.125 1.5 6 45 70 604 

D7T2ElW9 0.875 0.25 1.5 6 45 70 1152 

DffiEJW9 0875 0.375 1.5 6 45 70 1831 

D7T4ElW9 0.875 0.5 1.5 6 45 70 2548 

D7T5ElW9 0.875 0.625 \.5 6 45 70 3344 • 
D7T6E3W9 0.875 075 \.5 6 45 70 3611 

D7T7EJW9 0875 0875 \.5 6 45 70 4343 

DmEJW9 0.875 I IS 6 45 70 4900 

D8T1EJW9 I 0125 1.5 6 45 70 667 

D8T2ElW9 I 025 I.S 6 45 70 1265 

D8T3EJW9 I 0.375 I.S 6 45 70 1946 • D8T4EJW9 I 0.5 I.S 6 45 70 2681 

D8T5EJW9 I 0.625 I.S 6 45 70 3490 

D8T6EJW9 I 0.75 1.5 6 45 70 4352 

08T7E3W9 I 0.875 I.S 6 45 70 4607 

D8T8ElW9 I I 1.5 6 45 70 5317 
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• Table -\ Finite Element lodel Results (cont.) 

Model db tp Lc PIa .. Width Fy Fu K, 
(,n ) (,n ) (,n ) I,n) (hi) Ibi) Ik ,n ) 

D6T2E2W9 075 025 1.25 6 45 70 I ().I I 
D6T2£4W9 0.75 0.25 1.15 6 45 70 10.14 
D6T2E5W9 0.75 025 2 6 45 70 1031 

• D6T2E6W9 0.75 025 225 6 45 70 1029 
D6T2E7W9 0.75 0.25 2.5 6 45 70 1027 
D6T2E8W9 0.75 025 275 6 45 70 1024 
D6T2E9W9 0.75 025 1 6 45 70 1024 
D6T4E2W9 075 05 125 6 45 70 2307 
D6T4E4W9 0.75 O.S 175 6 45 70 23 
D6T4ESW9 07S 0.5 2 6 4S 70 2298 

• D6T4E6W9 0.75 0.5 2.25 6 45 70 2292 
D6T4E7W9 0.75 O.S 25 6 45 70 22 
D7T2E2W9 0875 Ol5 US 6 45 70 1109 
D7T2E4W9 0875 025 1.75 6 45 70 1151 
D7T2E.SV"9 0875 02S 2 6 45 70 IISO 
D7T2E6W9 0.87S 0.25 225 6 4S 70 1147 
D7T2E7W9 0875 025 25 6 45 70 1145 
D7T4E2W9 0875 05 125 6 45 70 24b7 • 
D7T4E4W9 0875 05 175 6 45 70 2SM 
D7T4E.SW9 0875 05 2 6 45 70 25M 
D7T4E6W9 0.875 0.5 2.25 6 45 70 25104 
D7T4E7W9 0.875 O.S 1.5 6 45 70 251.0 
D8T2E2W9 I 025 125 6 45 70 122.1 
D8T2E4W9 I 02S 1.75 6 45 70 121lO 
D8T2E5W9 I 025 2 6 45 70 128(, • 
D8T2E6W9 I 0.25 225 6 45 70 1287 
D8T2E7W9 I 015 2.5 6 45 70 12&7 
D8T4E2W9 I 05 125 6 45 70 2617 
D&T4E4W9 I 05 175 6 45 70 2754 
D8T4E.SW9 I 05 2 6 45 70 2760 • D8T4E6W9 I 05 n5 6 45 70 2776 
D8T4E.7W9 I 05 25 6 45 70 277') 
D6T2EIF5 075 0.25 I 6 SO 70 1151 
D6T2EIF6 075 0.25 I 6 55 70 124~ 

D6T2EIF7 075 025 I 6 60 70 1115 
D6T2E.3F5 075 0.25 IS 6 SO 70 115') 
D6T2E.3F6 0.75 025 IS 6 55 70 1274 
D6T2E3F7 0.75 025 1.5 6 60 70 Jl76 • 
D6T2E5F5 0.75 025 2 6 SO 70 1150 
D6T2E5F6 0.75 025 2 6 55 70 1272 
D6T2E.SF7 075 025 2 6 60 70 1386 
D7T2EIF5 o R75 0.25 I 6 50 70 120.1 
D7T2EIF6 0.875 025 I 6 55 70 129) 

• D7T2EIF7 0.875 0.25 I 6 60 70 136) 
D7T2E3F5 0875 025 1.S 6 50 70 1274 
D7T2E3F6 0.875 025 1.S 6 55 70 137'1 
D7T2E3F7 0875 025 1.S 6 60 70 14&2 
D7T2E5F5 0875 025 2 6 50 70 1281 
D7T2E.SF6 0875 025 2 6 55 70 140.1 
D7T2E.SF7 0875 025 2 6 60 70 ISI8 • D8T2EIF5 I 025 I 6 50 70 1172 
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Table C-l Finite Element Model Results (cont.) • Model db tp I.e Plate Width fy Fu IG 
(on \ (oni (on ) (on ) (kq\ (1: .. \ (k on 1 

08T2EIF6 I 021 I 6 55 70 1259 
08T2EIF7 I 0.25 1 6 60 70 1312 

08T2E3F5 I 0.25 I.S 6 50 70 1375 

0 8T2E3F6 1 021 1.5 6 55 70 1481 

0 8T2E3F7 I 0.25 I.S 6 60 70 1587 • 
08T2E5F5 I 0.25 2 6 50 70 1411 

0 8T2ESF6 I 025 2 6 55 70 1529 

08T2ESF7 I 025 2 6 60 70 1639 

PO IMJO I 0.25 1.5 4.S 3S 70 953 

P02MJD I 0.25 1.5 4.5 40 10 11 13 

P03M3D 1 0.25 1.5 45 45 10 1230 
P04M30 I 025 1.5 4 5 50 10 1364 • 
POSMJD I 021 I.S 4.5 S5 10 1480 

P06MJD I 0.25 1.5 45 60 70 1586 
P01M 0 1 025 I.S 45 35 50 938 
P08MJO I 0.25 1.5 4.5 35 60 941 

P09M30 1 025 I.S 4S .15 80 951 
PIOMJD I 021 1.5 4.5 35 90 961 • PIIM3D I 025 1.5 4S 35 100 963 

07T2E9F5 0.815 0.25 3 6 50 10 1213 
07T2E9F6 0815 0.25 J 6 55 70 1406 
07T2E9F7 0.875 025 3 6 60 10 1529 
D8T2E9F5 I 025 J 6 50 10 1430 
D8T2E9F6 I 0.25 J 6 55 10 1558 
D8T2E9F7 I 0.25 3 6 60 70 1685 • 
D6T2E2F7 015 0.25 1.25 6 60 10 1350 
D7T2E2F5 0815 0.25 125 6 50 70 1235 
D7T2E2F6 0.815 021 1.25 6 55 10 1354 
07T2E2F1 0875 0.25 1.25 6 60 70 1461 

D8T2E2F5 1 0.25 1.25 6 50 10 1327 
D8T2E2F6 I 0.25 121 6 55 10 1436 
D8T2E2F7 I 025 125 6 60 10 1519 • 
08T2E4F5 1 0.25 1.15 6 50 10 1399 
08T2E4F6 1 0.25 1.1S 6 55 10 1512 
D8T2E4F7 I 021 1.15 6 60 10 1615 
OTf6E9F4 0.875 0.75 3 6 45 70 3612 

OTf6E9F5 0.815 0.75 3 6 50 10 4040 
DTf8E9F4 0.875 I 3 6 45 10 4942 • OTf8E9F5 0.875 1 3 6 50 70 5417 
D8T6E9F4 I 0.75 J 6 45 70 4548 
08T6E9F5 1 0.75 J 6 50 70 4988 
08T8E9F4 I 1 3 6 45 70 5507 
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.. 0174 40200 00013 .. 0116 00111 

.. 0239 .. 0266 00017 .. 0249 0017' 
.. 0333 .. 0)63 00020 " OJ.t2 00268 ..... ..... 00023 .. ()467 00)92 .... , 40696 00027 ..... 00595 ..... 40999 00029 ..... 00194 

.. '414 .. '446 00031 .. 1415 01340 

.. 100t1 .. 1971 000)2 .. 193. 0116) 

.. 2452 .. 2-481 000)) 42441 02)74 

.. 291. "." 00032 .. 291 I 02136 

4)440 .. )470 00032 .. ).431 DJ16J 
.. 39l' 4J957 (00)2 .. 1f11S 0)110 
.. 4459 .. 4486 00011 44455 0010 

" ... 4.991 000)0 " ... 04Uj 

y - I 138.2 •• 4561.3 
Rl_ 1 

40105 40110 40115 
Avtngt Cllipt.r Rtadiac (ia.) 

78 

Adjusted For 

MIISDII CII:!RIiI 
00000 

00022 
0 ... , 

0 .... 

00111 

001" 

00261 
o DlQ:Z 

00595 

DOIIM 
01)40 

01163 

0231. 
02136 
0)30) 

o 31~O 
04]10 

0""5 

40120 



Tr 1'0.2 
Rrf:ordu: OR 

SI'IG!.E BOLTS" GLE PLAJ [CQ'\';IIECI10"1 US! 
SP!\lARl'S il EET 

TFS! 1>t~~IGS TIO, 

GEOMEIRIC AND MATER IAL I' ROI'ERTIF.5 

BOLT 
T)'J)< Al23 

Bolt IIole Std 

PLATES 
M2. Width (10) 

43 

US! RESl'LTS 

Llml1 lite Trafout 
K. 1278 

CO\I\lFNIS 

Diameter (In) I 
Shear Plane X 

TblcLnns flO) 

023 

(~.psl," ) 

10 \11 \ . DEfOR\lATIO'l CII \RT 

2~ 

• 
20 

I&.1IIIl 
I 

• 

Maximum 
Failure 
Other 

• 

o 
000 003 010 013 020 023 

Dtrormldon (in.) 

79 

• 

030 

Date 1211193 

Edge Condition 
owed 

Dcfocmallon (m ) 
02498 
04034 
0230 

• 

• Test Data 
-Predict 

• 

033 040 

COUmm~2 
43 

Load (k.ps) 
22 32 
2100 
223 

043 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



••• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

TtSl ' 0.2 
Rtcordtr: COR 

I!.Ud 

!lola ..... 
&!mJ !ku>IJ 

000 

". 
2 , .. 

'91 
1013 

1249 

• "06 , 174' 
I 2001 

• "60 
10 22 10 
II 2232 

" 22)0 

Il 2200 

" 2100 

"'T1Al,SIOPr. 

6 

4 

2 

o 

S I:.GLE BQI T ""Gl.f Pb\Tt (O'""frnO' TEST 
Sl \1\I\Rl SIIUT 

Dcl1cc:uoa 
r .... .... ., ..... Eoo 8010 .. 

,.1Im"" ) (.bpnl.) C .. llper ltn ) t1wtljAhn) 

, 991' .. 0260 .. Olll 0 .... 
.000. 40211 .. 01 .. , 0000' 

'0060 .. 012. .. 0194 00011 
• 0093 .. 0)6(1 " 0227 000'4 

" 0116 .. 044& .. OJI1 00017 

" 0324 " O~'J '0434 00020 

"OSlO 40710 ' .. 50 00023 .... , • 1200 " 1073 00027 

" 1511 41771 " 164. 00029 .,.,. '12U 421$9 00010 
.. 2496 .2U4 " 262' 000)0 
.2913 41239 0111 000)0 
4 lB. ",.. • 1666 000)0 

" 40)1 4.2" HI60 00011 

AdJusied Adjusted For Ao.tJIodUd "or 
IllY 1"1IIa! Slow MilUM OhM .... ' 00000 

40119 00022 

" 0138 00041 
<40113 00016 
.. OIl) 00116 

• 03011 0020] 
'0433 00336 

" 0627 OOBO 

" • 0 .... 
.. 16019 o In2 

" 2129 020)1 

42'~ 02"91 

"011 0,... 
• 16,. OJ')9 

" 4'31 0 .. " 

y - 1278,·3124.4 
R%. 1 

00000 
00022 
00041 
00016 
00116 
0020) 

00'''' 
oono 
0 .... 
OUll 
02011 
02491 O-o tn, 
0 .. " 

4 Oil. 40120 40122 40124 4 0126 ~ 012R 40130 40132 40134 40136 40131 
\-eriCc Ihptr Rudlnc (I a.) 

80 



Tdf ' 0. 3 
Rft'ordcr: COR 

TEST p ESIGNA TlON 

S I~G t[ POLT 51"Gt[ PIA l [CO~'X[cno, TEST 
511\1 ' 1 \ 8\ SII EET 

Tesa Deslgnauon S8 P·3 Dale 12III9S 

GEO\l ETRIC ASO MATERIAl. PROPERTIES 

BOLT 
TYI>< Al2S Diameter (In) 

Bolt flok: .d She", Plane 

I'UTES 
Ml!. Wl!illb (ID} IbI!;;~D~n £In} 

4S 02S 

lt~ RESL' I. TS 

Limit .. It phnm, 
III ISII (klp,itn ) 

rO\l'I E""TS 
Spill dc ... clopcd al dala POint 20 

to \0 , • . DEFOR' IAT IO'l CII \RT 

40 

30 

2S 

IS 

10 

o 
000 

• 

010 020 

I 
X 

I&.1Inl S1m..l 
IS 

Max-unum 
Failure 
Other 

• • 

030 
DtJor.".lioD Cia.) 

81 

040 

Ed" C20d!Jl2D 
a\lofd 

Dcroonallon 1m ) 

• 

04171 
04649 
o 2S0 

• 

• Tcst Oall 
- Predict 

o SO 

Coupon No 
4S 

Lood (kIps) 
34 18 
3418 
333 

• 

060 

• 

• 

• 

• 

• 

• 

.1 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

T6f ' o.l 
R«ordt r: COR 

MIA 

.,... L-' 

e- IkIJ!IJ 
000 
160 

1 ." , 7lO 
1010 , I1lO 

• "00 
7 1100 

• 10C! 

• 2J '0 

'0 1>JO 

" 2140 

11 ,.9> 
IJ J090 

" 3162 

" 1114 

" 
321' 

11 J145 

" 
3404 

" 
3411 

20 3411 
II ,,00 

1 ' [D&L.SI&l~& 

12 

10 

B 

;; 
Co 

:;; :;6 
• 0 
oJ 

4 

2 

o 

SI"%(; H!U.nN iLE ~!.U~ I;O"WCI!0' TEST 

F .... B 

Caha hi) Cahll5I!la) 

40261 42631 

.0'" 4 2651 

4 Ollq "660 
40.]49 42669 

• 0316 '270' 
40439 42160 

40511 42139 

40610 42913 
.. 0760 0062 
40920 41124 

.. 121' "JBI 
4 1471 4 3161 

" ... 43992 
4 19'20 44201 

41119 "" .. 17 
41lO0 ",.. ,,.19 .. S2IO 

0 ... 4627' 
4 ",o1 46792 
.. 4971 .. 7171 

.. 5"" .. 716' 

Sl1\t\' I\R\ liFO 

A' ...... 
Cabm ,_) 

41.nO 
4 1410 

41490 
<I,.. 
4 I Sf' 

" ... 
"610 

"m 
41911 
42072 

42l1l 

om .,... ..... 
o4J273 .... , 
.... In 
4 H13 
• 641 
.. 612.! 
e 6721 

"' ....... 
EA DohA. AdJ!.dtcd AdJUMed for 

lJ,t,ullo ~ ,.) IBII IDlllalSk'!I!t 
.. 1421 00000 

00004 .. 1446 00011 

00009 4 1471 0 ... ' 
00010 41419 00051 
00014 41495 00067 
00017 41530 00102 

00021 41H9 00"1 

ooon 41655 00n7 

0002' 4 1748 oouo 
00012 .. 1179 004" 
0001' 42017 0 .... 

000)9 .2.l« 00916 
0 ... , 4 2'" OIlS] 

0"" 4110] o 13" 
0_ .,.,. o 1~91 
0_ 4 '219 01101 
0 ... , ., ... 02172 

0 .... 4 '0$1 01660 

0"'7 .5015 o 1M' 

0"" 4"99 04171 

0"'7 .60n 0"649 
0 .... 46615 on .. 7 

y· 'SII .I' , - 6160.J4 
Rl_ 0.99 

AdJ_cd FOf 

~ha.wD. f:IIl"" 
00000 
0001. 

0 ... ' 
00051 
00067 
00102 
00151 

00n1 

OOllO 
o 04JI 
0 .... 

00916 
GIIH 
G 137S 

o 1'9'2 
01101 

Olin 

.2660 
0}611 
04171 
0<64 • 

0'247 

41445 4 1450 41455 41460 41465 4 1470 41475 41480 41485 41490 41495 41500 
Hragt Clliptr RudlnK (in.) 

82 



TtSl ' 0. 4 
Ruordu : COR 

ruT IlESIGSATJOS 

W "GLf BOLT ~"GLE PUTE CO""ECTIO'l TEST 
, I M\JAR) SII EET 

Tcst DesignatIon SBSP-4 D.,e 1211195 

GEOMETRIC AND MATERIAL PROPERT II:S 

HOLT 
Type A325 

Bolt Hole Sid 

P TES 

TEST RESI'LTS 

Width lID) 
45 

Limit Stak Beanng 
Ko 1675 

CO\I\lI:)oTS 

Diameter (m) I 
Sh<ar PIIlJ1C X 

Thld,n'" hn) 
025 

(~opslon ) 

I&.1Jnl 
I 5 

Maximum 
failure 
00hcT 

Test WQS loaded then unloaded and reloaded at start because or test mach IDe dlfficuhlts 

83 

Edge CQndtlloo 

Sawed 

Deformallon (m ) 
03857 

0250 

CQ~QQ!l ~2 
45 

Load (lops) 
3380 

330 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

TUI No. 4 SING!.F. no!. T SI"IGL F. PLATE l,;0 NEl,;!IQN TEST 
Rtcorder: OR SIIMMAR\ SHEET 

J!llA 
0.""" .... 

"... I.ood F ... , Bod A,,,",,, Est Boll &. AdJ~ed AdJtmed Few AdJUMed for 

e..m (iuzll CillRD lin) C.hrm(1D 1 Cilllm(m) ElasI" 6 liD I l1iY InlllilSm MYllDIL CIIII5I 
000 46572 00000 00000 

200 0110 41066 .. 6518 00003 .. 6,SI, 0001) 0001) 

2 no .. 5123 '11094 '6609 0 .... ..... 00029 00029 

3 ,,. 4U42 .. Illl .. 6633 00012 .. 6620 0 .... 0 .... 

