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ABSTRACT 

Developing analytical methods for determining the moment-rotation behavior of 

partially restrained beam-girder connections is the focus of a current research project 

One such technique is the component method (Rex 1994; Eurocode 3 1994) This method 

assumes that the behavior of the connection as a whole can be determined based on the 

behavior of the individual parts of the connection 

One of the fundamental parts of the beam-girder connections being developed in 

the current research is a high strength bolt in single shear The load-deformation behavior 

of this part is needed so that the component method can be used for analysis of the 

complete connection It is currently believed that this behavior can be represented by the 

load-deformation behavior of a single bolt lap plate connection 

This report presents an analysis of single bolt lap plate connection load

deformation behavior Each important characteristic of the behavior is evaluated and two 

methods for analytically approximating this behavior are developed and presented The 

first of these methods is a component method, in which the behavior of the connection is 

assumed to be made up of the behaviors of the parts The second method utilizes a 

number of parametric relationships that relate the connection parameters to coefficients of 

two non-linear continuous analytical curves The test results from four independent 

experimental programs that investigated the behavior of single bolt lap plate connections 

are used in the development and verification of these methods 
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1. Introduction 

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

beam-girder connections the moment-rotation behavior of partially restrained 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 steel 

connection It is assumed that the bolt load-deformation behavior can be appro'timated by 

the load-deformation behavior of a simple single bolt lap plate connection The basic 

relationship between the lap plate connection and the full steel connection is hown in 

Figure I 

o 

Full Connection R Load-Deformation BehavIOr 

R ---.., 

--- ---- "--._'------
+ 

ID --7 
Lap Plate Connection Representing 

Pan of Full Connection -- ---'-- - ----- ---.~ 

\ 
I 
I 

I 

Figure I Relation or La p Plate Connection Behavior To The Full Connection 

A typical lap plate connection load-deformation behavior with three of the 

important characteristics indicated is also shown in Figure I The load-capacity of the 



connection (R.,), the initial stiffness of the response (K,), and the defonnation at failure 

(lie) define the basic boundaries within which the load-defonnation behavior must lie, 

There are a number of geometric and material parameters associated with the lap 

plate connection which are believed to affect the load-defonnation behavior, The 

following is a lengthy although not exhaustive list of these variables, some of which are 

also shown in Fi'gure 2 for definition purposes, 

Bolt Parameters 
Diameter of bolt, db 
Type of bolt (A325 or A490) 
Location of shear plane on the bolt (in threads, N, or shank, X) 
Bolt grip leng! h 
Whether the bolt is or is not fully tensioned 
Whether washers are used under bolt head and / or nut 

Plate Parameters 
Thickness of plates being bolted together, t, and h 
Yield stress and ultimate strength of plates, fy and f. 
Bolt hole fabrication (drilled, punched) 
Bolt hole diameter (dh) and type (slotted, standard, oversize) 
Friction coefficient of the plates being bolted together, ~ 
Bolt end distance, L. 
Plate Width 
Plate Edge Condition, shear cut or saw cut 

There is currently very little understanding on how each individual parameter or 

combination of parameters influence the connection behavior. 
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Plale Edge Condition 
hear or aw CUI 

I' 'I 

Figure 2 Some Parameters Associated With ingle Bolt Lap Plate onnection Te t 

1.1 Exi ting Bolt Load-Deformation Models 

Fisher (1965) believed that the deformation associated with mechanical fasteners 

(rivets and bolts) generally consisted of shearing. bending. and bearing deformations of the 

fastener and local deformations of the plates being fastened The author propo ed a 

continuous non-linear expression that could be used to repre ent the load-deformation 

behavior of mechanical fasteners 

Where. 

R = Load in fastener 

6. = Total deformation of fastener and bearing deformation of the connected 
material 

t. ~. A = Regression coefficients 

e = Base of natural logarithm 

Elemental fastener tests were conducted (Wallaert and Fisher 1965, Fisher. et al 1963) A 

statistical analysis of the data from these tests was used to determine the values of the 

regression coefficients In all cases it was determined that the value of t agreed well with 

R..JI which is the ultimate strength of the elemental fastener test Additional observations 

3 



were that A was affected only slightly by variations in the bolts and 11 was mostly affected 

by the type of connected material Fisher (1965) believed that these two coefficients could 

be related to the physical and geometric properties of the plate and bolts but never 

developed such relationships. The final fonn of the equation was given as: 

( '''''l' R = Rulll-e 

Crawford and Kulak (1971) determined values for the coefficients A, 11, and Rw. 

based six identical elemental bolt tests Single bolts were tested in double shear The 

bolts were all A325 3/4-in. diameter in 13/ 16-in. diameter holes in 4-in. x 4-in plates 

fabricated of ASTM A36 steel The bolts had been tightened by the tum-of-the-nut 

method and the plates were loaded in compression. The values of the coefficients were 

determined to be 

11 = 10 

A = 0.55 

R.II = 74 +/- 2.4 Kips for 3/4-in. diameter A325 bolts in double shear 

D.r = O.34-in (deformation of test specimen at failure) 

The equation developed by Fisher (1965) and the values of the coefficients 

developed by Crawford and Kulak (1971) were adopted for use by the American Institute 

of Steel Construction (AlSC) for determining the strength of eccentrically loaded bolted 

connections (Mallllal of 1986, Mallllal of 1994). Despite the fact that the coefficients 

determined by Crawford and Kulak (1971) were based on only six identical elemental bolt 

tests, the same values for the coefficients of A and 11 have been used for a wide variety of 

plate and bolt combinations The value of R.II has generally been taken as the ultimate 

strength of the bolt based on current procedures for determining bolt strength as found in 

the AlSC Specification (Load alld 1993). 

Two experimental programs were conducted at the University of Arizona to study 

the load-deformation behavior of bolts in single shear (Caccavale, 1975; Gillet, 1978). 
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An equation based on these research programs, which is referred to as the Richard 

equation, was developed to represent the bolt load-deformation behavior (Richard et al 

1981). This equation is presented in Figure 3 along with a graphical interpretation of each 

parameter of the equation. The coefficients for the Richard Equation for each group of 

tests were reponed in Richard, et al (1980). However, aside from a single equation that 

was proposed to determined the elastic stiffness coefficient, no methods for systematically 

determining the equation coefficients or discussion on how the coefficients related to the 

geometric and material propenies was given. 

R 

R, f---f-..,J 

RIA) 

~ In 2 

1n"";---( R t;, ) 
R. K·t;, 

6 • Oefonnallon 
K IMlhal EIUIIC' ShlTncu 
K, • Plulte llfTness 
K, K . I:, 
R. Rcrcn:ncc t.ood 

n CUlVlturc Panmeter 

Figure 3 The Richard Equation 

Karsu (1995) conducted a series of single bolt lap plate te ts similar to those 

reponed by Richard, et al (1981). Based on these tests Karsu recommended using four 

different sets of Richard Equation coefficients The coefficients to be u ed depended on 

the plate thickness of the thinner plate in the connection (t ,) and I or whether bolt or plate 

failure occurred The recommended coefficients are summarized in Table I These 

coefficients are based on data that was normalized by the test strength, consequently, it is 

5 



necessary to multiply the resulting value from the Richard Equation by the plate or bolt 

strength to obtain the estimated load. 

Table I Normalized Richard Equation Coefficients (Karsu. 1995) 

Failure & Plate Thickness K Kn R., n 
Plate Failure 

tl = 0.125-in. 2542 -0.226 1.234 1.56 
tl = 0 25-in. 20.34 -0.0286 107 I II 

tl = 0.375-in 20.14 0.0368 1.02 1.11 
Bolt Failure 26.3 0061 1.13 066 

o other literature was identified that deals with predicting the load-deformation 

behavior of bolts in single shear However. there is literature that deals with certain 

characteristics of this behavior such as the initial stiffness, nominal strength, and friction 

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

Instead. any applicable literature is presented along with the development of the particular 

characteristic of load-deformation behavior. 

1.2 Focu and Objective 

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

conneclion The objective of this report is to develop a method or methods that can be 

used to predict the load-deformation behavior with reasonable accuracy. 

To provide a basis for development and I or evaluation of methods to predict the 

load-deformation behavior. test data from 157 single bolt lap plate connection tests was 

collected This data was compiled and entered into a commercial database program for 

ease of analysis 

The overall load-deformation behavior is very complex. In an attempt to simplify 

the problem, the overall behavior is broken down into more easily studied characteristics 

of the behavior. Three important characteristics are the initial stiffness (K,). the load 

capacity CR.). and the deformation at failure (6r). These characteristics are reviewed and 

6 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

analyzed Existing literature dealing with them is presented and evaluated Methods for 

determining each of these characteristics are then recommended. 

The final characteristic, although certainly not the least important, is the shape of 

the load-deformation response between the initial stiffness and failure load As part of the 

development of parametric methods, a full analysis of how the various connection 

parameters affect this shape is conducted. 

Based on the evaluation of each of the fundamental characteristics of the overall 

load-deformation behavior, parametric relationships between the connection parameters 

and the coefficients for two commonly used continuous non-linear equations are 

suggested. This will provide one method with which the behavior can be approximated 

Parametric solutions are commonly used for problems such as approximating the 

load-deformation behavior of lap plate connections. In addition to the parametric 

solutions, the component method for approximating the load-deformation behavior is also 

developed This method assumes that the total response can be predicted by combining 

the behaviors of the more fundamental parts that make up the connection. For the lap 

plate connection these fundamental components are the plate, bolt , and friction The 

behavior for each of these fundamental components is studied and methods for 

approximating them are developed and presented 

Finally, all of the developed and existing methods for approximating the load

deformation behavior of single bolt lap plate connections are evaluated against the 

experimental test data collected in this report 

1.3 Forward 

The following eight sections of this report accomplish the following with respect 

to the load-deformation behavior of single bolt lap plate connections 

• Discuss the source of and any modifications to the e){perimental data 

• Recommend methods for approximating the basic characteristics of the response, such 

as the strength, initial stiffness, and failure deformation. These methods are either 

existing or developed herein 
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• Based on experimental results, an evaluation of how the behavior is effected by many 

of the connection parameters is conducted 

• Develop a component method and parametric methods for approximating the behavior 

• Evaluate the existing and the newly developed methods for approximating the 

behavior against the test data 

First, a discussion and presentation of the existing test data that was collected in 

this report is given. ext, an evaluation of methods for predicting the strength of the 

connection is presented. The component method is then developed. This is developed at 

this point in the report because the only part of this report that it relies on is the strength 

of the connection. In addition, because of its very fundamental nature, the component 

method will be used to help develop each of the subsequent sections of the report dealing 

with initial stiffness, failure deformation, and parametric relationships. 

After the component method is developed then the initial stiffness and failure 

deformation will be evaluated. Next, the parametric relationships will be developed. As 

part of the development of the parametric relationships, a thorough evaluation of how the 

behavior is effected by many of the connection parameters is conducted. Finally, an 

evaluation of existing and newly developed methods for approximating the behavior is 

conducted 

2. Experimental Data For ingle Bolt Lap Plate Connection 

Four experimental investigations of single bolt lap plate connection tests were 

found in the literature. The experimental data including the geometric and material 

parameters and the raw load-deformation data from these experimental investigations was 

compiled and input into a commercial database program for analysis. 

A schematic of a single bolt lap plate connection test is shown in Figure 4. The 

method in which the load was applied to the plates and the method in which deformation 

was measured varied depending on the experimental investigator. In general, the free ends 

of the connection were bolted to a testing assembly that was placed in a universal type 
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testing machine to apply the load The deformation was measured as the change in the 

distance from one fixed point on one plate to one fixed point on the opposite plate 

R 
( 

:. 

t=;1 ) 

Figure 4 Typical ingle Bolt Lap Plate Connection Tests 

The following sections present a brief summary of each of the four experimental 

investigations. In addition, tables which summarize the test parameters and test results are 

presented in Appendix B through Appendix E These tables present the test parameters 

and results in a uniform manner; however, in many cases there was information that could 

not be determined from the literature In some of these cases it was necessary to make 

some assumptions so that the tests could be included in the analysis If the mformation 

was not critical to the analysis then a question mark is used to indicate that it was 

unknown. The assumptions made about the tests are also discussed briefly in the 

following sections. 

2.1 Lap Plate Connection Te t Reported by Kar u (1995) 

Karsu (1995) reported a total of 61 lap plate connection tests Each test actually 

consisted of two lap plate connections that were pulled at the same time The average 

load and deformation measurements for the two connections were used 

Parameters which were varied in the experimental study included bolt diameter. 

plate thickness of both plates in the connection. bolt end distance. plate edge condition 

Bolts included 3/4-in. 7/S-in and I-in. diameter A325 bolts Plate thickness was varied 

from liS-in. to I-in. in liS-in. increments End distances of 2 db and I 5 db were used 

The test plates were typically fabricated at the Virginia Tech Structures & Materials 

Laboratory (VTSML). however. some plates were cut to length by a local steel supplier 

Thinner plates that were cut by the steel supplier were sheared and the remaining plates 

including those cut at the VTSML were saw cut All holes were drilled to standard sizes 

Washers were placed under both the nut and bolt head. 
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The test specimens were assembled and put into the testing rig. The bolts were 

snugged up and then a pre-load was applied to the specimen. While the pre-load was 

applied the bolts were fully tensioned by tum-of-nut. The pre-load was then removed and 

the test was staned ITom zero load. Electronic potentiometers were used to measure the 

deformation. This process was intended to eliminate any sudden slips in the connection 

during the test. 

2.2 Lap Plate Connection Test Reported by Gillet (1978) 

Gillet (1978) reported a total of 75 lap plate connection tests. Load-deformation 

data was available for only 66 of these tests. Parameters varied in the experimental study 

included bolt grade and diameter, steel grade, plate thickness, and end distance. Both 

A325 and A490 bolts with 3/4-in, 7/8-in., and I-in. bolt diameters were used Both A36 

and A572Gr50 steel was used to fabricate the plates which varied in thickness from 1/4-

in . to 5/8-in. in \/\6-in. increments End distances were 1.25-in., 1.5-in., and 1. 75-in. for 

3/4-in ., 7/8-in , and I-in. diameter bolts respectively. 

The test plates were fabricated by a local steel fabricator. The plates were sheared 

and the bolt holes were punched to standard sizes. The mill scale was left in place for 

testing. Two dial gages were used to measure deformations, one in ITont and one in back 

of the specimen 

The test specimens were assembled and put into the testing rig The bolts were 

snugged up and then a pre-load of 5 kips was applied to the specimen While the pre-load 

was applied the bolts were fully tensioned by tum-of-nut. The pre-load was then removed 

and the test was started from zero load. This process eliminated any sudden slips in the 

connection during the test 

Conclusions by the author included ' 

• The thinner plate of the connection controlled the load-deformation relationship 

• Three failure modes occurred bolt shear, plate bearing failure, plate splitting failure 

Three assumptions have been made about this testing program so that the tests 

could be included in the analysis First , no material properties were given for the 5/8-in. 
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thick plates used in the test program It was assumed that the steel properties of these 

plates were consistent with other AJ6 steel properties given in the report and the average 

of the AJ6 steel properties given was used. 

Second, in some cases the mode of failure was not clear. The mode of failure for a 

group of tests was reported rather than for the individual tests. In some cases two modes 

of failure were indicated for the same group of tests. In these cases a failure mode was 

assumed based on the options given for the group and a comparison of the load

deformation behaviors for the tests in the group . 

Lastly, it was assumed that the bolt threads were excluded ITom the shearing plane 

This was based on a comparison of the expected bolt shearing load to the te t load 

reported. 

2.3 Lap Plate Connection Te t Reported by Caccavale (1975) 

Caccavale (1975) reported II lap plate connection tests The plate thickness 

varied from 31J6-in to 5/ 16-in. in IIJ6 increments and was the only parameter varied. All 

tests used 3/4-in. diameter AJ25 bolt which were torqued to 350 ft-Ib Bolt holes were 

drilled to a 0 758-in. diameter which is a non-standard size for a bolt hole All plate end 

di tances were 1.25-in Washers were placed under the nuts of the bolts 

Conclusions made by the author included 

• Connection strength did not increase linearly with plate thickness The reason was 

believed to be because of the increasing eccentricity in the connection 

• The plastic slope, Kp, increases as tl (the thinner plate of the two plates in the lap plate 

connection) increases but not linearly because of increasing eccentricity 

The author did not specifically report failure modes of specimens However, the 

author does indicate that "The test results show that under these conditions no visible 

mark of shear deformation occur in the bolt " This would tend to indicate some sort of 

plate failure . For analysis purposes it was assumed that plate bearing / tearout failures 

occurred . 
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2.4 Lap Plate Connection Tests Reported by Sarkar & Wallace (1992) 

Sarkar and Wallace (I992) reponed 16 lap plate connection tests, however, data 

that was supplied separately to the researchers included 19 connection tests. Parameters 

that were varied included the bolt type, plate thickness and end distance. The bolts were 

AJ25 or A490 V.-in. diameter bolts in standard drilled holes. Plate thickness varied from 

5/ 16 to 3/8 in 1/16-in increments and end distances were either 1.5-in. or 2-in. 

Conclusions by the authors included: 

• Reducing plate thickness increased the deformation at failure 

• Increasing the bolt grade increased deformation at failure 

The repon did not indicate how the bolts had been tightened. Based on a 

comparison to the test data from Karsu (1995) and Gillet (1978) it is believed that the 

bolts were only tightened to the snug condition and the tests are treated as such for 

analysis purposes in this repon. A more detailed discussion of this is presented in the next 

section of this repon 

2.5 Resu lts 

The test parameters and results of the four test programs just discussed are 

presented in Appendix B through Appendix E. In addition, data summaries of the tests 

reponed by Karsu (1995) and Sarkar and Wallace (1992) are included in Appendix A and 

Appendix E respectively. The data summaries of the tests performed by Karsu (1995) 

have been included because of errors made in the original reponing of the tests in Karsu 

(1995). The data summaries for the tests by Sarkar and Wallace (1992) are included 

because this data has never been included in the literature to date. The data was received 

in an electronic form from Dr Wallace. ote that the data reponed in Appendix A and 

Appendix E is the raw data as supplied This data does not include any modifications 

which are discussed in the following section. 
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2.6 Modifications, Assumptions, and Analysis of Te t Data 

Because important infonnation about some of the test programs was missing it was 

necessary to make some assumptions about the data These were discussed brieny in the 

previous sections. A more thorough discussion on some of these assumptions is presented 

in the following sections. In addition. it was necessary to modify the reported load

defonnation data in some cases These modifications are also discussed below Finally. 

how the data was analyzed to detennine initial stiffiless and certain load quantities is also 

discussed. 

2.6.1 Exclusion of Test Data 

Because of the way that defonnations were measured in the test series by 

Caccavale (1975) it is highly likely that the initial defonnation readings included test setup 

defonnations which were not intended to be measured. As a result . the initial stiffness 

values from the test data were uncharacteristically low. Both the e observations were 

made by the author Because of this measurement problem only the strength 

characteristics from this data are included in the analysis of the behavior of lap plate 

connections. 

There were five tests reported by Karsu (1995) for which the data indicated that 

there were problems with the test These tests were completely excluded from further 

evaluation The test numbers were 7, 8, 9, 43, and 64 

Sarkar and Wallace (1992) reported 16 connection tests However, test data for 

19 tests was provided by Dr. Wallace. The three tests which were not reported have been 

excluded from all evaluation except for strength The reason the tests were not reported is 

currently nOl known The data from the tests are included in Appendix E The test 

numbers for the three tests are 13 through 15. 
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2.6.2 Removing Elastic Plate Deformations From Data 

All the techniques used to measure deformation in the above experimental 

investigations include elastic deformations of the plate. The deformations of interest in 

this research are the local bolt and plate deformations and not the overall stretching of the 

test plate between points of measurement. Consequentty, it is desirable to remove the 

elastic deformations from the data. Gillet (1978) reported that elastic deformations were 

estimated and removed; however, the process by which this was done was not described. 

The data reponed by Karsu (1995) included elastic deformations. A method of 

estimating these deformations was developed so that they could be removed from the 

data. First , the length of plate between the bottom of the bolt and the point where the 

potentiometers were attached to the plate was divided into four regions. The length of the 

first region is from the top of the bolt hole to the clamping point. The length of the 

second, third, and founh regions are each one-third of the bolt hole diameter The width 

of the first region is the width of the plate. The width of the second region is the width of 

the plate minus one-third of the hole diameter. The width of the third region is the width 

of the plate minus two-thirds of the hole diameter. And the width of the fourth region is 

the width of the plate minus the hole diameter. These regions are shown schematically in 

Figure 5. 

: Line of 
, Clamping Poinl , , 
I 
I 
I 
I 
I 
I 
I 
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Region 
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", I, 
", ,I I', ", 

d"" , I 

I I 
, I I I II 
", III 
", ,II 
?~1 4 ~ 

Figure 5 Sectioning of Plate Used to Estimate Elastic Plate Deformations 

The stress area for each region was taken as the width of the region times the 

thickness of the plate. The load on the specimen was then divided by the stress area 10 

determine the stress in each region. This slress was then convened to strain using a 
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modulus of elasticity of 29,000 ksi and then the strain was converted into defonnation by 

multiplying the strain in each region by the length of each region The total elastic 

defonnation from the bottom of the bolt hole to the clamping point was then detennined 

by adding the defonnations for each region. This was done for each plate in the 

connection and then the estimated elastic defonnations were subtracted from the raw 

defonnation readings. 

Because the distance from the centerline of the bolt to the location where the 

potentiometers were clamped to the plate was not given a distance had to be assumed It 

was assumed that this distance was equal to the end distance of the opposite plate plus I· 

In 

It should be noted that removing the elastic defonnations has little or no effect on 

the overall load·defonnation data . It primarily effects the values of the initial stiffness If 

the initial stiffness values are large then removing the elastic defonnations tends to have a 

significant impact; however, if the initial stiffness values are small then removing the 

elastic defonnations has little impact 

Sarkar and Wallace ( 1992) did not report whether or not elastic defonnations had 

been removed from the data, however as will be discussed later, the initial stiffness values 

associated with the tests reported by Sarkar and Wallace (1992) were typically an order of 

magnitude lower than those associated with the data from Karsu (1995) and Gillet (1978) 

Considering these low initial stiffness values modifYing the data by subtracting elastic 

defonnations would have a negligible effect on the deformation values and has 

consequently not been done. 

2.6.3 Determining Initial tiffnes of Load-Deformation Behavior 

There is no indisputable method for detennining the initial stiffness of test data 

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

detennine 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 
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determined other than on a test by test basis. However, In general the following 

procedure was used to determine the initial stiffness. 

The first few data points of each test were plotted and evaluated. Data points that 

were obviously inconsistent with the general load-deformation behavior were removed. 

Linear regression was then used to determine the slope, intercept, and an r value for a 

best fit line through the remaining data points. The initial stiffuess was taken as the slope 

of this line 

2.6.4 Shifting Data Based on Initial tiffne s 

Based on the best fit line used to estimate the initial stiffness, the deformation data 

for each test was shifted so that the initial slope would pass through zero load and zero 

deformation This was done to eliminate obvious problems with the first few deformation 

measurements and to provide a set of data that was consistent with the initial stiffness 

values. 

2.6.5 Were Bolts Pre-ten ioned or Not? 

Karsu (1995) and Gillet (1978) reported that the bolts were pre-tensioned using 

the tum-of-nut method Sarkar and Wallace (1992) did not indicate if or how the bolts had 

been tightened The initial stiffness values for tests with similar parameters were evaluated 

ITom each source of data. One such comparison for tests with 'I.-in. bolts and \I.-in plates 

is shown in Table 2. 

Table 2 Comparison of Ki Values Between Experimentallnvesligations 

Investi~ator 

Karsu 
Gillet 

Sarkar & Wallace 

L. (in 
1.5 
1.25 
2 

Average K, (Klin . 
2890 
2409 
220 

As can be seen in Table 2, the initial stiffness values for the tests by Sarkar and 

Wallace (1992) are an order of magnitude lower than those for Karsu (1995) and Gillet 
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(1978) Based on this comparison it was decided to treat the tests by Sarkar and Wallace 

(1992) as if the bolts had only been tightened to the snug condition when evaluating the 

load-deformation behavior of the lap plate connections. 

2.6.6 Determining Maximum Load and Failure Load 

In this report R.I! was defined as the maximum test load and Ll .... is defined as the 

test deformation at the maximum test load If two load-deformation data points had the 

same maximum load value then the first one of these was chosen to determine tom.. In 

many cases the maximum test load was not the failure load In these cases the load

deformation behavior peaked early then softened slightly before reaching a nearly plastic 

load-deformation plateau The failure load and deformation were defined as the point 

where there was a sudden loss in load carrying capacity typically at the end of a plastic 

load-deformation plateau. 

3. ominal Strength 

There were primarily five failure modes associated with the single bolt lap plate 

connections' bearing, tearout , splitting, plate buckling, boit shear Of these failure modes 

four are associated with the plate and one with the boit. Methods of predicting the plate 

strength and boit strength are presented and evaluated in the following sections 

3.1 Experimental Data For Evaluation of Model 

Experimental strength values from the tests given by Karsu (1995), Gillet (1978), 

Caccavale (1975), and Sarkar and Wallace (1992) were used to evaluate the plate and bolt 

strength predicting methods. 

3.2 Exi ting Prediction Models 

For clarity, the following discussion of existing literature on plate and bolt strength 

is presented in separate sections. 
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3.2.1 Pia te Strength 

There were four basic plate failure modes that occurred in the lap plate connection 

tests collected in this report: plate bearing, tearout, splitting, and buckling as illustrated in 

Fig. 6. Most current literature dealing with plate failures recognizes all four of these 

failure modes. However, methods for predicting the plate strength have so far only 

considered bearing and tearout failure modes. 

o o 

Bearing Tearout Splitting Buckling 

Figure 6 Plate Failure Modes 

In the United States estimates for the tearout strength of a single bolt are based on 

a fairly simple lower bound physical model of the failure mode which was developed by 

Fisher and Struik (1974). The current equation given in the AlSC Specification (Load 

and, 1993) is a simplified version of the original expression developed Fisher and Struik 

(1974) and is given as 

(Eq I) 

Rex and Easterling (1996) reviewed four different expressions for estimating the 

tearout strength of plates. It was shown that for a single bolt in a standard hole Equation 
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I provided the best correlation to single plate single bolt test results The complete 

expression found in the AlSC Specification (Load Gild, 1993) is given as 

R. = F. L. .. s 2.4 F. tp db (Eq 2) 

The upper limit on the tearout strength is considered to be bearing failure The 

current limit of 2.4 F. tp db is intended to limit bearing deformations to 0.25-in. before the 

design strength is attained and is based on the work of Perry (1981) However, if bearing 

deformations are not a design concern then an upper limit oD 0 F. tp db is allowed instead 

This later upper limit is based on the work of Fisher and Struik (1974) who (based on test 

results) indicated that increases in Wdb beyond 3.0 are accompanied by a change in failure 

mode from tearout to a "material piling up" type of failure (i e bearing failure) This 

"material piling up" type failure is believed to be a true upper limit on the bearing strength 

As suggested in the above paragraph, the upper limits on the tearout strength are 

one of two kinds: an ultimate strength limit or a deformation limit It is convenient to 

discuss this upper limit in terms of bearing stress which is defined as the bearing load 

divided by the product of the plate thickness and bolt diameter 

With regard to an ultimate strength upper limit on the bearing stress, four 

suggested values were found in the literature Fisher and Struik (1974) suggested an upper 

limit of3 0 F •. Jones (1956) suggested an upper limit of2 5 F. As given in Perry (1981), 

truik and Witterman measured bearing stresses as high as 3.5 F. when they failed the 

main plate of a butt splice connection Finally, based on failing the splice plates in a butt 

splice connection Perry (1981) suggested an upper limit of 2 8 F. 