• 100< 4 5168 o48UI • 6660 00015 .664. o oem 00072 

1261 .. '202 41187 .. 669.5 00019 .. 6675 0010] 0010) 

• U95 .. 527' 48267 46771 0002.! .. 67"6 0017S 001" , I'" .n21 41112 46117 00027 .. 6789 00211 0021' 

• 2006 .. S413 .. &407 .. 6910 00031 '6179 00307 00307 

• 22" " .sn. .. IS]] .. 7034 000]' ..... 00427 OG427 

10 2S00 .. ,S691 .. 8692 .. 7192 000)9 nUl 00'81 00"1 
II 2750 .. '934 .. 8936 .. 74]' 0 ... 2 41)9J 00121 00821 

12 299. " 632. .. 91:J.i .. 7829 0 .... .. 718) 01211 01211 

Il 30., .. 651S .. 9510 .. 8011 0 ... , .. 79M 01393 01393 

" 3202 .. 6991 ..... ., ... 0 .... 484"4 01172 Olin 
1\ 3282 .. 7490 S .. 99 " •• S 00051 .. 8944 02372 02172 

" 
)l!iO .. 7&68 S 1202 "9BS 00052 .. 9483 02912 02912 

17 3310 " 'SIS S 1715 S 01$0 00052 S ... , 03516 Oln6 
It 33 ao 48918 52(4) 50411 00052 50421 031157 0)157 

" 3) 70 49413 52606 5 1045 ooon ''''3 0«21 04411 

20 3330 ,0003 5 ]1)0 5 1567 00051 5 1515 0494) 04943 

1~ ITI" t. SLOPE 

9 

S 

7 

6 

is 
~ y - 1674.631 - 7799.05 
." 

Rl_ 0.99 j4 

3 

2 • 

o 
46580 46585 46590 46595 46600 46605 46610 46615 46620 • 6625 

Avtr1gt Caliper Ruding (in ., 

84 



1 tJf "0. S 
RtfOrdcr: OR 

Turr PI:, IG TIO" 

S"GLE nOI !SINGLE fLUE CO~ECTIOS TEST 
Sl '\I\J,\Rl SliFE! 

Test DesIIJll'UOll BSP-5 Dale 1212195 

GlOMHRICANIl MATERIA!. PROPERTIES 

DOLT 
Type A325 Diameter (10) 

Bolliiole Sid ShwPlane 

PLATE 
t!2.. Wldlb (10) nU~~DO~ flO} 

45 025 

If~I B!:l!I 'I.IS 

Limit Stale BearIMB 
KI 1477 (~lpsI," ) 

CO\I\I E'ITS 
Plate Started curling In front of bolt around data POint 20 
TCIIOUI plllflCS ~ereJust formmg \%hen test was ended 

I Q\I)\' I!FFOR\1 \TIQ' £II ~RI 

~O 

45 

40 • 
3~ 

_30 
S. 
~~ 
• 
oS20 

• 
15 • 

10 

5 

0 

000 005 010 015 

I 
X 

I&l!nl S1m.J t4as: C20dlll2D CQl!IK!O ~!2 
2 ."cd 45 

Dcformallon (m ) Load (kIps) 

Ml..'"lmum 03291 4324 
FlLllurc 
Other 0250 42 I 

• • • • • 

• Test Oala 
- Predict 

---
020 025 OlO 035 040 045 
Ddormltion (In.) 

85 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

Tnl ' 0.5 I'GtF. UQI T ~"GbE PLAU CQ"WITlQ' n;sr 

• Rtcordtr: COR 51 \1\1 \8\ . II [IT 

JUJA 
Dd\ecuon 

Dati lood Fmn. ak' A' ..... Ell Boh &. AdJuJilcd AdJliJlcd F Of AdJlU1td For 

\!oJD1 lku!Jl Clltmlla) ClllDU 110 ) Cahaa: (10 I EI.IIIIi: 0 liD) IlAlI IDIIIII SlfmI MIIIIllI CJlulSI 
000 " 1879 00000 00000 • '" .29\, .. 0"' .. 190) 0 .... " 1899 00010 00020 ,,, .. 2932 

• 090 • " 1920 0000' " 1911 0003. 000 .. 

1 '64 .. 2951 " 091) " 1942 00011 .. 1931 000$1 00052 

• 1003 42973 
• 0961 

.. 1961 00014 .. 195J 0007. 00014 

1241 • 29'J'I ..... .. 1992 00017 .. 19'" 0009' 0 .... 

• IS 12 "JOll .. 1019 .. 2026 o DOli .- QOIll DOtU , 1'51 "''''' • 10" '1<162 00025 420]1 00151 GOUI • & lOll 43109 .. 1112 42111 0002& .20&2 0020) 0020) 

• 22>0 43160 ·II~ .. 21" 000)1 .. 2124 002« 00244 

10 "'J6 4J240 41UI .om OOOJ.5 .. 2201 00]21 00321 

" 2142 43339 .. ,no oIlJU 000)1 .,296 00411 00411 

12 )000 0"0 .. 1·471 420176 0 ... 2 .. 204 00" • GOU. 

11 3250 .. )65. .. 16.52 .. 26lS 0 ... , .. 2610 00')0 00710 

" )' 00 .. 314) 4'140 "214' 0 .... .. 219' 00913 00913 • " ]74' .. 4239 "lnl .. ]2).4 00052 ·0111 o DOl 01102 

16 '000 ... 722 4272) .. 172) 000>6 066' 01711 01717 

" " 70 
.. j2.42 .. 1237 .. 4240 00051 .. 4111 OB02 02)01 

" ,12 78 4.5749 .. )" 41 ... 74' 00060 4461' 02106 02106 

19 4324 462.16 .. 42H 0211 00060 • '170 0)291 0)291 

20 000 467H 4.74" <ln50 00060 ..... OJlIO 01110 

21 .2 11 .. 7140 .. 5124 .. b2Jl 000" .. 617~ O"2~ om • 

• 
" ITI:\L ~LQP& 

8 

7 • 
6 

S 

i y - 1477.44, - 6187.40 

• :ii 
-4 
." 

R1
• ' .00 

• j 
J 

2 

• 
0 

4 189S 41900 4 I 90S 41910 4191 S 41920 4 1925 41930 419JS 
\trlgt .liper Ruding (in., 

• 
86 

• 



Ttll '0. 6 
Mtcordtr: COR 

rfST Ill:. IGNATION 

SI"Gtf BOIJ S" GLE PL"n: e O"NECIlOS TEST 
SIIM\IAR)' SlifE! 

Test Deslgnallon SBSP-6 Dale 1212195 

GEO \lETRle ANI! MATERIAl. rSOl'ERllES 

DOLT 
Type AJ25 Diameter (In) I 

Bolt Hole Sid Shear Plan, X 

PLATES 

~ WldJb £ID) IbIS:~IlQS 'ID} WtnJ ~ Eda, Csmdlll21l Cmlaoo ~Q 
45 025 2 S .... ed 45 

T!;~:r 8F.~ I ' !.Ili 
Deformallon (In ) lo3d (kIps) 

Llmll We Curling Maximum 02721 4560 
KJ 1572 (kIPS/to ) FllIlurc 

Other 0250 454 

CO\l\1 f ' TS 
Plate stBned curling In front afbolt :uound data pOInl 18 
Test"1lS slopped 10 pre\'ent damage 10 calipers by the pille curling 

bQ \1! \' . I!FFOR\lATIO'l e ll \81 

jO 

45 • • • • 
40 

3j 

_30 
is. 
::2 
;'25 
• • Tes1 Data 
~ 
- 20 - Predici 

15 

10 

5 

0 .. 
000 005 010 015 020 025 030 

Dtrormltion (I n.) 

87 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

Tt.51 ' 0. 6 ~I~GI,~ IIOI,ISIN!:i Lf 1'1 ~n !:Q'I'i!:CflO'i T~SI 

• k~cordtr: OR Sl \ I" AR' SIf[ET 

I!lll 

"'''''''''" o.u Lood F_ 0... A' .... EM 8010" Ad" .. ". 
Ad) ..... ed for AdJ'-cd for 

fila !Ial CAliS ,_ ) Clllm'.' Clbml. ) EI.IIIii~'II) i2III lamliSm: hi .... CIIUIII ... .. 0426 ..... ..... • I 276 " 0517 40)n , ... , ..... .... , 00011 00017 
2 , .. .. OS)7 " Ol9J , .. 66 . ... , " 0459 000)] ... " 
) ,,. 

" 0"7 40411 ..... 00010 .. 047. ..... . .... 
• 1010 ,.", ''')6 , .101 00014 ..... .0061 .0061 

116. '0601 . .. ,. <10529 00017 .. 0511 .... , .... , 
• U09 '0629 .. 0411 "O$5S .0020 "on, 00109 00109 , 1755 .. 0659 ..... .. 0514 00024 .. ,.. OOIl4 OOIl4 

• • 19" .. 0692 .. 0$41 .. 0617 o oem .. 0590 OOI~ 00164 

• 2299 .. 07.)9 .. Oscn '0661 000\1 .. 0637 •• 211 00111 

'0 H61 '0'" .... , .. 011' o oem .... , 002j7 00151 

II "60 .... 9 .. 0695 •• m .001' .. 07U .. ,.. .0)09 

'2 ,.00 40934 40776 .. ai" .... , "OIl" OttlU .. '" 
II )21. • IOSO ..... • 0970 . .... " 0926 oo~ •• 100 

" HOI .. 1201 .. I(MO .. 1121 .... , .. 1074 ..... ..... 
• U )7" .. 1407 .. 1240 .. 1124 ooos, .. 1213 .... , .... , 

16 '.00 .. 1679 .. 1511 .. 151), .00,. .. 1S4' OllIS OllIS 

" 42H • 2061 .. 1911 'I'" 0005 • .. 1930 .'104 .'104 
II 401 41$01 .. 2142 " 2422 ..... .. 2J62 019:\6 01936 

" 
.,,. 42962 ~ 2801 " 2882 .... , .. 2120 02)94 o lJ94 

2. .,60 .. 3288 .. . '129 4)209 ."'2 .. )147 02721 02721 

• 
"'TI.\I. 51 OPt; 

8 

7 • 
6 

5 .. 
Co Y - 1571.65.· 6JS3.55 • :li 
:;;'4 It! - l.00 
• j 

3 

2 

• 
0 ~ 

40440 40445 4 ().ISO 40455 4().160 40465 40470 40475 
\c:r8gl: 81i~r Rudlng (in.) 

• 
88 

• 



lcsi No. 7 
Rt.eordcr: COR 

TEST DESIGNATION 

SINGLE ROLT SINGLE PLATE eO"NECTION TEST 
Sll~!\JARr SIIEET 

Dale 12I2J95 

Ct:O\JETRIC ANIl MATERIAL PROPERTIES 

BOLT 
Type AJ25 Diameter (In) I 

Boh Hole SId Sheat PI.". X 

rUlES 
~ Width IIDI IhISi~[]'~S (10) I&.lJJJ.l Sl!l!J 

45 025 25 

IrSI' RES~'l.n 

Limn Stale Curling Maximum 
Ko 2271 (koPS/on ) Failure 

0Iher 

('0 \1\1£ n 
Test \\a5 loaded then unloaded and rc:loaded al start because: orlesl mac;hlOc dlfficultlcs 
l'ltlle started curling In front of bolt around dala POlOt 14 
Removed caliper on back of plate to prevent II from being damaged 

10\1) \' . DEJ'OR'Jt\I!Oi' e ll \RT 

70 

60 

50 

20 

10 

o 
000 005 010 

• 

015 
DcJorm.lioa (In.) 

89 

020 

Edas: CQodlUQO 
Sa~cd 

Deformation (In ) 

• 

01598 

0250 

• Test Data 
- Predict 

025 

CouPOn No 
48 

Load (kops) 
4167 

)91 

• 

0.30 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Tut '0. 7 
R«ordtr: COR 

MId 

0... Lood 

emns 0W!ll 
000 

I 2>0 

1 , 0' 
7,. 

• 1010 , ,,,. 
• 1100 
7 1777 
I 2000 

• DIO 

10 DO! 

" 276, 

12 3007 

" 12,. 

" ,. .. 
II 3' ,. 

16 '000 
17 4161 

II 4005 

" 
lIlO 

"" ':\" SLOPE 

8 

7 

6 

l 

"i 
:.i 
-4 
." • .3 

J 

2 

O ~--

3S5S0 

Frono 
CJhm(m I 

) 5&43 
.) 5.,9 

3"1$ 
"199 
.) ,92$ 

) ,9$04 

l!993 
) 6021 

300 .. 
J 6130 

.) 6199 

J 6210 
)631' 
) '521 

36720 

3"" 
17-494 
) 1019 

3 .... 

35555 

"Gl~ 1!21.I SN,LI; ~I ~n' l:O""[CTI0'" Tr_ 
M ' I'I" RI SII EET 

"'''''''-"". A,,,,",, EM Doh. Adjusted AdJ'*IId FOf Adjuseed Few 
CtlIRSl flu ) ClllllIiIllD I li:luiISiAIIDI iIIII IDIII&I~J~ Mlillal (,hila 

lUll 00000 00000 
) '27 1 )SS" 0000] ) ", .. 0001 1 00011 
) 5212 1 "'1 00001> )"64 00022 00022 
) ,295 3 HIS 00009 ),,76 00033 000)] 

JHIO ) ~60' OO(m ) $592 000,. 00010 
lj))1 , ~2. OOOU 3.5613 00070 00070 

J .U" 1 ~6" 0001. )$6)' 0_ 0 ... ' 
3 !l91 , ~691 00021 3!6 I 00121 00111 
)5U4 15726 00024 J ,102 001S9 001'19 

3,.10 lnIS 00021 B7H Gon. 00114 
Jj519 1 'Ill' 00030 """ oon2 OOln 
) '51J 1'191 000)) BI5' 00116 00316 

3<663 11m 000]6 1,S9J5 00193 OO~) 

H710 10071 000)9 160JI ."96 00<96 
l5911 10220 0"'2 ) 617' 0063' 0063' 
361O, ''''11 0 ... , ) 6361 GOllS DOllS 
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SII\GI.E BOLTSINGU' PLAT[ CON 'ECIION TEST 
SlIM\MR\' ~'IFET 

Date 1212195 
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TES! IlESIG"ATIO" 

SIl\GLE !lOLT I"GLl. PLATE CO"NECTJO" rEST 
SlIMMARY 51,tET 

Test Des,gnauon SBSP-9 Date 12J2I9S 

Gt O" El RIC ANO MAHRIAL PROPERTI ES 
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SI'GU; ROLT , I'IGLE PLATE eO'lSEITIO'll TEST 
~ I ' \I\I \BY SII fET 

Test Deslgnallon S8 P-IO Dale 12/2195 

G[o\I EIRICAND MATERI AL PROPERTIES 

BOLT 
T)'JIC AJ25 Ol:unc.ter (In) I 
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1 PIT OEl IG'IATIO" 

. " GI.E HOlT ' I'GI E PI \It: CO"\,"\,EC!lO"\' TEST 
51 M'I 'R) Sil EO 

Test Designation SBSP·II Dale 1211195 

GW'IETRICA/\'P MATERIAL PROPERTl r.s 
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S"GLE BOLT SI'1GtF l'bATE CO'NECT!O'l TEST 
Sl \I\IAR\ ~lfEET 

Test D""gn."on SBSP·12 Date 1211195 

GEO\lt:rRle A~D MATERIAL PROPERTIES 
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TEST Of.sIGNATION 

SINGLE BOLT 51 'GlE PLATE CO'l'lECTIO'l TEST 
SUMMARY SII EET 

Test Designation SBSP-13 Date 1212/95 

GEO\l ETRI C ANO MATERIAL PROPERT IES 
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lO ' IH . OEFOR\lATIO"CII\RT 

10 

41 

40 

35 

15 

10 

o 
000 005 010 

• 

015 020 
Deform.lion (In.) 

101 

• • 

• Test Data 
- Predict 

025 030 

Coupon NQ 
47 

load (kips) 
4138 

396 

• 

035 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 
" 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Tr I '\0. 1l 
Rtcordtr: OR 

lillA 

Coo- ...... 
fIlIIIl tku!IJ 

000 
2>. 

I 4\7 
7,. , 1016 

12 " 

• 1601 

7 1199 

• 20 IS 

• nil 
10 1'" 
II ,,,. 
" 3000 
11 '250 

" llOO 

" 
,,,. 

I. "00 
11 4'1!! 

" 41 3. 

" 
.000 

'0 1910 

" Ja J) 

",U\LSlOPf 

8 

7 

6 

; 
-;; 
Q. 

:i 
-4 
~ • .:l 

J 

2 

o 
40170 

SI'oi!!LE BO!..HI'G!.F. rL,n~ (Q'I".EQIO' TI:o'iI 
Sl'MMAR' StlEt:! 

Dd1cclto" ,_ IlK. A ...... Ea BohA Adjusted Ad).-ed For Ad,_ed For 

C.hRlOlho I ClhREI liD I C.bmha) ~1uI1i .. ~11II1 Ilia 10lll&lSm MIIliDl Clilm 
11 01$1 00000 00000 

.. 0171 -4 Dil l .4 0177 OOOD} .. 0173 00016 0001. 

.. 0191 .. 0191 .. 019, 00006 .. 0111 0003 1 00031 

• 0212 
.. 0209 .. 0216 00010 40205 0 .... 0 .... 

.. 0250 " om .. 0240 000'" • om 00069 0006. 
402n .. 024' .. 0260 00017 .. 0243 0 .... 0 .... 
.. 0111 .. 0210 • 0296 00022 .. 0274 00117 00111 

• 034. 
.. OJII 40])0 00026 40304 00141 00141 

40363 .0360 40)62 0002' .. 0)).4 00177 00177 

.. 040] • 0}64 .. 0'14 000]1 .. OlB 00196 001" ... " 4Q.111 , .. lJ 000" "Ol91 00241 00241 

.. 0.50' ..... .. 0411 Goon . ... , 00,.. 002106 

40'" "OU, .. 0')6 0"'0 .. 0'16 00)'9 00)59 

.0661 .. 0631 . - 0 .... .060' OO«S 0044' 

• 0101 4011l .. 0717 0"" .. 0740 OO~IJ 00"" . .... . ... , .om 000>0 .. 0926 00'769 ot,., .. 
"300 .. 1271 .. 1217 000" .. 1233 01076 01076 

.. 1,99 Jllno .. ,'90 OOOS! .. 1.5).4 01377 01]71 

.. 209' .. 209) OOO~6 .. 2019 .,W o I.n 
42.HZ .. 2H1 000)" 4247. o 2J21 onll 

• JOOO 
• JOOO 000'\.\ 4~7 02790 02710 

.. JJ79 .. 1379 OOO~2 .. 3J17 0)170 01160 

• 

Y - 15<11.58. - 6190.52 

R1 ·0.99 

40175 40180 40185 40190 40195 40200 40205 40210 
\~rll~ .liper- Ruding (i n.) 