With regard to upper limits imposed for deformation considerations, Jones (1956) 

suggested an upper limit of 2.25 F.. Perry (198 I) suggested an upper limit of 2 4 F. and 

2 0 F. for round holes and slotted holes respectively The recommendations by Perry 

(1981) were based on using fully torqued bolts and a deformation limit of 0 25-in 

Perry (1981) also suggested an interaction between tension and bearing failures 

that would limit deformations to 0.25-in 

For Round Holes 
00 < BR S 2 0 f .. sO.9F. 
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For Slotted Holes 

2.0 < BR s 4.0 
4.0 < BR 

fb $ (0.5 + 0.125 BR) 2.4 F. 
fb $ 2.4 F. 

0.0 < BR s J.5 f .. S 0.9 F. 
1.5 < BR $ 4.0 fb $ (0.5 + 0.125 BR) 2.0 F. 
4.0 < BR fb $ 2.0 F. 

Where BR is the bearing ratio which is defined as 

Bearing Stress 
BR = N S . T '1 S et ecUon ensl e tress 

and f .. is the tensile stress in the steel at the net section. Some bearing ratios for the tests 

considered in this report were as low as three. However, as will be shown later. the AJSC 

Specification (Lood and, 1993) model is conservative for all modes of failure when 

considering the ultimate strength of the connection; and, the model is very accurate when 

considering the bearing strength at a deformation limit of 0.25-in. for tests failing by 

bearing I tearout. Consequently, using the suggested interaction equations above would 

be overly conservative and no further consideration of the interaction equations is given in 

this report . 

3.2.2 Bolt Strength 

In general the shear strength of the bolt is given as the bolt ultimate shearing stress 

times the bolt shearing area The ultimate shearing stress of a single bolt was found 

experimentally (Wallaert and Fisher, 1965) to be 62% and 68% of the bolt tensile strength 

for shear tests where the plates were in tension and compression respectively. Fisher and 

Struik (1974) recommended using the 62% value for design as it represented a lower 

bound on the ultimate shearing stress. Kulak et al (1987) also recommended using 62%. 

The AJSC Specification (Load and, 1986) adopted a value of 60010 to be consistent with 

other shearing failure models. The AJSC Specification (Load and, 1993) adopted a value 

of 50% of the nominal minimum tensile strength of the bolt to account for the lack of 

equal load distribution seen in long joints with multiple bolts. 

The reduction in bolt shearing stress associated with longer joints appears to be 

based on the work of Fisher et al (1963). Fisher et al (1963) conducted a series of butt 
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joint tests which showed that compact joints had bolt shear capacities similar to that 

obtained rrom single bolt tests. Joints were considered compact up to about 10-in long 

As the joints got longer than 10-in there was a drop in the average shear capacity of the 

bolts in the joint. This reduction in strength was seen to level out at around 80"10 of the 

shear strength based on single bolt tests. In the longer joints the strength of the steel was 

also seen to influence the bolt shear strength. The stronger the steel the higher the 

average bolt strength 

The shearing area is assumed to be the gross area of the bolt shank if the hearing 

plane passes through the bolt shank. If the shearing plane passe through the bolt threads 

then the shearing area is assumed to be the root area of the threads Fisher and Struik 

(1974) recommend a root area equal to 75% of the gross area of the bolt Kulak et al 

(1987) recommended a root area of 70% of the gross area of the bolt The AI SC 

Specification (Load alld, 1986) uses a root area of 75% of the gross area The AISC 

Specification (Loadalld, 1993) uses a root area of 80% of the gross area 

The experimental work that has investigated bolt ultimate shearing stress has 

mainly been conducted with test specimens where the bolts are in double shear Munse et 

al (1954) conducted a series of two bolt lap (bolts in single shear) and butt (bolts in double 

shear) splice connection tests The re ults showed that the shearing strength of the bolts 

in lap connections were 10% higher than the shearing strength of the bolts in the butt 

connection This was explained by the angle of shear failure seen in the bolts from the two 

types of connections The bolts in the butt connections failed at a right angle to the main 

axis of the bolt while the bolts in the lap connections failed at an angle slightly inclined 

from a right angle to the axis of the bolt The inclination of the shear failure angle is 

caused by the defonned shape in the lap plate connection near failure Because the lap 

plate connection is not symmetric moments in the plates cause the bolt and the plate near 

the bolt to slightly incline with respect to the main loading axis This inclination is the 

reason for the inclined shear failure plane The inclined shear failure plane results in a 
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slightly larger shearing area than when the shear plane is at a right angle to the axis of the 

bolt. 

The results of the tests by Munse et al (1954) are in contrast to the test results 

discussed by Fisher and Struik {1974}. Fisher and Struik (1974) indicated that based on 

single bolt lap connection tests that there was a 10% decrease in the shearing strength of 

the bolts compared to bolts in similar butt connection tests. It was reasoned that the cause 

of this decrease was an increase in bolt tension resulting from the plate bending discussed 

previously. Based on these two sources it appears that the cause for an increased shearing 

strength may also be a cause for a decrease in shearing strength. 

Fisher et al {1978} did a statistical study of the shear strength of high strength 

bolts. The results showed that the average shear resistance of a high strength bolt with a 

single shear plane was given by 

(Eq 3) 

Where a was 0.75 and 0.67 for A325 and A490 bolts respectively The coefficient of 

variation was determined as 10% and 7% for A325 and A490 bolts respectively. The 

variation for the A490 bolts was less than that for the A325 because there are specified 

upper and lower limits on the ultimate strength for A490 bolts while there is only a lower 

limit on the ultimate strength for A325 bolts (Kulak et al 1987). 

3.3 Evaluation of Existing Models 

For clarity evaluation of plate strength and bolt strength are separated into the two 

following sections. 

3.3.1 Plate Strength 

There are currently no definitive rules for how plate strength should be determined 

experimentally. In most research programs the maximum load carried by the test 

specimen before the end of the test is assumed to be the test strength. However, there are 

cases where this strength would not be indicative of the true plate strength For example, 

when thin plates and fully tightened bolts are used the maximum test load typically far 
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exceeds all reasonable estimates of the plate strength because of the additional load carried 

by friction. In addition, some test programs end the test at a fixed deformation limit which 

would, in some cases, result in maximum test loads below the true plate strength. 

Another possible definition of plate strength would be the load carried by the test 

specimen when a panicular plate failure mode occurs. However, because plate bearing 

and buckling failures have usually been defined by arbitrary deformation limits it is difficult 

to decide at exactly what point these failures occur. In addition, the initiation of plate 

splitting can occur very early in the test without any impact on the load-deformation 

behavior Consequently using the test load associated with the initiation of plate splitting 

may be severely underestimating the plate strength. 

Because of the above problems (as well as others not mentioned here) it is difficult 

to separate plate strength from the general load-deformation behavior. Consequently, the 

writer has decided to make comparisons between the predicted loads and the test loads at 

various test deformations as well as the maximum test load. In addition, because each of 

the test programs considered in this repon were quite different comparisons are also made 

which consider one test program at a time so that the innuence of the test program can be 

evaluated as well . Finally, because splitting failures are physically very different than the 

bearing or tearout failures the strength comparisons are also separated with respect to 

failure mode to see what if any innuence there may be. 

Plate strength predictions are based on the AlSC Specification (Load Gild, 1993) 

which has been previously shown to provide the best correlation with single bolt single 

plate test data (Rex and Easterling, 1996). It should be noted that only one of the tests 

evaluated here had an end distance exceeding 2.4 db. Consequently, no evaluation of the 

current upper limits for tearout strength can be made. 

A comparison of test load over predicted load is presented in Table 3 

Comparisons are made against the test load at four different deformation limits as well as 

the maximum test load. The first deformation limit of O.16-in. was chosen because it was 

the approximately the minimum deformation that any test attained prior to failure The 
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second deformation limit of 0 25-in. is based on the recommended deformation limit given 

by Perry (1981). The third deformation limit of O.34-in. is based on the current 

deformation limit recommended for use in the ultimate strength analysis approach for 

eccentrically loaded bolted connections given in the AlSC Manual Vol. II (Load al/d, 

1993). In addition, 0 34-in. appeared to be the approximate deformation limit that Gillet 

(1978) used to end the lap plate tests The last deformation limit of O.5-in. was chosen 

somewhat arbitrarily. 

Tests which attained maximum loads before O.16-in. of deformation are not 

considered in this evaluation This is primarily because test loads in this range of 

deformations are still highly influenced by the load carried by friction and are not 

indicative of plate failure loads. Because of this requirement, none of the tests that failed 

by plate buckling (3 IOtal) are included in the evaluation. 
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Table 3 Evaluation of Plate Strength 

• 4 4 4 MuTesl 
O. II>-In. O.l~in. 0.3 .... ln. 0.5-ln. Load 

AU P/JIIt Faihlres 
AU Resean:hen Mean 0.90 0.94 09 099 102 

COy 155% 12.3% 9.7% 9"10 128% 

• No Teses 64 63 35 26 64 
Gillel Mean 087 0.92 094 0.94 

CO y 19.2% 14.5% 3.3% 15 1% 
No Teses 28 27 2 2 

Kanu Mean 094 0.96 0.98 101 109 
COy 98% 8.3% 76% 7.5% 64% • No Tesls 24 24 24 24 24 

Cacca,'.&e Mean 0.94 103 10 109 
COy 58% 3.6% 4.3% 62% 

No Tests 10 \0 7 10 
arkar & Wallac. Mean 061 071 077 o 3 0 

COy 200% 172% 150% 114% 56% 
No Tests 1 2 2 2 2 • 

Beari"g I Tearout Failures 
Ali Resean:her5 Mean 091 0.97 1.02 102 106 

OV 9 9"10 8.6% 84% 87% 93% 
No Tesls 31 31 21 14 31 

• Gillel Mean 0 I 089 092 
COy 45% 4.3% 47% 

No Tests 7 7 0 0 7 
Kar u Mean 093 0.96 0.99 102 I 10 

COy 104% 91% 87% 87% 62'/0 
No Tescs 14 14 14 14 14 

• Caccanie Mean 094 1.03 108 109 
COy 58% 3.6% 4.3% 62% 

No Tests 10 10 7 0 10 
Splitti"g FajIMres 

AU R •• ean:hen Mean 089 092 094 096 0.9 
COY 197% 152% 97% 82% 149% 

No Tests 33 32 14 12 33 • 
Gillel Mean 089 0.93 094 095 

COY 211% 164% 33% 171 % 
No Tesls 21 20 2 0 21 

Kar u Mean 095 096 097 098 107 

• COY 95% 74% 5.8% 4.9% 65% 
No Tests 10 10 10 10 10 

Sarkar & Wallace Mean 061 071 077 083 o 8 
COY 200% 17.2% 150% 114% 56% 

No Tests 2 2 2 2 2 

• 
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The following observations are made based on review of Table 3. 

• All but one of the tests that exhibited plate failure achieved at least 0.25-in. of 

deformation before failure . 

• Approximately half of the tests did not achieve 0.34-in. of deformation before the test 

was ended. It is seen that most of the tests that did not achieve the 0.34-in. of 

deformation were conducted by Gillet (1981). In many cases it is not clear whether 

these tests were just ended or whether some failure occurred resulting in a loss of load 

carrying capacity. 

• Bearing I Tearout failures had mean strengths about 8% higher than splitting failures. 

This is partly attributable to the very low test strengths reported by Sarkar and 

Wallace (1992). 

• Evaluation of bearing I tearout failures shows the predicted strength is about 6% 

conservative. A comparison of the specification equation to bearing I tearout strength 

for single bolt single plate specimens showed an average ratio of 0.998 (Rex and 

Easterling, 1996). This may be an indication of a slight increase in plate strength 

associated with the single bolt lap plate connections compared to the single plate single 

bolt type specimens. One possible reason for the increased strength is the confinement 

of the steel in front of the bolt provided by the bolt nut and head and washers if 

present. Another reason may be that some load was being carried by friction between 

the two plates which leads to calculated bearing stresses higher than the real bearing 

stresses (Fisher and Struik, 1974). However, it should be noted that the upper limit 

on the bearing stress was shown by Perry (1981) to be unaffected by bolt tension. 

• Considering all the researchers there is good correlation between the maximum test 

load and the predicted load . However, when considering the individual research 

programs it is seen that the maximum test loads reported by Gillet (1978) and Sarkar 

and Wallace (1992) have mean test values of6% and 12% below the predicted values 

respectively; while. the test loads reported by Karsu (1995) and Caccavale (1975) have 

mean test values of 9% above the predicted values. 
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• When considering the maximum test load vs the predicted load most of the variation 

results from the tests conducted by Gillet (1978) 

• When considering all failure modes and researchers there appears to be approximately 

an 8% increase in strength associated with the maximum test load compared to the test 

load at O.2S-in. of deformation. 

• Splitting failures are physically very different than tearout failures The current 

expression given in the A1SC Specification (Load and, 1993) is based on the physical 

behavior associated with tearout Despite this, the expression appears to correlate 

very well with the test strengths associated with splitting failures as well 

The only general conclusion that can be made based on this evaluation is that the 

current expression given in the A1SC Specification (Load alld, 1993) for determining 

tearout strength correlates well with all the test data considered These tests included 

bearing I tearout and splitting failures. However, it should be restated that an evaluation 

of the upper limit on the tearout strength (representing the bearing strength) has not been 

evaluated in this study. 

3.3.2 Bolt trength 

Based on the literature there are basically five bolt shear strength models that have 

been recommended over the last 25 years. The basic differences in these models lie in the 

value of the ultimate shearing stress and the value of the root area in the threaded portion 

of the bolt These models are summarized in Table 4 along with statistical results from the 

comparisons of the maximum test load over predicted values Note that becau e the 

maximum test load almost always occurred just prior to shearing of the bolt it is believed 

that the maximum test load is a good indicator of the bolt shearing strength There were a 

total of71 single bolt lap plate tests that failed by bolt shear 
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Table 4 Evaluation of Bolt Shear Strength Models 

Model Fvt/Fub A".)~ Average TestlPredict COY 

Fisher & Struik (1974) 0.62 0.75 1.05 12% 
Fisher et al {I 978) 0.75/0.67· •• 0.89 12% 

AISC (1986) 0.60 0.75 1.09 12% 
Kulak et al {I 987) 0.62 0.70 1.07 14% 

AISC (1993) 0.50 0.80 1.28 11% 
• A325 I A490 Bolts 
•• Was not recommended. Assumed to be 0.70 for evaluation purposes. 

Considering the ratio of test strength over predicted strength all the models except Fisher 

et al (1978) were conservative. The latest edition of the AISC Specification (LRFD 1993) 

is over conservative as would be expected because the single bolt lap plate connection 

would be considered compact and the new model assumes long joint behavior. Overall the 

model suggested by Fisher and Struik (I974) compared the best but predictions using the 

AISC Specification (Load Gild, 1986) are also satisfactory. The coefficient of variat ion 

for all the models except perhaps that recommended by Kulak et al (1987) are in line with 

the expected coefficient of variation of 10% (Fisher et ai, 1978). 

A more detailed statistical analysis of the test loads compared to the predicted load 

based on the AISC Specification (Load Gild, 1986) is presented in Table 5. This analysis 

is similar to that done for plate fai lures and includes a breakout of the different research 

programs as well as different deformation limits. 
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Table 5 ~valuation of Test over Pred icted Bolt Shear Capacity 

• t;. t;. t;. t;. Mu Test 
O.I6-in. 0.25-in. O.~-in. O.5-in. Load 

Bolt Shear Failures 
All Researchers Mean 0.97 1.04 1.11 I 16 109 

COy 11.9"10 9.5% 6.4% 3.9"10 114% 
No. Tes!s 69 46 19 7 69 • 

Gillet Mean 092 0.99 098 
COY 91% 9.4% 99"/. 

No Tes!s 30 19 0 0 30 
Karsu Mean 102 1 07 109 I 12 I 15 

• COY 132% 81% 66% 16% 5 P,. 
No Test.s 22 15 10 2 22 

Sarkar & Wallace Mean 0.98 1.08 1.13 I 17 120 
COy 11.0% 9.0% 6.1% 40% 4.9"10 

o Tes!s 17 12 9 5 17 

• The following observations are based on review of Table 5. 

• 

• 

• 

• 

• 

• 

o The majority of the variation when comparing maximum test load to predicted appears 

to result from the tests conducled by Gillet (1978). Recall that it was as umed that, 

for the tests reported by Gillet (J 978), bolts had the threads excluded from the shear 

plane of the connection Because this detail was nOl reported, it is possible that some 

of the tests did and some did not include the threads in the shear plane This would 

lead to an increased scalier between predicted and test values 

o When considering all researchers the predicted load capacity appears to be about 9"10 

conservative. However, when considering the individual research programs it is een 

that the test loads reported by Karsu (1995) and Sarkar & Wallace (1992) are 15% 

and 20% respectively higher than predicted; while, the test loads reported by Gillet 

(J 978) agree well with predicted The lower average value for the tests reported by 

Gillet (1978) may be at least partially explained with the same reasoning for the 

increased scalier in the test vs predicted given above. 

o Bolt strength appears to increase with test deformation The highest strengths 

corresponding with the largest test deformation. This may possibly be the result of 
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increased out-of-plane defonnations which would increase the angle of failure in the 

bolt 

Because the actual tensile strengths of the bolts is unknown and in some cases the 

shear plane condition (X or N) is unknown any conclusions about the relative shearing 

strength of bolts in single shear compared to the strength of bolts in double shear (like in 

butt connections) cannot conclusively detennined. However, based on the above 

comparison it does appear that the average shearing strength of the bolts in the single bolt 

lap connections is slightly higher than would be expected based on equations developed 

from double shear bolt tests One possible reason for this is an inclined shearing angle A 

visual inspection of the bolts that sheared in the tests reported by Karsu (1995) showed 

that the shearing angle was inclined similar to the tests reported by Munse et al (1954) A 

second possible reason for the increased load may be frictional forces between the plates 

resulting from tension in the bolt The bolt tension could be a result of the original pre

tensioning or the result of prying forces developed by the deforming plates or some 

combination of these two. 

Without additional testing and analysis, trying to include either of these possible 

effects to increase the bolt load capacity does not seem justifiable at this time. In general, 

it is believed that the model given in AISC Specification (Load Gild, 1986) is sufficiently 

accurate and precise for purposes of the current research. 

4. Component Modeling of Load-Deformation Behavior 

The fundamental idea of component modeling is that the behavior of the individual 

parts of a connection can be combined to simulate the behavior of the complete 

connection For a single bolt lap plate connection there are three primary component 

behaviors plates, bolts, and fiiction This concept is shown schematically in Figure 7 
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Figure 7 Primary Components of ingle Bolt Lap Plate onnec tion 

If the load-deformation behavior for each of these components can be 

approximated then the load-deformation behavior of the complete connection can be 

approximated by combining the component behaviors in series and in parallel as shown in 

Figure g 

Figure 8 Combination of Components To imulate Complete Connection Behavior 

The first step in developing this procedure is to isolate and develop methods of 

approximating the load-deformation behavior of each component Because of the high 

degree of interaction between the components it is extremely difficult to experimentally 

isolate the individual behaviors In fact, it can be very easily argued that by isolating the 

components there will be inconsistencies between the isolated behavior and the behavior 

observed in the complete connection which cannot be eliminated 
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The following sections present the development of methods for approximating the 

individual component behaviors. In an attempt to minimize the previously mentioned 

inconsistencies the isolated behaviors will first be identified and characterized based on 

experimental work from other research programs which do not specifically consider single 

bolt lap plate connections. Next, this behavior will be verified and modified as necessary 

to provide reasonable agreement with the experimental results for single bolt lap plate 

connections. 

The development of these components is broken into two sections. The first 

section considers lap plate connections with snug tight bolt. When the bolts are only 

brought to the snug tight condition it is assumed that the frictional component is 

negligible. This allows the plate and bolt components to be evaluated independent of the 

friction component. The second section considers lap plate connections with fully 

tensioned bolts. Based on the methods for approximating bolt and plate behavior 

developed in the first section the frictional behavior can be isolated and evaluated. 

4.1 Plate and Bolt Behavior Developed With Respect to Lap Plate 

Connections With Snug Tight Bolts. 

The simplest single bolt lap plate connections are those with snug tight bolts. In 

these connections the frictional resistance between the plates is assumed to be small and 

can be ignored. This means that there are essentially only two unknown behaviors; the 

plate and bolt. Because there are two unknown behaviors but only one source of 

verification (lap plate connection tests with snug tight bolts) at least one behavior has to 

be determined from a separate experimental program. Of the two, plate behavior is 

believed to be more easily isolated and evaluated than bolt behavior. 

4.1.1 Plate Load-Deformation Behavior 

The load-deformation behavior of plates in the local vicinity of a bolt was the topic 

of a separate report on single bolt single plate behavior (Rex and Easterling, 1996). In this 

report both experimental and analytical methods were used to develop an approximation 
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to the plate load-deformation behavior One form of this behavior is given in a normalized 

equation as 

R ( .01d )O' - = I-e 
Rn 

(Eq 4) 

This equation can be easily rearranged so that the deformation is a function ofload. 

Where 

Where 

R = Plate load 

R. = Plate strength 

6 = ormalized deformation = 6 P K,JR. 

6 = Local plate deformation 

(Eq 5) 

P = Steel correction factor = 30% I %Elongalion (for typical steels taken as I) 

K", = Initial stiffness given by 

K., = 
I I 

- + - + 
K ... K.., K .. 

K"", = Plale bearing stiffness = 120 Fy t. dbo 
I (units are kips and inches) 

Kpb = Plale bending sliffness = 32 E I. (Wdb - 0.5)3 

KpY = Plate shearing stiffness = 6.67 G tp (Wdb - 0 5) 

(Eq 6) 

The experimental single boll single plate strength, R., was found to correlate very well 

with predicted strength based on the A1SC Specification (Load alld, 1993) The 

experimental plate strength for the lap plate connections was shown to also correlate very 

well with the predicted strength based on the A1SC Specification (Load alld, \993) in 

Section 3 of this repon 

There are some inconsistencies between the plate behavior in the isolated tests and 

the plate behavior in a lap plate connection First, in the lap plate connections there is an 

eccentricity that induces moments into the plates. This moment is not present in the 
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isolated plate tests. Second, the bolt in the isolated tests imposes a symmetric bearing 

pressure with respect to the plate planes of symmetry. In the lap plate connections, the 

bolt imposes a non-symmetric bearing pressure on the bolt hole going from a maximum 

pressure at the shear plane to a minimum pressure under the bolt head or nut. At this 

time, no attempt will be made to modify the approximation to the plate behavior to 

account for these inconsistencies. However, subsequent refinements of the approximate 

behavior should address these issues. 

4.1.2 Bolt Load-Deformation Behavior 

Assuming that the plate behavior can now be sufficiently approximated then the 

only unknown behavior in the lap plate connections with snug tight bolts is that of the bolt 

itself The bolt behavior will first be identified and characterized based on the work 

reported by Wallaert and Fisher (1965), Fisher (1965), and Karsu (\995) along with the 

guidelines given in EC3 Annex J (1994). Next, the approximate behavior will be verified 

and modified as necessary against the single bolt lap plate connection tests reported by 

Sarkar and Wallace (1992). 

4.1.2.1 ltIentificat;on And Character;U/t;on of BehQlI;or 

Wallaert and Fisher (1965) ran 174 elemental bolt shear tests. Single bolts were 

tested in double shear. The primary goal of this testing was to determine the double shear 

strength of high strength bolts and to establish what parameters effected this. A secondary 

goal was to establish complete load-deformation behaviors for the bolts . Fisher (\965) 

developed the following expression to represent the load-deformation behavior of the bolt 

shear tests conducted by Wallaert and Fisher (1965). 

R = R.J. [J -e -~t 

The equation parameters Rull, I!, and A were determined for a number of the bolt shear 

tests and these values were reported in Fisher (\965). A summary of these curve 

parameter values as well as test parameters is given in Table 6. 

34 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Table 6 Summary Of Bolt Shear Tests by Wallaert and Fisher (\965) 

Test Bolt Bolt Bolt F ... d" Steel f, f. R.". ~ A. oM Sense of 

Index Tvpe Lot %Elolll! (1",) (10 ) Grade I (ksi) (ksi) (k,PS) (10 ) Test 

I AJ25 8A 25.3 128.5 0875 A440 43 76 986 23 I 0187 TensIon 

2 A325 8A 25.3 1285 0.875 A440 43 76 1023 23 I 02 Comp 

3 AJ25 88 21 117.1 0875 A440 43 76 92.5 25 0.95 02 TenSIon 

4 A325 88 21 117.1 0875 A440 43 76 104 22 I 0239 Comp 

5 A325 H 19.1 126 I 0875 A440 43 76 95.2 22 I 022 TensIOn 

6 A325 H 191 126.1 0875 A440 43 76 103 22 I 0236 Comp 
7 AJ25 C • • 0875 A7 • • 98.5 18 I 0 .238 Ten Ion 
8 AJ25 C • • 0.875 A7 • • 106.9 18 I 0291 Comp 

9 A325 D 18.3 123 I 0.875 A7 • • 1018 18 I 0279 Tension 
10 AJ25 D 183 123 I 0.875 A7 • • 1025 18 I 0 .3 Comp 

11 AJ548C CC 21.6 1348 0.875 A440 43 76 103.7 20 04 0178 TensIon 

12 AJ548C CC 21.6 1348 0875 A514 110 120 101 I 25 04 0137 Tension 
13 AJ548C DC 226 137 I A440 43 76 1382 20 05 0212 TenSion 
14 AJ548C DC 226 \37 I A514 110 120 131.5 25 05 0156 TenSion 
15 A3548D ED 16.6 168 0875 A440 43 76 1239 25 04 0.174 TenSion 
16 A3548D ED 16.6 168 0875 A514 110 120 123.2 25 04 01\3 Tension 
17 A3548D FD 167 164 I A440 43 76 1577 21 0.5 0 .248 Tension 

18 A3548D GO 188 164 0875 A440 43 76 1224 23 05 0173 Tension 
19 A35480 GO 188 164 0875 A514 110 120 1234 25 0 .35 0152 TenSion 
20 A490 KK 20 169 0875 A440 43 76 124.4 23 04 0202 TenSion 
21 A490 JJ • 164 I ASI4 110 120 151.7 28 0.35 0155 TenSIon 

· Propcl1les not gl\,en m literature. 

The authors recognized that R.II corresponded well wilh the maximum test load They also 

recognized that the parameter ~ was primarily influenced by the type of connected 

material and that A was basically unaffected by the type of connected material 

The first step in characterizing the bolt component behavior is to determine the 

deformation in the bolt at failure. Considering test specimens with A514 steel plates it is 

assumed that the majority of the deformation at failure is deformation in the bolt and not 

in the plate (because of the extremely high plate strength). Four of these tests are 

summarized in Table 7. 
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Table 7 Bolt Shear Tests in A514 Steel Wallaert and Fisher (1965) 

Test db (in.) fub (ksi) %Elongation R.." (kips) ~r (in.) 

12 7/8 135 21.6 101 0.137 
14 I 137 22.6 131 0.156 
16 7/8 168 16.6 123 0.113 
21 I 164 • 152 0.155 

·Not reported. 

Two observations are based on review of Table 7. 

• As bolt grade increases (indicated by increasing fub) bolt deformations at failure should 

ideally decrease because of the decreased ductility of the bolt steel; however, because 

test loads increase the deformations in the plates increase which creates a situation 

where there is little change in the overall deformation at failure . This observation was 

suggested by the authors; however, it should be noted that in all of these tests the plate 

strength was many times greater than the bolt strength. 

• As bolt diameter increases the deformation at failure Increases because the bolt 

deformation at failure will most likely remain constant but the plate deformations will 

increase because of the increased failure load. This is also explained by the fact that 

shearing area increases faster than bearing area with increasing bolt diameter. 

Based on these observations it is assumed that a reasonable value of the bolt deformation 

at failure can be approximated by the average of the deformations for the 7/8-in. diameter 

bolts which was 1/8-in. Measurements were made on sheared bolts from the tests 

conducted by Karsu (1995). These measurements confirmed that for A325 bolts a bolt 

deformation of about l IS-in. was indeed a reasonable value. 

The next step in trying to characterize the bolt component behavior is to determine 

the basic shape of the load-deformation behavior. It was reported by Wallaert and Fisher 

(1965) that tests with snug tight bolts and fully tensioned bolts were conducted. 

However, it was not indicated in any of the literature which condition existed for the tests 

reported in Table 6. The tests with snug tight bolts should provide a close approximation 

to the load-deformation behavior of the bolt component (i .e. closer than the tests with 

fully tensioned bolts because of the lack of frictional resistance). Consequently, it was 
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necessary to determine which bolt condition was rnost likely associated with each of the 

reponed tests. 

To do this, each of the 21 tests reponed in Table 6 were plotted and evaluated 

Based on this evaluation it was very evident that the tests which had A. values of around 

I 0 had snug tight bolts while those with A. values below 0.5 had fully tensioned bolts. 

The rnost indicative difference between the two was the initial stiffness The tests with A 

values at and below 0 5 had initial stiffness values typically an order of rnagnitude above 

the tests with A. values of around I This difference in initial stiffness is sirnilar to the 

difference in initial stiffness observed between the single bolt lap plate connection tests 

with snug and fully tensioned bolts collected in this repon 

The load-deformation behavior for the tests (conducted by Wallaen and Fisher 

1965) with snug tight bolts should be prirnarily cornprised of the bolt and plate cornponent 

behaviors (i .e. the sarne assurnption as for the lap plate connections with snug tight bolts) 

The following procedure was used to isolate the bolt behavior frorn the test data 

Using the curve pararneters given for Test 3 frorn Table 6 the load vs deformation 

for this test was plotted ext , using the appro/(irnate plate cornponent behavior discussed 

previously and the plate propenies reponed in the literature, the load-deformation 

behavior of the plates for Test 3 was determined. For each load the estirnated plate 

deformations were subtracted frorn the test deforrnations (assurned given by the curve 

parameters) The rernaining load-deformation behavior was then assurned to be that 

associated with the bolt alone. These load-deformation points were analyzed and curve 

parameters were determined using non-linear regression. It was determined that a value of 

j.1 of approxirnately 34 and a value of A. of 1.0 seerned appropriate 

When A. has a value of I 0 it can be shown that j.1 is a scaling factor for the initial 

stiffness of the load-deformation response (i e the initial stiffness is j.1 tirnes the bolt 

strength Roll) . EC3 Anne/( J (1994) gives a estirnate for initial bolt stiffness for a snug 

tight bolt in single shear. The e/(act expression given in EC3 Annex J (1994) can be 

rearranged in terms of bolt shear strength When this is done the scaling factor for the 
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initial stiffness is given as 52.2. The basis for the expression in EC3 Annex J (1994) is 

currently not known. Based on these analysis it appears that a value of J.1 somewhere 

between 34 and 52.2 and a value of /... of 1.0 seems justifiable. To determine the most 

appropriate value of J.1 the single bolt lap plate connection tests with snug tight bolts are 

evaluated in the next section. 

4.1.2.2 Verification And Modification of Behal/ior 

The final value of J.1 was determined by calibration of the predicted load

deformation behavior for single bolt lap plate connections against the test data reported by 

Sarkar and Wallace (1992). All of the tests that were reported and which had bolt shear 

failures were used (J 4 total) . The load-deformation response for each of these tests was 

simulated using the plate-bolt-plate spring series previously shown in Figure 8. The plate 

behavior was simulated using the plate component behavior discussed previously. The 

bolt behavior was simulated using the exponential equation developed by Fisher (1965) 

with the value of /... equal to I , the value of R.I! equal to the test bolt shear strength, and 

the value of J.1 left variable. The best value of J.1 was then determined through visual and 

numerical analysis. Based on this analysis, a final value of J.1 equal to 50 seemed most 

appropriate and agrees well with the value derived from EC3 Annex J (1994). 

4.1.2.3 Summary of Behal'ior 

In summary, it is convenient to express the bolt component load-deformation 

relationship in terms of a normalized deformation. This is given as 

Where 

II = III llr 

And 

llr = 118-in. 

R _ 1_e .6 "~ 
R,. 
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It is recognized that in reality the load-deformation behavior of the bolt is most 

likely dependent on many parameters which are not included in the above expression 

However. for the scope of the current research the suggested simple representation of this 

behavior is believed satisfactory. 

4.2 Frictional Behavior Developed With Re pect to Lap Plate 

Connections With Fully Tensioned Bolts. 

Based on the previous section it is assumed that the plate and bolt component 

behavior can now be sufficiently approximated. With this assumption, the only unknown 

behavior in the lap plate connections with fully tensioned bolts is that of the frictional 

resistance between the plates This component behavior will first be identified and 

characterized based on the work reported by Frank and Yura (1981) and by Fi her et al 

(1978) and others. Next. the approximate behavior will be further developed by 

calibrating it against the single bolt lap plate connection tests reported by Karsu (1995) 

and Gillet (1978). 

4.2.1 Identification and Characterization of Behavior 

In the following sections the primary characteristics of the frictional behavior are 

identified based on literature dealing with topics other than the single bolt lap plate 

connections 

4.2.1. 1 General Lou(l-Deformution Behal·ior 

Frank and Yura (1981) ran 77 elemental slip tests using steel plates with blasted 

surfaces and single bolts in double shear These tests were run to provide a control basis 

for later tests with coated steel surfaces. In these tests a special hydraulic system was 

used to apply a known tension in the bolt and the plates and bolt were arranged such that 

the bolt would not bear against the bolt hole until after significant slipping had occurred 

Consequently. the only resistance to load was the frictional resistance between the plates 

A typical load-deformation response for a slip test using blasted steel plates was presented 
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in Figure 19 of Frank and Yura (1981). This figure has been reproduced and is presented 

in Figure 9 below. In addition to the load-slip behavior a schematic of the basic test 

specimen is also shown. 

40 
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Figure 9 Frictional Load-Slip Behavior Reported by Frank and Yura (1981) 

There are two important observations based on the test behavior presented In 

Figure 9. First, the test specimen exhibited a linear behavior up to very near the slipping 

load. Second, after the slipping load was reached the load resistance degraded with 

increased slip. Based on these observations it appears that there are at least two and 

possibly three characteristic behaviors associated with the load-slip response: initial 

stiffness, slip load, and post slip behavior. The only literature found at this time deals with 

the slip load which is discussed in the following section. No literature dealing with the pre 

and post slip load behavior was found . 
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4.1.1.2 Slipping Load 

The simplest model used to determine the slipping load in a bolted connection is 

the bolt pretension multiplied by the fiictional coefficient. For clean mill scale surfaces the 

frictional coefficient has been shown (Frank and Yura, 198 I, Fisher et ai, 1963) to be 

around 0.32 10 0.34. Boch ofchese invescigacions ucilized fairly thick places with the bolls 

in double shear. The effecc ofche bohs being in single shear and the effect of using chinner 

plates on the slipping load is not well understood. Kulak et al (1987) indicated that some 

tests with the bohs in single shear had showed that slip resiscance was not noticeably 

different than tests with the bolts in double shear Kulak et al (1987) also indicated that 

shon grip large diameter bohs may be inadequately tensioned using the 113 tum-of-nut 

method and that the method should be calibrated in these situations The shon grip would 

be associated with thin plate combinations 

Fisher et al (1978) did a statistical study of the slip resistance associated with the 

use of high strength bolts. The resuhs showed that the average slip resistance of a high 

strength bolt with a single shear plane in mild steels with clean mill scale surfaces and 

where the bohs had been tightened by tum-of-nut method was given by 

R. = a Abt Fob (Eq 8) 

Where a was 0.33 and 0.29 for A325 and A490 bolts respectively The coefficient of 

variation was determined as 24% for both A325 and A490 bolts A... is the tension area of 

a bolt usually taken as 0.75 of the gross area of the bolt~. 

The current AlSC Specification (Load Gild, 1993) specifies that the minimum bolt 

tension should be 70% of the minimum tensile strength of the bolt Based on this and 

some additional assumptions, which are not completely described, the lip load for A325 

and A490 bolts in standard holes under service loads and for steel with clean mill scale 

surfaces is given as 17 ~ and 21 ~ respectively Where ~ is the gross area of the boh in 

in 2 and the constants of 17 and 21 have units of ksi When designing for factored loads 

the constants for the slipping load change to 23.5 and 294 for A325 and A490 bolts 

respectively 
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4.2.2 Calibration Against Lap Plate Connection Te t With Fully 

Tensioned Bolts 

Based on comparisons between the simulated and the test load-deformation 

behavior for lap plate connections with snug tight bolts it is assumed that the plate and 

bolt component behaviors developed previously are valid. With this assumption and with 

the spring model previously presented in Figure 8 it is possible to isolate the frictional 

component behavior from the experimental load-deformation behavior reported for lap 

plate connections with fully tensioned bolts. The following procedure was used to isolate 

the frictional behavior. 

Plate behavior was simulated uSing the component behavior model previously 

described. The plate strength was taken as that given by the current A1SC Specification 

(Load Gild 1993) Bolt behavior was simulated using the component behavior previously 

developed. The bolt strength was taken as the test strength if the test failed by bolt shear 

otherwise it was taken as that given by the AlSC Specification (Load alld 1986). This 

inconsistency in the assumed bolt shear strength was necessary because of the lack of 

agreement between the predicted strength and the test strength that was discussed in 

Section 3 of this report. It was believed that a more accurate picture of the frictional 

behavior would be obtained by using actual test strength rather than calculated strength. 

This refinement was not believed necessary for tests that exhibited plate failures because 

of the general good agreement between plate strength and the calculated strength also 

discussed in Section 3 of this report , 

Using the plate-bolt-plate spring series shown in Figure 8 and the approximate 

component behaviors just described the load carried by the plates and bolts through 

bearing could be estimated for each test deformation. This load was then subtracted from 

the test load The resulting load-deformation response is ideally the frictional component 

behavior. A typical friction load vs, connection deformation is presented in Figure ) 0 

along with the three characteristic quantities that describe the basic behavior. 
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Figure 10 Experimental Friction Load-Derormation Behavior Te t 4 Reported by 

Gillet (1978) 

As can be seen in Figure 10 the basic shape of the load-deformation response is 

similar to that reported by Frank and Yura (1981). The only significant difference 

between the above isolated behavior and that reponed by Frank and Yura (1981 ) is that 

the post slip load resistance continues to degrade until there is little or no frictional load 

transfer 

The reason for this degradation of the frictional load capacity is not clear at this 

time. However, there are a couple of possible theories that may explain the behavior 

First, as the tension load in the plates increases poison's effect would tend to reduce the 

thickness of the plates. This reduction in thickness would be accompanied by a relaxation 

in the bolt and consequently a reduction in the axial load in the bolt and thus frictional 

resistance. Second, research (Wallaert and Fisher, 1965) has shown that bolts which are 

fully tensioned and bolts which are only snug tight have essentially the same shear 

capacily. Two reasons for this have been given First, it is believed that most of the bolt 

elongation that occurs when pre-tensioning is from the elongation of the threaded ponion 
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of the bolt. However, most of the bolt shear tests with fully tensioned bolts have the shear 

plane passing through the shank of the bolt which would be under a much lower stress. 

Second, it is believed that during the test plastic flow of the bolt steel allows the bolt to 

relax and that by the time the shear capacity is reached that there is very little axial tension 

still in the bolt and thus very little fiictional resistance. 

The frictional component behavior was isolated for each of the tests reported by 

Karsu (1995) and Gillet (1978). For each test the initial stiffness (Kro), the post stiffness 

(Krp), and the slipping load (Rr) were detennined. These quantities were entered into a 

database program and analyzed to detennine if there were correlation' s between the values 

and the test parameters Based on this analysis three parametric equations were 

developed 

Rr = 0 II Fob ~ + 5.1 (kips) 

Kro = 15.7 Fob ~ + 887 (klin.) 

Krp = tl [2.81 (Fub~) - 0.0122 (Fub~)21 (klin.) 

(Eq 9) 

(Eq 10) 

(Eq I I) 

In addition to the above parametric equations more rational expressions for 

predicting these three quantities were also developed This method will be referred to as 

the "rational method" for lack of a fancier name at this time First , based on a 

combination of the AISC Specification (Load and, 1993) requirements for bolt tightening 

and the recommended coefficients for A325 vs. A490 bolts given by Fisher et al (1978) 

the following expression for slipping load can be derived. 

Rr = Ct. (0.7 Fub) (0.75 ~) ~ (Eq 12) 

Where 

Ct. = 1.0 for A325 bolts and 0.88 for A490 bolts 

~ = Friction coefficient (0.33 for clean mill scale surfaces) 

ext, the connection defonnation when slip started to occur was determined to have an 

average value of 0 0076-in. with a COY of 46%. The initial frictional stiffness (Kro) could 

then be detennined as the slipping load divided by 0.OO76-in. Finally, it was noticed that 

the post slip slope (Krp) was related to the combined thickness of tl and t2 This 
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relationship was best represented by developing a method for determining the deformation 

at which the frictional resistance could be assumed to be zero (6r.) A tri-linear prediction 

model for approximating 6,. seemed to work best. 

(t, +t, )<0.5" to .. - 0.4" 

to.. .0.5" ~ (t, + t 2 ) ~ 1.5" to .. = 0.4" - (t, + t,-0.5) OJ 

IS' < (t , + t ,) .1",= 0.1" (Eq 13) 

The post slip slope is then determined by dividing the slip load by 6r. The re ulting bi

linear approximation to the friction load-deformation behavior is shown in Figure 11 

0.0076" ~Iu 

Figure 11 Bi-Linear Representation of Friction Load-Deformation Behavior 

4.2.3 Evaluation of Model for alculating Frictional Behavior 

As developed in the previous section there are three characteristic values that 

basically describe the frictional component behavior: Rr. Kr., and Krp So far, five methods 

for determining Rr have been discussed and two methods for determining Kr. and Krp have 

been discussed A comparison of these various methods for calculating the characteristic 

quantities against the values determined from the test data is needed so that an appropriate 

method for calculating these quantities may be recommended Such a comparison is 

presented in Table 8 Each of the methods discussed for calculating the frictional 

component characteristic quantities are presented along with the average of test over 

predicted value and the associated coefficient of variation. 
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Table 8 Evaluat ion of Methods For Determining Characterist ic Frictional Behavior 

Values 

Method Rr Kro Krp 
Avera e COY Avera2e COY Avera2e COY 

Fisher et aI (1978) 0.76 22% N/A N/A IA IA 
AlSC Service Loads (1993) 1.31 23% N/A N/A N/A N/A 

AlSC Factored Loads (1993) 0.95 23% N/A N/A N/A N/A 
Parametric 1.00 20% 1.00 40% 1.00 45% 
Rational 1.09 22% 1.02 42% 1.00 29"10 

With regard to slip load, Rr, the method suggested for factored loads given in the 

AlSC Specification (Load GI/d, 1993), the parametric, and the rational methods show 

generally sufficient accuracy. Considering the coefficient of variation, all the methods had 

values within the 24% value given previously by Fisher et aI (1978). With regard to pre 

and post slipping stiffness, it appears that the parametric and rational methods are equally 

accurate and for the pre slipping stiffness are equally precise. However, for the post 

slipping stiffness the rational method appears to provide better precision than the 

suggested parametric method ote, in reality the rational method for post slipping 

stiffness is parametric in nature but is based on a more physical understanding of the 

frictional component behavior 

Based on the above analysis the rational method for calculating the frictional 

component characteristic values is recommended. 

5. Initial Stiffness 

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

imponant quantities needed to provide reliable predictions of this behavior. 

Unfonunately, it is also the hardest quantity to predict and measure. In the following 

sections existing models for predicting the initial stiffness of the load-deformation 

response are reviewed. In addition, a parametric equation based on the test data collected 
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in this repon is developed Finally. an evaluation of the various methods against the test 

data is presented. 

5.1 Data For Evaluation of Models 

The initial stiffness values determined from the experimental studies presented in 

Section 2 were used for the development and I or evaluation of models that predict the 

initial stiffiless. As discussed previously. linear regression of the test data was used to 

determine the initial stiffness values The initial stiffiless values are presented in Appendix 

B through Appendix E. ote that the data reponed by Caccavale (1975) is not included 

in this analysis because of the problems with test measurements previously described 

5.2 Exi ting Initial Stiffne Model 

Four analytical models for determining the initial stiffness of bolted or riveted 

connections were found in the literature. The first of these was given in EC3 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 By applying the basic methodology (the component method) behind the model 

the initial stiffness for a single bolt lap plate connection is given by a series combination of 

plate bearing and bolt stiffness values 

Where. 

And 

K. = 
1 1 1 

-- + - +-
K.bd Kb Kpbol 

Kpbo = 24 kb k, db F. (Plate Bearing Stiffness) 

(Bolt Stiffness) 

kb = Minimum (leI (4db) + .5 or S I (4db) + .375) $ 1.25 

Ie, = 1 5 tp I donl 6 $ 2 5 

donl6 = ominal diameter ofa M16 bolt (16mm) 
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The \ and 2 subscripts on the plate bearing stiffness values, Kpt., indicate plate \ or plate 2 

of the lap plate connection. 

The second model is given by Richard et aI (\980). The model was developed for 

predicting the initial stiffness of single bolt lap connections with fully tensioned bolts and 

was based on unpublished Chance Vought tests. 

K,= 2E t , t , 
t , + t, 

(Eq \7) 

Tate & Rosenfeld (1946) developed a method for analyzing the load distribution 

between the bolts in a long bolted connection In doing so the authors developed an 

expression for estimating the stiffness of bolts. The initial stiffness is based on a series 

combination of bolt and plate stiffness values and is given by 

K, = I /( C", +Cbb +Cbb!- +Cpb<) (Eq \8) 

Where: 

t + t' 
C",=-- (Bolt Shearing Stiffness) (Eq \9) 

6GA. 

Cbb = 
I' J +411" +4t' t ' + t J 

384EI. 
(Bolt Bending Stiffness) (Eq 20) 

(t + 1') 
C""'=-- (Bolt Bearing Stiffness) (Eq 21) 

Ett' 

C _ (t + t') 
... - Etl' (plate Bearing Stiffness) (Eq 22) 

And : 

t' = Combined outside splice plate thickness 

t = Inside pull plate thickness 

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

initial stiffness of riveted assemblies Although not explicitly stated in Fisher (1965), it is 
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assumed that the model was developed for butt splice connections The initial stiffuess is 

given as 

I 1.125t,3+3 75tt'2+5t't 1 + 2t 3 t+t' 0.375 13(t + t') 
-= + +--+- -- (Eq23) 
K, 240 I. E 11 .03 G A. E dbE E t t' 

The writer was unable to obtain a copy of Vogt's paper. However, comparisons 

between the expression developed by Vogt (1947) and the expression developed by Tate 

& Rosenfeld (1946) show striking similarities Based on this comparison it appears that 

Vogt (1947) used an approach similar to that used by Tate & Rosenfeld (1946) In 

addition, the terms on the right side of Equation 23 are assumed to be the bolt bending 

stiffness, bolt shearing stiffuess, bolt bearing stiffness, and plate stiffuess reading from left 

to right 

5.3 Parametric Function 

The experimental initial stiffness values were evaluated against the geometric and 

material parameters A variety of parameter and parameter combinations were considered 

Three of the best functions are given in Table 9 Because of a large amount of scatter in 

the data with respect to any parameter or parameter combination linear functions were 

found to provide accuracy similar to higher order functions Con equentl , linear 

functions were used instead of higher order functions for simplicity 

Table 9 Parametric Functions For K; 

Parameter Data Parametric Function (Ki s and Inches) 
t, Gillet K, = 41 19 t, + IS75 

Gillet & Karsu K, = 5299 t, + 1075 
Sarkar & Wallace K, = 430 t, + SO 

t, d. Gillet Data K, = 4541 tId. + 1979 
Gillet & Karsu K, = 575 It,d. + 1213 

Sarkar & Wallace K, = 573 tId. + SO 
/tt,)/tdb) Gillet Data K, = (IS 6 t, + 20) (155 9 d. -14) 

Gillet & Karsu K, = (350 t, + S.S) (109 4 d. + 46 3) 
Sarkar & Wallace K, = (29 0 t, + 5 4) (843 db -618) 
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Recall that the tests reponed by Gillet (1978) and Karsu (1995) had fully tensioned bolts 

while those reported by Sarkar and Wallace (1992) had snug tight bolts. Separate 

parametric functions for the tests reported by Gillet were found for later comparisons to 

the expected variation. The accuracy of these functions is evaluated in the following 

section. 

5.4 Evaluation of Model for Predicting Initial Stiffness 

An evaluation of the existing and parametric methods for predicting the initial 

stiffness of the load-deformation response was conducted by comparing calculated 

stiffness values to the measured stiffness values. The component method developed in 

Section 4 of this repon is also included in the evaluation. 

Both Gillet (1978) and Sarkar and Wallace (1992) ran duplicate tests. These tests 

allow some insight into the natural variation associated with the test specimen and testing 

procedure. For each identical group of tests the average initial stiffness for the group was 

calculated. The ratio of the test value over the average value was then calculated for each 

test The mean and coefficient of variation were then determined for these ratios. The 

value of the coefficient of variation represents the minimum variation possible for any 

method of predicting the initial stiffness (i e. if a method could have predicted the exact 

average value for each group then the variation associated with that method would be this 

value) This variation is used as a benchmark for evaluating the variation associated with 

each method and is referred to as the "expected variation." 

To be able to make a fair comparison to expected variation two evaluations were 

conducted for tests with fully tensioned bolts. One considers only the tests reponed by 

Gillet (1978) This evaluation is used to make comparisons to the expected variation 

which was based on these tests The second considers tests reponed by both Gillet (1978) 

and Karsu (1995) for a more general evaluation of the method. 

The results of the evaluation are presented in Table 10. The mean value of the test 

over predicted value as well as the coefficient of variation are presented. 
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Table 10 Evaluation of Models For Predicting ~ 

MOlhod Fulh Ton<ionod Snu Ti hi 
Gillel & K.nu Gill<!l Only :larkar & Wan.co 

Mean COV Mean COV Mean COV 
EC3 AMexJ 6.50 36% 749 31% 054 I~. 

RIchard 0.26 33% 0.29 27% 002 19"10 
Tale & Rosenfeld 1.7 38% 1.91 25% 0.13 19% 

Vogl 14S 48% 153 30% 009 19% 
Componenl I 19 32% 1.39 23% 0 49 19"10 
Parameler I, I 26% 100 23% I 1 % 

Parameler I, d" I 25% 100 22% 1% 
Parameler ( II) ( d,,) 100 26% 21% 1 °4 

Ex-pecled Vanollen N/A 16% 10% 

First, consider the comparison to the tests reported by Gillet (1978) Excluding 

the parametric mel hods, the most accurate and precise method appears to be the 

component method. Of the parametric methods, the most precise is that given as a 

function oft, and db The variations of23% and 21% associated wilh Ihe component and 

paramelric methods respectively compare well with the expected variation of 16% When 

considering tests reported by both Gillet (1978) and Karsu (1 995) the mo t accurate and 

precise is again the component method if the parametric methods are e cluded 

Evaluation of the parametric methods shows each of them to be equally precise 

ext, consider the tests reported by Sarkar and Wallace (1992) Again, excluding 

the parametric methods, all the methods appear to result in approximately equal precision. 

however, the component method and EC3 Annex J (1994) method (which is actually also 

a component method with different coefficients) gave the best accuracy All of the 

parametric methods resulted in equal precision ote that the variation associated will all 

the methods is about twice the expected variation This is probably a result of the small 

number of tests conducted (16 total). 

Because it was assumed that the tests by Sarkar and Wallace (1992) had snug tight 

bolts it is not clear whether the comparisons to their data are valid In addition because of 
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the few number of tests (16) definite conclusions would be premature. Additional testing 

of lap connections with snug tight bolts should be conducted. 

Based on the above evaluation it would be recommended that if analytical models 

are to be used then using the component method results in equal or improved accuracy 

and precision compared to the existing methods. The p'arametric functions provided 

similar if not better precision than the analytical models. In addition, the accuracy is of 

course perfect because of the way in which the functions are determined. If parametric 

functions are to be used then the functions using t1db as a variable would be recommended 

for both fully tensioned and snug tight bolts. However, because of the rather severe 

discrepancy between the analytical and test values it is questionable if the test data truly 

represents the behavior associated with snug tight bolts. Bearing this in mind some 

caution should be used when using the parametric function for snug tight bolts. 

6. Deformation At Failure 

To be able to evaluate the ductility of lap plate connections (and eventually of 

actual beam-girder connections) it is important to know what deformations can be attained 

without significant loss of load carrying capacity. First, the source of test data and how 

failure deformations were defined is discussed. Next, a component method and a 

parametric method for predicting the deformation at failure are developed and discussed. 