102 



Ttsl o. 14 
Rccordcr: COR 

n:.'iT DESIG AnON 

SI"GU: BOLT SINGLE PLATE CO''NEITION TEST 
SIIMMARY SHEET 

Test Designation SBSP·14 Dale I2/2J9S 

GEOMETRIC AND MATERIAL /'ROPERTIES 

DOLT 
Type AJ2S Diameter (m) I 

Bolt Hole SId hear Plane X 

PLATES 
~ Width (101 1lllktiDtsS (Ill) WmJ SJmj 

4 S 02S 2 

It;,.'iT Rt;l!!1L TS 

Limit Slate Curlmg Maximum 
KJ 20S7 (kips/in ) Failure 

Other 

Plate SInned curhng In front of boll around data pomt 16 
Removed caliper on back of plate to prevcnlll from bemg dwnagcd 

LO \1) \ . OEFOR"ATIO'll CHART 

SO 

45 

40 

3S 

_ 30 
~ 
Co 
:.. 
;'2S 
• 
j20 

IS 

10 

S 

0 
000 ODS 010 DIS 

OcJormatlon (in.) 

103 

Edi~ CQndlll2D 
heared 

DefannatlOn (m ) 
01792 

• 

• Test Data 
- Predict 

020 

• 

Coupon No 
47 

Load (kips) 
4290 

o 2S 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

TtSI ' c). 14 

RtCordrr : COR 

.I!.U.& 

D ... Lood 

I!.IwU !iJW 
000 

'"~ 
1 >1, 

74' 
• 1012 

11 '9 

• 15 12 , "60 
I 2014 

• 13 2' 

'0 1100 
11 2151 

11 "'00 
1l )llO 

" "00 
I> l7lO ,. 4000 

" 42lO 
11 '290 
,y 41" 

1' lrlAL SLOPE 

8 

7 

b , 

S 
-;; 
c. 
:4 
;'4 
• j 

3 

2 

o 
40465 

S I'1q~ fiObT SI'1GL~ ~b~U; ~O'1'1Eg:rO'1 I&.'IT 
PIMAR\ SHEET 

Dcf1clCuon 

F""" Ox' A ...... UI Ooh &. AdJu~~ AdJlUCcd fOIl AdJUited For 

CllllI$I (ID l (lhI!l:llio) C.hllSI £In ) EIIIIIG.6 liD ) IloJI lomalSls MIUIOI (111m 
.. 04'6 00000 00000 

40)'U .. 0,99 .om 0000) .. 0469 000 1) 0(01) 

40362 .. 0621 .. 0492 0_ ..... 0002' 0002' 
.. 031. .. 06]1 .. O$OJ 00010 .. 0492 00036 00036 
.. 0)9' ..... 40.522 000'4 • 0101 000'1 Goon 
.. 04lS .om • oS« 00017 40516 00071 00071 .... ) '069' .. Oj67 00020 40s,47 .009' .009' 
40.f73 .. 0718 .. 0'96 00024 4o,n 00116 00116 

•• m .. 07.50 ... '" 00021 .... , 00'46 00146 

40"'9 .. oao, , .. n 0(0)1 ..... 00190 00190 

.. 0,1' .. 0121 .. 070, .0014 .. 0671 0021' 0021S ..... .. 011.5 .. 0763 00037 .. 072' 00269 00269 

.. 0711 .... .. 0135 0 ... , •• m 00)39 00)39 

.. 0119 .. 1062 ..... , 0 .... .. 0'97 Ooui 0 ... , 
,.." .. 1196 .. 1074 .... ' .. 1027 00571 OOHI 

41142 .. 1111 .. 1162 0005' .. 1111 0o", 007" 
.. 1411 .. 165. .. 151} .00" .. 1479 01023 o lOll 

.. 1730 .. 1730 000" .. 1671 o 1117 o 1l3. 

.. 21&5 Hili 00011 .. 2127 01671 01792 

4267' 41675 00056 42619 02163 02214 

y. 2057.03. - 8321.90 
R'· 1.00 

40470 40475 40480 40485 40490 4049S 
nngt Calipe:r Reading (I n.) 
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rest o. 17 
Rttordcr! COR 

TrJiT OESIGNA TlON 

SINGLE (lOLT SI 'GI E PLATE CON"IECTION TEST 
Sl 'MMt\RV SII EET 

Dale I2I3/9S 

Gt:O\IETRICAND MATERIAL PROPERTI ES 

DOLT 
Type A325 Diameter (m) I 

Bolt Hole SId Shear Plane X 

PLATES 
1'!2. WI~h (ID) ]]lI!I;tDg~ em) l&1inl ~ 

54 o 2S 2 

IW Rt;lil 'ill 

Limit State Curling Maximum 
KI 1777 (~Ipslon ) Failure 

Other 

COM'IENIS 

1)lalc Sl3r1cd curling In front orOOI! around dala POint 17 
Removed caliper on back of plale to prevent II from beang damaged 

10"0 " . OEFOR'IATIO'l ell \RT 
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50 

40 
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o 
000 005 
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010 015 
Oeform.lion (lb.) 

105 

Eda:, CQDdUIQI) 
Sawed 

Ocformauon (In ) 
0 1934 

• 

• T~I Data 
- Predict 

020 

Coupon No 
48 

Load (kips) 
4270 

• 
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• 

• 
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• 

• 

• 

• 

• 



.' 
Tut ~o. 17 INGLE BOLT SIN!;!LE PLATE CQ1!1!t;C"nQN TEST • Rtcordtr: COR SliM MAR) SII EET 

~ 
Ocnecuon 

0." ...... F .... ' ea<. A\mge l:.It Boh& AdJllSIcd AdJusied for AdJ\iltcd For 
e.wn liJlIll C.IIRSl 11(1 ) CahmhDl Cthll£t lID I ~1I'~(11l1 11m hlillalSm MIMIDI ClhlKl 

• 000 323Sl 00000 00000 
266 3 ""8(1 ) 0261 J 2371 .0003 32368 000" 00015 
$06 3 "SOl J 0269 313U .000$ J 2310 .00" 00021 

3 ,<3 ).4523 J02'1 J 2<102 .0007 3239j .... , 0 ... ' 
1010 345049 )0291 12420' .001. J 241) .006 1 00061 

$ 1322 )'UII )0321 32431 00013 ] 24)' .001$ .001$ 

• 1$06 J 460] J 0339 32.71 00015 J 14" •• ,04 .0104 

• 7 17 I, 34639 30369 , 2$04 000 1' 31416 OOIJ.t 00114 

• 2.00 34672 3.398 3153' .0020 )HIS 00163 0016] 

• 2309 H723 30441 In,) .OOD )>>"" 00207 00207 
I. " .. J 4163 30410 126n .00" ).1'97 00244 0014 .. 

" 1751 3"132 14»46 11619 00017 11662 0.309 00'" 
12 ,.00 3.919 306,. J ln4 ... ,. J17 .... 00)92 001'12 
13 1230 J SO)' 3074' 12111 QDem: 32116 OOSO} 0050) 

• 14 )$" )511, , 0191 3304. .00" 3300$ o OM2 006Sl 
1$ 3753 J5JSI 3 1092 J 3240 00037 3310) •• SlO .0130 
I. .... " ... 3 1371 , 1516 . .... 33476 o Illl o Illl 
17 42 II 360B '1m , )913 0 ... 2 ) Jl71 DUll o IS II 

" 42,. 36469 )6469 .... 2 J &427 0.014 o 19).t 

" 
4210 36911 1691 1 0 ... , J 6939 04517 02446 

• 
"'IIALSLOPE 
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i y- 1776.68. - 57".99 • ::2 ;-4 R1 · 1.00 
• 0 
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2 
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uragc: Clllpcr RC'.dinC (iL) • 
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T.,. ' 0. 18 
R«ordtr: OR 

H!IT pESIG"I TIO" 

I"GLE 80!.T SINGLE P!.AT£ CO"NECIIOS TF.sr 
5\" 1 '1-\ R)" SliFEr 

TCSI DesIgnation SBSP-18 Oal< 1214195 

GfQ \l l,.RIC ANP IATERIA!. PROPERTIES 

BOLT 
Type A325 Dlluneter (m) 

Boh Iiole S.d Shear Plane X 

PLATES 
t!J!. WKl1b (m) ThI!i~D£l5 lID) l&1inl SltnJ 

54 025 2 

n.s! R[-SI 'I,Ill 

urn It Stale Curlin, MaxImum 
KI 1403 (kIp'''" ) FaIlure 

0Iher· 

CO\l\lENTS 
Plate laned curlmg In front of bolt around data point 16 
Rcmo,,"cd Cal iper on back of plate to pre\-'cnt It from being damaged 

1.0 \I) \' . pt:FORM ATIOS ell ART 
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Ddormllion (In.) 
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• 

020 

Ed!:!:: C20dll l2[J 
Sa'll'Cd 

Deformation (m ) 
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0250 

• • 

• Test 03ta 
- Predict 
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CwDQD~g 
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Load (kIps) 
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• 

1 ul '\0. 18 SI"!lI·~ HQI I SI"GI·E ~1.An; CO"Nf no," TESI 

• Rtcordtr: COR Sl'MM\R\ liEU 

J!ll.!. 
"'11K ..... 

D.". '-' F, ... 0,,' ., ..... ~ Boh&.. AdJWSled AdJUS1ed fot AdIu.tN FOI' 
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• , 17 62 1.cM9 HnG , 4~9' 00011 ] .. ,76 00141 00147 

• 2000 , .... J 4163 '4619 00021 )4601 00119 00119 

• u" )4m , .... H671 0002" J4b47 00219 0021' 

10 ,>0' J .n19 )4615 "7ll 00026 ,- 00267 00167 

" 2' " 
J4In 14121 "790 000" 34761 0(1)1 OOlll 

12 ,." "". )4191 ) .... 000)1 ,.129 0040' 00401 

11 )". ) >06, ) 4921 301991 '0014 )"9" 00'21 o on. 

" )$00 JS212 lson Blot} 000)7 HIO' '''77 '''77 • Il )7<4, J '''OJ ) 5162 lHJJ 000)9 J 1293 0 ... ' .... , ,. 4010 ) '61' J ,~, )56U 0 ... ' ) "71 Oll~ 011« 

" 4210 36076 J ,9)9 ) .... ..... J '96) OUJ,4 OU:W 
II 4)10 36]1' ] 61'1 )6241 0 .... ) 6202 011704 01774 ,. "10 )6'" :\ 67~1 ..... ) 6712 onl) 02116 

20 4310 )7109 17109 0 .... ) 706l 026)$ .,161 

• 
I'ITI"" ""OPE 
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~ y - '.0233, - ~818.71 • :< 
-4 Rl_ 1.00 
." 
• = 
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o 
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Vfralf Caliptr Rf. dinc (ilL' 
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In. ~o. 1 9 

Ruordtr: OR 

TfST DESIG. ArlO 

~1"GbE BOLT, I"IGL!: n ATE CO'lNECTIOS TEST 
S I " I~MRY SHEET 

Tesl DesIgnatIon BSP-19 Dale 12IJJ9S 

Gt,OMETRIC Asn M TERIAb PROPERTI ES 

OOU 
Type: A32S Diameter (an) I 

Boll Hole SId Shear Plane X 

PLATES 

& ~Idlb (m) Ib"lsntu (ID) l&1Inl Sl!!!J 
3S 015 2 

![~ 1It;:!!lbIli 

Limit State Curling Maximum 
KI 1513 (~IPs/," ) Failure 

Other 

CO\lM ENTS 
l'latc Ulrlcd curling In front of boll around data pomt IS 
Rcmo ... cd caliper on back of plate 10 prevent II from bemg damaged 

10 ,II \' . IlffOR'IATlO'l (I I ' liT 

60 

lO 

40 

20 

10 • 
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o 
000 o OS 

• • 

010 0 IS 
Deform. tlon (in.) 

109 

Ed" CgodlUQD 
Sawed 

Deformation (In) 
o IS8S 

• 

• Test Data 
- Predict 

020 

Coupon No 
48 

Load (kIps) 
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• 

02S 
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• 

• 

• 

• 

• 

• 

• 

• 

• 
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Tu t ' 0. 19 S" .Lf, OQbI SI~GL~ Pl.!! TE CO'\'NEUION TgiT • Rttordtr; COR S\ \'" \R)' SII EEr 

ML1 
OcRcct*l 

Dati I.-' F_ Bod< A ...... Ell Boll&. AdJulled AdJ\dteO fOl' -\dJldud for 

&Ill !iJl!Il C.hmlln) ClitwhD} ClIIIm:IiD) lJa.1l1o A 1111 ) l11li IOlliliSkIm: M,IIIBICah. 

• 000 '7904 00000 00000 

". J 50'0 .. 0802 J 7926 O_ J 7922 000' 7 000J1 

2 '09 35069 .. 0121 379" 0000. 37937 00033 00033 

3 767 ) 5091 .. 0111 3 'I'l6' 000 12 )79H 0004. 0004. 

• 1010 35117 .. 01'9 J79A1 0001) ) 797) 0006. 0_ , " .. J 5'4' 'OW 3&017 00019 , 7<J'I7 0009' 0009' 

• U16 ]"1' .. ()qll JIO)o 00023 ) 1027 00122 00122 

• 7 1751 '>22. .. 09" , .... 00027 110'9 DOIS4 OOIs.. 

• 2017 35269 , 099\J JlI)4 000)1 ) liD) 00199 00199 

• "" "'lOI .. IlK7 J 117. 00034 31144 00239 OOlJ9 
10 l·Ua 3539$ .. 1121 J 11$' 00031 311220 00)16 OOlib 

" 27.50 ] S49. .. 122) J 1)6 1 00042 31319 004 14 o 04l<f 

12 3000 35629 .. 135' "49. 0004' J &4.'" 005-40 0o,"0 
13 ,2>. ) 51'0 " IS)I ] 167 1 0004. J 8611 00117 00117 

" "00 , .... .. 1711 1 rna ooon 1'115 00970 00970 • " 'BO , .... .. 2216 ]93$1 ooon 39300 01396 01196 

16 " .. '660 .. 2"06 J95<41 ooon '''' .. o I~IS o I~'~ 
17 '74. 37095 , ,.., 000.51 ] 7031 .. 0 ... 01993 
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• 
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~r:""gr: alipu Ruding (In.) 
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TrJt No. 20 
Rtcordtr: COR 

It!,.. D£5IGNATION 

SII\GLE BOLI SINGI.E PLAn; CO'lNECTION TEST 
UM\lAR,' SII EET 

Dale 1213/95 

GEO\l ETRIC AND MATERIAL PROPERTIES 

80LT 
Type A325 

Boll Hole Sid 

P T£5 

nSf RI"S\ ILIS 

Width hn} 
35 

Limit Stale Curling 
KI 1457 

COM \I ENTS 

Diameter (In) I 
Shear Plane X 

lluckoess (10) 

025 

(kip"'" ) 

J..Um} 
2 

Ma.'(lmum 
Fadure 
0I!tcr 

Test was loaded then unloaded and reloaded III start because: or lest machine difficulties 
Plale started curling In front of bolt around data POint 14 
Removed caliper on front of plate (0 prevent II from being damaged 

1,0 \ 0 " " OEFOR\I AT10,/ CIIART 

60 

so 

40 

20 

10 

o 
000 002 004 006 008 010 

Deform.llon (in.) 

III 

• 

012 

Edgt Cond!l!oo 
Sawed 

Defamation (10) 
01471 

• 

• Test Data 
- Predict 

014 016 

Coupon No 
48 

Load ('<Ips) 
3570 

• 

018 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Tc t '0. 20 
Ruordcr: COR 

J!.Ud 

0 ... Lood 

I!lIlDl IDlll 
000 

265 
2 , 07 

) 74' 
• .. , , IHI 

• IS 12 
7 1765 

• 2000 

• "" 10 ll .. 

" "60 
12 3000 
13 3H2 

" llOO 

" "70 
16 ">0 

"IT, \b SLOP&; 

8 

7 

6 

3 

2 

I • 

o 
31305 

DcflcchOft ,_ OK' A\ctap. Lat &ItA AdjUSted Adjusted For 

Clliga:ha I Clhw (ID I CaliRI[ lIa ) [lui" iloha) llIIl IOIIlII:i1m5 

36.0) ~ 0119 
3 6045. " 0209 
3 MIt. "0229 
1 .... .. aUA 

) 6$27 .. 0216 

36SS1 • 0)19 
)6596 .. OJ5' 
366)9 ..... 
36701 .. 04 • ., 

361" .. o~" 
J 6901 .... , 
17042 .... , 
In.' 41 ... 

1'609 "'1~9 

.. 169' 
"190 

38310 31311 

lll l2 
1 Ill} 
) I)~) 

11116 

] &.401 

31439 

'14n 
)1'20 

3'''1) 
'1670 
117&4 
] 19l1 
39129 

19419 

.. 1695 

"'~' 

31290 

0 .... 11301 

0000' J 1324 

00011 ) 1141 

0001' JU61 

00014 11117 

0002) 3141' 
o oem 11430 
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0003< lls..9 
OOO}. J 16)2 

00041 31742 
00046 lU70 
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000 .. )943' 

oocu~ "I~O 
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y. 1'57.45, - 5580.5 I 
R1 . 1.00 
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\cragt lliptr Rudin, (in.) 
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Tnt '0. 21 
Rtcurdu: OR 

TEST "ESIGNA no'll 

SI~GbE QOLTSlloGbE PLUE eO'\''IIECTIO)O ITST 
5t \1\1 IR)' SliFE! 

Dale 1214/95 

G£Q,\IETRICAi"" MATERIAL PROPERTIES 

nOLT 
Type Al2S 

Bolt IIole Sid 
DlIIf11Cler (In) 0875 

Shear Plane X 

PLIT 
~ Wldth(m) 

45 
Thickness ho) 

025 

It ST RESULTS 

Limn Stale Test Setup Limit 
KI 1124 (.,psl,n) 

CO \I "ESTS 
Test setup limited by bolt bending 

10\1) h "EFOR\lATIO'll e ll IRT 

14 

12 

10 

2 

o 
000 000 000 

• 

l&..llI1l 
2 

000 000 
DtJorml,lon (in.) 