Finally, the developed methods are evaluated against the test data. 

6.1 Data For Evaluation and Development of Models 

The deformation at failure was determined for each set of test data reported by 

Karsu (1995), Gillet (1978), and Sarkar and Wallace (1992). The data reported by 

Caccavale (1975) was not included because of the problems with deformation 

measurements described in Section 2 of this report . The deformation at failure was 

defined as the test deformation just prior to a significant loss in load carrying capacity 

resulting from a plate or bolt failure. 
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When a bolt failure occurs the deformation at failure is easily defined However, 

when plate failure occurs the deformation at failure is less easily defined because of the 

long plastic plateaus. In addition, many of the tests were stopped before any reduction in 

load carrying capacity was observed. These tests do not provide useful data for evaluating 

the deformation at failure . Consequently, it is convenient to separate the tests into bolt 

failures and plate failures When considering bolt failures, all of the failure deformations 

were used in the evaluation and development of models. When considering plate failures, 

only the tests with bearingltearout or splitting failures were considered Of these only the 

tests reponed by Karsu (1995) were used This is because all but two of the tests 

reponed by Sarkar and Wallace (1992) failed by bolt shear and the tests reponed by Gillet 

(1978) were typically stopped at a deformation limit of around O.3-in In many of the tests 

reponed by Gillet (1978) it is believed that additional deformations could have been 

sustained without loss ofload 

6.2 Exi ting Models 

o existing models were found in the current literature with the possible exception 

of the deformation limit ofO.34-in. used currently in the A1SC Manual (Load and. 1993 ) 

for the ultimate strength approach to determining eccentrically loaded bolted connection 

strength However, it should be recalled that this limit was based on only six identical 

tests conducted by Crawford and Kulak (1971) 

6.3 Component Model 

Based on the component behaviors developed and discussed in Section 4 of this 

repon it is possible to estimate the deformation at failure of the connection First. the 

failure load needs to be determined. This is simply the maximum load that can be carried 

by plate I, plate 2, or the bolt in the connection ext. using the load·deformation 

behaviors developed for each of the components it is possible to determine the 

deformation in each component at the failure load The connection deformation at failure 

is then the sum of these component deformations 
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There is one problem with the above method. Because the load-deformation 

behaviors are expressed as exponential functions the deformation associated with the 

component that limits the connection strength cannot be determined from the load

deformation behaviors (it would be infinity using the exponential models). Consequently, 

it is necessary to explicitly define the deformation at failure for the limiting component. A 

reasonable value for the bolt deformation at failure was determined in Section 4 as 0.125-

In. However, the deformation of the plate at failure has not been discussed. 

Based on using the Richard Equation normalized load-deformation behavior 

developed for the single bolt single plate behavior (Rex and Easterling, 1996) it is possible 

to determine the plate deformation associated with the maximum plate load. In 

normalized form this deformation is given as 

~ f= 22.87 (Eq 24) 

It is assumed that this deformation is a reasonable estimate of the plate deformation at 

failure. 

In summary, the failure load for the connection needs determined. The 

deformation for the component that is expected to fail first is given by 0.125-in. for bolt 

failure or I:J. f = 22.87 for plate failure. The remaining component deformations are 

determined using the component behaviors developed in Section 4 The connection 

deformation at failure is then the sum of all the component deformations. 

6.4 Parametric Model 

Based on the same principles applied in the component method just described it is 

possible to derive a simplified equation for estimating the connection deformation at 

failure in the situation where one of the plate strengths limits the connection strength. 

L . ( 063 Rn) Lc ( 0.63 Rn) ( 0.63 Rn) 
6 r = -0.26 ~ In 1- Rn.. -0.26 ~ In I - Rn", -o. 125 In 1- Rno (Eq 25) 

Where: 

I:J.r= Failure deformation (in.) 

L •• = End distance for plate I 
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L.2 = End distance for plate 2 

R.,pl = Strength of plate I 

R.,p2 = Strength of plate 2 

R.t. = Bolt strength 

R. = Connection strength 

The three terms in Equation 25 represent the three components (two plates and a bolt) 

The first two terms are the plate behaviors while the last term is the bolt behavior The 

first part of each term is the approximate failure deformation for that component while the 

second part of each term is an exponential function accounting for the non-linear load

deformation behavior of each component 

For connections that are limited by bolt failure a much simpler expression was 

determined. 

0.2 
t. r= 

(S.R _ 1)°' 
S 0.7 in. (Eq 26) 

Where. 

SR = Plate Strength / Bolt Strength 

This equation was based on observations ITom the test data which are discussed later in 

Section 7. The upper limit of 07-in is simply based on the maximum deformation 

measured for tests failing by bolt shear. 

6.5 Evaluation of Models 

There are just two models to evaluate. the component and the parametric models 

Because the parametric model distinguishes between bolt and plate failures two 

evaluations will be considered. 

6.5.1 Plate Failures 

Failure deformations for tests failing by plate bearingltearout or splilting and 

reported by Karsu (1995) were calculated using the component and parametric methods. 

Test values vs predicted values are plolted in Figure 12 Points lying on the plotted line 
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(which is at a one to one slope) represents perfect agreement between test and predicted 

values. Points to the left of this line indicate test over predicted above one while those to 

the right represent test over predicted below one. 
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Figure 12 Test Vs. Predicted Failure Deformations For Plate Failures 

Review of Figure 12 shows that there is medium degree of scatter around the one 

to one slope line. In general, the component model is more conservative than the 

parametric model with the majority of the test points lying to the left of the line. The 

average test over predicted for the component model was 1.23 with a coefficient of 

variation of23%. The average test over predicted for the parametric model was 1.01 with 

a coefficient of variation of 19"10. 

6.5.2 Bolt Failures 

Failure deformations for tests failing by bolt shear and reported by Karsu (1995), 

Gillet (1978), and by Sarkar and Wallace (1992) were calculated using the component and 

parametric methods. Test and predicted failure deformations are plotted with respect to 

the ratio of plate strength over bolt strength in Figure 13 . There is clearly a large amount 

of scatler in the test results; however, the general trend of the data appears to agree with 
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both the component and parametric models The average test over predicted for the 

component model was 1.06 with a coefficient of variation of 47% The average test over 

predicted for the parametric model was 1.05 with a coefficient of variation of 50% 
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Figure 13 Test Vs. Predicted Failure Deformations For Bolt Failures 

For bolt failures the variation among identical tests was around 12% based on the 

tests reported by Gillet (1978) and Sarkar and Wallace (1992) Because the predicted 

values based on the component and parametric methods had CO values significantly 

higher than this a new parametric study was conducted based on the more typical 

approach of throwing all the variables into a power equation and determining what comes 

out Based on this approach the following parametric equation was derived using non

linear regression. 

(Eq 27) 

This expression had a COY around 30"10 which is still approximately three times the 

variation seen for identical tests but represents a significant improvement over the original 

parametric and the component methods 
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6.6 Summary 

A component model and three parametric models have been developed and 

discussed in the previous sections. For plate failures Equation 25, which was based on the 

component model, provides the best accuracy and precision. For bolt failures Equation 27 

provides the best accuracy and precision. Although not as accurate or precise as 

Equations 25 and 27 the component model does provide reasonable estimates and 

provides a more fundamental approach to the problem. 

7. Parametric Modeling of Load-Deformation Behavior 

The component method of modeling load-deformation behavior, discussed In 

Section 4 of this report, is ideally applicable to a broad spectrum of parameter values and 

is not, in general, restricted to the range of parameters for which there are tests . 

However, this flexibility comes at the price of increased complexity; and, a computer 

program would be needed to readily implement the component method. Parametric 

equations are typically easy to use but are limited to the range of parameters tested. 

However, given the large number of tests collected in this report and the wide range and 

number of parameters included in the tests the development of parametric equations seems 

like a reasonable way of providing a second method by which the load-deformation 

behavior can be approximated. 

Methods for determining many of the important characteristics of the load

deformation behavior have already been discussed and I or developed. These 

characteristics include load capacity, the initial stiffness, and the deformation at failure. In 

some cases, the methods developed for determining these characteristics were parametric. 

The simplest method of representing the non-linear load-deformation behavior of 

the single bolt lap plate connections is with a continuous non-linear parametric equation. 

Two such equations have been discussed so far : the Richard Equation and the equation 

developed by Fisher (1965) which will be referred to from here out as the Fisher Equation. 

The Richard Equation has four parameters and the Fisher Equation has three parameters 
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which detennine the shape of the curve. The following sections will discuss and develop 

ways of relating the connection parameters to the equation parameters 

The first step in this development is to examine the influence of each connection 

parameter as seen from the experimental results. Based on an understanding of this 

influence then relationships between the connection parameters and the equation 

parameters can be fonnulated . 

7.1 Influence of Parameters Ba cd on Experimental Re ult 

The majority of the test data collected in this report is for lap plate connections 

with fully tensioned bolts. Of this data only that reported by Karsu (1995) and Gillet 

(1978) will be considered The data reported by Caccavale (1975) is not considered 

because of the problems with defonnation measurement described previously in Section 2 

of this report Because of the severe difference in behavior between connections with fully 

tensioned bolts and those with snug tight bolts the analysis of the parameter effects for the 

two bolt conditions will be considered separately Because most of the test data is for 

connections with fully tensioned bolts observations from this data will be considered first 

Observations based on the limited number of tests with snug tight bolts (Sarkar and 

Wallace, 1992) will then be made and be included with those found for the tests with fully 

tensioned bolts 

In the following evaluation of parameter effects the load-defonnation data has 

been nonnalized. The load has been nonnalized by the expected load capacity based on 

calculations using the methods given in the A1SC Specification (Load alld, 1993) for plate 

strength and in the A1SC Specification (Load alld, 1986) for bolt strength It was decided 

to nonnalize the load by the calculated strength rather than the test strength because 

nonnalizing by the test strength is dependent on the method chosen to define test strength, 

and, such a method has not been clearly defined for plate failures 

To give a somewhat consistent evaluation of the effect of each parameter some 

tenninology that will be used needs to be defined. First, the " transition load" is the load at 

which the load-defonnation behavior starts to deviate significantly from the initial behavior 
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(i .e. the start of the transition from initial to final behavior). Note that the transition load 

does not necessarily correspond (and in general does not) with the slipping load previously 

discussed. The plastic slope is the slope of the load-deformation curve in the later stages 

of the test response. The deformation at failure refers to the test deformation associated 

with a sudden loss in load carrying capacity associated with either a plate or bolt failure. 

Finally, stiffer or softer behavior refers to the overall load-deformation curve. If a curve 

lies below another curve then the first curve is softer than the second and if it lies above 

then the first curve is stiffer than the second. As a final note; because the data has been 

normalized it is important to realize that the observations are relative to the normalized 

behavior. As such, the fact that the transition load for one test appears lower than for 

another does not mean that the actual load value (before normalizing) is consistent with 

this observation. 

7.1. 1 Connections With Fully Tensioned Bolts 

There were five parameters that were varied in a manner which allowed the effect 

of the parameter to be determined for connections with fully tensioned bolts. These are t" 

t2, db, Le, and bolt grade. The influence of these parameters on the load-deformation 

behavior is somewhat dependent on whether the plate or the bolt fails . Consequently, the 

influence of each parameter is considered for both types of failures . 

7.1.1.1 Effect O/tl 

The parameter t, is the thickness of the thinner of the two plates that make up the 

lap plate connection. Three tests that had plate failures and which had identical 

parameters except for t, are plotted in Figure 14. There are two important observations. 

First, as t, increases so does the plastic slope. This is consistent with observations made 

by Caccavale (1975). For the 118-in. thick plate the slope is negative. For the 114-in. 

plate the slope is zero to slightly positive and for the 3/8-in . plate the slope is definitely 

positive. Second, the transition load decreased with increasing t, . 
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Three tests that had bolt failures and which had identical parameters except for t l 

are plotted in Figure 15. The most consistent observation was that as tl increased the 

deformation at failure decreased A second observation, although less consistent, was that 

as t I increased the plastic slope increased. 
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7.1.1.2 Effect Oft1 

The parameter t2 is the thickness of the thicker of the two plates that make up the 

lap plate connection. Five tests that had plate failures and which had identical parameters 

except for h are plotted in Figure 16. In general, there was little or no effect of h unless t2 

was equal to t, . If h was equal to t , then there was typically a reduction in the transition 

load compared to tests with larger h values and in general the overall load-deformation 

response was softer compared to tests with larger h values. 

Four tests that had bolt failures and which had identical parameters except for h 

are plotted in Figure 17. The only fairly consistent observations was that as t2 increased 

the deformation at failure decreased. Occasionally the load-deformation response 

increased in stiffness as t2 was increase. 
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7.1.1.3 EffectOfL, 

The parameter L. is the distance from the center of the bolt hole to the end of the 

plate In panicular, this section will be referring to the end distance associated with the 

thinner plate of the two plates that make up the connection Two tests that had plate 

failures and which had identical parameters except for L. are plotted in Figure 18 There 

were three fairly consistent observations. First, the transition load decreased WIth 

increasing end distance Second, the plastic slope increased with increasing end distance 

Last, the load-deformation behavior softened with increasing end distance. 

Three tests that had bolt failures and which had identical parameters except for L. 

are plotted in Figure 19. In general, the deformation at failure decreased and the load

deformation response stiffened with increasing end distance. 
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7.1.1.4 Effect Of db 

The parameter db is the diameter of the bolt in the lap plate connection. There 

were no consistent series of tests that varied the bolt diameter while maintaining all other 
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parameters constant. Typically, increases in the bolt diameter were accompanied by 

increases in the end distance. Consequently, it is difficult to ascenain the exact influence 

of bolt diameter on the load-deformation response. However, based on the effect of end 

distance, which was just discussed, it is possible to estimate the probable influence of the 

bolt diameter. 

Three tests that had plate failures and which had identical parameters except for 

db and L. are plotted in Figure 20. The load-deformation response was previously shown 

to soften with increasing end distance However, review of Figure 20 shows that this 

trend has reversed or been negated by increasing bolt diameter Physically, it is expected 

that the load-deformation response to would stiffen with increasing bolt diameter because 

of the increased bearing and shearing areas. However, one would also expect a softening 

of the load-deformation for a given end distance and increasing bolt diameter because of 

the reduced distance from the edge of the bolt hole to the end of the plate Ba ed on 

review of 14 different combinations of bolt tests there was in general no consistent effect 

of increasing bolt diameter observed This would indicate that the effect of increasing 

bolt diameter and increasing end distance essentially offset each other 

Three tests that had bolt failures and which had identical parameters except for db 

and L. are plotted in Figure 21 It was previously shown that increasing the end distance 

resulted in decreased deformation at failure and an increase in the load-deformation 

stiffness However, review of Figure 21 shows that these trends have been reversed In 

general there was an increase in the deformation at failure, a decreased load-deformation 

stiffness, and a reduction in the transition load with increasing bolt diameter There was 

one other fairly consistent observation. As bolt diameter increased the ratio of the test 

failure load over the calculated failure load decreased. In many cases a 10% or even 20"10 

decrease was noticed going from 3/4-in bolts to I-in. bolts. 
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7.1.1.5 Effect Of Bolt Grade 

The effect of bolt grade (A325 or A490) is based on the test results of Gillet 

(1978) Two groups of tests that had plate failures and with identical parameters except 

for bolt grade are plotted in Figure 22. This was the only group of tests of this type 

Consequently, observations from this single group are far from conclusive However, it 

does appear that as bolt grade increased the transition load as well as the deformation at 

failure increased. ote that the plate test load for this group of tests only reached 80% of 

the expected load capacity 

Two groups of tests that had bolt failures and with identical parameters except for 

bolt grade are plotted in Figure 23 . Again, this is the only group of tests of this type 

There are two basic observations. First, the transition load appears to decrease with 

increasing bolt grade. Second, the deformation at failure appears to increa e with 

increasing bolt grade. 
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7.1.2 Connections With Snug Tight Bolts 

Sarkar and Wallace (1992) was the only source of test data for tests with snug 

tight bolts. They investigated the effect of end distance, plate thickness, and bolt grade. 

Because all but a couple of the tests failed by bolt shear only tests with bolt shear failures 

will be considered. 

7.1.2.1 Effect of Plate Thickness 

Three groups of tests with identical parameters except for plate thickness are 

plotted in Figure 24. There are three tentative observations. As plate thickness decreased 

the defonnation at failure increased, the plastic stiffness decreased, and the overall load

defonnation response softened. These observations are particularly evident going from 

5/16-in. plate to the 1/4-in. plate. They are less noticeable going from the 3/8-in . plate to 

the 5/16-in. plate because in this case the plate strength was substantially higher than the 

bolt strength; whereas, the plate strength for the 1/4-in. plates was very close to the bolt 

strength. 
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7. 1.2.2 Effect Of End Distance 

Two groups of tests with identical parameters except for end di tance are plott ed 

in Figure 25 Based on thi s plot there appears to be little to no eITect of changing end 

distance However, it should be noted that for both groups of test s the plate strength was 

substantially higher than the bolt strength 
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7. 1.2.3 Eff ect Of Bolt Grade 

Two groups of tests with identical parameters except for boh grade are plotted in 

Figure 26. Review of Figure 26 indicates an apparent increase in the deformation at 

failure, decrease in the plastic stiffuess, and decrease in the load-deformation behavior 

stiffness with increased boh grade. 
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7.1.3 General Ob ervation of Parameter Effect 

The observations based on the individual parameters can be summarized in terms 

of twO parameters: plate strength and bolt strength First, consider plate strength and the 

effects seen for tests with plate failures 

7.1.1.1 Plate Strength And Effect On Plate Failures 

Plate strength increases with increasing tl, t2 or L. onsequently, these three 

parameters are lumped into the single parameter of plate strength In general, as plate 

strength increased there was a decrease in the transition load, increase in the plastic 

stiffness, and the load-deformation behavior decreased in stiffness. Because t2 does not 

have a direct influence on the actual plate failing load, like t I and L. have, this parameter 

had less influence than the other two In fact , the only time there was a noticeable 

influence was when t2 was equal to tl Explanations for these trends are discussed in the 

following paragraphs 
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The transition load is not the same as the slip load, however, the transition load is 

related to the slip load. The slip load is the maximum load that can be carried by fiiction 

between the plates. The transition load is (in general) the combination of the slip load and 

the load transferred through bearing of the bolts and plates. Because the majority of the 

load is transferred by friction until slip occurs the bearing behavior has little influence until 

slip occurs. Thus the transition load is only slightly affected by the plate strength (which 

would influence the bearing behavior). The transition load is more dominated by the bolt 

size and grade which are typically related to the slipping load Once slip occurs then the 

load transfer shifts from mainly friction to mainly bearing. Thus the later behavior (after 

the transition load) is dominated by bearing and consequently by plate strength 

The three tests plotted in Figure 14 represent three different ratios of transition 

load over plate strength For these three tests the transition load before normalizing by the 

plate strength was approximately the same. This is a result of the fact that the bolt size 

and grade were constant. For the 118-in. plate the transition load actually exceeds the 

plate strength. This results in the negative plastic slope as the load transfer changes from 

friction to bearing. For the II4-in plate the transition load is approximately the same as 

the plate strength and consequently the plastic slope is approximately zero Finally, for the 

3/8-in plate the transition load is less than the plate strength which results in a positive 

plastic slope, The reason the transition load appears to decrease with increasing plate 

strength is because it is being normalized by the increased plate strength 

The reason for the reducing stiffness of the load-deformation behavior with 

increasing plate strength is as follows, As plate I (plate of thickness tl) strength increases 

the deformation associated with a given load should, ideally, decrease (i ,e, as plate 

strength increases there should be an increase in the stiffness of the load-deformation 

response), However, because the data is normalized by the plate strength this increasing 

stiffness is eliminated in the normalized plots, The reason for the reducing normalized 

load-deformation behavior is the fact that the bolt size and the strength of plate 2 (plate of 

thickness 12) is constant. As plate I strength increases then deformations in the bolt and 
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plate 2 for a given nonnalized load level increase (i .e. at 50010 of the lIS-in thick plate I 

strength the defonnation in the bolt and plate 2 will be less than the defonnation in the 

bolt and plate 2 associated with the load at 50% of the 114-in plate I strength) 

As previously mentioned, t2 appeared to only affect the load-defonnation behavior 

when it was the same as t1 . This is primarily because t2 does not affect the strength of the 

connection and the fact that if t2 is larger than t1 then the defonnations in plate 2 will be 

much less than the defonnations in plate I. Ideally, there is an increase in connection 

stiffhess with increasing value of t2; however, the change in connection defonnation 

resulting from variations in t2 when it is larger than t1 are expected to be small compared 

to the overall connection defonnations and are consequently very difficult to see When t2 

is equal to t1 the defonnations associated with plate 2 are greatly increased and the 

influence of t2 is much easier to see in the test data It is uncenain at this time why the 

transition load appears to decrease when t2 is equal to t1 . 

7.1.3.2 Plate Strength And Effect on Bolt Failures 

The general effects of increased plate strength on the te ts that had bolt failures 

included a reduction in the defonnation at failure, an increase in the plastic slope, and an 

increase in the stiffness of the load-defonnation behavior However, when considering 

the tests reponed by Sarkar and Wallace (1992) there was no elTect noticed for increased 

end distance. 

First, consider the reduced defonnation at failure Because these tests were limited 

by bolt strength, increases in the plate strength correspond to reduced plate defonnations 

at the failure load of the bolt and consequently reduced overall connection defonnations 

Second, consider the increase in plastic slope. The reason for the increase in the 

plastic slope is not completely clear; however, there are a couple of theories that may 

explain it. First, as just discussed, increases in plate strength result in decreased plate 

defonnations at the bolt failure load When considering the individual plate load

defonnation behavior, this means that the tangent stiffness associated with the defonnation 

in the plate at bolt failure load will most likely increase with increasing plate strength 
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This effect will be most noticeable when the plate strength is relatively close to the bolt 

strength because of the rapid reduction in tangent stiffness as the plate gets close to 

failure. A second possible explanation considers the uneven bearing stress distribution 

that the bolt imposes on the bolt hole. As the bolt increases in stiffness compared to the 

plate (i .e. as plate strength decreases compared to the bolt strength) the stress distribution 

throughout the · thickness of the plate should become more uniform. As the stress 

distribution becomes more uniform it is believed that the plastic slope of the connection 

response will decrease; and (if the opposite holds true), as plate strength increases there 

should be an increase in the non-uniformity of the stress distribution through the plate 

thickness and thus an increase in the plastic stiffness. 

Third, based on the same concept used in the argument for the reduced 

deformation at failure it is easy to explain the increased stiffness of the load-deformation 

response with increasing plate strength. As plate strength increases the deformation in the 

plate at a given load (i .e. the failure load of the bolt or some percentage of that load) 

decreases. This results in decreased deformations at any load level and consequently an 

overall stiffer response. 

Finally, an explanation for lack of any noticeable change in behavior for increased 

end distance in two groups of tests by Sarkar and Wallace (1992) needs addressed. The 

reasoning for this is the same as the reasoning for why there was no noticeable effect oft2 

when it was larger than tl . The plate strength for the tests reported by Sarkar and Wallace 

(1992) was simply much larger than the bolt strength. Consequently, the plates were in 

the early stages of their individual load deformation behaviors when the bolt failed . 

Because there is little change in deformation for a large change in load during this stage of 

plate behavior the change in the plate deformations between the two end distances was 

most likely too small to be noticed. 

7.1.3.3 Bolt Strength ami Effect on Plate Failures 

Bolt strength is determined by bolt diameter, bolt grade, and location of shearing 

plane. The shearing plane location was not systematically varied; consequently, only the 
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bolt diameter and bolt grade are considered. Based on the analysis of increasing bolt 

diameter and increasing end distance it was observed that the effects of increased end 

distance were offset by the effects of increasing the bolt diameter. This means that 

increasing the bolt diameter should tend to increase the transition load, reduce the plastic 

slope, and stiffen the overall load-deformation response. The increase in transition load 

was also seen in the evaluation of increasing bolt grade. The arguments for these 

observations are just the opposite of those given for the effects of increasing plate strength 

on plate failure behavior. 

7.1.3.4 Bolt Strength ami Effect of Bolt Failures 

In general, the effects associated with increasing bolt strength on the load

deformation behavior of connections fai ling by bolt shear were an increase in the 

deformation at failure, a decrease in the transition load, a decrease in the plastic slope, an 

overall softening of the load-deformation response. In addition to these somewhat 

expected effects there was one unexpected effect noticed. This was that the ratio of test 

failure load over the predicted failure load tended to decrease with increasing bolt 

diameter. 

The arguments for the increased deformation at failure, the reduced plastic slope, 

and the overall softening of the load-deformation response are the opposite of those given 

for the effects of increasing plate strength on the bolt failure behavior It should be noted 

that the observation of increasing deformation at failure with increasing bolt grade is in 

contrast to the observations by Wallaert and Fisher (1965). They noticed that the total 

deformation at failure of single bolt test specimens in double shear was unaffected by bolt 

grade. They indicated that the increased plate deformations were offset by reduced bolt 

ductility at failure. However, all of their test specimens had plate strengths severely higher 

(4 to 5 times higher) than the bolt strength while most of the tests in the current report had 

plate strengths 1 to 2 times the bolt strength. Consequently, it is apparent that the effect 

of bolt grade is somewhat dependent on the test parameters; however, in general, it is 
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believed that the increase in plate deformation will typically be much larger than any 

reduction in bolt ductility. 

The reasons for the decreased transition load and the decreased ratio of test to 

calculated strength are less clear; however, there are a couple of theories. First, the 

transition load decreases because the slip load does not increase as fast as the shearing 

capacity of the bolt. Ideally, these two quantities should increase at the same rate because 

they are typically considered to be functions of the bolt area and the ultimate strength of 

the bolt. However, the difficulty in properly tensioning the bolts increases as the bolt 

diameter increases. Consequently, it is likely that bolt tension after installation was not as 

high a percentage of the bolt ultimate tensile strength in the large bolts as compared to the 

smaller bolt diameters. Kulak et al (1987) also indicated that short grip large diameter 

bolts may be inadequately tensioned using the 1/3 tum-of-nut method and that the method 

should be calibrated in these situations. 

Second, there is currently no good theory for why there would be a reduction in 

the ratio of test to calculated strength with increasing bolt diameter other than the possible 

size effects that are inherent with increasing quantity of steel in the large bolt diameters. 

7.2 Relationships Between Connection and Equation Parameters 

In this section relationships between the connection parameters and the Richard 

Equation and Fisher Equation parameters are developed. Once again, because of the 

significant difference in behavior between connections with fully tensioned bolts and 

connections with snug tight bolts these two bolt conditions need considered separately. 

7.2.1 Connections With Fully Tensioned Bolts 

The typical load-deformation behavior for single bolt lap plate connections with 

fully tensioned bolts is characterized by two distinct stages of behavior: before the 

transition load and after the transition load. Before the transition load has been reached 

the load-deformation behavior is almost linear at a slope consistent with the initial stiffness 

and is highly dominated by frictional resistance. Once the transition load has been 
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exceeded then behavior depends more on the connection parameters that affect bearing 

behavior such as the plate and bolt material and geometry. 

Based on the general observation above as well as the specific ob ervations 

discussed previously it is concluded that there are primarily two relationships that 

determine the basic shape of the load-deformation behavior as it goes from the initial 

(initial stiffness) to final (plate or bolt failure) behavior. 

Transition load capacity compared to bearing load capacity 

2 Plate load capacity compared to bolt load capacity 

The bolt and plate load capacity have already been considered however the transition load 

still needs development After discussion of the transition load, methods for relating the 

connection parameters to the connection parameters will be developed 

7.1.1.1 Transition Load 

The transition load can normally be determined from test data because of a sudden 

jump in the data; however, each of the test programs that used fully tightened bolts 

ensured that the bolts were already in bearing before the tests began for the very purpose 

of eliminating this jump in the measurements Consequently, determining the transition 

load from the test data becomes somewhat subjective. For purposes of this study the 

transition load was defined as the load at 0 0 I-in of connection deformation Visual 

observations of this load compared to the load-deformation data showed that this 

definition of transition load corresponded with a load that was typically just above the 

point where the load-deformation data started to noticeably deviate from the slope of the 

initial stiffness. 

The transition loads were evaluated against the geometric and material parameters 

Based on this evaluation approximately twelve different combinations of parameters were 

considered for parametric relationships. on-linear regression was used to determine 

parameter coefficients for each relationship The precision of each parametric expression 

was then evaluated to determine the best expression The final parametric relationship 

chosen is given by 
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R.,. ... ,,, ... = 0.14 Fool> d.2 +12 tlldb (Eq 28) 

This expression had a coefficient of variation of 16% and an L2 Norm of 34.3 kips when 

comparing test over predicted values. 

The relationship between transition load and bolt strength is expected considering 

the transition load should be highly dominated by the slipping load which is typically 

related to the bolt strength; however, the transition load actually had a stronger correlation 

to the second term, tl /db• 

There are a couple of possible theories for why there is such a strong correlation to 

t I/db. The fITst of these was mentioned earlier and is that when the bolt grip becomes shon 

compared to the bolt diameter it is difficult to obtain proper tension loads in the bolt 

(Kulak et al 1987). If this theory was true then the transition load would tend to increase 

with increasing grip; however, comparisons between tests with the same t I but different t2 

values showed that the total grip had little influence on the transition load. A second 

theory was found in Frank and Yura (1981). The authors indicated that previous 

investigators had noticed a difference in the slipping load for test specimens in 

compression compared to those in tension. One source of this difference was believed to 

be the lateral contraction of the plates vs the lateral expansion of the plates resulting ITom 

Poisson's effect for the tests in tension vs. those in compression respectively The lateral 

contraction of the plate would tend to reduce the bolt elongation and consequently the 

bolt tension load which results in a reduced slipping load. It is possible that as the plates 

become thinner the effect of any lateral contraction may become more significant. 

7.2.1.2 Parameter Relationships 

In the following paragraphs relationships between the connection parameters and 

the equation parameters of the Richard Equation and the Fisher Equation are discussed 

and presented. A total of three different sets of relationships are presented. The first two 

of these are relationships are for determining Richard Equation parameters. A detailed 

and a slightly simplified relationship are included. The last relationship is for determining 

Fisher Equation parameters. 

78 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



. ~ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Based on the observations of how the basic shape was affected by plate strength, 

bolt strength, transition load, and tl two relationships between connection parameters and 

the Richard Equation parameters were developed The constants in these two sets of 

relationships were determined by non-linear regression. 

The first relationship is the more detailed of the two relationships and will be 

shown later to provide slightly better accuracy The first relationship makes use of all four 

of the coefficients in the Richard Equation. For clarity the method is given below as a 

series of rules. All units are in kips and inches 

R. = R... ~ R.t. 

K = K, = 5751 t.db + 1213 

Kp = 9 ( R... / Rob ) 2.9 

R..-... "",,, = 0.14 F.bdb
1 + 12tt/db :!> R. 

R., = R. - 0 25 Kp ~ R..-. .. " ... 

R. = R..-. ... ,IOII(t11t.)o I :!> 098 R., 

-In(2) 

CEq 29) 

(Eq 30) 

(Eq 31) 

(Eq 32) 

(Eq 33) 

CEq 34) 

(Eq 35) 

In the above equations, upper and lower bounds have been placed on some of the 

load constants to avoid having predicted loads above the nominal strength of the 

connection (i.e. the increased strength over the plate strength resulting ITom friction, 

which was seen for thin plate combinations, is ignored). In addition, only positive plastic 

slopes are assumed. 

The second relationship is less detailed than the first and assumes that Kp is zero 

This results in R., being equal to R. and all of the difference in load-deformation shape 

being accounted for by the curvature parameter n K and R..-.""IOII are the same as above 

except R..-.""IOII is limited to 0.9 R.. The curvature parameter only considers the ratio of 

R..-...." ... to R.,. 

79 



0.5 
(Eq 36) 

n = ( )0' RullWltOn 

0.95- Ro 

7 2 I 2 2 Parameter Relationships For The Fisher Equation 

Unlike the Richard Equation where all the equation parameters are easily related to 

the curve chara'cteristics the Fisher Equation only has one such parameter: Rull . Fisher 

(1965) showed that R.J. could be taken as the maximum load capacity of the connection. 

Regression analysis of the data in this report showed this relationship to be true. 

Consequently, only relationships for predicting the coefficients !l and A are needed The 

first step in developing these relationships was to normalize the test data. 

The test data was normalized by dividing the test loads by the predicted load 

capacity and the test deformations by the predicted failure deformation. Methods for 

predicting the load capacity and failure deformation were developed earlier in this report . 

The normalized data was then analyzed using non-linear regression to determine the best 

values of the coefficients !l and A for each group of tests with identical connection 

parameters. The resulting coefficient values were then evaluated with respect to the 

connection parameters to identify relationships. 

Because two fairly complex relationships for determining the coefficients of the 

Richard Equation were already developed, a simple method of relating the connection 

parameters to the coefficients of the Fisher Equation was sought. It was determined that 

the strength ratio, SR, (plate strength over bolt strength) had the most significant influence 

on the these coefficients. Subsequent regression analysis resulted in the following 

relationships. 

!l = 10.9 SK2.33 

A = 0.468 SR-O·<S6 

(Eq 37) 

(Eq 38) 

Note that these relationships are for normalized load and deformation; consequently the 

connection strength and failure deformation have to be determined prior to using the 

Fisher Equation with these coefficients. 
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7.2.2 Connections With Snug Tight Bolts 

The primary difference in the behavior of connections with fully tightened bolts 

compared to those with snug tight bolts is that connections with snug tight bolts have little 

to no frictional resistance. Consequently, the connection parameters that would be 

expected to affect bearing behavior will influence the shape of the load-deformation 

behavior ITom beginning to end. 

There were only 16 connections reported with bolts in the snug tight condition 

Out of these 16 tests there were only five different combinations of connection 

parameters, all but two failed in bolt shear, and all the connections had both plates made of 

the same material and thickness. Because of these limitations it was decided to 

supplement the test data with some analytical data 

The component modeling method presented in Section 4 of this report was used to 

generate analytical data to help supplement the limited number of experimental tests 

Twenty-four different bolt and plate combinations were analyzed to determine load

deformation data for each combination. 

Because of the limited number of observations of parameter effects on the shape of 

the load-deformation behavior (resulting from the few number of experimental tests) it 

was decided to seek only one set of relationships between connection and test parameters 

It was decided to use the Fisher Equation. The procedure used to determine relationships 

between the connection and equation parameters was the same as that used for the 

connections with fully tightened bolts except the results of the analytical study were also 

included. Once again, it was determined that the strength ratio, SR, (plate strength over 

bolt strength) had the most significant innuence on the these coefficients. However, 

unlike the relations seen for fully tensioned bolts, the relations for the snug tight bolts 

were piecewise continuous with discontinuities when the SR was close to a value of one 

Subsequent regression analysis resulted in the following relationships. 

For SR s 0.8 I.l = 4.5 (Eq 39) 

For 0.8 < SR s J 0 I.l = 8.5 - 5 SR 
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For 1.0 < SR 

For SR S I 0 

For SR > I 0 

Jl = 3.5 + In(SR) 

I.. = 0.5 + 0.15 SR 

I.. = 0.14 + [I_e-4·7SRf2 

(Eq 40) 

Note that these relationships are for normalized load and deformation; consequently the 

connection strength and failure deformation have to be determined prior to using the 

Fisher Equation with these coefficients. 

8. Evaluation of Methods to Approximate Load-Deformation 

Behavior 

At this point in the report there are a number of methods that can be used to 

appro)timate the load-deformation behavior of single bolt lap plate connections with both 

fully tensioned and snug tight bolts. Two e)tisting methods were discussed in Section I. 

These were fou nd in Karsu (1995) and the AlSC Manual Vol. II (Loadal/d, 1993). Ne)tt 

there is the component method which was discussed in Section 4. And finally, there are a 

number of parametric methods that were developed in Sections 5, 6, and 7 All of these 

methods fit into one of three broad categories· 

• Component Method 

• Methods for determining the coefficients for the Richard Equation 

• Methods for determining the coefficients for the Fisher Equation 

Each of these methods is evaluated against the e)tperimental load-deformation data to 

determine the relative accuracy and precision of the methods. However, before this 

evaluation can be conducted. benchmarks against which accuracy and precision can be 

compared are needed. 

8.1 Benchmarks For Evaluation of Methods 

In the following section each of the methods for appro)timating the load

deformation behavior of single bolt lap plate connections will be evaluated against the test 

data In doing so values for the coefficient of variation and the L2 Norm will be 
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determined for each method. Without having something to compare these numbers to it is 

difficult to determine if the method is good or bad. Two different benchmark evaluations 

were conducted to determine variations and norms by which the results of the subsequent 

evaluations could be compared. 

It is assumed that the best any method could come to approximating the load

deformation behavior is if that method were able to predict the coefficients for either the 

Richard Equation or Fisher Equation that would minimize the L2 Norm for each group of 

identical tests, The first benchmark is based on this assumption. Non-linear regression 

was used to determine the best (minimize the L2 Norm) equation coefficients for the 

Richard and Fisher Equations for each group of identical tests. Next, using these 

coefficients, the load at each test deformation was calculated. These loads were then 

compared to the test loads to determine values of the coefficient of variation (of test over 

predict) and the L2 Norm. The first benchmark will be referred to as Benchmark Level I, 

The second benchmark considers the current inability to predict connection 

strength, The assumption is that if the basic shape of the load-deformation curve is 

correct but the calculated connection strength is wrong then the variation and norm values 

may be large despite the fact that the basic shape is being predicted very well To 

determine what part of the variation and norm values is attributable to poor predictions of 

the connection strength a second set of benchmark values were determined. These values 

were determined comparing revised test load estimates to the test loads. The revised 

estimates were the load estimates used for the first benchmark but were scaled by the ratio 

of predicted over test strength. The second benchmark will be referred to as Benchmark 

Level 2. 

These two sets of benchmark values were determined for connection tests with 

both snug tight and fully tensioned bolts. However, because no method was developed for 

determining the Richard Equation coefficients for connections with snug tight bolts no 

benchmark values using the Richard Equation and the test data for snug tight bolts were 

determined. 
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8.2 Evaluation of Method 

Each of the methods discussed so far was evaluated against the load·deformation 

behavior of the experimental connections. Only test data with deformations less than or 

equal to 0.25-in. was included. In addition, the tests reported by Caccavale (1975), five of 

the tests reported by Karsu (1995), and three of the tests reported by Sarkar and Wallace 

(1992) were excluded ITom the evaluation. The reasons for these tests being excluded was 

discussed in Section 2 Also note that the analytical test data used to increase the range of 

parameters for tests with snug tight bolts has not been included. 

For each experimental load-deformation point the load was calculated using each 

of the different methods. The ratio of test load over predicted load was then determined. 

The average and coefficient of variation for this ratio are given in Table II ext the L2 

orm based on the difference of the test and predicted loads was determined This value 

is also presented in Table II. 

Table II Evaluation Of Load-Deformation Models 

Method Fully Tensioned Bolts nug Tight Bolts 
Average COY ~Norm Average COY ~Norm 

(kips) (kIPS) 
Component Method 102 20·. 140 092 25% 43 
RIchard Equation Methods 

Parametric Deta~ed 109 21% 167 
Paramelnc Smlphfted I 13 20% 171 
Karsu Unified Curves 1.20 30% 231 
Benchmark Level I 0.99 11% 52 
Benchmark Level 2 1.04 16% 160 

Fisher Equation Methods 
Parametric Normalized 0.99 26% 207 1.19 20% 57 
A1SC Vol II 167 41% 339 088 31% 63 
Benchmark Level I 0.96 23% 85 1.00 14% 13 
Benchmark Level 2 0.99 31% 189 1.13 17% 40 

With regard to connections with fully tensioned bolts based on a review of the 

benchmark variations and norms it is clear that the Richard Equation is able to better 

approximate the load-deformation behavior than the Fisher Equation. This is somewhat 

expected because of the Richard Equation having four coefficients while the Fisher 
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equation only has three. It is also clear by comparing the Level I and Level 2 benchmarks 

that a majority of the variation associated with some methods is attributable to poor 

estimates of the load capacity Comparison of the component method to the level 2 

benchmark for the Richard Equation indicates a slight increase in variation but a reduced 

L2 orm. Both the parametric methods for the Richard Equation coefficients have slightly 

higher variation than the Level 2 benchmark but approximately the same L2 norm as the 

benchmark. The parametric method for the Fisher Equation compares well with Level 2 

benchmark for the Fisher Equation. Neither of the current methods (Karsu Unified Curves 

and AlSC Vol. rJ) compare very well to the benchmarks. 

With regard to connections with snug tight bolts the component method has a 

comparable L2 norm to the Level 2 benchmark but has 8% increase in variation. The 

parametric method has a better variation and a better average compared 10 the Level 2 

benchmark but a L2 norm which does not compare as well . The AlSC Vol. II method 

does not variation or an L2 norm comparing well to the benchmark. 

Overall the component method does the best job of predicting the load

deformation behavior. The parametric relationships for the Richard equation provide 

good estimates with less complexity than the component method Finally. the parametric 

relationship for the Fisher equation provides reasonable estimates with very simple 

relationships and is applicable to both fully tensioned and snug tight bolted connections. 

9. Summary, Conclusions, and Recommendations 

9.1 Summary and Conclusions 

The load-deformation behavior of high strength bolts in single shear is needed for 

the development of methods to approximate beam-girder moment-rotation behavior. It 

has been assumed that bolt load-deformation behavior in the beam-girder connection can 

be approximated by the load-deformation behavior of single bolt lap plate connections. 

Consequently, methods for approximating the lap plate connection behavior are needed. 

There are currently two such methods available neither of which properly account for the 
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effect many connection parameters have on the load-deformation behavior. As a result, 

new methods for approximating the lap plate connection behavior were sought. 

The first step in the development of new methods was to collect all available 

experimental data on single bolt lap plate connections. The data from four experimental 

programs was collected, compiled, and analyzed. Next. the strength of the connection 

was evaluated. Based on an evaluation of strength predictions vs. experimental strength it 

was concluded that: 

• The method given in the current AlSC Specification (Load alld, 1993) for determining 

the plate bearing / tearout strength provided good predictions of connection strength 

when compared to tests that failed by bearing / tearout or by plate splitting. 

• The method given in the AlSC Specification (Load alld, 1986) for determining the bolt 

shear strength predicted bolt strengths that were on average 9"10 conservative 

compared to the strengths of tests that failed by bolt shear. Possible reasons for this 

were discussed. 

Next, the component method was developed. Here it was assumed that the lap 

plate connection behavior was composed of three component behaviors: plate, bolt, and 

friction. By using a previously developed method for approximating plate behavior (Rex 

and Easterling, 1996) and the experimental data, methods for approximating the load

deformation behavior of the bolt component and the friction component were developed. 

Based on this development it was seen that the frictional resistance typically degraded 

from a maximum resistance at the onset of slipping down to almost zero resistance. 

The initial stiffness of the lap plate connection load-deformation behavior was then 

considered. Existing methods for predicting the initial stiffness were discussed and 

parametric methods were developed. These methods along with the component method 

were then evaluated against the test data, With regard to connections with fully tensioned 

bolts, existing methods were shown to provide poor predictions, the component method 

provided much better predictions and the parametric methods provided the best 

predictions of all . With regard to connections with snug tight bolts similar results were 
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observed with the exception that the method derived from EC 3 Annex J (1994) provided 

predictions on par with those of the component method. However, a high degree of 

caution is recommended when using the parametric methods developed for the 

connections with snug tight bolts because of the lack of test data 

The deformation at failure was also studied. There was no existing literature that 

dealt with this topic directly. The component method was shown to give reasonably 

accurate estimates for failure deformations when plate failure occurred. A simplified 

method based on the component method was developed and provided even better 

correlation to the test data. The component method was shown to give accurate but not 

very precise estimates of the failure deformation when bolt failure occurred. A strictly 

parametric expression was developed and provided better precision but still had a 

coefficient of variation of approximately three times the expected variation 

As pan of the development of parametric methods for approximating the load

deformation behavior a complete analysis of parameter effects was conducted From this 

analysis it was concluded that the primary factors influencing the load-deformation 

behavior were the plate strength, bolt strength, bolt tension, and transition load (related to 

friction) It was seen that the initial behavior of connections with fully tensioned bolts was 

dominated by frictional behavior and that the parameters affecting bearing resistance had 

little influence. However, in the later stages of the load deformation behavior for 

connections with fully tightened bolts and for the entire load-deformation behavior of 

connections with snug tight bolts the parameters affecting bearing resistance dominated 

the behavior. Based on the observed influence of the connection parameters relationships 

between the parameters and equation coefficients for the Richard Equation and the Fisher 

Equation were developed. 

Finally, both existing methods, the component method, and the parametric 

methods were evaluated against the test data In general, it was observed that the 

component method provided the best results; however, it was also the most complicated 

Based on a comparison of the Richard Equation and the Fisher Equation it was shown that 
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the Richard Equation was better able to represent the load-defonnation behavior. 

Comparisons of parametric methods showed that as the complexity of the method 

decreased so did the agreement between predicted and test behavior. However, generally 

good agreement was still obtained using the simplest of these methods. The existing load

defonnation relationship currently used in the AlSC Manual Vol. II (Load Gild, 1993) did 

not provide very good agreement with the test data. 

9.2 Recommendations 

The frictional component behavior was based on the assumption that the bearing 

behavior of the bolts and plates could be satisfactorily approximated with the component 

method. A much better understanding of this behavior could be obtained based on the 

load-displacement histories of actual friction tests such as those conducted by Frank and 

Yura (1981). The data from the Frank and Yura (1981) tests should be collected and 

compiled. In addition, new tests considering thinner plates and possibly specially designed 

lap plate connection tests that avoid initial bearing should be conducted. Also, literature 

from the area of tribology should also be consulted. A brief literature review in this area 

produced at least one paper (Simkins, 1967) that may provide some insight into the pre 

and post-slip frictional behaviors. 

There were only 16 lap plate connection tests with bolts in the snug tight 

condition. Additional tests should be conducted. These tests would provide a better basis 

for evaluation of method to predict the load-defonnation behavior. In addition, they could 

be used to gain a better understanding of the bolt component load-defonnation behavior. 

Finally, when combined with the database of connection tests that had fully tightened bolts 

a much better understanding of the frictional component behavior could be obtained. 

It has been shown that the shape of the load-defonnation behavior and the 

defonnation at failure are not constant values; however, this is the assumption made when 

using the current ultimate strength method for analysis of eccentrically loaded bolt groups. 

An analytical study of the effect of varying shape and failure deformation on the load 
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capacity of eccentric bolt groups should be conducted to determine if using constant shape 

and failure deformation values provides sufficient accuracy and safe results. 
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Table A-I Steel Properties • 
Couoon Width (," ) Thickne~!I; (in Elonvolion Fv fbi) AveraSlC Fu fbi) Averallc 

I-I 1.510 0_251 311,. 45.0 45.5 65.0 65.0 

1-2 1..100 0.251 31', 460 65.0 

2-1 1.510 0.2SO 3~. 46.0 45.8 65.5 65.5 

2-2 1.510 0.250 31', 455 655 

3-1 I .100 0.625 2~. 44.0 44.5 67.0 67.5 • 
3-2 I .100 0.625 3~~ 45.0 68.0 

5-1 1..100 0.995 30'. 439 43.5 70.0 700 

5-2 1..100 0.996 m. 43.0 70.0 

6-1 1490 0.998 30'. 430 43.5 67.0 67.0 

6-2 1490 0.999 31',. 44.0 67.0 

7-1 1..100 0750 29'1. 45.0 45.0 67.0 67,0 • 7-2 1..100 0.750 30'1. 450 67.0 

8-1 1..100 o 7SO 31', 45.0 45.0 68.0 680 

8-2 I .100 0.750 30'. 45.0 68.0 

9-1 1..100 0750 2~. 45.5 45,8 69.0 69.0 

9-2 I .100 0750 30'. 46.0 69.0 

10-1 1..100 0.375 32'. 51.0 51.0 74.0 740 

10-2 1..100 0.375 31°. 510 74.0 • 
11 -1 1..100 0 . .100 29'. 525 53.3 74.5 74.8 

11-2 1..100 0 . .100 3~o 54.0 75.0 

12-1 1..100 0 . .100 31°,. 51.0 51.5 74.5 74,5 

12-2 1..100 0 . .100 3~. 52.0 74.5 

13-1 1..100 0625 29'. 47.0 46.8 70.0 700 

13-2 1..100 0.625 31', 465 70.0 • 
15-1 1490 0121 32'. 428 43.3 60.9 614 

15-2 1490 0120 31°, 438 61 8 

16-1 1498 0121 29'. 42.6 42.9 60.7 61.1 

16-2 1497 0119 29'. 43.1 61.5 

17-1 1497 0120 290. 445 44_2 620 620 

17-2 1..100 0120 32'. 438 62_0 

18-1 1..100 0.249 29'. 47.8 475 66.9 667 • 
18-2 1490 0248 291', 47.2 66.5 

19- 1 1..100 0.246 29'. 47.1 46.9 66.8 66.6 

19-2 1..100 0.249 29'. 467 66.4 

20-1 1497 0.248 28'. 45.9 46.1 66.4 66.2 

20-2 1498 02.10 31', 46.3 65.9 

21-1 1490 0367 29'. 437 434 63.7 63.7 • 
21-2 1499 0.370 2~. 43 I 63.6 

22-1 1490 0.367 30'. 44.3 434 63.8 63.9 

22-2 1490 OJ70 29'. 425 63.9 

23-1 1..100 0367 29'. 44.1 43.9 63.8 63.8 

23-2 1490 0.370 29'. 436 63.8 
24-1 1..100 0.369 2C)o" 42.9 43.3 63.7 637 • 24-2 1..100 0.367 29'. 437 63.6 

2501 1..100 OJ71 3~. 43.3 43.7 63.7 63.7 

2502 1..100 0.368 30'. 441 63.7 

• 
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Table A- I teel Properties (Cont.) 