113 

• 

Edge CoodlllQO 
So"ed 

Ocformatlon (10 ) 
00068 

• Test DatA 
- Predict 

001 001 

Coupon No 
46 

Load (kIps) 
760 

• 

001 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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• 

• 

1(' l'lo.21 ~1"GL.E (IQbI SIt.!.i!.E r~n (Q""-E!XIOl'l IEST 
Rtcordtr: COR SU\I'IARr SIIEE! 

IllI4 

"''''''-Dot. Load fmnJ ..... A ...... EM 80ft • AdJllSlcd AdJUJled for Adjusted for 

l!mo1 tml Clhm(1IIo1 Ullmha) Clhm'ml EIIs",Q (ID I 121!1 lalllll Skim: MIIIIBI t:ahm 
000 ld36 00000 00000 

I 266 35608 34119 " ... 0 .... J 4860 0002. 0002. 

2 ,0< ] ~628 ] 4149 J 4889 00007 l,URt 000<' 000<, 

760 ] S651 ] 417. 34915 00011 ,,904 00068 0006 

"!TlM Sl.OPE 

8 

7 

6 

5 ... y. 1123.85x • 3915.06 c. 
~ 

R'· 1.00 -4 
." • .3 

3 

2 

o 
34855 34860 34865 34870 34875 34880 34885 34890 34895 34900 34905 

\UIgt Cali~r Ruding (I n . ~ 
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Tr I /\tO. 22 
Rrcordtr: COR 

TESl Df.s IGNA TlON 

SING LE ROL T 51 GLEPLA TE CO'lNECTION TEST 
S!" IMAR), SIIEET 

Test DesIgnation SBSP·22 Dale 1214/95 

GF,O\l ETRI C AND MATERI AL PROPERTI ES 

BOLT 
Type. Al2! 

Bolt 1I01e. SId 
Diameter (m) 0875 

Shear Plane X 

PLATES 
Width (m) 

45 
Tblchness ltn) 

025 

TEST Rt:SlIL TS 

Limit State Test Setup Limit 
KI II n (~Ipslm I 

Co-t't ENTS 
Te t setup limited by bolt bendmg 

1,0,,1) V . DEFOR'IATlO'l el l \RT 

12 

10 

8 

2 

o 
000 000 000 

• 

Wuil 
2 

Maximum 
Failure 
Other 

• 

000 000 
Ddorml lion (In.) 

11 5 

Edge Condition 
Salol.'ed 

Deformation (In) 
00064 

• Test Data 
- Predict 

001 001 

• 

Counon NQ 
46 

Load (kIps) 
743 

001 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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reSI No. 22 
Rt(order: OR 

Jl.lll 

Dol. ..... 
I!mnI (ku!ll 

000 

263 

50< 
3 743 

"ITl\kSLQP[ 

8 

7 

6 

5 

3 

• 
2 

I • 

o 

SII\GLE DOLT SI~GL[ rL6 T~ ~QNNEcrIQ~ n;.rr 

F~I Book 

~lIlmhD) (lhwhD) 

35310 )4020 
) 5331 3 "1)41 
3.H$I 34067 

SUMMARY SII Et;r 

A,'enp: 

(1I!mhD) 

3 4665 
) 4616 
34713 

o.:nectMln 
Est 8oh.t. AdJUSled AdJUSled For 

~IMIIS~IID ) QIlJ. IDlIlIISI_ 
J 04638 00000 

00004 34661 o oem 
00007 34679 000<1 
00011 34102 0 .... 

y - 1172.22. · 4060.32 
R1. 0.99 

AdJUSled FOI' 

~hUID. (.liRa 
00000 

00023 

000<1 
0 ..... 

3 4660 34665 34670 34675 34610 34685 34690 34695 34700 34705 
nragt Cllipu Ruding (In.) 
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Tut ' o. ll 
Rtcoro ... : OR 

r EST Of.5IGNADO"" 

S"GLE BOLT S" ,LE PLATE COS"EcrtO' II:'.';T 
51 \ 1\1 \R\ Sl ifE! 

Dale 1214195 

CEQ\IURIG ASO MATERIAL PROPERTI ES 

DOLT 
Type A325 

Bolt Hole Sid 

I)LATES 

TFST Rf_ l iLTS 

Width (10) 

45 

limit talC Test Setup limit 

Dlamcter (m) 075 
Shear Plane X 

ThicknesS fin} 
025 

KI 1098 (kiPS/on) 
Maximum 

Failure 
0tI...-

( O\I\I ESTS 
1 est setup hmlled b) bolt bending 

12 

10 

8 

4 

2 

o 
000 000 

• 

000 000 000 
Odorml tioD (i n.) 

117 

• 

Edge Cond!l!OD 
Sawed 

Defonnatoon (on ) 
00069 

• Test Data 
- Predict 

001 001 

Coupon No 
46 

Load (kips) 
755 

• 

001 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1 ('11 11\0 . 2J S I~(iL~ RQI.I ~1~GI.£ rl"IIE CQ'INt:!:IIQ'I IE~ 
Rccordc.r: OR 51 "MAR' SII EET 

Mll 
DdlectMM 

0_ 1.-1 F ..... "". A' ..... U. """ .. AdJldted AdJ~ed for AJ, ..... ed Foe 

e.... I1JJ!1l C.llm fm) C.lrpnfm) Cat"'er (m I EIut" ;\ "D ) 11m Im''''S. 
000 lUll 00000 00000 , 262 3 6037 :z .~O, J 2271 0000, 32266 OOOH OOOH 

2 "' '606 ' liB! 31296 00009 32217 0..,., 0004' 
7H '609, ISH. J IllS 000 13 J lJll 00069 00069 

"ll' \1, S l opr 

8 

7 

6 

S 

i ) - 1"" .75. · J5.J9JJ 
::. R1• 1.00 ;;"4 
• Q 

J 

2 

o 
J 2261 J 2270 l2271 J 2280 J 2281 J 2290 J 2291 l2300 1 nos J 2310 l2lIS 

H'rI~r: Calipc:r Rudin, (In.) 

118 



TUI ' 0.2" 
Rtcordcr: COR 

Tf.sr Pf,SIGNATION 

SIM:bt~ BOI,T SI'G!.f PLATE CO'1'1ECfIO' TEST 
SI1M\!AR\ SII EET 

Test Designation SBSP·24 Da.e 1214195 

GfO\fETRICAND MATERIAl. PROPER} IES 

BOl.r 
Type A325 Dlametct (m) 

Bolt Hole Sid Shw- Plane 

I)L\T ~ 

~ Wld!.b (10) lbl~~~! IID1 
45 025 

TES [ RESl'!. TS 

Limit Slite Test Setup Limit 
KI 935 (k,p"In ) 

CO\I\It:m 
TCS1SCIUP limned by bolt bending 

10 \!l' , PEfOR\IATIO' CIIART 

I~ 

12 

10 

i 8 
~ ... • j 6 

• 
2 

0 

000 000 000 

• 

000 

075 
X 

kll!ll SJmj 
2 

• 

000 001 
Odormltfon (in.) 

119 

Edge Cond!l!Qn 
Sa\\cd 

Derormatlon (In) 
00082 

• Tcst Data 
- Predict 

001 001 

• 

001 

CoupooNQ 
46 

Load (kIps) 
762 

001 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

THI ' 0.24 

• Rrcordtr: OR 

IllL1 

00" Lood 

I!!l!nJ IkIllIl 

• 000 
168 , ,o. 

J H' 

• 

• 

• 
INITIAL S LOPt: 

8 

• 7 

6 

• 
J 

2 

• 1 + 

o 
J 1920 

• 

• 

SI~GLE nOLI SINGLE PLATE ~O""'[CTIO~ Tr.sT 

F""" 
CilIIISl ho ) 

1129) 

.JH23 
lH'!1 

) 1930 

SVj\J\IAR\ SIJEET 

Oefl«uon 

Bock A,,,,,,, Est Boh & Adjusted Adjusted For 

Cahm (ID ) C.h5tCl:{Ju) £lws: ~'ID) lli!1 IDIlIIIS~ 
31900 00000 

21$75 ) 19}4 0000, 31929 00029 
,.603 .J 196) 00009 J 19'" 000,. 
21636 ,,996 00013 J 1912 00012 

y - ~J5.2J • • 298HZ 
RJ _ 1.00 

) 1940 J 1950 31960 ) 1970 3 1980 
Avrngt Clliptr Ruding (in.) 

120 

AdIU6ted Fcx 

hhulDICahm 
00000 
00029 

000" 
00011 

) 1990 



Tnl '\0. 2S 
Rccordtr: COR 

SIi'GLE 801 T SI'GJ,[ PLATE CO",'ECfIO' TEST 
Sl .'I'IARr SII EEr 

Test Deugn""on BSP-21 Date 1214191 

CEO'IETRIC AND MATERIAL PROPERTIES 

DOLT 
Type A321 DIMlclCr (In) 

Bolt Hole Sui Shear Plam: 

PLAT 

I:!J1. Wu~~1b {IDI Th"kOgS LID) 
41 021 

TFST Rf.5ULIS 

Test Setup limit urn It SI.le 
KI(I) 
K,(2) 

1611 ("pslon) 
2441 (',pslon ) 

CO\I 'I p,rs 
Tc t setup limited by boll bendlRg 

0871 
X 

I&1ml 
175 

Sl!nJ 

Malllmum 
Failure 
Other 

Ran Initial stiffness tWice to detc:nnlnc the: effect of loadln& and unloading 

10 \0 \' . DEfOR'IATIO", CII \RT 

10 

7 

) 

2 

o 
000 000 000 

• 

• 

000 000 000 000 
Dtrorml ,ion (in.) 

121 

Edge; Condition 
Sawed 

Dcfoonluon (In) 
00047 

000 

• Test Datil 
- Predict 

000 

Counon No 
46 

000 

Load (lIps) 
762 

• 

001 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Tt!lil ' 0.25 
Rtrordtr: OR 

~ 

Coo, Laod 

flml1 (kmJJ 

000 
26) 
, OJ 

J '62 
000 

21' 
1 '0' 
J '0 

"II!A I. SI.QPf. 

7 

6 

5 

3 

2 

o 
34370 

INlZLF. nObTS"GLE I>Ltln' !::O ...... ~crION TEST 
SI'M\I"RY;IIEEI 

F .... Ila<. A ...... 

ClIIR$! {m I ClllCUhll } C.hm(lol 

) «21 J 433' J 4371 

3443' J .0'9 ) 4)91 

3 ""'2 , 4310 )01.416 

J oU7' 
14U4 J 4)41 34)9) 

1 44}() H361 J«06 

"460 HJ79 ]44}0 

l· 16I1JJ" 5536.25 
R% - 1.00 

De:flectlon ........ Adjusted AdJlBlcd For 

EIIIIIi: ~ha I IlIIl 1011111 ~km: 

0...,. 

0000' 
00011 

0...,. 

0000' 
00010 

34351 00000 
J 4]7. 00016 
34390 00032 
)UO, 000<' 

34371 
J.m 00011 

)"391 00020 
3 ..... 09 00011 

y·2441 14.,839224 
Rl_ 1 00 

34375 34380 3 4385 34390 3 4395 34400 34405 
vtrage Caliper Ruding (in.) 

122 

AdJumd For 

MIIiIOI C.bs 
00000 
00016 

000)2 

000<' 

00000 
00011 
00020 
OOOll 

]4410 



Ttsl ' 0.26 
Retorder: COR 

TEST Df-SIG"IATION 

SI"IGLE nOLT SI'IG!.f I'IATE CO"lNECTION TEST 
Sl/ \t\lt\R)' SHEET 

Test Designation B P-26 D.le 1214195 

Gt:O\f ETRIC AND MATERIAL PROPERTI ES 

BOLT 
Type 

BoIL Hole 

P!.ATES 

t12. 

TEST R!:S1l1. TS 

Limit Siale 
KI(I) 
KI(2) 

CO\I\I ENTS 

A325 Diameter (m) 
SId Shear PlllJlc 

Wldlb lID} Ib!!;~Dm LID) 
45 025 

Test Setup Limit 
1189 (~Ipslln) 

2054 (~lpsI," ) 

Test setup limited by bolt bendmg 

0875 
X 

k.!UJl 
I 75 

Sl!!!..l 

Mnlmum 
failure 
Other 

Ran milial slllTness tWICC (0 dcternune the COCCI orloadmg nnd unloadmg 

LO \D \" . DEFOR\IATIO'l CII \RT 

12 

10 

I 

4 

2 

o r ----
000 000 000 

• 

• 

000 000 
OcJorm.tion (in.) 

123 

Edge CondUtl'!t 
Sa",cd 

Deformallon (m ) 
00062 

• Test Data 
- Predict 

001 001 

• 

Couron No 
46 

Load (kIps) 
746 

001 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



. ... 
'" 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Tcst No. 26 
Recordtr: COR 

!lilA 

Dala Lood 

fo!!!l (JwJ 

000 

276 
2 ' " 3 746 

000 

267 

2 , 0' 

3 7 .. 

IN IT IALSLOPE 

8 

7 

6 

5 + 

3 

2 T 

I T 

SINGLE BOLT SINGLE PLATE CONNECT' ION TEST 
Sl ll\1MARY SHEET 

Front a~k M.,.... 
(11 1I~$;rlm I !dh~I{1!l1 (I!hmllnl 

34691 35508 3 '100 
3 4720 3 S53 1 J 5126 
) 4741 3U50 351 46 

] 4706 35,533 J ~il20 

3 4722 J SS45 3SJ34 
34140 35559 35 150 

y - 11 88.65. · 41 68.98 

R' - 0.99 

DcfleC:llon 

Esl Boh &. AdJuSh:d AdJustcd For 

EII!.tIl'~'1I! ) Ilm lilli-ill SI!i!I2$i 
350?] 00000 

0_ ,,()<)6 00021 
00007 35 11 8 0"" 
0001 1 35 135 00062 

B I02 

0000' 35 11 6 000 13 

00007 35126 00024 

000 11 35 139 00031 

y - 2053.9Ix · 7209 69 

R' - 1.00 

Adjusted For 

MIUlIllIClhw 
00000 

00022 

0"" 
00062 

00000 

00013 

00024 
0(0)7 

O ~---f----------~--~----~--~~--~----~ 

3.5095 3.5 100 3.5105 3.5110 3.5115 35120 3.5125 3.5130 3.5135 35 140 
Anragt Caliper Reading (in.) 

124 



Tt!lt So.l? 
Rrcordu: COR 

fEST DESIG"'ATION 

SI"'GLE BOLTSINGI, [ PLATE CO"NECIlON TEST 
SI'M \IAR\' SIIEEI 

Test Designation SBSP-21 Dale 1214195 

GEO\lETRICAND MATERIAL PROPERTIES 

IIOLT 
Type AJ25 Diameter (m) 

Bolt Hole SId Shear Plane 

PLATES 
~ Wu;hh {Ill) IllI!ii~~5 CID) 

45 025 

Tr,ST Rf,Sl iL IS 

Limn Slate Test Setup Limn 
K. 2160 (k.ps/In) 

COM \I EI"TS 

075 
X 

I&.1lIIl 
I 5 

S1!It1 

Maximum 
Failure 
Other 

Te t was loaded then unloaded and reloaded Ilt stan because of test machine difficulties 
Tc I selup IImlled by bolt bendmg 

10\1) \" DEfOR\lATION crr"RT 

18 

16 

14 

12 

6 

4 

2 

o 
000 000 000 001 001 001 001 

Otformltion (in.) 

125 

Edge Condulon 
Sa"cd 

Deformation (m ) 
00184 

001 

• Test Dala 
- Predict 

002 

Coupon No 
46 

Load (l.ps) 
1750 

• 

002 002 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

Trst No. 27 SINGLE BOLT SINGLE l'bATE !';Q~~EcrIQ~ T~ST • Rrcordtr: COR SlIMMARY SHEET 

lli!L1 
DcflecllOl1 

D ... Lood From a",. A\ttIIgc ~ Bolt & AdJU1lcd Adjusled For Adjusted For 

I'llull 0w!Jl jdhm{1Q 1 Cl!.hw{m 1 C;!l11l$l (10 1 EWlUi .Ca flo } llIII IDlIlIl. SIIlIH: MIUIDII (111m:! 

• 000 J 5007 00000 00000 
286 J 4943 35 108 3 $026 0000' 3 $020 000 13 0110 13 

2 '00 )4957 J SI21 3 S019 00009 J S030 00023 0002) 
J 7 .S7 3 4973 1 SI39 3'0'6 0001 01 J $042 0003S 0(0), 

4 1000 J '002 35167 J !i08' 00019 lS066 000'9 000'9 , 1260 35040 3520 1 J 512 1 00023 35097 00090 00090 
6 15110 3 S083 3'140 BJ62 011028 35134 00127 00127 

• 7 17 SO 3 H IS 1'298 3m3 00032 3,191 001 84 00184 

• 

• 
''''TTJAL SkOPE 

8 

• 7 

b 

5 

'" Y - 2159.69. -7560.38 Co • " R' - I.00 .;"4 -.:l 
3 

2 

• 
o ~---------------------------------
35020 35025 35030 35035 35040 35045 

A\'tragr Cllipcr Rtading (in.) 

• 
126 

• 



THI ' 0. 28 
Rt'cordt.r: OR 

TEST pESIGN TIO" 

SI'GLE BOLT I'liCLt: Pb H t: COW EITIO'li Tprr 
St " I'1 \RI SIIF ET 

OIk 1214/95 

GEOMETRIC ANO MATERIAL PROPERTIES 

DOLT 
Type AJ25 

Dolt Hole Sid 
Ou.met .. (1M) 0 75 

Shear Plane X 

PLATES 

US! RES!!J.TS 

Limit Slate 
K.(I) 
K.(2) 

CO" 'I PiTS 

Width (10) 

45 

Test Setup umll 

Dlld.ng$ Onl 
025 

669 ("P"IM ) 
1438 (',ps/IM) 

Test SClUp limited by bolt bendmg 

l&..lIIll 
IS 

Rltn InlualslltTness tWICC to detcnnmc the effect orioadlDg and unloading 

10 \11 " .. OEFOR'IATIO" CII \RT 

14 

12 

10 

4 

2 

o 
000 000 

• 

000 001 
Dtrormldon (In., 

127 

• 

001 

Edge Cpodl1!oo 
awcd 

Deformauon (m ) 
00113 

• Test Dutl 
- Predict 

001 

CQUnon No 
46 

Load ("PS) 
760 

• 

001 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 
• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Tr.sl No. 28 
Rtcordtr: COR 

!MIA 

Oa,a Lood - !kJllIl 
000 

269 

1 19 

3 760 

000 

266 
2 S12 

3 7S4 

'-';IT IAL SLOPE 

8 

7 

6 -

5 

3 

2 

1 + 

SINGLE BOLT SING LE PLATE !;O'lNECTION TF,ST 

f~, 

Clhw(m) 

J !lH2 

J 1169 
,,609 

35S66 
JH8S 

J '6 11 

SI' \IM ARY SII EET 

9 ... A."'l!" 

(allm '10 1 Clhmho) 

) 5471 35497 
) 55 11 35540 
35549 35579 

)55 11 ) 5S39 

JH30 )1559 

35551 35582 

y - 668.97. - 237 1.60 
R'· 1.00 

Deflection 

Esl Boll&: 

f,;;lullr;:A 'ID 1 

00001 

00010 
00014 

00001 

00010 

00014 

AdJuiled A4.JU51c:d For AdJUSled for 

Il>ll 1011111 SImi$: MlilUlIL Clhm 
3 ~4Sl 00000 00000 
) S491 00040 00040 

31SlO 00079 00079 

3H6!l 00 11 ) 00113 

3 !S IS 00000 

3 !is)4 000 19 000 19 
) 5$49 OOOlS 0003!! 

) 5567 ooon ooon 

y - 1437 75, - 510610 
R'_ I 00 

0-----
3.5490 35500 35510 35520 3.5530 35540 35550 

Avcrage Caliper Rtlding (i n.) 

128 

35560 35570 



Tw 1\0. 29 
Rtc:ordrr: COR 

TfST OESIG'IA TlON 

SINGLE HO!.T SINGLE PLATE CONNECTION TEST 
SIJMMARY SIIEET 

TeslikslgnallOfl SBSP-29 Date 12JS/9S 

GEO\IETRICANO MATERIAL PROPERTIES 

nOlT 
T)-pe AJ2S 

Boh Hole SId 

PU.TES 
li2-
S26 

TfST RESlIlTS 

W,dlh (10) 

S 

Limit tate Splitting 
K. 1393 

CQ\lM ENTS 

Diameter (In) 
Shear Plane X 

Dudon'lm) 
0375 

(~.psl," ) 

k!tnl 
I 5 

~pllt1lng along free edge arplate nouced around data POint 12 
Spllumg propogated toward bolt hole 
Test SlOpped when load suu"tcd droppmg 

I OAII \' . PEFOR\IATIO'l Ci IART 

35 

30 

2S 

i,20 
~ ... • 
~15 

10 

5 

MIDClmum 
Failure 

Other 

• 

Edge Condll!on 
hcarcd 

Dcfonnatlon (In ) 
o ISS7 
0106 

• Tcst Data 
- Predict 

o 
000 

------
o OS 010 015 020 

Ddormltlon (in.) 

129 

QH.!QQ!l ~2 
25 

Load (k.ps) 
32 53 
3000 

• 

025 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



. .... , . 

I· 

• 

• 

• 

• 

• 

• 

• 

• 

I. 

Test No. 29 
Rtcordtr: COR 

!M.U 

0. .. ...... 
I'.oml ik!1'1l 

000 

288 
2 112 
3 "9 

• 102.5 , 1272 

6 15.25 

7 11 52 

8 1997 

9 22" 
10 2500 

II 2146 

" 3000 

13 32 n 

" 31.70 

INITIAL S LOPE 

12 

10 

8 

4 

2 -

SINGLE nOLT SINGLE PLATE CONNECTION TEST 

Front BKk 

~Ihm(![l} ~1!1!lI~r (!D.} 

34980 3.5762 

35009 3.57&6 

J .5014 35802 

3,.5058 3582 1 

J .5089 3.5849 

] Sl31 3.5886 

3.5195 ) .5941 

35291 360)9 

J !i411 36156 

3.5.562 3 630.5 

3 S768 3 6503 

36081 36812 

36580 37)\1 

37269 37998 

SI IMMARY SHEET 

Avt'l'1IIgct 

!;;).hw{1!l1 

3.537 1 

J n98 
3.54 18 

35440 
35469 

3.5S09 

3.5.57\ 

J S66S 
3.5784 

J .59)4 

36136 

36447 

36946 
) 7634 

Deflection 

Est Boll &. AdJu51ed Adju.5led For 

Ellill' ~!ln) Il!!UI 1!lI1I11512", 

00003 

0000' 
00008 

00010 

00013 

OOO IS 

000 18 

00020 

00023 
0002.5 

00028 

00030 

00033 

00032 

353.56 00000 
35368 00012 

35392 00037 
3 . .54 10 000.5.5 

3.5429 00073 
3.5456 00100 

3.5493 00137 
J !iSS] 00198 

3 S64S 00289 
3.5161 0040.5 

J .5908 o OSS3 

36108 00"2 
] 6416 0, .. , 

36913 GISH 

.3 7602 02246 

y - 1392.77,.4924.24 

R1 · 1.00 

Adjusted For 

MIUIDK C:lh~[ 
00000 
00011 
00037 
000.5, 

0007) 
00100 

00137 

00198 

00289 

00405 
o 05S] 

007'2 

0 1061 
o ISS} 

02246 

O +---~--------------------~---------------
3.5390 3.5395 3.5400 3 5405 3.5410 3.5415 3 5420 

Avrrage Caliper Rtading (in.) 

130 

35425 35430 



THI ' 0. JO 
Rtcordrr: OR 

ITST Ilf£IG'IATIO 

SI'Gt E ROLT SI'GLE PL \ IT CO""ECDO TEST 
SV"'''AR\ SIfEET 

Test Des.gn."on saSP·30 Date 1211/91 

GEO\IETRIC A1\1l MATERI AL PRorERTlf.s 

DOLT 
Type Al25 

Bolt 110lc SId 

PLATES 
t!2. 
S27 

US] RESt LIS 

Wutth hal 
5 

Llmll talC plltttnl 
KJ 1724 

CO\l\IEm 

Diameter (In) 1 
Shear Plane: X 

Thld.,,"' (to) 

0375 
l&.1Jn) 

15 

(k.ps/.n) 

Splltllna alonl free rdge of pia Ie notiCed around data POlOl 9 
Splitting propogaled toward bolt hole 
Test stopped ",hen load started dropptna 

10"0 \ ' • PEFOR\lATIO'l CIf \RT 

31 

30 

21 

i20 
~ 
." • 
.sI S 

10 

I 

Ma.:~lmum 

F.llu« 
Other 

o 
000 001 010 011 

Odorm l hon (ilL) 
0.20 

131 

Edge Condition 
hcarcd 

DcronnotlOl1 (on ) 
02205 
0041 
0210 

• 

• Test Data 
- Predict 

021 

CmlQ2D ~Q. 
25 

Load (k.ps) 
3070 
2300 
306 

• 

030 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

1 tSl ' 0. JO S" GbE BOb T SI10GLE PLAIT !;O"""'E!:!:IO",, TEST • Rtcordtr: COR Sl'M\IARr SIIEET 

l!il6. 
Deflection 

0 ... Lood ,- """ A ....... Ell Boh &: Adjusted Adjusted for AIJ)Y51cd far 

&lim lli01l C:.IIIKI(ID) CalmS! (10) ,.heg hD ) EI.u~ 0. liD) IlIll IDlllllSlm MIIiID. Clhm 

• 000 )$OU 00000 00000 

2" 35"" 1"645 35101 OOOOJ JHB4 000 17 00017 
57' 3 5"4 , "667 J 5126 00006 J $120 00032 00032 

J ,>I 35599 J 4611 3'''0 00001 J SlJ2 .... , .... , 
• 1019 J5623 ",.. 35165 00010 J 5"" .006' .0061 

125. ,56,. ] .732 ) 5191 0001l J 5171 00091 00091 

• 'S07 35'" J 4765 J '226 0001.5 35210 00123 0012] 

• 1752 35741 J "S10 J 5211 000'1 3 .5263 0017$ 0017, 

• 1993 lnn " ... J 5362 00020 1,142 002$4 002$4 

• 2300 J6023 , m, ) HS9 00023 J "36 OOoUI ..... 
10 " .. 36165 3 'D' )nOO 00015 JS6n 00"7 DO,.' 
" 2752 36411 1 , .. ,) J 59$1 0002& .3 S92J 00l3S DOllS 
12 2943 J6I01 1,169 )6JlS 00029 36306 o Ill. 01211 
13 30" 373SO 1641.5 lOUJ 00030 ] 6"1 01764 01764 

" 3010 , 77'l1 H15' J 1324 00031 3m, 0220' 0220' • " ,.'" 3IJI.< 3 ,."., )791.5 00031 )71U 0'''' 0'''' 

• 
"IJHI.SLOP£ 

8 

• 7 

6 

5 

i 3 - 172JJIJ, - 6048.51 

• :< R' - 0.99 :;4 
• = -' 

3 

2 

• 
0 --- -
35100 35105 35110 35115 35120 35125 HIJO 3 S135 

AHngt Caliptr RudinfE; (in.) 

• 
132 

• 



TUI 0. 3 1 
Rttorder: COR 

Tfs r IlESIGNA TION 

SINGLE 1I0LT SI"IGLE n ATE CONNECTION TEST 
l'\(\(ARl'SII EET 

Test Deslgnauon SBSP-) 1 Date 1215/95 

GEO\( ETRIC AN D MAT ERIAL PROPE RTI ES 

BOLT 
Type A325 Diameter (In) 

Boll Hole SId Shear Plane 

PLATES 
~ Wldlb !ml IbI5ihD~~ 'ID} 
540 5 05 

TEST RESULTS 

Limit Slate Test Setup LImit 
KI 1610 (klps/m ) 

Cm(\I ENTS 
Test setup limited by bolt bending 

I 0 \I) VS. PEFORMATIO~ C!!ART 

40 

1S 

30 • 

25 

15 

10 

5 

X 

I&.1.tnJ 
15 
~ 

MIDumum 
Failure 

Other 

o 
000 0.01 002 003 004 

Deformation (in.) 

133 

Edge Condmon 
Sav.ed 

Deformation (In ) 
00680 

• Test Duta 
- Predict 

005 006 

Counon No 

" 
Load (kIps) 

39 95 

001 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

rr~1 f\o. J I 
RfCordtr: COR 

IW4 

0... L-' 

fIIuII lk!al 
.00 , , .. , .00 

) 7n , 1002 

l IBl 

• "06 
7 1790 

• 2031 

• n6i ,. 
2' OJ 

II '71' 
12 3006 

IJ 3152 

" llOi 

" '760 ,. 
J. '" 

"II'''&' SI.OPE 

16 

14 

12 

10 

i 
::2 :; 8 
5 

6 

2 

o 
3 S340 

~ 1'1G1 t; DQJ.I S!~!ibt; nATE !:Q~"<ECTlO~ If.,fi 

F_ 

Clh.'.) 

3$499 
1152. 

3"'42 
H>60 
Hm 
3.5J94 

3>620 

3"" 
3>670 
lH11 

3577' 
Hili 
J '911 
) 60 IS 

361 " 
J 6229 

35350 

SF"\t \8) SII E£"I 

DcRectlOn 

Sad ... , ..... Ea 80 ... 

(alUla liD ) UlII!II '.1 ElIIUIi Aha I 

]5151 ) 532' '0003 
) 517, H3l' ..... ,,,,, Hl604 .0001 

\ '201 .15)11 00010 

H219 35]99 0001l 

, SlJ' JS4U 000., 

1nn )$4]9 0001. 

lUIO ~S46-4 00021 

, '300 1 , .... , OOOD 
1 Ull 3 .5j25 0002' 
1'19' ) ,,., 00021 

] 1·451 "'" 00030 

"S29 1 ,not ooel)) 
1 '624 1<120 00016 
, ~71) lS919 000" 
1 'Ul 16031 0 ... , 

AdJ.u;lecf AdJllltedFot 

!lib Imull,slal!S 
)"'10 • 0000 
)Hn 00012 
In., .0030 
JH36 ..... 
3"10 '006' 
HJ16 00076 
)1]99 0 

JS420 00111 

l~) 00114 

) S462 OOU2 
35499 00119 

J"H 0024' 
) ~I. o OlD< 
)~91 OO~'I 
1 , ..... O~74 

J 51'1 00)11 

JS990 00610 

y - 1670.33. - 5897.90 

R1 · 1.00 

3 5J60 3 5370 3 5380 35390 
~tr.gt .liptr Rudin~ (In.) 

134 

Adjusted For 

b;hllllll ,.hllll ..... 
00012 

'0030 ..... 
0 ... , 

00076 

0 .... 

00111 

GOUe 

001'1 
o OIIQ 

00247 

0010< 

OOJII 
o o.t7. 

on171 

00610 

)5.400 



Te .. '0. 32 
Rfcorder: COR 

] fST DESIGNATIO 

51' I.E BOI .TSI'GLE PLATE CO""EcrIO", Tf,Sf 
Sl 'MM,\RY SHEET 

Test Dc:s'gnauon sa P-J2 Date 1215/95 

Gt:O\I ETRIC AND MATERIAL I'ROPt: RTl ES 

BOLT 
Typt AJ25 

Boli Hole Sid 
Diameter (In) I 

Shear Plane X 

PLATES 

li2. 
S41 

[EST RESI I1.TS 

W.dth lID) 

5 

Limn State Test Sc-IUP L.mlt 

Tb,ckog$ 'ID) 

05 

!U 2779 (lIPS/on ) 

CO\I\IPITS 
Te I setup limned by bolt bendm. 

10\0 V'.IIEFOR'IATIO"' 01 \RI 

45 

40 

31 

JO 
• 

il5 • 
~ ... • 
320 • 

15 

10 

5 

0 
000 001 002 

• 

Wml 
15 

003 

• 

Maximum 
FaJlurc 
Other 

004 
lk.rormltion (i a.) 

135 

Edge Con4111011 
Sa"cd 

Dcfoonauon (on ) 
00597 

• 

• Test Data 
-Predict 

005 

Coupon NQ 
12 

1.-1 (klP'J 
4003 

• 

006 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 
v' 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Tut No. 32 
Reco rd er: COR 

llAli 

Oall Lood 

f2!!!l !kuru 
000 

1 ". 
2 '06 
3 750 

• 1006 , 12n 
6 " .. 
7 1793 

• 2015 

• 12.58 

10 1515 

" 280 1 

12 3009 

13 3253 

" " .. 
" 37 S5 

16 4003 

INIT IAL Sl..OP[ 

12 

10 

8 

4 

2 

SINGLE BQLT SING LE I· Ld.T~ !;O~EcrIO~ lEST 

Fronl Back 
CIII~ 'ID I CBIII![! [ In I 

3 477 1 3 4279 

34789 34299 
34199 343 11 

3 4810 34324 

34822 )4))9 

.3 4838 3 4352 

) 48'9 34375 

3 4876 34391 
J 4899 ) 441 S 
J 49)6 )4452 

" 990 34.509 

J S0<4 1 34560 
35109 3 4629 

3 SI90 3 4109 
J 5189 3 .. 809 

3 n91 34918 

SliM MARY SHEEl 

A' ..... 
ClilmhD I 

3 4525 

34.544 
) 4HS 

) 4567 

J 451 1 
)4S9S 

346 11 

3 46]4 

3<4657 
34694 

3<4730 

)4801 

J 4869 
J 49.50 ,,... 
3' 1" 

Deflecllon 

Est Boh &. AdJusled AdJusied For 

~IUIl !W; &a '10 I IlIIi 1011111 SI212S: 
30&52 1 00000 

0000) 3 4522 00002 

0000' 3 4.539 000 18 
0000. J 4547 00027 

00010 34157 00036 

00013 34.568 000<7 

00015 3 4580 000.59 
00018 3 4599 00078 

00020 346 13 00093 
00023 3463' 00 114 

0001> 3 .. 669 00 141 

00028 3472 1 00201 

00030 34770 00250 

00033 3 48)6 00] 16 

00035 )491" 00394 
00038 3 '0Il 00491 

000<0 )'117 00'91 

l' - 2778.92. - 9593.02 
R1 . 1.00 

0---------4------------------

Adjusted For 

hhulDIl !:111m: 
00000 

00001 

00011 
00027 

00036 

000<7 

000.59 

0007. 
0009, 

001 1. 
00141 

00201 

DOno 
00] 16 

00)94 

00491 

00'91 

34538 34540 34542 34544 34546 34548 3 4550 3 4552 34554 34556 34558 
Anragt Calipu Ru ding (in.) 
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T",No.JJ 
Recorder: COR 

TEST DE IG NA TION 

SINGLE BOLT SIWI,E PLATE CONNECTIO'l TEST 
Sl 'M"ARY SHEET 

TCSI Des'gnslJ" SBSP-J3 Date 1215195 

GEOMETRIC AND MATERIALI'ROPERTIES 

DOLT 
Typ< A325 

Boll flole. SId 

PLATES 

Dtame\tf (tn) 1 
Shear Plane X 

tl2. 
549 

Width (In) 

5 
ThICkness lID} 

0625 

TEST RESVL TS 

limit St.al.c_ Test Sdup umll 
K, 2265 (~,pslm ) 

cml'I ENTS 
Test setup limited by bolt bending. 

I_OAO Vo. DEFORMATION CHART 

45 

40 

J5 

30 

15 

10 

0+--------

l&11lJl 
J.J 

Maximum 
Failure: 
Other 

000 001 002 003 004 005 
DCrormllioll (in.) 

137 

Edg( Condition 
Sawed 

Derormatlon (m ) 
00778 

• 

• Test Data 

006 007 

Cpupon NQ 
43 

Load (~,ps) 
4001 

008 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

TtSI No. 33 
Rtcorder: COR 

MIA 

Data Co'" 
~ !k!ll1l 

000 

269 

2 ,o. 
3 "2 
4 10 10 , 1256 

• 1505 

1 17." 

• 2033 

9 2284 
10 25 10 

II 27 80 

12 )00) 

13 3312 
14 3'04 

I ' 3748 

I. 4001 

IN ITIALSLQrt 

IS 

16 

14 -I-

12 

6 

4 -

SINGLE BOLT S I~G LE PLATE !;ONNECTION TEST 

F",,,, Book 

C.llw'lD l (.IIOO:(lDl 

3\909 3 Sl88 
35939 3521 4 

) 596 1 35236 
1598 1 J SlSJ 
3 , ... 3527 1 
3600. 3.5286 

36019 l5303 
36034 35)26 

36069 ) .5365 

36099 3.5399 

3616 1 J 5467 
36228 15535 
36135 35642 
J6<l 1I 1$122 

JM32 35842 
J 6780 35989 

SUMMARY SHEET 

A\'eragc 

Ci1I II!S:[(1!l ) 

)5549 
)5577 

3 SS99 

35617 

35633 
35646 

3-566 1 

35680 
35717 
J $149 

35814 
35882 

15989 

36061 

36 187 

3638S 

Dcflccllon 
Est Bolt &. AdJusled AdJusled For 

EIIUUS: A (ID ) Qm IDIIIIISJQ3 
3.5563 00000 

0000) 35546 .(l0(1I 8 

0000' 35S71 0000. 