• Coupon WIdth (in \ Thiekncs< (on Elon.allon F\ (k,,) A"CTaRe Fu ( ~si \ A\"CTIQe 

26·1 1490 0500 31', 43.3 43.9 6-1.3 6-14 
2~2 1490 0500 30'. 445 644 
27·1 1500 0624 30' •• 450 449 684 68 I 

27':2 1.500 0622 29'. 447 678 

• 27,·1 1500 0627 30'·. 45 I 454 685 684 
27.·2 1.500 0623 29'. 45 .7 68.3 
28·1 1.500 0.749 29'10 44.7 44.8 689 690 
28·2 1.500 0750 31', 449 69 I 
29·1 1.500 0750 290. 44.8 44.7 719 704 
29-2 1500 0749 30'. 445 689 

• JO.I 1500 0.997 30'. 40 I 404 663 664 
3()"2 1.500 099 32-. 406 664 
31·1 1.500 1000 3~. 418 4:! 2 679 678 
31·2 1500 1000 31', 42.5 677 
32·1 1500 1000 30'. 41 I 415 674 676 
32·2 1500 1000 31', 418 677 
33· 1 1500 0491 2S', 529 53 .3 738 740 
33·2 1500 0491 28', 537 74 I • 
34·1 1.500 0493 2~. 51 4 518 733 739 
34·2 ) 500 0493 28', 52.2 744 
35·1 ) 500 0486 27', 529 52 .7 738 736 
35·2 1500 0486 2S', 524 734 
4()..) 1500 0246 31', 479 47.9 666 670 
40·2 1500 0246 30'. 479 67.3 • 
41·) 1.500 0.247 31', 476 478 659 683 
41·2 1.500 0248 31~. 479 706 
~2·1 ) SOO 0496 30'. 471 468 71 I 708 
42':! 1.500 0495 29-. 465 705 
43·1 1500 0627 31', 442 437 640 631 
43·2 1500 0.625 31', 432 626 • 
44·) 1500 0748 30'. 44.2 445 677 67 
44-2 1500 0742 31', 447 678 
45·1 1490 0248 IS', 600 600 1000 1000 
45·2 ) 493 0.248 18~. 600 1000 
46-1 1.504 0.249 19'. 600 56.5 970 950 
46·2 1.500 0250 20'. 530 930 • 
47·1 1.496 0.248 19' •• 580 590 98.0 965 
47·2 1497 0.248 II' • 600 950 
48·1 ) 475 0249 10'. 740 73.5 1110 1090 
48·2 1491 0249 1 S', 730 1070 
50a 1.501 0493 30'. 448 451 67 I 675 • 50b 150) 0498 3~. 45 .5 678 
51, 1499 0246 2S'" 449 445 654 65 .5 
51b 1500 0246 29-. 44 I 655 

• 
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RtpOrl T~sl 

UnlMr 

3 
4 
7 

8 
9 
10 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
21 
26 
27 
28 
29 
30 
31 
32 
n 
14 
]5 
36 
37 
38 
40 

075 
075 
0.75 
0.75 
0.75 
0.75 
075 
075 
075 
0.75 
075 
075 
0.75 
0.75 
0.75 
0.75 
075 
075 
0.75 
0875 
0.875 
0.875 
0875 
0875 
0.875 
0875 
0815 
0875 
0875 
0875 
0875 
0875 
0.875 

• 

Bolt 
Grade 

Al25·X 
Al25-X 
Al25-X 
AJ25-X 
Al25-X 
Al25-X 
Al25-X 
A.125-X 
Al25-X 
Al2S-X 
Al25-X 
A.125-X 
Al25-X 
Al25-X 
A.125-X 
Al25-X 
Al25-X 
Al25-X 
Al25·X 
Al25·X 
Al25-X 
A.125-X 
Al25-X 
Al25-X 
Al25-X 
Al2S-X 
Al25-X 
Al25-X 
A.125-X 
Al25-X 
Al25-X 
Al25-X 
Al25-X 

• 

Was 0011 
Pre-lensloned 

Ye, 
Ye 
Ye< 
Ye, 
y., 
Yes 
Y~, 

Y .. 
Yo. 
Yes 
Yes 
Y~, 

Yes 
Yes 
Y~, 

Yes 
Yes 
y., 
y., 
Ye 
y" 
Yeo; 
Yes 
y" 
Ye, 
y", 
Ye 
Ye 
y" 
Yes 
y., 
y" 
Yes 

• • • 

Table B-1 
Connec lion Georncll-y And lalel'ial Pa"nrnelel's 

Plait t 

I, 

(on ) 

02500 
02500 
02500 
0 .3750 
0 .3750 
0 .3750 
03750 
01250 
01250 
01250 
01250 
01250 
0.2500 
03750 
03750 
05000 
05000 
05000 
06250 
0 1250 
01250 
0 1250 
01250 
01250 
02500 
02500 
02500 
n 25110 

02500 
03750 
03750 
0]750 
05000 

WIdth 
(on ) 

5 .00 
500 
5 .00 
400 
400 
400 
400 
600 
5.00 
500 
500 
5.00 
400 
400 
4 00 
400 
400 
400 
400 
500 
500 
500 
500 
500 
400 
400 
400 
400 
400 
400 
400 
400 
400 

I., 
(on ) 

1 500 
1500 
1.500 
1.500 
I 500 
1.500 
I 500 
1500 
1.500 
1.500 
1500 
I 500 
I 500 
I 500 
1500 
1500 
1500 
I 500 
1500 
1.100 
1.500 
1.563 
1 625 
I 625 
1750 
1750 
1750 
1750 
1 (,25 
1625 
1626 
1625 
1.750 

Edge 

Ctmdltlon 
Sawed 
Sa"ed 
Sa\\ed 
SHwed 
Su\\cd 
Sy\\ed 
Sa\\ed 
Su\\cd 

Sheared 
Sa\ .. ed 

Sheared 
Slmed 

Shenred ., 
., 

Sheare .... 
Sheared 
Shccm:d 

8\\cd 

Sheared 
Sheared 
Sheared 
Sheared 
Sheared 
Sheared 
Sheared 
Sheared 
She:ned 
Sheared 
Sheared 
Sh~red 

Sheared 
S:",,,,:d 

458 
458 
45R 
51.0 
51.0 
51.0 
510 
442 
41 1 
442 
431 
442 
47 .5 
414 
414 
41 .9 
439 
419 
468 
42 9 
429 
429 
429 
41] 
461 
46 I 
4(, I 
.. H,I 
1(,1 

434 
414 
414 
51 8 

I, 
(hi) 

65.5 
655 
65.5 
740 
740 
740 
740 
620 
614 
620 
6 14 
620 
667 
617 
637 
644 
644 
M4 
700 
61 I 
61 I 
61 I 
61 I 
(II ~ 

(,62 
6/,2 
662 
6(.2 
Ml2 
6_l q 
639 
639 
719 

Plait 2 .. 
(on ) 

0 .2500 
0 .5000 
0 .6250 
0.3750 
05000 
0.6250 
0 .7500 
0 .1250 
02500 
03750 
05000 
06250 
10000 
03750 
1 0000 
0.5000 
06250 
1.0000 
06250 
01250 
02500 
0.3750 
0 .5000 
07500 
02500 
03750 
05000 
07500 
10000 
0)750 
05000 
07500 
0 .5000 

W,dlh 

(on 

500 
5 .00 
500 
400 
500 
500 
500 
6 (XI 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
500 
400 
4 .00 
400 
400 
400 
400 
400 
41WI 
.. Ill) 

4110 
400 
400 
400 

• 

I • 
(in) 

ISOO 
1.500 
1500 
1500 
1.500 
1500 
1500 
1.100 
1500 
1500 
1.500 
1500 
I 500 
I 500 
1500 
1500 

500 
500 
500 
500 
500 
563 
625 
625 
750 
750 
750 
75fJ 

I 1>25 
1625 
1 625 
1625 
1750 

Edge 

Condltiun 
Sawed 
Sawed 
Sawed 
S:lwed 
SIH\'ed 

S8\\ed 
Sheared 
Sa\\,'Cd 

Sheared 
? 

Sawed 
Sawed 
Sawed 

'/ 
Sa\\cd 

Sheared 
Sawed 

Sheared 
Sa\\ed 

Sheared 
Sheared 

? 
Sa\\,ed 
Sawed 

Sheared 
Sheared 
Sa\\cd 
S.med 
Su\\,cd 

Sheared 
s.\\cJ 
Sa\\ed 
Sa\\ed 

• 

45 .8 
51.5 
468 
510 
51.8 
445 
450 
442 
475 
434 
51.5 
449 
435 
414 
435 
439 
449 
435 
468 
429 
469 
439 
51 R 
44 R 
4101 
414 
51 R 
447 
41 S 
414 
527 
441 
51 R 

r, 
(ksi) 

65.5 
745 
700 
740 
74 ] 
67 .5 
670 
620 
(067 

6.17 
745 
MI 
700 
637 
700 
644 
68 1 
670 
700 
61 I 
666 
63 R 
739 
69.0 
(062 

61') 
719 
704 
61 fl 
619 
716 
704 
719 

• • 
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RC(lurt TC5t Dult 

Nwnbu 

41 
42 
43 
4~ 

45 
46 
47 
48 
49 
50 
51 
52 
53 
5~ 

55 
56 
57 
58 
59 
60 
62 
64 
65 
66 
67 
68 
69 
70 

• 

0.875 
0.875 
0875 
0875 
0875 

075 
075 
0.75 
075 
075 
0.75 

Boll Wa~ Boh 
Grude Pre~len~ioned 

AJ25·X Ves 
AJ25·X Ves 
AJ25·X Ves 
AJ25·X Ves 
A125·X Ves 
AJ25·X Ves 
AJ25·X Ves 
A125-X Ves 
A125·X Ves 
AJ25·X Ves 
AJ25·X Ves 
A125·X Ves 
AJ25·X Ves 
AJ25·X Ves 
AJ25·X Ves 
AJ25-X Ves 
AJ25·X Ves 
A125·X Ves 
AJ25·X Ves 
AJ25·X Ves 
AJ25·X Ves 
AJ25·X Ves 
AJ25·X Ves 
AJ25-X Ves 
AJ25·X Ves 
AJ25·X Ves 
A125·X Vo< 
A125·X Vo< 

• • 

Table B-1 
Conneclion Geomeh-y And Malerial P:tI':tlllelel"S 

Platt' t 

I, 

(in) 

05000 
0.5000 
0.7500 
07500 
1.0000 
02500 
02500 
02500 
02500 
02500 
0.2500 
0 . .1750 
0.)750 
0]750 
0.]750 
0.]750 
05000 
05000 
0.5000 
05000 
06250 
07500 
0.1250 
0.2500 
03750 
02500 
05000 
0.2500 

Widlh 

(to ) 
400 
400 
400 
400 
~oo 

400 
4 .00 
400 
400 
400 
400 
400 
400 
4.00 
400 
400 
~ 00 
~oo 

400 
400 
400 
500 
500 
400 
500 
400 
500 
500 

• 

I., 
(in) 
1.750 
I 750 
I 750 
I 750 
I 750 
2000 
2000 
2000 
2.000 
2.000 
2.000 
2000 
2.000 
2.000 
2000 
2000 
2000 
2.000 
2000 
2000 
2.000 
2.000 
1.125 
1.125 
1.125 
1.125 
1.125 
I 125 

Edge 
Condition 

Sawcd 
Sawed 
Sawed 
S:med 
Suwed 

Sheared 
Sheared 
Sa\',>..:.d 

Sawed 
So\\ed 
Sawed 

Sheared 
ShcKred 
Sheared 
Sheared 
Sheared 
Sawed 
Sawed 
Sawed 
Sawed 
Sawed 
Sawed 
Sawed 
Sawed 

Sheared 
Sawed 
Sa\\cd 
Slmcd 

• 

I~ 
(ksi) 

51.8 
5] .) 

447 
447 
415 
46 I 
46.1 
47 .9 
47.8 
478 
478 
43 .. 1 

4.1 .. 1 
~3.3 

43.1 
43.] 
51.8 
51 8 
51.8 
52.7 
43.7 
44.5 
44.2 
479 
4).7 
47.9 
468 
~7 8 

73.9 
740 
704 
70 ~ 
676 
66.2 
66.2 
670 
68.] 
68.3 
68.) 
63.7 
6).7 
63.7 
63.7 
63.7 
73.9 
7.1.9 
7).9 
7.1.6 
63.3 
67 .8 
62.0 
67 .0 
63.7 
67.0 
70.8 
(jR :\ 

Plalc 2 

I, 

(in .) 

0.7500 
10000 
0.7500 
1.0000 
10000 
0.2500 
0.3750 
05000 
06250 
1.0000 
0.7500 
01750 
0.5000 
06250 
07500 
1.0000 
05000 
06250 
0.7500 
1.0000 
0.7500 
0.7500 
0.1250 
0.2500 
0.3750 
0.5000 
05000 
06250 

• 

Widlh 

(in) 
4.00 
4.00 
400 
4 .00 
4.00 
4 .00 
400 
4.00 
4.00 
400 
4.00 
4.00 
4.00 
400 
4.00 
4.00 
4 .00 
4 .00 
4.00 
400 
4.00 
5.00 
5.00 
4.00 
500 
500 
500 
500 

L, 
(in) 

1.750 
1.750 
1.750 
1750 
1750 
2.000 
2000 
2000 
2000 
2.000 
2000 
2.000 
2.000 
2.000 
2.000 
2.000 
2000 
2000 
2.000 
2000 
2000 
2000 
1.125 
I 125 
I 125 
I 125 
I 125 
I 125 

• 

Edge 
Condilion 

Suwed 
SfI,\\ed 
Sawed 
Sawed 
S.med 

Sheared 
Sheared 
Sn\\cd 
Sawed 
Su\\ed 
SHWed 

Sheurcd 
Sawed 
Sawed 
Sawed 
Sawed 
SHwed 
Sawed 
Sawed 
Sawed 
Stlwcd 
SHwed 
Sawed 
Suwed 

Sheured 
Sawed 
Sawcd 
SU\\cd 

f, 
(hi) 
44.7 
422 
447 
40 ~ 
41.5 
46 I 
437 
51.5 
45 .5 
40.4 
448 
4.1 3 
51 5 
45.5 
448 
42.2 
51.8 
454 
44 .7 
42.2 
44.9 
44 .5 
44 .2 
47 .9 
41 .7 
468 
46 R 
417 

• 

r. 
(hi) 
70.4 
67.8 
704 
66.4 
67.6 
66.2 
63.7 
74.5 
684 
664 
69.0 
6.U 
74 .5 
68.4 
69.0 
67.8 
73.9 
68.4 
704 
678 
67.8 
678 
62.0 
67.0 
637 
70.8 
70 R 
6.1 1 

• • 



• 

...... 
8 

• 

3 
4 
7 
8 
9 
10 
12 
13 
14 

" 16 
17 

1" 
19 

2" 
21 
22 
23 
26 
27 

2' 
29 
30 
31 
32 
33 
34 
3S 
36 
J1 
33 

4" 
41 
42 
43 
44 

4S 
.6 

• 

BClnns 

Un"", 
Bolt Shell 
noll She.f 
noll Site.., 
Bolt Sheat 
Sphumg 
Splitting 
Unnns 
Ilunng 
Splillmg 
Bunng 
Splttlm§ 

Boll Shear 
Holt ShcOtr 
Roll Shen 
Bol! Shear 
Bull Shc.u 
OIoKHng 
AloKlhng 
De.nns 

UIkJ ... llnS 
Ucann, 
Rcanns 
Sphth"! 
Burinl 
Bunni 
Spilth", 
Beannl 
Rc..rin! 
nUn"1 

Aolt Shellr 
Oolt Shc:.lf 
Rolt ShClf 
Dolt Shear 
Bolt Shcn 
Bolt ShClf 
Sphlh", 

276 
JOO 
363 
335 
311 
375 
13) 

16.0 
164 
112 

"2 
270 
350 
38S 
3S1 
40,0 
314 
354 
12.0 
166 
18. 
196 
110 
)02 
27) 
301 
28' 
119 
424 
'20 
41 1 
492 
523 
52' 
491 

SlI 
539 
381 

0.13 
o 70S 
o S29 
o 4~2 
o 2JS 
0218 
0927 
0066 
01)1(} 

0037 
0064 
0123 
1051 
() -167 

0230 
o 24K 
0.203 
02011 
01)62 

010" 
OH97 
0079 
() ISS 
1 110 
0687 
0 .098 
0614 
0117 
1301 
0850 
tI 8114 
OU. 
042-1 
0321 
o 28S 
0270 
0201 
1 262 

• 

276 
)00 
)63 
3:U 
311 
j7.5 

127 
136 
11. 
124 
112 
22.8 
350 
31S 
3B 
'00 
374 
)54 

118 
14 ) 

147 
IlS 
124 
102 
273 
281 
284 
289 
410 
421 
WO 
491 
521 
524 
491 
528 
539 
311 

• • 

T ahle B - 2 
Tcti t Rc,ulb Anti E'IWlliu" Cuefficient 

061l 1230 
0105 1.35 
o S29 3732 
(1442 3U96 
I) 1H 2224 
0218 17H2 
lOB 1260 
0 ,B5 1754 
U63R IS12 
I) -IS3 1537 
0569 1531 
0464 1713 
1057 2831 
0467 2313 
fI 26~ 22fi2 
o 24~ JJ76 
0.203 171'" 
0241 3995 
0121 2196 
11366 I"U~ 

0638 ISU6 
06U 1206 
0731 1179 
I IBO 2391 
o 78S 2112 
0561 2361 
#)614 1655 
0117 1lI01 
14S0 3159 
0919 3032 
11114 21n 
II 162 )1961 
I) 424 ]019 

0 .321 326. 
o 21S 5161 
0270 40"3 
0201 51'9 
I 262 IMi2 

223 
27.9 
295 
187 
154 

'63 
124 
1S4 
ISO 
14K 
140 
2f16 
2'> II 
]J 7 

"9 
'19 
16 I 
H2 
III) 

)(, I 

179 
181 
170 
245 
26 S 
291 
272 
281 
296 
177 
,.5 
452 

'SO 
480 
41 3 

'82 
51 7 
214 

2" 
2 .. 
325 
290 
00 
UII 
121 
141 
145 
1'1 
129 
247 

"2 
:U,7 
156 
11.0 
on 
00 
011 
In 
16 S 
IS 9 
16) 
250 
267 
281 
274 
275 
319 
WI 

'59 
oil( II 
4(17 

509 
470 
51 S 
Oil 
214 

25 1 
201 

'" 119 
1111 
011 
12 ~ 
141 
142 
129 
12.5 
20 
126 

'.' 
Ull 
UO 
00 
00 
00 
145 
1S9 

152 
156 
2H 
267 
283 
275 
214 
Hl 
W7 
16 II 
401 
SO q 
0.0 
110 
00 
00 
291 

272 
292 
161 
011 
00 
00 
122 
140 
112 
00 
11 5 
0 .0 
:136 
011 
00 
0 .11 
00 
00 
00 
00 
lS .l 
'4 ] 
ISO 
260 
267 
liS 
281 
276 
152 
405 
182 
on 
00 

00 
00 
00 
011 
'00 

• 

27.S 
287 
750 
111]6 
191 
]S 7 

125 
ISO 
149 
15.5 
1'8 
25< 
]21 

'62 
150 
38 1 
37 S 
Jl9 
11..5 
156 
170 
114 
16 • 
2S0 
261 
291 
271 
280 
316 
195 
'62 

4" 
SO 6 
SI S 
129 
SH 
S3 S 
292 

177 
02 
OS 
lOR 
H2 
174 I 
2419 
2045 
1918 
2141 
815 

11" 
242 
282 
23 .5 
149 
121 

1672 
1141 
1250 
1171 
692 
244 
40 I 
119 
699 
31.5 
109 
1 .. 
2' 0 
15k 
116 
142 
119 

9' 
16, 
124 

• 

0325 
0497 
0212 
0655 
0.480 
IJ 651 
0968 
2.2112 
1905 
0665 
1366 
0762 
II 399 
n 479 
0427 
0464 
o 4S I 
0429 
2.213 
1218 
06ti8 
0699 
0796 
0407 
o S60 
0147 
0.915 
064Q 

O"to 
0411 

U 514 

II 171 

n 19K 
n 461 
o 27K 
0'69 
041)0 

0268 

4337 ·218 
2817 122 
3788 1019 
1025 932 
16M71 ·31. I 
2063 20l 
1330 -56 
1960 -5 .5 
1736 ·M H 
1630 ·17.5 
1718 -121 
2135 - 14.8 
S 159 17.9 
3019 242 
JO.tO K 7 
5678 13 6 
2263 15 I 

36143 -34.2 
2733 .)) 
1700 -63 
1767 -8 S 
1-119 -19" 
1497 ·78 
3237 168 
4716 -4, 
2916 ·256 
1181 56 
3401 -85] 
60n4 241 
4k99 IM4 

lOll 4 X 
7]110 2]" 
4HQ7 269 
6611K SO 

17'\415 .... 

45597 -11" 
lM4% -17 II 
21 He 104 

• 

62.3 
05 

129 
19 

16(11 

31.9 
134 
162 
lfi 9 

IH 
160 
292 
291 
321 
)50 
46' 
384 
141.7 
120 
172 
190 
212 
118 
218 
276 
358 
26 S 

72' 
214 
,"0 
nil 
4SH 
461 
616 
1'02 
lUll 
'60 
25 .9 

0182 
o 7S2 
20 Xfi9 
110804 
112111 
1441 
2.530 
2061 
1 M41 

2x,59 
1 H6S 
1 401 
un1 
1 169 
1 106 
0752 
II 89. 
o 2S4 
1634 
1 5,0 
I leul 

1"1 
1232 
1 16. 
o IIlQ 
10M 
I H62 
I) 541) 

II JIll 
n Xlii 
lIeU1 

111')7 

\I K'S 
11610 
11226 
0310 
{l4H 

11511 

• • 
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..... 
a ..... 

Report TC'lt 

Number 
41 

'8 
.9 
lO 
II 
l2 
53 
l4 
II 
l6 
>1 
l8 

'9 
6(1 
62 
64 
6l 
66 
61 
68 
69 
10 

• 

Genton! 

R,., 
F.ilure Mode (k;".) 

Bearing 33 l 
Splil1ing 382 
Splitting 35.4 
Sphlting 311 
Splilhng 36 I 
Beanng l2 I 
Beann, l4 I 
Sphning 511 
Sphlling ll7 
SpilllinS lO l 

Boll Shur 513 
Dolt Shur 612 
Bolt Shc:u 631 
noft Shur lX K 
nolt Shc:u 662 
Bolt Shur 6H S 

!Je."ng 13.3 
ne~n"! 208 
Oe."ng 322 
Oe.ring 238 

Roll ShC:.lIr lX 
Be.mng 231 

• 

"- Rr 
(in.) (k;",) 

0.440 32.9 
0.89l 38.2 
0180 333 
0133 3l.2 
0811 36. 1 
I 41'0 l2 I 
I 10. l4 I 
0861 S 1.7 
0170 S 1.7 
II tlO6 lO 0 
o ·UII l1.3 
o ll9 63.2 
0183 62.9 
n 19ti l88 
0432 662 
o 218 60l 
008l 103 
0541 20.' 
OK76 32.2 
0118 229 
II 4116 J'1e 
() 14" 208 

• 

Ta"le B - 2 
Tcsl R. ull , And ['Iu.lion ClI. fficienll 

I;i!,atfl @ V!df)U~ ]'1"'1:1 llt'rnrn,aCiIlR" 

'" K; I(c1IO 16 in, @025in @034in. @O.SOin 
(in.) (klin.) (l.",) (k;",) (k;",) (k;",) 

() 544 247M 32.9 332 33.3 332 
0.89l 236. B." 349 3-'.1 34.8 
0744 2llll 3l.3 ll .O 345 347 
0708 1812 369 ~60 3l.3 349 
0811 2219 33 .9 ~, 6 329 339 
1480 2963 3" '99 417 .n1 
t 10" 35116 oil .3 .41 .ass ·11.0 
0868 3216 ".& J 454 46. 1 .64 
0870 2494 .18 4l I 46 I 416 
0826 21197 4' 8 'll 462 47.1 
0.81 40'6 4<l l26 514 (HI 
0519 4116 ,II J l46 SR .S 62.8 
0433 41~4 HI ,,:4 612 00 
0196 '117(, S(j x (10 110 UII 
0'32 4n4 ,44 l~ l 629 (10 
o 2S1! 4692 'H 602 0 ,(1 00 
0.143 12()(1 121 120 "' 112 
0.6l1 2274 \K9 192 199 2U.7 
0876 2190 248 2S4 28.3 301 
o l6l 1S4S 211 2.11 23.0 22.4 
11406 2967 122 14..1 3S .4 00 
0,461 IU9X 211 227 22.2 (10 

• • 

fl'hf'[ Egualilln Cfll" mcil'nC " Ricblr!1 ~~gu. t inl1 COt'ffidf'nls 

R., " k K K, R. n 
(k.",) (llin.) (WIn.) (1c/in ) (k~ 
33, 1 292 0.391 3222 l .' 32.9 1.174 
3' 6 61.1 0800 286l 1.2 34.8 1.394 
3' 9 160 1006 2100 ·9.6 37.4 1510 
36.0 119 1.186 1913 -6.9 38.2 1.993 
33,3 196 O.9t10 216l 6.9 33.l 1676 
4n9 266 0373 3412 2M9 341 1.7X5 
4l I 217 o 49R 6259 -2t1 SUI 0 .698 
45 ::1 HI 0.l62 '82l -4 .6 49.3 0 .911 
447 '86 0160 2M02 299 390 1.94' 
444 l3.l 1014 2234 40.U 314 2179 
llK 91 0 .)61 l~9l H .I 41.3 LOn 
196 88 0.348 610 1 29.1 '96 0.914 
61 ~ 90 04(n 6<1<12 61l 441 0.9l2 
l69 2K 6 o , III ICJ61 1l 616 0731 
63 n 10K U 441 M26 114 6:n 0.649 
61 1 12.9 o l41 42143 ·75 It 41M" 0.233 
120 2116 1319 I2Jl -3 I 130 3.510 
189 1191 1266 2411 120 110 2 SIS 
21.9 12.S o 3ll l601 4.' 270 0120 
230 61.0 0.977 171 I 1.8 237 1419 
3' I 239 11472 1920 2" 2", 1 14\1 
22.7 7. 9 1323 1119 2.2 23 .3 1.9711 

• • • • • 
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Test No: I 
Recorder: BK 

TEST DES IGNATION 

Summary GfOne Bolt Lap Connection Tests 

Test Designation: 1/4X 1/4X3/4 Da.e 2/ 1795 

GEO~IETRIC AND MATERIAL PROPERTIES 

BOLT 
Type: A325 

Boh Hole: S.d 
Shear Plane: X 

Diame.er (in.): 0.75 
Leng.h (in.): 2 
NUl Washer: X 

Bolt Head Washer: X 

Bol. Full)' I're.enSloned 
by Tum ofNu. Me.hod 

PLAT ES 

Top: 
Botlom: 

TEST RESULTS 

Wid.h (in.) 
5 
5 

Thickness (in) 
0.25 
0.25 

Limit State: Bearingffearoul 

CO~I ~I E 'TS 

• 1\. a load of7500 Ibs st""gh.ening of plates "as obse .... ed 

Le(," ) Edge Condll.on 
I 5 AW 
J.5 AW 

Deformation (10 ) 
Maximum: 1.08 

Failure 108 
O.her· 0.16 

025 
0.34 

• Flr~t Yielding sianed in front of the bolt on the 1/4-10 rear side plate at 20000 Ibs. 
• Plate curling and bulging on the tips of the plates \\trC' observed at 22000 Ibs 
• AI 23000 Ibs. ) Itlding startC!d on the sides of the plales in line with the bolts 
• Comers started peeling back at 23500 Ibs. 
• Bulg.lng got significant. excessive deformations occurred 10 front oflht: boi lS at 26000 Ibs. 
• . • gns of tear out appeared at 27000 Ibs. 

C HART 

)00 _ 

210 -
_. 

!!III 
.. _ ...... _IIIIIIL--... -~· . ...- .-' 

.. 200 - • Average Total I),ua Co " ~ IlO • Average Front Data 
." • • Average O:lck Data 
~ '00 --Component 

lO - . - . DetaIled Parametric 

00 I 
0000 0.00 0200 0)00 0400 o lOO 0600 0700 0800 0900 .000 

Dcfonn.lion ( in .) 