0000. 1.5S90 00027 

000 11 35606 00043 
000 14 ) 5619 00056 
000 16 J S6:lO 00066 

000 19 3\642 00018 

00022 356S8 0009' 
00025 J 5692 00 129 
00027 J 5722 00 159 

00030 35784 00221 
00(132 35 849 00286 
00036 35953 00389 

00018 36029 00465 
00040 J 6 147 o OS8) 

0(04) 3634 1 00778 

y - 2265.00, - 8055.11 
Rl_ 1.00 

Adjusted For 

MIUIDII C.llnm 
00000 

-000 18 

0000' 
00027 

00043 

00056 

00066 

00078 

0009' 
00 129 

00 159 

00221 
00286 

00389 

00465 
00583 

00178 

o ~-----+------+-------------+-------------

35615 3.5620 3.5625 3.5630 3.5635 35640 3.5645 
Avtragt Caliptr Ruding (in.) 

138 



THI ' 0. J.4 
RC't:,order: COR 

S" GL£ BOLT S" .U: PLAIT eo,"wCflo," Trsr 
51 \I\I,\R\ IIlET 

Test Oo<.g"."011 SBSP-)4 Date 1215195 

GEO \l ETRIC AND MAITRIAL PROPERTIES 

!lOLT 
TypcA32.5 

Bol. Hole S.d 
Diameter (In) I 

Shear Plane X 

PLATES 
tfiL 
55) 

TrST Rf.s! ILTS 

Width hnl 

5 

Limn Slate Tcsi Setup limit 

ThICk"", (ID) 

o 62l 

Kt 229l (k.psf.n ) 

cm"IENTS 
T(\I (tup hmlted by bolt bending 

10\1) V._ PEFOR"ATIO'l e ll \RT 

4\ 

40 

)l 

)0 

ill 
2 
." 

320 

Il 

10 

l 

0 
000 001 001 

Ma>.lmum 
Frulwe 

Ocher 

002 002 
(}f(ormllion (in.) 

139 

Edge CondUIOD 
Sawed 

Deform.lI"" (on ) 
00)22 

• 

• Test Data 
- Predict 

-
00) 003 

Coupon No 
4) 

Load (k.ps) 
4012 

• 

004 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

T. I ' 0.J4 
Rtcordtr: COR 

Illl4 

t)ouo Lood 

Co!Ill (kJoJJ 

000 
1M 

1 $09 

7H 

1001 

$ IlSl 

• uos 
7 1710 

• 2010 

• 2176 

10 2SOZ 

II 27 IS 

12 316) 

" 1161 

" ,>0, 
" 3751 

I, .oil 

"IT! 'b SLOPf: 

14 

12 

10 

~ 8 
2-
" • 
:: 6 

• 

2 

o 
35095 

I'iGb& RQLT ~I'iq£ Pl,ATE !;:O'i"ECTIO' Tr$T 
SI'MM R\ IIEET 

o.n.c", .. 
F""" Boo' ., ..... ........ AdJIUIc:d 

CJIIEhD) CIIlI5:[(m) C1hl2m: (10 l EIII''',o, (10 ) llJIJ 

J S03! 
) SOlO 

)$060 

3507 1 

J SOil 
) lO97 

HII2 
)5110 

35m 
J 517 .. 

)$204 

)'2.9 
1.5261 
}s192 
J 5)29 

) ,'312 

35100 

) $131 3$01< 

JH~ BID) 

BI72 "1 16 
35119 35130 
35204 lSI .... 

"219 ) ,U. 
) 5237 3SI7) 

) SHO )$190 

) 527J 35212 
) 5293 "'" 1 Slll J 5263 

",.. ] HOl 

lU7I )$)20 

) ,c09 lHSI 
) }4') 35316 
]~99 H«I 

3 SO" 
0000) 35081 

0000$ ) 5091 

00001 BIOI 
00011 lSI19 

00013 lSlJO 
000 16 )51.42 

00019 BIH 

00022 35161 

00024 31111 

00027 3$107 

00030 'Ull 
000)< J SI7J 

000" 3'1&4 
00031 )jill) 

0 ... 0 3B46 

0 ... ) J 5)97 

y - 2295.121 · 8050.21 
Rl · l.00 

35 105 35110 35115 35120 35125 
Avrngt llipcr Ruding (in.) 

140 

AdJwsted fOt 

11111111 SkIItI 
00000 
0000$ 

00012 
000]] 
0 .... 

000$$ 

00067 

00010 
0009) 

00112 

00111 

001" 

00197 

00209 

oom 
00270 

oom 

35130 

AdJ_led fOf 

MIIiIDi c: .. hllSl 
00000 

0000$ 

ooon 
00013 

0 .... 

000$' 
00067 

00010 

0009) 

00112 

00111 

DOtH 
00191 

00209 

002" 
00210 

oom 

35135 



Tt51 0. 35 
Rec:ordtr: COR 

TF,.'IT DESIGNATIO" 

SII\GLE BOLTSI'GLE PLATE CO" NECTIO" TEST 
SI'M\1 'RY SHEET 

Test Designation SBSP-)5 Date 1216195 

GEO'I ETRI C AND MATERIAL PROPERTI ES 

DOLT 
Type AJ25 

Bol. Hole S.d 
Olluncter (In) J 

Shear Plane X 

PLATES 
t!2. 
570 

Width (10) 

5 
ThICk",,, hn) 

075 

n :ST RESlILTS 

Lim!! State Test Setup Limn 
KI 3590 (kIPS/on ) 

COMM ENTS 
Test setup limned by bolt bending 

LO \ D \'5. PEFOR\1ATIOS CII \RT 

45 

40 

35 

30 

15 

10 

5 

o 
000 000 000 

• 

001 

I&.!Jnl 
2 

• 
• 

Maximum 
Failure 
OIher 

• 

001 001 
Orform ltlon (in., 

141 

• 

001 

Edge Condition 
Sa\'ocd 

DeformatIon (m ) 
00169 

• 
• 

• Test Data 
- Predict 

001 002 

CQUPOn No 

44 

Load (kIps) 
4006 

• 

002 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 
TtJ1 ' 0. JS SINGbt; HQI.:r~I"'!:ib~ ~b~n r!1""fO:ro" IW • Rrtorder: OR SI'\I,\1"R)' SII£Er 

l!.UA 
DdlccllOll 

"'"' ..... F_ a A' ..... Ell Boh It AdJlIMed AdJ!.lJled rOt AdJvAC'd FOt 

e- 00IIIll tJlimho} CllIlISlhll ) t.hmim) EIIlIHi A. liD I JlI!I IOIIIll.::iltm MIIII" CAlIRli 

• ... ) 52'9 0 .... ..... , ,79 3.uao Bl otl "261 00003 ln57 -4000' -40002 

2 '14 3 ')92 Jjl62 lU77 00006 )5171 00012 00011 

3 1l. 3 .)400 J'17' JHI9 00009 )$2&0 00021 00021 

• 1019 J }401 )W~I JjJOO 0001l )nu .0029 0 .. 29 , 1162 H41J 3 $2o.t J '309 0001l ll294 0003' OOOH 

• lSll ) 5421 3$117 15319 0001. ) BOI .... , 0 ... 2 

1 1110 3..)4)1 ) S2l1 JHJ2 .001' )BIO 000'1 000', • • 2020 1>." ) 5241 )l)41 0002. )1111 00011 0001. 

• n .. )~,. )51.5-' ') 53') 00026 )5]16 00061 .0061 

,0 25 II H'" ]$270 , ,.367 00029 ] '311 00079 00079 

" 2767 3S41O )S216 '.5)13 ODem ),)" .009' .009' 
12 3009 3S491 , HOI lH99 ooon J!J6.f 0010' 0010' 

IJ 3B7 ) "15 3$120 , 541' 000)1 3ll 00111 00111 

14 In. llm J 53]9 31431 .... , '$l96 DOll' 00))7 • Il ]157 lUS7 ln56 )~" 0 .... :\ ~I) 001S. OOIs-t ,. •• 06 ) "71 1,)19 , S47' 0"" ) s-ill 00169 0016' 

• 
"IThI.S1Ort; 

16 

14 • 
12 

10 

i ) - 3589.69 •• 1265UI 

• :. R1. I.00 :;8 
• ~ 

6 

• • 
• 2 

0 

35280 35215 35290 35295 35300 ) 5)05 
\t.r.,e CaUptr Rudin, (in.) 

• 
142 

• 



TrJI ' 0.36 
Rrcordrr: OR 

SI'GLE BOLT SI:-1Gtf PLATE CO '1t:cnO"l 1 EST 
sr~I\t"R' IIEE! 

Test Oc:slgnatlDn SBSP-36 Date 1216195 

GEOm:TRIC AND MATERIAL PROPERTIES 

HOLT 
Typ< Al25 

Bolt Ilole Std 

I'UTES 

571 

TEST R ESUJ.TS 

Width (an) 
5 

Li mit State Test Setup Limit 

Diameter (an) I 
Shear Plane X 

Duckngs hn) 
075 

KI 3531 (lIPS/in ) 

(Q'I\nxrs 
Test setup limned by bolt bending 

10 \0'" P .. .-o8'1ATI0"l ell \RT 

45 

40 

35 

30 

IS 

10 

Ma.xlmum 
Fail ure 
Other 

o 
000 001 001 002 

Dc:ronnltion (io.) 

143 

Edge Condmon 
Sawed 

Deronnatlon (an ) 
00209 

• 

• Test Data 
- Predict 

002 

Coupon No 
44 

003 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Tut ~o. 36 SI'IGLE DOLT SINGLE PLATE CONNECfION TEST 
Rtcordcr: OR 

~ 

Do" Lood ''''''' 
I'mnl ~ CilUISI lID) 

000 

I 281 
2 , .. 
) 7" 

• 1014 

5 1257 

6 1514 

7 1759 

• 2002 

• 21$6 

10 25 II 

" 2800 
12 3018 
13 )265 
14 )SO< 

" 37.56 

16 '006 

1'\ !TIAl. S!.OPE 

14 

12 

10 

i 8 

2 
" • 
~ 6 

4 

2 + 

0 ---

3 SIOS 

3491$ 

34910 
34989 

"999 
)$009 

J 5023 
] SOJI 

J S052 
15070 

15089 

) '" ' 3 Sill 
) 5151 
35115 

35200 
3 !l228 

3.S11 0 

0". 
Cllllm:ho) 

J 5239 
)$250 

35261 

J 5271 

J 5211 

35292 

J nos 
J 5320 

J 53)' 

lHS I 

J H7, 

JB90 

) 5409 
) 5428 

3 HSO 

J 5472 

Sl 'MMARl SHEET 

A\cragc: 

Clhm(lol 

B I07 

3'"5 
3 !IllS 

1513S 

3 S 145 

) 5158 
lSl12 

1 :5186 
J S2{I] 

] 5220 
3U4 1 

3526 1 
35280 
35102 

3 HZ' 

J 53'0 

Oeflccllon 

Esl Bolt &. Adjusted 

fJI111' A (10 I JlIII 
) ,.., 

0000) 3 '104 

00006 J 5109 

00009 )5116 

00012 ] S 123 

o 00 IS )"30 
00018 3,140 
00020 lSUI 

00023 35163 

00026 3 !i176 

00029 35191 

00033 J 5208 

o OO]!! )5llS 

00038 35242 

00041 )5261 

0004' 35281 

00047 3 '30) 

y - 3530.99, - 12391.91 

R! - 1.00 

3.SIIS 3S120 3S 12S 
Avtragt Caliptr Ruding (in.) 
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Adjusted For 

lomllS. 
00000 
00009 
00014 

00021 

00028 

000)6 

00045 
00056 

011068 
00082 

00096 
00114 

0013 1 

00147 

00166 

00187 

00209 

3S130 

Adjusted FOI' 

MIIiIO. Clllilm 
00000 
00009 

0001" 
00011 

0002! 

000)6 

00045 

000,. 

00061 
00082 

00096 
00114 

00111 

0014' 
00166 

00117 

00209 

3 SI3S 



Tt~l1\o. 37 
R(cordtr: COR 

TfST DESIGNATION 

SINGLE HOLT . I"GtE PLATECO'i"ECTION TEST 
SlIM'III R\' SII EEr 

Tcst Designation SBSP·)7 Date 1216/95 

GEO\lETRIC II"D MATERIIII. PROPERTIES 

DOtT 
Type A325 Diameter (10) 

Bolt Hole Std Sh(ar PII1f1( X 

PUTES 
t;2, WldJb (ID) IbI~l--.ntiS (m} l&1!nl 

5 0375 

TEST Rt;WbT 

Limit SlaU: pintaR, 
KI 1778 (kIPS/on ) 

COMMENTS 
Sphulng along frcc edge of plate noticed around datil POint II 
Splllllng. propagated toward bolt hole 
test !itoppcd "'hen load started dropping 

kO'1I \ ' IIEFOR\lIITIO'i ('IIIIRT 

40 

35 

30 

25 

a 
:; 
;;'20 
a 
~ 

IS 

10 

5 

0 

175 
Sl!nJ 

M ...... lmum 
Failure 
Other 

• 

0 00 005 010 015 020 
Otrorm.flon (In.) 

145 

,diS: ~Wldll!gD 
Sheared 

Deformation (10 ) 
02115 
00546 
0250 

• 

• Test Data 
- Predici 

Ol5 030 

CQua2!l t:fQ 
22 

load (bps) 
3S40 
2754 
354 

• 

Ol5 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



. .... 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

TUI '0. 37 
Rccorder: COR 

I!.llA 

Do .. Load 

r.nu tkJml 
000 
211 

2 lUI , 71. 
• 1013 

11$7 

6 U07 , 17)' 

• '99' • 2241 
iO 2>00 
II ",. 
Il JOOJ 
Il 12 n .. , .. , 
II ))40 

16 )140 

" , .. 0 

'''TI"l.SLQPE 

8 

7 

6 

5 

i 
::i 
;"4 
• j 

3 

2 

o 
35285 

SI"GL& nOLI ~1'!iLE PL~IE CO"SJ;QWI' I~ 
M'M'IAB) SIIEEI 

Otllecuon 
F_ IlK' ' ..... Ell Oolt A A4,u.,," MJUlted For AdJ~rOf 

'-'!mlm I C.bmllal CllulSl 1m) EIIIII,~'m l i!JII ICIIIII SlmII f!:il"'. ,',Ilea 
J 5211 00000 00000 

'609' ) 4.1'9 J!I290 0000' 3'217 00016 0001,. 

J 610) 34505 31304 0000. 3'299 00021 00017 

36120 J "'2" jjJ21 00001 JH I4 0004' 0004' 
36 143 loU49 lB'" 00010 J,U36 00064 00064 

] 6169 J 4S70 lB70 OOOD J 53" 0001. 0001. 

36lOG "600 .1,..00 o 00 IS J B'~ 0011) 00111 

36241 346)9 ,,. .. 0001. ) )422 001'1 OOUI 

36119 "'6t1 1 ,.." 00020 J\46.5 00193 00191 

36364 '-475' lH61 o DOll JUll 00261 00261 

)647S 1 .&111 "67' o DOl' ,,... OOll. 00}'7, , .... ]!043 " ... 00021 1 ,.11 00>46 00· .. 
,6890 1 S211 16016 000'" )60" 00114 00'104 
3121.5 ,<60, , .. 01 o O(1lJ 363" 01104 01104 ,no, , 6099 , '90' 000l! , .... 01$97 01'91 
J &229 1 66 IS ) 7412 000]6 ) 7}S6 0211$ 021U 

) 1102 37093 ,,... 000]6 ) 7162 02'90 02'90 

392 10 17600 .1140S OOOlS ) 1370 0]099 0_ 

1 . 1717.72. - 6270.2lI 
R! - I.00 

35290 3 5295 3 5300 3 5305 353 10 J '315 
nrlk.t Caliptr Rudin (In..) 

146 



T." "0.38 
Rrcorder: COR 

TEST DESIGNATION 

SINGLE BOLT SI'GLE PLATE CO"~EcrION TEST 
SUMMARY SHEET 

Tesl DesIgnation SBSP-38 Da .. 1216195 

GEO~IETRIC 6;,/0 MATERIAl, I'ROPERTIES 

BOLT 
Type 1325 

Boll Hole SId 
DlIlnu:tcr (m) 1 

hear Plane X 

PLATES 

t12. 
S37 

TEST RESULTS 

WIdth (ID) 

5 

LJmll SUire Test Setup um" 

Thlcknes' fin) 
05 

KI 1865 (klps/m) 

COMMENTS 
Test !!CIUp hmlted by bolt bendmg 

LQ \0" . OEEOR\lADQ" e ll \RT 

45 

40 

35 

30 

• 
'i2s • 
:! • ... 
~20 

15 

10 

5 

0 

000 001 002 

• 

k!Jn.l 
I 5 

• 

003 

MaxImum 
Failure 
0Ihcr 

Drformllion (ia.) 

147 

• 

Edge Coodll!on 
Sawed 

Deformation (In ) 
00587 

• 

• Test Data 
- Predict 

004 005 

Coupon NQ 

12 

Load (kIps) 
4012 

• 

006 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



... 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Ttst 0.38 
Rtcord~r: COR 

MI& 

Du. Lood 

I'oun lkm1l 
000 

1 272 
2 no 
3 749 
4 1024 , IHi 

6 1511 

7 1800 

8 2046 
9 2300 

10 248] 
11 275] 

12 )000 

13 32 so 
14 )S 10 

" 37.55 

16 4012 

1~IT1AL SLOPE 

20 

18 

16 , 

14 ~ 

12 
i 
~IO .., 
• 
~ 

8 

6 

4 + 

2 ~ 

SI~GLE BOLT SINGLE 1'1 TE CONNECTION TEST 
SUMMARY SHEET 

F~' Bod AvetllHe 

'IIIIS (m ) Cll1mllll) ClhmllD ) 

J SOl) 3>294 l3i163 
lS060 3 Slls 35193 

J 5074 3 H 40 35207 

3 S092 J $.163 3.5228 

J Sl07 3 '381 35244 
J 5119 ) 5400 .3 5260 
1 SIll 35424 lS279 
.3 5150 J 5447 35299 

35171 J 5471 35)21 

J Sl8S 35486 3 H36 
35229 J 5532 , 5381 
J 528S J 5591 35438 

3HSO 356'8 3"04 
35432 J 5741 3m7 
3,sn 3 S831 J 5680 
) 5635 J 5948 ] 5792 

DeflCC1l00 

Est Boll &. AdJusled 

EIUlHi 0 liD 1 IlI!l 
35164 

00003 J 5160 

00006 J 5187 

00008 35 199 

000 10 ) 5217 

00013 J S2J1 
0001$ 35244 

00018 35260 

00021 J 5278 
00023 35298 

0002$ ] S310 
00028 ] 5353 

00030 ] 5408 

00033 J S471 
00036 3 SSSI 

00038 35642 

00041 357.51 

y - 1865.121 - 6558.43 
Rl_ I .OO 

Ad)UJled For 

1011111 SIQ:I!$: 
00000 
.<)(1()()< 

00023 
00036 

00054 

00068 

00081 

00097 

00 114 

00134 

00141 

00 189 

0024" 

00)08 

00387 
00478 

00581 

0-------
J 5230 35235 35240 35245 35250 35255 35260 

Avtragr Caliper Reading (in.) 

148 

AdJllSted For 

~hnlDlil ClIl3I 
00000 
.<)000; 

00023 
00036 

00054 

00068 

00081 

00097 

00114 

001)4 

00147 

00189 

00244 

00308 

00387 

00478 

00S87 

35265 



T~sl ~o. 39 
Recorder: COR 

TEST DESIGNATIO 

SINGLE BOLT SI GLE PLATE CONNECTION TEST 
SUM tAR" SII EET 

Test DesignatIOn SBSP·39 Date 219/96 

GEOMETRIC A D MATERI AL PROPERTIES 

BOLT 
Type AJ25 

Bolt lIole Std 

PLATES 

TEST RESULTS 

Width ( m) 

5 

urnlt State Beanng 
KI 1522 

CO\l\I ENTS 

DIMleter (m) I 
Shear Plane X 

Thickness (m) 
025 

(kIps/in ) 

kl!nl 
15 

Ilad 10 restart test after SA TEe run to almost 10 kips In Imlllli loadmg 

Edge Condillon 
Sawed 

Deformauon (In) 
M.,,,mum 0.5068 

Failure 
Oth<r' 0250 

Dalll POints 1, 2 and 3 come from II second loading and arc nOl considered for mllml slope 
Data has been adjusted to lest 41 { data POint 4 

LOAD V, DEfORMATION CII RT 

30 

25 • • • • 
• • 

• 

20 

'i 
~15 
." 

• Test Data • c 
~ - Predict 

10 

5 t 
0 

000 010 020 030 040 050 
Deformation (in.) 

149 

Coupon No. 
51 

Load (kips) 
25 .52 

239 

060 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



.' • 
Tnl No.J9 SINGLE BOLT SINGLE PLATE CON ECTION TEST 

• Recorder: COR SUMMARY . II EET 

Jl6IA 
DeflectIon 

Dala Load Fron! Back A\erage Est Bolt &. Adjusted Adjusted For .... dJusted For 

r.wu (J<!I!JJ Cihw{m I Cill!3[(1D I ClhQtt (ID ) EliIllIS; .6 (10 I llm Imlill Slgz Mlnml Cillnm 

• 000 29260 00000 00000 

285 301 18 28572 29345 00003 29342 00082 00082 

2 52 30\30 28S8 1 29356 00005 29)5 1 00091 0009 1 

3 768 301 41 2859) 29367 00007 29360 00100 00100 

4 1026 J 0158 28608 29383 00010 2937) 00113 o DIll 
5 1262 J 0250 28708 29479 000 12 29467 00207 00207 

• IDS 30462 28925 1: 9694 00015 29619 000&19 00419 

• 7 1752 ) 06:58 29123 2989 1 00017 29874 0061 4 0061' 
8 1998 31050 2952 1 30286 000 19 ) 0266 01006 01006 

9 2204 31601 30079 30840 00021 10819 o ISS9 o US9 

10 2327 32152 30630 31391 00022 ) 1369 02109 02109 

11 2. 32629 3 1111 3 1870 00023 3 1847 02587 0.2587 

12 245 1.3100 3 1580 J 2340 00023 ) 2317 0)OS7 030" 
13 21 ) 3628 32110 ) 2869 00024 J 2845 OJS8S OlSSj 

• ,. 2n6 ) 4263 32740 33502 00024 J 3477 04211 04217 

15 254 ) 4639 J 3125 ) ]882 00024 31858 04598 04598 ,. 25 52 ),S109 3lS96 ) 4]SJ 00024 3 4328 05068 05068 

• 

• 

• 

• 

• 
150 

• 



TUIl\o.40 
Recorder: COR 

TEST OESIGNATIOS 

SINGLE BOLT • INGLE PLATE CONNECTION TEST 
SLIM\( R\ S"n:T 

Test Deslgnallon SBSP-40 Date 219f96 

GEO\IETRIC A '0 M TERIAL PROPERTIES 

BOLT 
Type A325 Diameter (In) I 

Bolt IIole SId hear Plane: X 

PLATES 
til!. Width (Ill) llu,k!}g:l {Iol 

5 015 

TEST RESl1bTS 

limn Stale Bearmg 
KI 1522 (k,pslltI ) 

CO\J\lE 'TS 
SA TEe shot from data pomt I to data POint 2 out of control 
Insufficicni data for detcmumng mliial slope 
Data has been adjusted to lest 41 

LO \0 \' . OEFOR\lATlO'l e" \RT 

30 

25 • • 
20 

10 

Wml Sl!!!..l 
15 

Maxtmum 
Failure 
Other 

• • • 

Ed8~ C20dIU20 
a .... d 

Defonn.u .. (m ) 
05072 

0250 

• • 

• Tcst Dati 
-Predict 

o 
000 010 020 030 

Otformation (in.) 
040 050 

151 

CouoooNo 
51 

Load (kips) 
2590 

24 I 

060 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



.-o • 

TeS I No. 40 SINGLE DOLT SINGLE rLAT~ CONNE!;! IOIS TEST 

• Recorder: CO R UMMARY SHEET 

lliUd 
DeflecllOC\ 

0. .. Load Front a"k Average Est Bolt a. Adjusted AdJusled For Adjusted Foe-

I'wnl lkrW Ci!;h~{!D 1 CahQSI (Ill) C:llh~ (10 1 !;;IMUIt ~{ID 1 12m IDIIIIIS I~ MI5JIDI C:.hQl:[ 

• 000 30261 00000 00000 
271 10118 30390 J 0284 00003 30281 00020 00020 

2 988 30281 30492 30387 00010 30J71 00111 00111 

3 121 30371 301SO .1 0476 00012 30463 00202 00202 
4 1498 10540 30753 30647 o 00 IS J 0632 00370 00]70 

I 1154 3080 1 3 1011 30906 00017 ] 0889 00627 00627 

6 20 31186 3 1390 .ll288 00020 J 1268 01007 01007 

• 7 2216 J 1735 J 1941 ) 1838 00022 J 1816 o illS o 1555 

8 2334 3.2ill ) 2429 3.2326 00023 32303 02042 02042 
9 24224 32741 32949 32841 00024 j 2821 02160 02560 

10 248 3.3199 33400 33300 00024 J1275 o JO'" 0)014 

II 2524 33143 J 3949 J 3846 00021 33821 03560 03160 

12 2112 34180 34379 J 4280 00021 ) 42S4 03993 03993 

13 2516 J 4740 ) 4942 J 484 1 00025 34816 04554 04554 

• 14 l59 ] 5259 ) 54S9 ) nS9 00025 ) 53)4 05072 05012 

• 

• 

• 

• 

• 
152 

• 



T~ • '0. 4. 
Rt-(ordtr: COR 

S"GLr BOLT SI-;GL£ PI. AIE eOi"NECTIO"" TEST 

Sl " " RY SII£ET 

Test Designation SBSP-41 Oale 2/9/96 

GEOMETRIC AND MATERIAL rROl'l:RTIES 

BOLT 
Type AJ2S 

Boll Hole Sid 

PilES 

IrST RESULTS 

W,dth hn) 
5 

LlmJt Slate Bcanng 
KI 1522 

CO""ENT 

O,ameter (m) I 
hear Plane X 

Thlckngs'm' 
025 

(kIps/In) 

bO,,) \' . DEFOR\IATlO' ell \RT 

30 

So 
::2 

2S t 

- IS ... 
j 

10 

5 

o 
000 

• 

005 010 015 020 

.I&lrnl 
IS 

• 

0.25 

Edge: Condition 
Sawed 

Deformation (m ) 
Maximum 0 4996 

Failure 
Other 0250 

• • 

030 035 

• 

• Test Oata 
-PrediCt 

040 
Deformation (in.) 

153 

• 

045 

COtJPOO No 

51 

Load (lops) 
2S 74 

24 I 

• 

050 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

THI ' 0. 41 
Recordu: OR 

l14It. - I.ood 

emm lkulIl 
000 

I 20)2 

2 '02 
.02 

• IOJ , 10003 

• 12 " , U02 
I IlS, 

• 2001 
10 220l 

II 23l 
12 2<1 

" 2472 

" " .. 
15 ". 
I. 2.5 '9 
17 2574 

" ITI'l SLOPE 

4 

_3 
l!. 
~ 
." • 
~ 
- 2 

I ~ 

o 
301 42 

~I'G I ~ I!OLT . I'GLE PI ATF CO'lNECTIO TE~T 

F .... 
CJbmhDl 

29611 
29631 
296.51 
2_ 

29m 

29'12 
29991 
l0240 

l0610 
] 1121 

ll625 

JlI20 

32640 
UIIO 

l1621 
) 4'29 

'.622 

30144 

a". 
till. (In) 

30610 
, 06'10 

30710 

) 0740 
] 077) 

] 0160 

] 10JI 

J 1217 
, 16S1 

12170 

12619 
1311. 
1 )701 

141.2 
1467. 

] S"S 
1 S611 

Sl'\,\, \R\ sm:n 

A""I' 

Cahua hu) 

) 0146 

lOl61 

30'14 
lom 
302.9 
10))6 

)OSU 

l0764 
31134 
J 1646 

,m2 

lW9 
) 1111 

11646 

HISO 
J 46" 
I SIl2 

0"1 ... "", 
f:.sa BoI,&: AdJUSled AdJusied For 

Eiuu, 4110) 11m IDIlIIIS~ 
lOllO 00000 

00002 J 01« OOOll 

0000< lOm 00026 

00006 1017' 0004, 

00001 30207 00076 

00010 ] 0239 00109 

00012 )0324 00194 

ooou JOSllO 00)70 

00017 ) 0746 00616 

00020 ] III' 0 .. 14 

00022 "I 1624 01494 

00023 lZl29 01999 

0002' 32625 0249, 

00024 ) '146 OJOI6 
0002 .. , 1622 0).491 

00025 1.&1:15 0399, 

0002' 146J2 04502 

0002' ) '126 0'996 

r - ' 522.181 - 4586.66 
Rl _ 1.00 

30146 30148 30 150 30152 30154 30156 
\tngc Call ptr Ru din, (ID.) 

154 

AdJU)ted For 

MI"IDI Ciohaa: 
00000 
00011 

00026 

0004' 
o OI)7t~ 
00109 

00194 

OOHO 
0061. 

0091" 
0,41).1 

01999 

0249' 
o lOt6 

o J.491 

o \~5 
04501 

04996 

30158 



Tf 1'0. 42 
Rrcorder: COR 

TEST DESIGNATIO 

SI'1GLF HOLT SI'1GLE PLATF O'l'lF<OIO' TFST 
lIM~IAR\ SIIEET 

Tcsi DeslgnllJOf1 SBSP-42 Date 2/9/96 

GfOMETRIC AND MATE RIAL PROPERTII:S 

BOLT 
Type AJ25 

Bolt Hole Std 

PLATES 

1 f.ST RESULT 

Wldth'm) 
5 

Limit tllc Beanog 
KI 561 

CO\I\IF'1TS 

Diameter (m) I 
Sbear Plane X 

Thickness (10) 

025 

1.0 \11 \ !.IIEFOR\I TIO' CII \RT 

18 

16 • • • 
14 • 

12 

i 10 
~ 
." 
S 

8 0 

6 

4 

2 

0 

000 005 010 015 020 

W.!!1l 
I 

025 

• 

Edge Condluon 
8\\cd 

Deformallon (m ) 
Ma.,mum 03338 

Failure 
Other 0250 

• • 

• Test Data 
- Predict 

030 035 040 
Deformalion (in.) 

155 

• 

045 

Coupon No 
51 

Load (kIps) 
1632 

160 

• 

050 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Test ~o. 42 
Recorder: COR 

I!<U& 

Om Lood 

ElwJJ ~ 
000 

I I 31l 

2 2 
3 3 OS 
4 4 08 

l 762 

6 909 
7 10 

8 1252 

9 1435 

10 1132 

\I 11 84 

12 1611 

Il 1632 

\4 162. 

Il 162 

16 16 

INITIAL SLOPE 

5 

4 

_ 3 
It 
~ 
." • 
j 2 

SINGLE BOLT SINGLE PI,An: CONNECTION TEST 

Fro .. Back 
C!hw lia} CiIJR£[ On ) 

3 0278 ) 0349 
30298 30360 

J 0313 ) 0381 

30333 30399 

30473 30SS0 

30m 30661 
30670 307SO 
3 10:20 31098 

3 1520 3 1602 

32030 32111 
32m 32600 

3.3051 33141 

33600 lJ686 

3 41 48 J 4240 

34680 34761 

35161 3 5245 

SUMMARY SIlO:T 

A ...... 

tal!Mlln) 

J 03 14 
J 0329 
30347 

J 0366 
3 05 12 

30622 
3 07 10 

3 10S9 
J 1561 

31071 

3]"6 

33099 

33643 

J "ICU 
3ml 

3 l203 

DcnCCII(lft 

E.sI Boll &: Adjusted Adjusted FOf 

~IisIE &a (Ill ) l2ruI JllIllilSIQRI< 
30289 00000 

0000 1 J 03 12 00023 

00002 10327 00038 

00003 J 0344 0005$ 

o \lOO4 30362 00073 

00007 ) 0504 00215 

00009 3061l 00323 
00010 10700 0 04 11 

00012 3 1047 00757 

00014 3 1.547 01257 

Oooll llOs6 01767 

00016 32"0 02251 

000 16 3)08) 02794 

00016 33627 03338 

000 16 ) 417. 03889 

000 16 3410l o 441 S 

000 16 .) 5187 04898 

y - 561.07. -1699.45 

R' - 1.00 

Adjusted for 

MI.u.tnICihm 
00000 

00023 

00038 

00055 

00073 

00215 

00323 
00411 

00157 

o IlS7 

01767 

02251 
02794 

0333S 

03189 

o 441l 
04198 

O ~----------------~---------------------
3 0310 3031 5 3.0320 3.0325 3 0330 3 0335 30340 3 0345 30350 3.0355 3 0360 3 0365 

Avtragt C.liprr RUding (in.) 

156 



ru, '0. 4J 
R((ordr:r: COR 

TEST DESIGNATION 

• "GLF. DOLT . I~GLE ptA TE CO"'''"£crIO' Tf-ST 
SI'M "ARY IIEET 

Tcst Designation SBSP-43 Date 2/9/% 

GEo\lETRICAND MATERIAL PROPER1IES 

DOLT 
Type AJ25 

Boh Hole Sid 

I'UTES 

Tf~T RESI 'LTS 

Width rID) 

5 

Limit tate Beanng 
KJ IIIJ 

CO\I\lE~S 

D'am<'er (on) I 
Shear Plane X 

ThicknesS (10) 
025 

(kiPS/on ) 

10 \D \' . DEfOR\IATlON 1:11 \RT 

18 

16 

14 + 

12 

i 10 
~ ... • 8 0 
..J 

4 

2 

0 

000 005 010 o 15 020 

Wml 
I 

025 

Ma.\.lmum 
Failure 
Other 

• 

0.30 
Derormation (in.) 

157 

Ed@e Condition 

SaYo'ed 

DeformaltOn (m ) 
OJ 07 

0250 

• 

• Test Data 
- Predict 

035 040 

• 

045 

Counoo No 
51 

Load (kips) 
1630 

156 

• 

050 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Tr..'it '0. 43 
RfCordcr: COR 

OATA 

0. .. Lood 

flmll !kuW 
000 

1 104 

2 201 
3 301 

• '04 , 60' 
6 808 

7 1003 

8 1247 

9 1432 

10 1531 

II IS 805 

11 161$ 

13 16.3 

14 1628 

IS 16 IS 

1'I1ITIAL SLOPE 

5 

4 

o . 
lO l 85 

SINGLE BOLTSI GLE PLATE CONNECTION T EST 

Front 
Cihoo (IO} 

)0316 

lOl27 
30])9 

J 0]51 

30400 
) 0534 

30702 

J 1050 

31548 
32064 
l2m 

3l0'8 
33625 

) 4120 
34780 

-
30 190 

aK. 
C.hwho) 

30064 
lOO7l 
] 0079 
30089 

3 o III 
J 0270 

J 0439 

J 0188 

.3 1284 

32802 
lll22 

3 J812 
J 4379 

3 4870 

3m, 

30 195 

SI I -IMARY SIIEET 

A"", .. 

Caltm(1D 1 

) 0190 

l0200 
30209 
30220 

30267 
] 0402 

] 0511 

309 19 

3 1416 
J 24]] 

329'3 
J 3435 

J 4002 

J 4495 

3m8 

J 0200 

Deflecllon 

Est Bolt &. AdJU51ed Adjusted For 

El~I,,o,(1D ) I2iI1a 
30179 

00001 ) 0189 

00002 lOl98 

00003 30206 

00004 J 02 16 

00006 30261 

00008 30]94 

00010 J 0561 

00012 30907 
Gool4 ) 1402 

o 00 IS 32418 
o 00 IS 329]7 

00016 J3m 
00016 33986 
000 16 34479 

00016 .) 5142 

y - 1113.30. - JJ59.87 
R'- 1.00 

l020S 30210 

iD1l1ii SIQm: 
00000 

00010 

00011 
00027 

00017 

0008 1 
00215 

0038 1 

00727 

01223 
02239 
027S8 

01240 
0.3807 

04]00 

04962 

302 15 
A\'cragc Caliper Reading (in.) 