102 

Couuon No. 
2 
2 

Load (k.ps) 
289 

289 
23 .3 
2~ .7 

254 
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Te't No: I Summary afOne Bolt Lal! Connection Tests 
Recorder: BK • 
DATA Potentiometer Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 

Data Point Plate (ki~sl 90 2.1. 92 93 94 95 96 97 Avg 

I 0,2 -0.001 -0,001 -0,001 0,000 0.000 -0,001 -0,001 -0,001 0001 
2 1.2 -0,001 -0,002 0,000 -0,001 0,000 -0,001 0,000 -0.001 0,001 • 3 2,3 -0,002 -0,003 0,000 -0,001 -0,00 1 -0.00 1 0,000 -0,001 0.001 
4 4, 1 -0,003 -0,004 -0,001 -0,001 -0,002 -0,001 -0,001 -0,001 0,002 
5 7,5 -0,005 -0,007 -0,002 -0,004 -0,004 -0,001 -0,005 -0,00 I 0,004 

6 10.0 -0,005 -0,011 -0,002 -0,006 -0,007 -0,002 -0,008 -0,00 I 0005 
7 13 ,0 -0,005 -0,017 -0,002 -0,012 -0,011 -0,002 -0,012 -0,00 I 0008 
8 15,0 -0,007 -0,024 -0,004 -0,019 -0,018 -0,007 -0,019 -0,006 0,013 • 9 17,5 -0,013 -0,032 -0,009 -0,028 -0,026 -0,018 -0,027 -0.0 18 0,021 
10 20,0 -0,03 1 -0.048 -0.026 -0,043 -0,056 -0,053 -0,057 -0,053 0,046 
II 20,2 -0,050 -0,065 -0,046 -0,061 -0,083 -0,080 -0,085 -0,082 0,069 
12 21.5 -0,064 -0,080 -0,061 -0,075 -0.098 -0,097 -0,101 -0,099 0,084 
IJ 22, 1 -0,088 -0,104 -0,085 -0,099 -0,121 -0, 122 -0,125 -0,124 0.108 
14 22,3 -0, 108 -0, 124 -0,105 -0,118 -0.140 -0, 141 -0,144 -0, 144 ° 128 • 15 22,9 -0,127 -0 143 -0, 123 -0,136 -0,157 -0,158 -0.162 -0, 161 0, 146 
16 23.5 -0, 150 -0166 -0,145 -0, 158 -0,178 -0.180 -0,183 -0,183 0, 168 
17 23 ,6 -0,170 -0,185 -0,164 -0, 178 -0,196 -0,199 -0,202 -0,203 0,187 
18 24.4 -0,2 10 -0,224 -0,202 -0.216 -0.234 -0,237 -0,241 -0,242 0.226 
19 25, 1 -0,272 -0,283 -0,263 -0.277 -0,295 -0,299 -0,303 -0,305 0,287 
20 25,5 -0,298 -0,3 1O -0,289 -0,303 -0,322 -0,325 -0,329 -0,33 1 0,313 
21 25.5 -0,319 -0,330 -0,3 I ° -0,323 -0,J44 -0,347 -0,351 -0,353 0,335 • 22 25.4 -0,333 -0,346 -0,324 -0,)38 -0,357 -0,360 -0,364 -0,366 0,348 
23 25,8 -0,371 -0,384 -0,364 -0,377 -0.394 -0,397 -0.401 -0.403 0386 
24 25,7 -0,394 -0.407 -0,387 -0.400 -0.417 -0.421 -0,423 -0.426 0409 
25 26,1 -0.481 -0.494 -0476 -0.488 -0,502 -0,506 -0.508 -0.510 0496 
26 26.5 -0,531 ·0.544 -0527 -0,540 -0.552 -0,556 -0,558 -0560 0,546 
27 27.0 -0630 -0,642 -0.623 -0.636 -0647 -0,650 -0,652 -0,654 06·12 • 28 27,2 -0,681 -0,691 -0,675 -0,688 -0.699 -0,703 -0,705 -0,707 0,694 
29 26.8 -0.727 -0738 -0,720 -0,732 -0,743 -0.747 -0,75 1 -0,753 0739 
30 27,7 -0,789 -0798 -0,777 -0,788 -0,80 1 -0.806 -0,810 -0,813 0.798 
3 1 27,8 -0,835 -0,845 -0,824 -0.839 -0,850 -0,855 -0,857 -0,859 0.845 
32 28,1 -0881 -0,89 1 -0,872 -0,886 -0,895 -0,900 -0,902 -0.904 0,891 
33 28,7 -0,969 -0,98 1 -0,962 -0,977 -0.989 -0.995 -0,999 -1.003 0985 • 34 28,9 -1.057 -1.068 -1.051 -1.068 -1.088 -1.096 -LI 02 -1.107 108O 
35 24,3 -1.062 -1.073 -1.056 -1.072 -1.154 -Ll60 -Ll72 -Ll77 1.116 
36 16,5 -1.061 -1.072 -1.053 -1.070 -1.206 -1.214 -1.235 -1.238 I 144 
37 16.4 -1.060 -1.072 -1.053 -1.070 -1.206 -1.214 -1.234 -1.238 1.144 
38 0,1 -1.023 -1.046 -1.025 -1.055 -Ll79 -1.195 -1.221 -I 228 I 122 

• 
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Tesl ' 0: 3 
Recorder: OK 

umman afOne Boh Lap Connection Tests 

Tesl Designation' 1/4X I12X3/4 

GEOMETRIC A 'D MATERIAL PROPERTIE 

BOLT 

PLATES 

Type. A325 
Bolt Hole' Sid 

Shear Plane' X 

DJametcr (in.): 0.75 
Lenglh (10 .): 2.25 
NUl Washer X 

Bolt Head Washer' X 

Widlh (10 ) Thickness (10 ) 

0.25 
!&W:Ll 

Top: 5 
Bonom: 5 0.5 

TE T RESULTS 

Limn State: Bcarmgffcarout 

COMMENTS 
• Yield 109 s.arted 10 fran. oflhe bolt on PL·2 a. 13000 Ibs 
• Yleldmg on the sides ofPL·2 s.arted 01 19500 Ibs 
• Bul~tng was observed on PL-2 at 3 load or 21200 Ibs 
• Yielding on PL·12 01 load 23500 Ibs. 
• C\ccsslve bolt hole elongallon a. a load of2~5oo Ibs on PL·2 
• PL-2 tC.lrt.d out at a load of"29JOO? Ibs 

CIIART 

300 

250 

i 
~ ISO ., 
• 
~ 100 

SO 

00 

Avc=rage Total Data 

-e-A\era&e Front D:ua 

--.-A"eta&c 83d. Data 

--Component 
- . - . Dttallcd Parametric 

IS 
IS 

Ma.\lmum 
Failure 
Other' 

Da.e . 2'2795 

Bolt F'ull~ Prclcnsloned 
b~ Tum of NUl Me.hod 

Edge Cond.llon Coul1!ln No 
AW 2 

SAW 12 

Deformallon (In ) Load (.,pS) 

0613 276 
0613 276 
0.16 2:!J 
0.25 239 
034 25.1 

0000 0100 0200 0300 0400 a soo 0600 0700 

Ddormllion (IA.) 

104 
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To .. No: 3 ummarv of Onr Bolt L.a[! Connection Tests 

Recorder: 8f( • 
!Mll Potenllomeler ReadJn!!s (10 .) 

Load pcr FI F2 F3 F4 RI R2 R3 R~ TOlal 

Data POlOt PI.,. (kIQ'} 90 ~ 2I 93 94 95 96 97 A,S 

I 1.0 0 0 0 0 0 0 0 0 0000 

2 2.0 0 0 0 0 0 0 -0.001 0 0.000 • 
3 3.0 -0.001 -0001 0 0 0 0 -0.001 -0.001 0001 

4 4.0 -0.002 -0.002 0 0 0 0 -0.001 -0.001 0.001 

5 5.0 -0.003 -0003 0 -0003 0 0 -0.003 -0.003 0.002 

6 6.0 -0004 -0004 0 0 0 -0.001 -0004 -OOO~ 0002 

7 7.0 0 0 0 0 0 -0.002 -0.006 -0.006 0.002 

8 1.0 -0001 0 0 0 0 -0002 0 0 0000 • 9 4.0 -0.003 -0.003 0 0 0 0 -0001 -0.003 0001 

10 5.0 -0.004 -0.003 0 0 0 0 -0.003 -O . OO~ 0.002 

II 60 -0006 -0005 0 0 0 0 -0.005 -0.008 0003 

12 8.0 -0.013 -0.007 0 0 0 0 -0.008 -0026 0007 

13 10.0 -0.015 -00 12 -0006 -0004 -001 1 -0.024 -0.019 -0.034 0016 

14 II.S -002 -0019 -0007 -0.01 -0017 -0031 -0.026 -0042 0022 • IS 13.1 -0.024 -0025 -0.01 -0014 -0.02 -0.037 -0031 -0.~9 0026 

16 14.5 -0029 -0034 -0012 -002 -0026 -0045 -0039 -006 0033 

17 16.0 -0.034 -0041 -0015 -0.027 -0.033 -0053 -0.047 -0069 0040 

18 17.4 -0047 -0056 -O.Q2S -0.039 -004 -0063 -0.058 -0081 005 1 

19 18.5 -007 -0083 -0045 -0.063 -0058 -0.083 -0079 -0 105 0073 

20 19.9 -0087 -0.101 -0.059 -0.079 -0.073 -0099 -0.096 -0 I2J 0090 

21 20.8 -0.108 -0.123 -0079 -0.1 -0,09 -0 118 -0,11 6 -0.144 0. 110 • 
22 21.8 -0.137 -0154 -0 105 -0129 -0115 -0.144 -0.143 -0. 17~ 0138 

23 22.5 -0.171 -0 189 -0 1J8 -0 163 -0145 -0.175 -0.177 -0.207 0.171 

24 23 .3 -02 -022 -0 166 -019 -0. 172 -0203 -0 .206 -0237 0199 

25 23.9 -0.252 -0272 -0,214 -024 -0.218 -0.25 -0.256 -0.286 0249 

26 24.5 -0,314 -0.337 -0.274 -0.301 -0.279 -0.312 -0.32 -0.35 0,31 1 

27 25.4 -03M -0386 -0321 -0,35 -OJ3 -OJ64 -0.372 -0403 0361 • 
28 25.9 -0416 -0438 -037 -0.4 -0383 -0418 -0426 -046 0414 

29 268 -0472 -0.496 -0.425 -0.456 -0.437 -0474 -0483 -0517 0470 

30 27 .4 -0.5 IJ -0537 -0.466 -0497 -0478 -0.516 -0526 -0558 0511 

3 J 27.5 -0.562 -0.586 -0.515 -0546 -0527 -0.564 -0.576 -0609 0.561 

32 27.6 -0615 -0639 -0567 -0.598 -0.578 -0617 -0628 -0661 06 13 

JJ -0.055 -002755 -0.615 -0639 -0567 -0598 -0.578 -0617 0462 • 

• 

• 
105 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Tr I 0: '
Rrcorder: 8f< 

.. umm.n' or Onr Boll UP Connection Te~tJ 

T E. T DESIG ' ATIO'll 

Test Deslgnatton I ~X518X3 ~ 

GEO \l ETRIC AND MATERI AL PROPERT IES 

DOLT 
Tlpe A315 Dlameu:r (in) 

Bolt 1I01e. td Length (In ) 

Shear Plane X U1 Washer 
Bolt lIead IV asher 

PLATE 
Width {In 1 lll1cl.n~ 

Top 5 025 
Bonom 5 0625 

Limit tate Bearlng'Tearout 

CO.\I \l ENT 
• Ylclulng on PL·2 staned at 19000 Ibs 
• PL·~ tcnded to bend out of plane 3t 24000 Ib 
• Bulging on the lip ofPL·2 <t.ned at 21>000 Ibs 
• Yielding on the Sides ofPL·2 occurred.t 28000 Ib, 
• Bolt holes stretched excessl\cI~ at 29000 Ibs 
• Y I<ldlng on PL·13 .t 29500 Ib 
• Rupture on PL·2.t 30000 Ibs 

CII RT 

350 

300 

{In I 

0.75 
2.75 
X 
X 

Iellnl 
I.S 
15 

Ma.'lmum 
rallurc 

ther 

1S 0 -_ . -.- --_.-.-.-._.--
i 
~ ZOO 

1 ISO 

tOO 

50 

00 

A veralc T oUtI Data 
A .. cr.cc Front Data 
A\Ct'I&c ~l. Data 

--Componcnl 
- . - - Detailed ParMIClnC 

0000 Otoo 0200 OlOG 0400 OSOO 0600 0700 0 

[)rfonnlholl fi ll., 
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Bolt Full) Pretcnsloncd 
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016 
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Te" No: 4 umman' or Ont 8011 Lan Connection Tests 

Recorder: BK • 
!Lll Potenllom~er RcadlO~ (in) 

Load per FI F2 FJ F4 RI R2 RJ R~ Total 

Data POint Plate (k'2sl 90 21. 92 9J 94 95 96 21 ~ 
I 14 0.000 0.000 -0001 -0.001 0.000 -0001 0.000 -0001 0000 

2 1.8 0.000 0.000 -0001 -0.00 1 -0.001 -0.001 0.000 ·0001 0001 • 3 1.9 -0001 0000 -0.001 -0.001 -0.001 -0.001 0.000 -0.001 000 1 

4 2 I -0001 0000 -0.001 -0.001 -0001 -0.001 0000 -a 001 0001 

5 2.6 -0001 0.001 -0.002 -0.002 -0.001 -0002 0.000 -0001 0001 

6 2.8 -0001 0001 -0002 -0.002 -0.002 -0.002 0.000 -a 001 0001 

7 31 -0.001 0001 -0002 -0.002 -0.002 -0.003 0000 -0.001 0001 

8 3.6 -0001 0001 -a 004 -0.002 -0.002 -0004 0.000 -0.001 0002 • 9 4.1 -a 001 0.00 1 -0004 -0002 -0.003 -a 005 0.000 -0001 0002 

10 46 -0001 0001 -0.004 -0003 -0.004 -0006 0000 -0.001 0.002 

II 5.5 -0002 0.000 -0.006 -0004 -0.004 -0007 0000 -0001 0003 

12 6.1 -0.002 0,000 -0,007 -0.004 -0004 -0008 0000 -000 1 OOOJ 

13 7.1 -a 002 0.000 -0.008 -0.005 -0005 -0010 0001 -0002 0004 

I~ 82 -0.002 -0.001 -0009 -0.006 -0.006 -0012 0.000 -0.002 0005 

15 9 I -0003 0.000 -0011 -0.006 -0.007 -a 013 0.000 -0.003 () 005 • 
16 11 0 -0006 0.001 -0.0 17 -0.007 -0.007 -0020 0.000 -0007 0008 

17 124 -0010 0000 -0.023 -0.009 -0.010 -0.028 0.000 -0.013 0.01 1 

18 13 .2 -0013 -0001 -0027 -0,012 -0,012 -0032 -0001 -00 17 0.0 14 

19 148 -0018 -0003 -0034 -0016 -0.015 -0040 -0002 -0021 0019 

20 16.6 -0,026 -0.007 -0.044 -0023 -0.020 -0.048 -0003 -0027 0025 

21 17.8 -a OJO -0.010 -005 I -0.028 -0.023 -0.054 -0.005 -0,031 0029 • 
22 19.3 -0.039 -0017 -0061 -0037 -0028 -0062 -0008 -0036 006 

23 20.7 -0046 -0023 -0072 -0046 -0.034 -002 -0.012 -a 043 0043 

24 22.6 -0.064 -0,036 -0094 -0064 -a 051 -0092 -0025 -0058 o ()60 

25 23.0 -0.070 -0.040 -0 100 -0069 -0.056 -0097 -0029 -0063 0006 

26 246 -0.091 -0.057 -0 124 -0090 -a 076 -0121 -0045 -0 083 () 086 

27 256 -0106 -0069 -0142 -0106 -0092 -0.137 -0 057 -0097 () 1f)1 • 28 267 ·0 122 -0083 -0161 -0.122 -0108 -0154 -0.072 -0112 0.117 

29 278 -0.153 -0.111 -0.194 -0.155 -0.139 -0 186 -0.099 -0141 o 147 

30 28.1 -0.202 -0.158 -0246 -0.205 -0. 189 -0239 -0. 147 -0.190 0197 

31 286 -0308 -0.264 -0.356 -0.315 -0.300 -0.353 -0.255 -0.300 0,306 

32 28.9 -0410 -0.365 -0459 -0418 -0406 -0460 -0.359 -0405 0410 

33 292 -0511 -0468 -0.560 -0.522 -0.507 -0.562 -0.458 -0.504 0.511 • 34 296 -0.6 10 -0.568 -0662 -0.625 -0607 -0664 -0.558 -0.604 0612 

35 30.0 -0.702 -0660 -0755 -0718 -0700 -0758 -0648 -0695 0705 

36 25 .5 -0834 -0797 -0886 -0852 -0835 -0890 -0784 -0829 0838 

37 18.2 -0863 -0824 -0.915 -0.876 -0.906 -0950 -0.870 -0.905 0888 
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Te t "0: 7 
Recorder: 81{ 

~ ummln afOnr Bnll Lin Connect ion Tnt 

TEST DE IG"iATIO'i 

T ( t DesignalJon: ) 8X) 8X)14 

GEO\IETRIC A'l/O MATERIAL PROPERTIES 

BOLT 

PLATE 

T}p< A32~ 
Bolt Hole td 

Shear Plane >. 

WIdth (on I 
Top 4 

Bottom 4 

TESTRES LTS 

Limit State Bolt hear 

• Bolts tcnded to dec lane at J 6000 Ibs 

Dtameter (on I 0 . 7~ 

Len~th (on I 2.25 
Nut \\ asher X 

Bolt Head \\ asher X 

ThlClne< (on I 
0.37~ 

0375 

hrun.J 
1.5 
1.5 

1aAimum 
Failure: 
Other 

Date) 8 93 

Bolt r ull} Pretensloned 
h) Tum of Nut lethad 

Cou!:!!!" No 
10 
10 

Dcfonn311on (In ) Load (~Ipsl 
0529 36.3 
0~29 161 
0 16 295 
025 325 
034 .;.t 4 

• ~hr of the. connecuon occured \ \ 1000 \b~ bec .. u~ of non·prttcnsIOmni! \\ uh I banpmg "Ound 
• Y l<1dlng on PL· I 0 \\as seen at a load of 28500 Ibs 
• I'L·IO bended out of plane at 29000 Ib, 
· r'r' of the platescurlled b cl at 31000 lb. 
• Bolt holc stretched at 35000 lb. 
• Bolt fOIled on shear at a load of 36300 lb. 

IJ\RT 

'00 

]So 

,DO 

i 250 

~ 200 
." 

: "0 
tOO 

50 
00 _ 

0000 ODS() 0100 DIS() 

A\craiC Togi tnu 

A" trIIc front Dlta 

A\lmIC &d, [)aUl 

--Componenl 

- . - . Detailed Panmttnc 

0200 02s() 0,00 D'S() 0400 O'S() 0 jon 
DdonnlHon (in.) 
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• 
Ttsllllo: 7 ummlrv or One 80lt Lal! Connection Test! 
R~(order: BK • 
!ML Potentiometer Rcadmgs (In ) 

Load per f1 f2 F3 F4 R1 R2 RJ R4 TOI.1 

Data Pomt P1ale {ll~ l 90 II 92 93 9~ 95 96 ~ A'g 
1 2.2 -0001 0000 -0001 0.000 0.000 -0001 -0001 0000 0000 

2 3.3 -0001 -0001 -0.002 -000 1 0.000 -000 1 -0.001 -000 1 0001 • 3 3.9 -000 1 -0 00 1 -0002 -000 1 0.000 -000 1 -0002 -000 1 0001 

4 5 I -0001 -000 I -0 003 -0.00 I 0.000 -000 I -0003 -0.00 I o 00 I 

5 6.1 -0001 -0001 -0003 -0002 0000 -000 I -0004 -000 1 0002 

6 6.5 -0 002 -0001 -0004 -0.002 -000 I -000 I -0004 -0001 o 002 

7 6.9 -0 002 -000 I -0.004 -0003 -0.00 I -000 I -0.004 -000 I 0002 

8 7.4 -0002 -0002 -0004 -0.004 -0.00 I -0.002 -0004 -0001 0.003 • 9 80 -0 002 -0.002 -0004 -0004 -0 00 I -0002 -0 OO~ -0 002 0.003 

10 85 -0003 -0.002 -0.005 -0004 -0001 -0002 -0004 -0 002 o 003 

11 8.5 -0003 -0002 -0004 -0.004 -0.00 1 -0002 -0.004 -0002 0003 

12 91 -0003 -0002 -0.004 -0004 -0002 -0002 -0006 -0002 0003 

13 102 -0003 -0003 -0003 -0.004 -0.002 -0003 -0.006 -0002 o 003 

14 114 -0003 -0003 -0003 -0004 -0.002 -0004 -0007 -0003 OOO~ 

IS 129 -0004 -0.004 -0.004 -0.005 -0.004 -0005 -0009 -0004 0005 • 
16 140 -0006 -0003 -0006 -0.005 -0.010 -0011 -0016 -0012 0008 
17 148 -0012 -0006 -0.012 -0.008 -0024 -0.020 -0.031 -0021 0017 

18 16.2 -0029 -0025 -0031 -0.028 -0.054 -0043 -0059 -0 0~2 0.039 
19 181 -006 1 -0056 -0.065 -0.061 -0. 104 -0087 -0.105 -0085 0078 

20 17.5 -006 1 -0.056 -0065 -0061 -0. 104 -0087 -0 1 0~ -0085 0078 
21 189 -0065 -0059 -0069 -0065 -0.108 -0090 -0.108 -0089 0082 • 22 21.7 -0072 -0066 -0076 -0072 -0.114 -0095 -0 116 -0095 (1088 

23 23 .9 -0079 -0072 -0085 -0.080 -0.122 -0 103 -0125 -0.102 (10% 
24 260 -0087 -0081 -009~ -0090 -0.133 -0 111 -0 136 -0 111 0 105 
25 27.6 -0098 -0093 -0108 -0.103 -0146 -0125 -0.152 -0 126 0119 
26 286 -0117 -0111 -0128 -0123 -0 167 -0144 -0174 -0146 0139 
2 294 -0133 -0128 -O . 1~5 -0140 -0186 -0163 -0194 -0164 (1 157 • 28 31 ~ -0189 -0185 -0201 -0.197 -O . 2~ 1 -0217 -0.253 -0220 (1213 

29 32.9 -0242 -0238 -0253 -0.253 -0.297 -0.269 -0307 -0271 0266 
30 339 -0292 -0289 -0304 -0303 -0347 -0319 -0357 -0319 0316 
31 349 -0338 -0336 -0352 -0350 -0.393 -0366 -0405 -0.366 0363 
32 354 -0399 -0395 -0412 -0412 -0 45~ -0426 -0465 -0427 0424 
33 36. 1 -0465 -0462 -0480 -0478 -0524 -0494 -0533 -0492 0491 • 34 36.3 -0504 -0 500 -0.5 18 -0.5 18 -0562 -0.532 -0.572 -0.530 0529 
35 16 -0.569 -0.566 -0584 -0.584 -0628 -0598 -0640 -0.596 0596 
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Test 1\0: 8 
Recorder: OK 

TEST DESIG NATIO ' 

Summary afOne Bolt Lap Co nnection Tests 

Test Designation' 318X I12X3/4 Date' 3 8 95 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 
Type: A325 

Bolt Hole: Std 
Shear Plane: X 

Diameter (in .)' 0.75 

Lenglh (in .): 2.75 
Nut Washer; X 

Bolt Head Washer: X 

Bolt Fully Pretensioned 
b)' Tum of NUl Method 

PLATES 

Widlh (in .) Thickness (10 .) 1ru!Ll Edec Condition Counan No 
Top: 4 0.375 1.5 SA\\ ' 10 

Bottom: 5 0.5 1.5 SAW II 

TEST RESULTS 
DeformallOn (10 ) Load (k.ps) 

Limit State; Bolt Shear Maximum, 0.442 335 
Failure' 0.442 335 

Other' 0.16 187 

0.25 29 
0.34 J I 9 

COMMENTS 

• Conneclion slipped at a load of 9000 Ibs with a bangmg sound. excesSIVe deformattons occurred at that pOI 
o PL-10) .tlded al 19000 Ibs. 
o Bolts declined and PL-ll ~ .elded at 24500 Ibs. 
o y.e1dmg on the SIdes of PL-I 0 at 28000 Ibs. 

o Bolt hole on PL-l 0 stretched and tips curled back at 30000 Ibs. 
o Bulsms on PL-IO at 31000 Ibs. 
o Ilolt failure at 33500 lbs. 

C HART 

400 

350 _ . -.- . 
300 _ . - . -

.-.-' _ .-' 
. -'-

i 25 0 ~ 

~ 
I ~A\peragc TOlal OaUl 

200 
.." ~Avcragc Front Dala • ~ ______ A vc11lgc Back Oala 

100 --Component 
sO _ . _ . Detailed Parametric 
00 

OODO ooso 0.00 0150 0200 0]50 0300 0350 0400 0450 

Ddonn.1ion (in. ) 
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Test 1\'0: 8 Su mmary orOne Bolt La[! Connection Tests 
Recorder: 81( 

DATA POlentiomCler Reading.s (in.) 
Load per FI F2 F3 F4 RI R2 R3 

Dala Point Plale (kies) 90 2.! 92 93 94 95 96 
I 1.8 0.000 0.000 -0.001 0.000 0.000 -0.001 0.000 
2 2.7 0.000 -0.001 -0.001 -0.001 -0.001 -0.002 0.000 
3 3.2 -0.001 -0.001 -0.001 -0.001 -0.001 -0.002 0.000 
4 4.2 -0.001 -0.001 -0.002 -0.001 -0.001 -0.004 0.000 
5 4.7 -0001 -0.001 -0,002 -0.00 1 -0.002 -0.004 0.000 
6 5.2 -0001 -0.00 1 -0.003 -0.001 -0.003 -0.006 -0.002 
7 5.9 -0004 -0.004 -0.006 -0.005 -0.006 -0.010 -0.004 
8 6.6 -0,006 -0.008 -0.010 -0.010 -0.015 -0.017 -0.012 
9 7.4 -0.010 -0.012 -0.013 -0.015 -0.056 -0.055 -0.054 
10 8.6 -0.030 -0.039 -0.034 -0.042 -0.086 -0.084 -0.081 
1/ 10.7 -0.060 -0.075 -0.065 -0.079 -0.147 -0.144 -0. 141 
12 12.3 -0.070 -0.089 -0.075 -0.093 -0.155 -0.152 -0. 148 
13 13.6 -0.076 -0,099 -0.081 -0,101 -0.159 -0. 155 -0.151 
14 14.9 -0.109 -0.138 -0.114 -0, 138 -0.168 -0.163 -0.158 
15 17.0 -0.125 -0.153 -0.130 -0.155 -0.175 -0. 171 -0.163 
16 19.0 -0.128 -0.163 -0.135 -0,166 -0,180 -0. 180 -0.169 
17 24 ,7 -0.142 -0.196 -0155 -0.204 -0.212 -0.222 -0.193 
18 28.4 -0,177 -0.237 -0,196 -0.255 -0.257 -0.271 -0.235 
19 30,2 -0.221 -0.286 -0,246 -0.304 -OJ06 -0,323 -0.281 
20 31.8 -0.272 -OJ40 -0.300 -0.359 -0.358 -0.376 -0.330 
21 32.6 -0.323 -OJ90 -0.351 -0.410 -0.408 -0.427 -OJ78 
22 33 .5 -0.383 -0450 -0.410 -0.470 -0.464 -0.483 -0.431 
23 1.7 -0.446 -0.515 -0.4 75 -0.535 -0.520 -0.542 -0.487 

111 

R4 
97 

0.000 
0.000 
-0.001 
-0.001 
-0.001 
-0.002 
-0.006 
-0.012 
-0.051 
-0.080 
-0.139 
-0.145 
-0. 148 
-0.153 
-0.158 
-0.166 
-0,200 
-0.246 
-0.293 
-0344 
-0.392 
-0.447 
-0.505 

Total 
Avg 

0.000 
0.001 
0.001 
0.001 
0.002 
0,002 
0006 
0011 
0,033 
0.060 
0.106 
0. 11 6 
0.121 
0. 143 
0.154 
0. 161 
0.190 
0,234 
0.283 
OJ35 
0.385 
0,442 
0.503 
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Te" l'io: 9 
Retorder: BI\: 

Summan-o orOne Bolt Lip Connect ion Tf'sts 

TEST DESIG ATION 

Test Designation: 318X518X314 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

TEST RES 

Type: A325 
Bolt Hole: Std 

hear Plane: X 

Widlh {In } 
Top. 4 

Bonom: 5 

LTS 

limit une Bolt Shear 

CO \lM ENT 
• y,eldmg occurred on 1'1.-10 at 31000 Ib, 
• PL-IO bonded out of plane at 32500 Ibs 
- PL-3 ~ ,elded at 35000 Ibs 

Dtamete, (10. ) 0.75 
Length (in ). 2.15 
Nut Washe, X 

Bolt IIead Washer' X 

Thld..ness {m 1 
0.315 
0625 

Le(m.) 
1.5 
1.5 

Ma\lmum' 
Failure . 