158 

Adjusted For 

MlulDa !dhQ£J; 
00000 
00010 

00018 
00027 
00037 

00081 
00215 

00381 

00727 

01223 

02239 
oms 
03140 

03807 

0000 
04962 

30220 



Tt§1 ~o.44 

Ruordtr: OR 

TEST QrSIG"A nON 

SI"IGLE BOLT SI"IGLE PLATE CO" EeTlOl' TEST 
SI' \1\IAR\' SHEET 

Test Deslgna"on SBSP-44 Oat. 2/9/% 

GEO\IETRIC AND MATERIAL PROPERTIES 

BOLT 
Type: A32S 

Boh Iiole SId 
Dlametc:r (an) a 875 

Shear Plan. X 

PLATE 

TEST RESI ILTS 

limit Slate Bearmg 
Kt 902 

CO\1\1 ENTS 

l1!1S:kneS5 lID) 
025 

(Iops/m ) 

LO AD \ . DEFORMATIO"CH \RT 

18 

16 

I~ 

12 

6 

4 

2 

o 
000 OOS 010 OIS 020 

Wml 
I 

025 

Edge Condilion 
Sa\\'Cd 

Defonna"on (m ) 
Maximum 03833 

Failure 
Otha 0250 

0.30 o 3S 

• Tcst Oata 
- Predict 

040 

Otformafion (In.) 

159 

o 4S 

Coupon NQ 
SI 

Load (k ips) 
16 OS 

IS 8 

o SO 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Tnl '\0. 44 
Ret.rd,r. COR 

Il.lU 

011. Lood 

e.w 0wW 
000 

I 103 

2 2015 

3 3 14 

5 42' 
6 462 , . 99 

1 '55 , 61 

10 • 0' 
11 99' 
11 120 
Il 1422 

" un 

" 1561 

I. 159 

17 1602 

II 160' 
19 "9 
20 " '6 

"'UAt SlOPE 

S 

o 

. I'IGI F ROI,T . I"'GtE PL>\IJ;CO"ECTIO' Tf.ST 

Fron' B.c' 
Cahg$! liD} CJhaa Iia 1 

30269 30400 
3 OlIO 104 10 

3029' 304l'l 

J 0126 '0.420 

10111 3041.! 

10117 30411 

)0)'1 10450 

30m 1~16 

30491 30600 
) 0674 10179 

11025 , 1121 

3Un 11629 

12<190 3219. 
12610 12720 

33100 lJ210 

33'70 H6IO 
)4 11 6 JoOn 
3 4620 3HZ. 
J U]O 151010 

S\ "" \R\ . urIT 

A,""'I' 

kahlZli:l llal 

30m 

30)<' 
30362 

10m 

J OJ7. 

303" 
1 0401 

30426 

10549 

J 0727 

1 1071 

31576 
121 44 

3266' 
3Jm 

1362' 
] 4 17" 

3 46N 
) $2a, 

o.l1c<t"", 

Ell 0011 tl AdJuSied Ad}usctd For 

~I&ill£ 6 UD) I1JJa lallli! SI_ 
J 032 1 00000 

00001 1 OJ]] 00012 
00002 30)<3 00021 
00004 J OJ'I 00037 

0000' 10361 000% 

00006 30m 00051 

00006 1 0371 00057 

00001 1 OJ9-t ooon 
00001 H)" 11 o oem 
00010 10')9 00211 

00012 J 071" 00)9) 

00015 ] 106 1 001.40 

00017 , US9 olm 
00019 12l:H 0 1 ... 

00019 )2646 02324 

00019 11\36 021'" 
00020 1'60' onS4 
00020 HIS4 Oll]) 

00019 J 465$ o oil)] 

00019 1 '266 040.., 

y . 902.09, • 2735.26 
R1 _ O.99 

AdJUJlcd fu. 

bSlillal r.lwa 
00000 

000 12 

00021 
00017 
o 1104~ 
00051 

00017 

00072 

000'11 

001il 

OO''J1 
00740 

012.17 

01'" 
0211" 

021" 
012" 
o JIll 
04\11 

04?H 

30330 30335 3 0340 3 0345 3 0350 30355 3 0360 3 0365 3 0370 3 0375 
nngt .lipu Rudinc (In.) 
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Tcsi o.4S 
Rrcordtr: COR 

TEST DESIGNATION 

SINGLE HOLT SINGLE PLATE CONNECTION TEST 
Sl'MMARY SHEET 

Test DeslgnBtlon SBSP--4S D81< 219196 

GEO \l ETRIC AN D MATERIAL PROPERTIES 

BOLT 
Type A325 DIBDlcter (m) 0875 

BoIIHol< SId Shear Plane: X 

PLATES 

~ Width (m} Th I,!gJ!ili~ hn) I.tl!n1 lltn.l 
5 025 I 

TEST RESIlL TS 

LimIt Slate Beanng Maximum 
K. 1056 (k'psim) Failure 

Other 

CO\I\I ENTS 

LOAD V •. IlEFORMATION CII ART 

16 • • 

14 

12 

10 .. 
Co 

~ 
." 

8 -
• j 

6 

4 

2 

0 4------
000 005 010 015 0.20 025 030 

Dtrormation (i n.) 

161 

Edge COndU1O!] 
Sawed 

Defonnatlon (10.) 

035 

0.32 10 

0.250 

• Test Data 
- Predict 

040 

C2l!I22D No 
51 

Load (kIps) 
1600 

158 

045 050 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Tr 11'\0. 45 I' .If DOl TSI'GI F PI -\TF!;O""rcno' TEST 
Rf(Onlcr: OR 

I1.il4 

Dol. Lood F""" 
!!mol !kJlI>l Cihl:£ ho) 

000 

I 102 30386 

2 20 1 30398 

305 )0.4 12 

• '04 30421 

51 3040 

6 611 30'13 

1 10l )0607 

I 10 30111 

9 12l J 1t41 

10 1421 ] 1613 

II 15 27 3.1119 

12 " .. )2640 

11 I! 94 ) 3'01,5 

" I. 33619 

Il I' ) 4121 
I. 159 )4630 

11 117 35195 

'''J IM,S! OPE 

3 

1 • 

o ~-------

s.c. 
CJIII!;I (ID I 

29197 

2 nO) 
29214 

29229 

292'2 

29279 

29399 

29571 

29031 
10401 

) 1007 

) 142$ 

1 1930 

n.tOO 
12912 

1 )420 

) 3991 

, I \I\IARY , IIfET 

A_ 
whaa::ha) 

29792 

29101 

29813 

29'29 
298<3 

29111 
)000) 

1011) 

10536 

1 1001 
) 1613 

] 20)) 

1253' 
1WID 
) 'l2O 
1402' 
] 4593 

0<_ .. 
Est 8011 a: AdJ~ed AdJlGIcd for 

ElulI,Aha) Illl1I 1011111 SIm£ 
29110 00000 

00001 29790 00010 

00002 29798 00018 

0 .... 29809 00029 

Ooool 29124 0 ...... 

00006 29136 00056 

00001 29174 00093 

00010 29993 0021] 
00012 ) 0171 00)91 

o 00 I! ) 0521 007.' 
00017 )0990 D 1210 

00011 31195 01115 
00019 3 2014 02234 

00019 3251. 0273' 
00019 32990 03210 

00019 ) lSOI oml 
00019 J~OO6 04226 

00019 ) 1IIS7. 04794 

y- 1055.72 • • 3143.94 

R1 · 0.99 

AdjUSted for 

MIISIDI CIllaa 
00000 

00010 

00011 

00029 

000" 
000<6 

0009' 
0021] 
00191 

00741 

01110 

01115 

02214 

027) 

onu} 
01721 

0411l" 
o 471M 

29790 2 9792 2 9794 29796 2 9798 2 9800 2 9 02 2 9804 2 9806 29808 2 9810 
\tngt" alipu Rudin& (In.) 
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Test 1\'0. 46 
Recurder: COR 

TEST DESIGNATION 

SINGLE BOLT SINGLE PLATE CONNECTION TEST 
SI 'MMARY SII EET 

Test Deslgnauon SBSP46 Da.e 2/9/96 

GEO.\IETRIC A 'D MATERIAL PROPERTIES 

BOLT 
Type A325 

Bollllole S.d 
~Jameter (10) 0 875 

Shear Plane: X 

PLATE 
Width ( 10 ) 

5 

TEST RESIILTS 

l imn Stale Bearmg 
KI 797 

CO\l\IENTS 

Thickness (m) 
025 

(kIps/In ) 

LOAD Y . DEFORMATION CIIART 

25 

20 

_ )5 

!. 
~ 
." 
~ c 

...l )0 

5 

o 
000 

• 

005 010 0 15 020 

I.e iln) 
13 )25 

• 

025 

Maximum 
Failure 
0Iher 

• 

030 
Deformation (in.) 

163 

Edge: Condilion 
Sawed 

Deronnatlon (m ) 
0 4472 

0250 

• • 

• Test Data 
- Predict 

035 040 

• 

0 45 

Coupon No 
5) 

Load (kIps) 
22.49 

21.S 

• 

050 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



r 

• 

T ... No. 46 SI"'IGLE BOLT SINGLE PLATE CONNECTION TEST 

• Recorder: COR S MMARY SII EET 

= 
DeflectIOn 

Data Load Front Bock A\'erage Est Bolt &. Adjusted Adjusted For Adjusted fOf 

foml (km>l t:al[2Cf (ID ) t:i!hl!Si[ (ID ) CilhUg(1Il ) I,;;llMlI!ii A Cia 1 12m JIII!!111 SI!mS:: ~[~~1(!11 !:Dht!tt 

• 000 30560 00000 00000 
102 30644 30502 J 0513 0000 1 30172 000 12 00012 

2 200' 30658 30519 30589 00002 ) 0586 00026 00026 

3 304 30670 30m 3060 1 00004 ) 0597 00038 00038 
4 , 00' 30698 30m 30629 00006 30622 00063 00063 , 609 30712 30575 30644 00007 306]6 00076 00076 

• 806 J 0754 30616 3068S 00010 30675 00", OOIlS 

• 7 10 OJ ) 0819 ) 0678 J 0749 00011 30736 00176 00)76 

8 1249 ) 0974 ) OS15 3090' o OO IS ) 0889 00)29 00329 

9 
" 0' 31221 3 1079 3 " '0 000 18 31132 oom 00512 

10 17.52 3 IS8S J 1443 31.514 00022 ) 1492 ° 093J ° 09J3 

" 1963 32138 3 1998 3 lO68 00024 J 2044 014" 01484 
12 2077 32622 32484 32m 00026 32527 01968 01968 
IJ 2" lJ IJ9 33000 J )070 00026 J J043 02483 02483 

• " 21 97 J 3639 33500 3)570 00027 3 )54) 0298) o 298} 

" 2229 34 121 3398' 340'3 00027 34026 01466 03466 

16 224. J 4616 )44U J 4546 00028 34518 o J9S8 03958 

17 2249 35129 34990 ,,(160 00028 3,Oll 04472 04472 

18 22 43 35641 3150' J 5573 00028 35S4S 04986 04986 

• 
l~rTlAb SLO PE 

7 

• 6 ~ 

5 

• £ 4 
2 ... y - 796.781 - 2434.94 • j 3 R2 - 1.00 

2 -• 
I -
0 

• 30570 30580 30590 30600 30610 30620 30630 30640 

Average Caliper Reading (in.) 

164 

• 



TeSI No. 47 
Rec.order: COR 

TEST DESIGNATION 

SINGLE DOLT SINGLE PLATE CO'lNECfION TEST 
Sl 'MMARY SHEET 

Test Ocslgna1l0n SB P-47 Dale 2J9/96 

GEOMETRIC AND MATERIAL PROPERTIES 

DOLT 
Type: A325 

Bah Hole SId 

PLATES 

TEST RE liLTS 

Width (10) 
5 

Limit State Bearmg 
KI 856 

COMMENTS 

Dmmcler (10): 0.875 
Shear Plane' X 

Duchess (m) 
025 

(kIps/an ) 

I.e Can) 
13125 

LOA I) V .. DEFOR IATIOS CHART 

25 

• • 
20 . 

Maxlmunl 
F.u lure 
Other 

• • 

Edge Condition 
Sawed 

Defonnallon (In ) 
04486 

0250 

• • 

o 
000 010 020 030 

Dcrormalion (in.) 
040 0.50 

165 

Coupon No 

51 

Load (kIps) 
22.55 

216 

0.60 

... 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Tesl No. 47 
Recorder: COR 

~ 

Do" Lood 

fOllIl (k!01l 

000 

11 

2 2092 

3 3025 

4 407 

5 538 

6 603 1 

7 809 

• 1009 

9 1248 

10 15 OJ 

11 1754 

12 195 

13 2075 

" 21 S6 

15 2206 

16 2232 
17 2253 

18 22 SS 

19 225 

"ITIAL StOPE 

5 

4 -

1 -

SINGLE BOLT SINGLE PLATE CO"lNECTION TEST 

Front .,,' 
~ahl2$:[ (ID 1 CllillSl (ID ) 

30615 30798 

30627 30809 

30640 30822 

30652 ) 08)7 

30671 J 0853 

30684 3 0865 

30728 30903 
30789 30963 

30942 ] 1119 

31186 3 1359 

3 1550 3 173 1 
320)9 J 22 19 

32570 ] 27!i1 

33 107 33290 

3 3625 338 17 
3 4040 34242 

34620 34811 

35110 35300 

35640 35835 

SUMMARY SHEET 

Deflection 
Avenge E51 Boh &: 

Cilh~[ £m ) E1MlI'.c. (III ) 

30107 0000 1 

307 18 00003 

3013 1 00004 
30745 00005 

30762 00007 

3 0775 00007 

30816 00010 

30876 00012 

3103 1 00015 

31273 00019 

31641 00022 

3212. 00024 

32664 00026 

33 199 00027 

3.3121 00027 

34 141 00028 
34716 00028 

35205 00028 

J 5738 00028 

Adjusted Adjusted For 

I2illI IUIIIII,sJ!2:aI:: 
) 0692 00000 

J 0705 000 14 
30715 00024 

30727 00036 

30739 00048 

3 0'''; 00064 
J 0767 00075 

30806 0011 .. 

30864 00112 

3 lOIS 00)23 

31B4 00562 
31619 00927 

32 105 014 13 

32638 01946 

33 172 02480 

33694 03002 

341iJ 03422 
34688 03\196 

35177 04486 

35710 05018 

y - 855.79. - 2626.56 
RJ . I.00 

Adjusted For 

MIUlDi CIltntt 
00000 

00014 

00024 

00036 
00048 

00064 

OOOJS 
00114 

00172 

0032] 
00562 

00927 

01413 
01946 

02480 

03002 

03422 
03\196 

04486 

05018 

o ~----~--------~-----------------+---

30705 3.0710 30715 30720 30725 30730 3.0735 30740 
Avtrage Caliptr Reading (in. ) 

166 



Tcsi No. 48 
Rttordtr: OR 

TEST DF_ IGNA TION 

SINGLE BOLT SINGLE PLATE CONNECTION TEST 
• UMMA RY SII EET 

Tesl Des,gn.lIon SBSP-48 Dale 2/9/96 

GEO\I ETRICA D MATERIAL PROPERTJE 

DOLT 
Type. A325 

Boll Hole Sid 

PLATES 

TEST RESIILTS 

Width (tn) 

5 

Limit State Beanng 
KI 388 

rO\I\IENTS 

Diameter (m) 
Shear Plane X 

TbICknCS$ (10) 

025 

(klps/m) 

LOAD V . DEFOR\IATION e ll \RT 

18 

• 
16 - • 
14 

12 

alO ;g. ... • 8 j 

6 

4 

2 

0 

000 005 o 10 015 020 

k1!nl 
I 

• 

025 

Maximum 
Failure 
Olher 

• 

030 
Dtform.'ion (i n.) 

167 

Edge Condition 
Sawed 

DeformatIon (In) 
03734 

0250 

• 

• Test Datil 
- Predict 

0.35 040 

• 

045 

COUnon No 
51 

Load (lops) 
1730 

169 

• 

050 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

T~ "0.48 

• Re.corder: COR 

I1.ll4 

0... Lood 

ewm !kJlIIl 

• 000 
121 

2 20)$ 

3 )06 

• ' 09 , "I 
6 60' 

• 7 '0) 

• 100.5 
9 12> 
10 '4.59 
11 "I 
12 1663 
\J 1697 

• .. 172 

" 173 
16 1712 
17 17 

• 
"IIIAI. SLQPE 

6 

• s 

4 

• 
2 

• 
0 ·-

• 30600 

• 

"'GLF 801 T SI 'GLF PtA T[ CO, ~'ECTIO" Tf~'iT 

F_ 
~hgg:,w ) 

306'13 
10722 
107.53 

30712 

30110 

)0" 6 
) 0960 

J II Il 
) 1)91 

) 1119 
) 229< 
} lIS) 

3)19, 

) 3112 
3 .... '0 
J .992 

H623 

30620 

. t ' \(\1 \R' ~I/EIT 

o.n ....... 
0 ... A' ..... Esl Dolt II: AdJUoStW AdjUSted FOf 

Cilimflol ~.IIRn'1D ) ~IIIII' j~ (10 1 I2ill Imlill ,sIQQS 
30m 00000 

'on9 30616 00001 306 " 00030 
)0559 ) 064 1 00002 306 • 000.5" 
J 0514 30669 00(0) 3066' 00011 

'0609 30696 0000< 3 06'l 1 00101 

" (63) lO721 0000' :\ 0715 00131 
30667 ) 07,7 00006 )0,,1 00166 
10717 3017< 00001 10866 0021\ 
309<2 31021 00010 3101' oom 
) 1226 ) 1309 00012 ) 1296 00711 
:\ 1655 ) 1737 0001 4 J 1123 o til' 
J21'6 32215 00016 ) 2199 0161" 
31m 3,.,. 00016 J 2711 0220) 

111<0 13211 00017 ) J201 0261. 
, 1116 ]]794 00011 1 tn1 03192 
).cl62 30'6 00017 J 41 19 01714 

"136 ]4914 00017 J 4191 0 4) 12 
J ~469 35546 00007 15539 o 49S" 

)' . J87.601 - I 18S.47 
RI _ I.OO 

3 0640 3 0660 3 0680 30700 
A\tr2ge .Uper Reading (in.) 

168 

AdJuated f Of 

MIUiIDI tlhDSl 
00000 
000)0 

o OOS4 

00081 
00101 

00111 

00166 
00211 

OG4H 
00711 
011" 
01614 
02201 

om. 
01191 

01114 
04112 

041)54 

30720 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 