Other: 

• y,eldmg on SIdes of both PL-IO and PL-3.t 36500 Ibs 
• Bolt sheared at 31000 Ibs. 

CHART 

400 

)50 

Date 3995 

Bolt Full) P,etenStoned 
b) Tum of Nut Method 

Defannatlon tm } 
0235 
0.235 
016 
025 
0.34 

l.oad I~tpsl 
37 I 
171 
354 
NA 
"A 

)00 ----_ . -'- '-'-

i 250 
:. 

" • ISO c 

50 

00 

0000 0050 

_.- ._.- . . ---.- . 
~A\I(,rlgc Total Dall 

~Avcrage Fron! Data 

A vt:ri{!1! B3d. Oala 

--Componenl 

- . - . Detailed P:u'urnetnc 

o tOO o t50 

Ddormltioll (In., 
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Test i"o: 9 umrnn\ orOne Bolt Lal! Connection Tests 

Recorder: Bf{ • 
DATA Potentiometer Readmgs em.l 

Load per FI r2 F3 F4 RI R2 R3 R4 Total 

Data POint Plate {kln'l 2Q 2! 92 93 94 95 ~ 97 illS 
1.2 .oOOI 0.000 .o.002 .oOO I .o.002 -0.001 0.000 .oOOI 0001 

2 3.0 .o.OO I -0.00 1 -0.003 -0.002 -0.003 -0002 0.000 -0.001 0.002 • 
3 43 -0001 -0.001 .o.()().l -0003 -O .OO~ .o.003 0.000 0000 0.002 

4 5.9 -0001 0.000 .oOO6 .oOO4 .oOO6 -0005 0.000 .o 00 I 0003 

5 6.6 -0.001 0000 -0.007 -0.004 -0.006 -0.006 0.000 -0.001 0.003 

6 7.3 -0001 -0001 -0008 -0.006 -0007 -0007 .oOO I -0001 O . OO~ 

7 86 -0001 0.000 .oOIO -0.006 .o007 .o007 -0001 .oOOI o ()().l 

8 10.0 -0.002 0000 -0012 -0.007 -0008 -0009 -0.001 -0002 01105 • 9 116 -0.006 -0001 -0.015 -0006 -0.010 -0013 -0002 -OOO~ 0007 

10 12.3 .o 007 0000 -0018 -0.006 -0.011 -0.015 -0002 -0004 0008 

II 134 .oOIO -0.001 -0.021 -0.005 -0.012 -0.018 -0002 -0.006 0009 

12 14.6 -0.0 15 -0001 -0.027 -0.003 -0.015 -0023 -0.004 -0.010 0012 

13 16.5 -0.023 .o007 -0036 -0.006 -0026 -0.032 .o.013 -0.018 0020 

14 21 . 1 -0042 0.011 -006 1 -0.009 .o.062 -0.064 -0.044 -0045 0.040 • IS 23 .7 -0053 0008 -0.073 -0.015 -0.073 -0.074 -0.051 -0.051 ON8 

16 23.7 -0053 0009 .o073 -0.015 .o.073 .o.074 -005 1 -0051 0048 

17 254 -0059 0.006 -0.083 -0020 -0.079 -0.081 -0056 -0.056 0.054 

IK 27.3 -0067 0000 -0092 -0.028 -0.087 -0089 -0.061 -0062 006 1 

19 288 -0.076 -0006 .o 105 -0.037 -0095 -0099 -0067 -0069 0069 

20 309 -0091 -0019 -0 126 -0.054 -0.11 2 -0.116 -0.08 1 -0.082 0085 

21 31 5 -0.098 -0024 -0134 -0062 -0.120 -0.124 -0.087 -0.089 0(192 • 
22 324 -0 105 -0031 .o. ln -0069 -0128 -0133 -0094 -0.096 011)0 

23 33 .2 -0113 -0038 -0.154 -0080 -0140 .o 144 -0 105 -0.106 0.110 

24 347 -0 139 -0062 -0 185 -0.107 -0.169 -0 . 1 7~ -0. 132 -0.134 o 138 

25 36.4 -0 190 -0110 -0239 -0.160 -0.226 -0231 -0.185 -0188 0191 

26 37.1 .o 230 -0150 .o 282 -0.201 -0273 -0279 -0.231 -O.Dl 0235 

27 2.3 -0359 -0275 .o416 -0334 -0407 -0415 -0.363 -0.364 0367 • 
28 24 -0413 .oJ27 -0471 .oJ88 -0465 -0474 -0421 -0423 0423 

• 
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Tesl \0: 10 
Recorder: Bf..: 

ummlln' afOnr Bnlt UP Connection Tests 

T c t Designation 3/8X3/4X34 

GEO"ETRIC Al'iD MATERIAL PROPERTIE 

BOLT 

PLATES 

T)pc:: A325 
Boll HoI< ' Id 

Shear Plane X 

Width (In ) 

Top 4 

Bouom 5 

Diameter (In I 0.75 
Lenglh (In) 27S 

ut Washer X 
Boll Head Washer X 

Thid.ne 1m) 
0.375 
075 

Dale 3 10 9~ 

Bole Full) Preten loned 
b) Tum of ul Method 

Edge Condition 
AW 

HEAR 

Dcfonnnuon (In ) 

Coupon No 
10 
7 

Load (lips) 
Limit tate Boll hear Ma.\.lmum 0118 ~., S 

CO\l"ENT 
• Yielding staned on PL-IO •• 25000 Ibs 
• Yielding on the Sides of PL-I 0 •• 36000 Ibs 
• Bulging on PL- IO at 37000 Ib, 
• Bole sheared at 37500 Ibs 

CHART 

400 

)sO 

)00 - _._.--_.- .. 
'-'-' 

i 2S0 

:; 200 
'i .:l ISO 

.00 

SO 
00 

0000 OOSO 

A\le:raIC Total Oala 

A\,rfII£c Front Data 
A ... crace 8acL Dati 

--Component 
- . - . Ocuulcd ht'amtutt 

0100 o ISO 

Derormalion (ia.) 

114 

0200 

Failure 0.218 375 
O.her o 16 36.1 

025 A 
0.34 NA 

o 2SO 0300 
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Tes,r;o: 10 Summan' orOne Bolr L2(! Connection TeSis 

Recorder: 81< • 
DATA Pottnuometer Readings (In) 

Load per FI F2 F3 F~ RI Rl R3 R~ 101.1 
Dala POint PI ... (kI2'l 90 2.! 92 93 94 95 96 97 A \ l! 

2.3 -0.001 0.000 -0.001 -0001 -0002 -0002 -0001 0000 () 001 

2 3.4 -0002 0.000 -0.002 -0.001 -0004 -0.004 -0001 0000 0002 • 3 46 -0002 0000 -0.002 -0.002 -0.005 -0004 0.000 0000 0002 
4 5.3 -0002 0.000 -0.003 -0.002 -0.005 -0.005 0.000 0.000 0.002 

5 6.3 -0002 -0.001 -O.()().l -0.003 -0.006 -0.006 -0002 0000 0003 

6 7.5 -0002 -0001 -0.004 -0.004 -0.007 -0.008 -0.002 0.000 0003 
7 8.6 -O()().l 0000 -OOOS -0.003 -0.007 -0012 0.000 . -0 002 0004 

8 97 -0004 -0001 -OOOS -0.003 -0.008 -OOIS -0.001 -0 ()().l o OOS • 9 11.1 -0005 -0001 -0.006 -0.003 -0.009 -0018 0000 -OOOS 0006 
10 12.2 -OOOS -0001 -0007 -0.004 -0.009 -0021 -0.001 -0008 0007 

II 13 .6 -0006 -0001 -0 ()()8 -0.004 -0.008 -002S 0.000 -0010 o ()()8 

12 14 .9 -0006 -0 ()() I -0009 -0005 -0007 -0029 -0.001 -0014 0009 
13 15.9 -0006 -0.001 -0011 -0.006 -0006 -0.034 0.001 -0017 0010 
14 16.8 -0007 -0001 -0012 -0006 -0.005 -0037 0002 -0020 0011 • IS \8 .3 -0 .00'l -0001 -0014 -0.006 -0.004 -004S O.OOS -0 .026 0013 
16 20.2 -0.015 -0002 -0020 -0.007 -0.004 -0.OS3 0.006 -0033 0016 
17 22.0 -0.020 -0.003 -0.026 -0.009 -0.005 -0.OS9 0.007 -0038 0019 
18 23 .5 -0.023 -0.004 -0.030 -0.010 -0.007 -0.064 0.006 -0.043 () on 
19 25.0 -0027 -0006 -0035 -0.0 13 -0.009 -0.071 0.005 -0.048 0026 
20 26.8 -0.032 -0.009 -0.042 -0.0 18 -0.0\3 -0.08 1 0.002 -0.056 0.03 1 
21 28.2 -0.037 -0012 -0.046 -0021 -0.020 -0.090 -0001 -0.064 0.036 • 
22 29.5 -0041 -0015 -0051 -0026 -0027 -0.10 1 -0007 -0073 o ()43 

23 31.4 -0049 -0023 -0.061 -0.034 -0.043 -0 \21 -00\8 -0089 () OS5 
24 32 .8 -0065 -0040 -0078 -0.051 -0065 -0146 -0037 -0 III (1074 
2S 34 .5 -0091 -0066 -0 lOS -0.080 -0.095 -0179 -0064 -0.141 II 103 
26 36.2 -0142 -0117 -0 159 -0. 133 -OIS3 -0238 -0 118 -0198 () 157 
H 37.S -0202 -0 I 7 '()2:! J -0.194 -0214 -0300 -0.177 -026() () 218 • 28 84 -0253 -1907 -0271 -0.227 -040S -0462 -0496 -O.S43 () 946 
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Test '0: 12 
Recorder: BK 

Summary or One Bolt Lap Connection Tests 

TEST DESIGNATIO 

Test Designation: 118X 118X3/4 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

Type. AJ25 
Bolt Hole: Std 

Shear Plane ' X 

Diameter (in.): 0.75 
Length (in.)' 1.75 
Nut Washer: X 

Bolt Head Washer: X 

WIdth 'in} Thlckness{m } LelIO ) 
Top: 6 0. 125 

Bonom: 6 0.125 

TEST RES ULTS 

Limit State' pltlung 

COM 1ENTS 
• Bolts decltned at 5000 Ibs 

' 13011 holes elongaled al 6000 Ibs. 
· T.ps of the plate curled baek at 7000 Ibs. 
' TenSlon tearIOg at 12500 Ibs. 

C HART 

14 0 -

t20 

100 
i 80 
~ ., 

60 • j 
4 0 

20 

~Ave~ge Total Data 
____ Average Front Data 

-*"-A Vf!rage Back Data 
--Component 

- . - • DetaIled ParametriC 

1.5 
U 

Maximum. 
Failure' 

Other ' 

Date. 3.'11 95 

Bolt Full) PrelenSloned 
by Tum of Nut Method 

Ed2C Condllion Coul1Qn No 
SAW 17 
SA \\' 17 

DeformatIon (In .) Load (~.ps) 
0927 133 
1.053 I~ 

0.16 12A 
0.25 12 I 
0.34 12.3 

00 --

0000 0200 0400 0600 0800 1000 1200 

l)erorm.lion (in.) 
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Tt .. ~o: 12 Summary orOne Boh Lae Connection Trsts 

Recorder: BK • 
DATA Potentiometer Readings (10 .) 

Load ptr FI F2 F3 F4 RI R2 R3 R4 101al 

Dal3 Pomt Plattlki2sl 90 II 92 93 94 95 96 97 A \'i!. 

I 0.8 -0.001 0.000 0.000 0.000 0.000 -0.001 0000 0.000 0.000 

2 1.1 -0.002 -0001 -0.001 0.000 -0.001 -0001 0.000 0.000 0.001 • 
3 1.7 -0.002 -0.003 -0.001 -0.001 -0.001 -0.001 0.000 0.000 0.00 1 

I 4 2.2 -0.003 -0003 -0.001 -0.001 -0.002 -0.001 -0.001 -0001 0.001 

5 2.7 -0.004 -0.004 -0.002 -0.001 -0.003 -0.001 -0001 -0001 0.002 

6 3.2 -0006 ·0004 -0.002 -0.001 -0.004 -0.002 -0.002 ·0.001 0.003 

.1 7 3.6 -0.006 -0.005 -0.003 -0001 -0004 -0002 -0.002 ·0.001 0003 

8 4.0 -0.006 ·0006 -0.004 -0.001 -0.005 -0.002 -0.002 -0.001 0.003 

9 4.6 -0.006 ·0.007 -0.004 -0.00 1 -0.006 -0.002 -0.003 ·0.00 I 0.004 

10 5.0 -0.007 -0007 -0.004 -0.002 -0.007 -0.002 -0.005 -0.001 0.004 

I I 6.1 -0007 -0.009 -0.006 -0.004 -0.009 -0.003 -0.006 -0.001 0.006 

12 7.2 -0.009 -0.010 -0.007 -0.005 -0.010 -0.004 -0.007 -0.002 0.007 

13 8.0 -0.0 10 -0.012 -0.007 -0.006 -0.01 I -0.005 -0.008 -0.004 0008 

14 9. 1 -0.012 -0.014 -0.009 -0.009 -00\3 -0.007 -0.010 -0.005 0.010 • 15 10.2 -0.015 -0.0 17 -0.012 -0.012 -0.015 -0.010 -0.012 -0.008 0.0 12 

16 IJ.5 -0.018 -0.020 -0.015 -0.0 17 -0.016 -0.013 -0.0 14 -0.010 0.0 15 I 
17 12.4 -0029 -0.038 -0.029 -0.032 -0.018 -0.017 -0.017 -0015 0.024 

18 13.2 -0.073 -0.084 -0.074 -0.080 -0.059 -0.054 -0.059 -0.052 0.067 

19 13.0 -0.109 -0.12 1 -0.1 \3 -0.118 -0.09 1 -0.086 -0.09 1 -0.084 0102 

20 12.4 -0 14 7 -0. 160 -0.150 -0. 155 -0. \30 -0.125 -0 \31 -0.122 o 140 

21 12.3 -0 194 -0.208 -0.196 -0.203 -0.177 -0.174 -0179 -0.171 0.188 • 
22 12.1 -0.259 -0.274 -0.259 -0.268 -0.241 -0.239 -0.243 -0.236 0.252 

23 12.2 -0.298 -0314 -0298 -0307 -0.280 -0.279 -0.281 -0.276 0.292 

24 12.4 -0353 -0.368 -0.350 -0.361 -0.334 -0333 -0.336 -0.328 0.345 

25 12.4 -0.398 -0414 -0.397 -0.408 -0.381 -0.379 -0.381 -0.376 0.392 

26 12.2 -0.398 -0.4 14 -0397 -0408 -0.381 -0.379 -0.381 -0376 0392 

27 12.3 -0.443 -0.461 -0.443 -0454 -0.427 -0.426 -0429 -0423 0438 • 
28 12.2 -0495 -0.512 -0.494 -0.505 -0.479 -0.478 -0.48 1 -0473 0.489 

29 124 -0.547 -0.565 -0.546 -0.557 -0.53 I -0.53 1 -0.534 -0.525 0542 

30 12.2 -0.597 -0.615 -0.596 -0.610 -0.580 -0.582 -0.584 -0.576 0593 

31 12.6 -0647 -0.664 -0.646 -0.659 -0.629 -0630 -0.633 -0.626 0.642 

32 12 .7 -0.695 -0.712 -0694 -0.707 -0.679 -0678 -0682 -0.674 0690 

3l 12.9 -0801 -0.818 -0.800 -0.814 -0.784 -0786 -0.790 -0.782 0797 • 34 13 .1 -0.857 -0.872 -0.854 -0.869 -0.837 -0.841 -0.844 -0.836 0.851 

35 \3 .3 -0.928 -0.948 -0.928 -0.944 -0.9 14 -0.916 -0.921 -0.91 I 0.927 

36 12.7 -0993 -1.0 I 2 -0991 -1008 -0991 -0.993 -1000 -0.989 0.997 

37 12.7 - 1.045 -1.066 - 1.045 - 1.062 - 1.048 - 1.051 - 1.058 - 1.047 1.053 
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T.st 1\0: 13 
Retorder: BK 

ummlln orOne Boll Lip Connection Test 

TEST DESIG ATIO'l 

I 8XI 4X3!4 D .. c31~95 

GEO~IETRIC A D MATERIAL PROPERTIE 

BOLT 
T}p" A325 D.amclcr I In 1 075 Boh Full) PretcM.on.d 

Bah Hole Id Length (In ) 0 h) Tum of ul Melhod 
hear Plane X UI \1 asher X 

Boh Head \1 her X 
PLATE 

\I .dlh I.n l Thldnc"" ,In } Lelin l fdgr CondlltOn Cou~m 
Top 5 0 125 IS III .. \ R IS 

Bottom 4 025 I 5 SHI:AR 18 

0 

OcfonnatlOn (In 1 Load (~'P'I 
Limit tatc Spl,"In~ Ma.\lmum 

Failure 
Olher 

CO\I'IENT. 
• y.eldlng on Pl·IS IMed al 14000 Ih 
• \ Iter 16000 Ib _ load decrease: 
• PL·18)l<h'>aIISOOOlb 

ClIART 

ISO 

160 

140 

i I:! 0 _._---- ---- - -:-::- -::-::- -,.,..,- -~~~ 
:. 100 
~ 80 • • 60 

40 

20 

00 

0000 0100 

A\CIilIC TOUlI ~tl 

A\~ilIC front Onu 

A\cJaCc Bad. o.,u 
--ComJ'lOMTlt 

- . - . Dr:t.:ultd Panmcmc 

0200 0300 
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0.00 osoo 

0060 Ib 
0.555 136 
o 16 IS 4 
025 14 7 

034 IJ .3 

0600 
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Tut No: 13 . umman o(On~ Bolt tal! Connection Tests 

Recorder: BK • 
DATA Potentiometer Rcadlngs (an .) 

Load pcr FI F1 FJ F4 RI R1 RJ R4 Total 

Data POint Plate [klns) 90 ~ 92 93 94 22 96 97 ~ 

02 -0001 0.000 0.000 -0.001 0.000 0.000 0.000 0000 0000 

2 O.S -0.001 -0001 -0002 -0.002 -0.003 -0002 -0.001 -0.001 0002 • 3 I.S 0000 0001 -0006 -0.004 -0.007 -0.006 0.000 0.000 0.003 

4 4.4 0.000 0.002 -0010 -0009 -0013 -0.010 0.001 0.001 0.005 

5 H 0000 0002 -0.012 -0.010 -0.014 -0.012 0.001 0001 0006 

6 6.1 0000 0002 -0.0/3 -0010 -0.015 -0.0/3 0001 0001 0006 

7 6.9 -0.001 0002 -0015 -0.011 -0.016 -0.016 0.001 0.001 0007 

8 7.5 -0.001 0002 -0015 -0.012 -0.0 16 -0017 0001 0000 0007 • 9 S6 -0003 0003 -OOIS -0012 -O.OIS -0.020 0.002 -0001 o OOS 

10 9,5 -0004 0003 -0.020 -0.013 -0,018 -0,023 0,004 -0004 0.009 

I I 106 -0,007 0004 -0.024 -0013 -O.OIS -0.027 0,004 -0006 0011 

12 II.S -0010 0004 -0029 -0015 -O,OIS -0,03 I 0006 -0.009 0013 

13 125 -0.012 0004 -0.032 -0015 -0019 -0034 0.006 -0.0 12 00 14 

14 13 .2 -0015 0004 -0.037 -0.017 -0.020 -0,037 0007 -0014 0016 

15 13.8 -0019 0003 -0041 -0.018 -0.020 -0,040 0.007 -0.018 0018 • 
16 147 -0028 -0006 -0051 -0.029 -0,020 -0.047 0.007 -0025 0025 

17 15.1 -0047 -0026 -0070 -0,050 -0,021 -0.059 0,007 -0.037 0038 

18 156 -0052 -0.03 I -0,076 -0.055 -0.023 -0065 0,005 -0.043 0043 

1'1 IS 9 -0065 -0045 -0089 -0.069 -0,028 -0.073 0001 -0050 0051 

20 160 -OOSO -0059 -0104 -0.083 -0.041 -0.086 -0.013 -0064 0066 

21 15.9 -0100 -IlO78 -(1 125 -0 103 -0,065 -0. 11 0 -0.037 -0086 OIlSS • 
22 158 -0133 -0 111 -0 160 -0138 -0101 -0. 146 -0.073 -0123 0.113 

2) 15 .6 -0. 142 -0120 -0168 -0.146 -0112 -0.157 -0,084 -0131 0133 

24 15.1 -0206 -0182 -0,233 -0209 -0178 -0221 -0. 149 -0.196 0197 

15 14,6 -0268 -0244 -0295 -0271 -0.23S -0284 -0.210 -0258 0.259 

16 144 -0306 -0282 -0.335 -0,309 -0.277 -0333 -0.249 -0.296 0299 

27 143 -0368 -0)43 -0399 -0.371 -0340 -0393 -OJ II -0357 0360 • 
28 14 I -0490 -0466 -0515 -0.497 -0.467 -0513 -0.437 -0484 o 4M5 

29 13 .6 -0557 -0530 -0592 -0.563 -0.543 -0,587 -0.5 II -0.557 0555 
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Test No : 14 
Recorder: BK 

Summan' ofOne Boll Lap Con nect ion Tests 

TEST DES IGNATION 

Test Designation ' 118X3/8X3/4 

GEO~1 ETRIC AND MATERIAL PROPERTIES 

DOLT 

PLATES 

Type: A325 
Boll Hole' Sid 

Shear Plane: X 

Diameler(In.) 0.75 
Lenglh (In.): 1.75 
NUl Washer: X 

Bah !lead Washer: X 

Widlh (in.) Thickness fin.) 
0.125 
0.375 

Le(1n ) 
Top: 5 

80llom: 4 

TEST RESU LTS 

limit State Beanngrrearoul 

CO\I~IENTS 

• Y,eldlllg on PL- 17 Slaned., 13500 Ib, and .02 Ill . 
• Bulging on PL-17 Slaned al 16000 Ib, and .04 III 

• Load decreases al 16500 Ib, al .08 in. 
• rac~s rormed at the tip of the plate al 0.2 In 

C HART 

ISO -

160 

140 

i 120 

:. 10 0 
~ 80 • • 60 

40 

20 

00 
0000 0100 0200 

~ Average T oUlI D:ua 

~Aver3ge Fronl Dala 

-r-A \'erage Bad. Datil 
--Component 

- . - . Deuuled Parametnc 

0300 0400 o lOO 

Ddormatlon (in.) 

120 

I.S 
I.S 

Maximum : 
Failure 
Olher: 

0600 

Dale 3 13 95 

Bah Fully Prelensioned 
by Tum orNul 1elhod 

Edee CondltJon Cou(!on 
AW 17 

Unkno\\" ~I 

' 0 . 

Ddormalion (m .) Load (kips) 
0,07 164 

0638 118 
0.16 156 
0.25 145 
034 14 :2 

0700 0800 
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Test No: 14 Summary of One Bolt La~ Connection Tests 

Recorder: BK • 
DATA Potentiometer Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 
Data Point Plate {ki~sl 90 ~ 92 93 94 95 96 97 A\" 

0.0 -0.001 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 
2 1.7 0.000 -0.00 1 -0.003 -0.002 -0007 -0.006 0.000 0.000 0.002 • 3 4.0 -0.001 0.000 -0.006 -0.006 -0.014 -0.012 0.00 \ 0.002 0.004 
4 5.6 -0.00 1 -0.001 -0.008 -0.007 -0.019 -0.017 0.002 0.004 0.006 
5 6.4 -0.00 1 -0.00 1 -0.010 -0009 -0.020 -0.017 0.001 0.004 0.006 
6 6.1 0.000 -0.001 -0.010 -0.0 11 -0.021 -0.017 0.001 0.006 0.007 
7 7.8 0.000 -0.002 -0.012 -0.013 -0.026 -0.018 0.000 0.007 0.008 
8 8.5 0.000 -0.002 -0.013 -0.015 -0.028 -0.018 0.000 0.008 0.009 • 9 9.2 -0.001 -0.003 -0.015 -0.017 -0.030 -0.018 -0.001 0.009 0.009 
10 10.1 -0001 -0.004 -0.016 -0.020 -0.033 -0.0 19 -0.002 0.010 0.0 11 
II 10.8 -0.00 1 -0.005 -0.018 -0.022 -0.036 -0.019 -0.002 0.0 11 0.0 12 
12 11.8 -0.002 -0.007 -0.021 -0.025 -0.040 -0.02 1 -0.004 0.012 0.013 
13 12.5 -0.006 -0.009 -0.024 -0.029 -0.043 -0.02 1 -0.006 0.013 00 15 
14 13 .1 -0.008 -0.0 12 -0.028 -0.033 -0.046 -0.021 -0.007 0.0 14 0.018 • 15 14.1 -0.0 15 -0020 -0.036 -0.043 -0.050 -0.022 -0.009 0.015 0.023 
16 14 .7 -0.021 -0.026 -0.043 -0.050 -0.054 -0.023 -0.011 0.015 0.027 
17 15.6 -0.032 -0.039 -0.054 -0.063 -0.060 -0.025 -0.015 0.008 0.035 
18 16.0 -0.070 -0.079 -0.092 -0.101 -0.070 -0.029 -0.021 0.007 () 05 7 
19 16.4 -0.092 -0.101 -0.114 -0.122 -0.078 -0033 -0.028 0.006 0.070 
20 16.3 -0.120 -0.128 -0.142 -0.149 -0.095 -0.048 -0.043 -0.007 () 09 1 
21 15.5 -0.142 -0.149 -0.164 -0.171 -0.120 -0.072 -0.069 -0.032 0. 115 • 
22 15 .7 -0.183 -0 189 -0.205 -0.211 -0.158 -0.11 1 -0.107 -0.069 11.154 
23 14.9 -0.237 -0.243 -0.260 -0.266 -0.214 -0.167 -0.162 -0.124 11209 
24 14.4 -0.292 -0.301 -0.31 7 ·0.323 -0.275 -0.228 -0.222 -0.184 0.268 
25 14.3 -0.336 -0.344 -OJ 61 -0.365 -0.32 1 -0.275 -0.268 -0.231 0.313 
26 14 .1 -OJ88 -0.396 -004 16 -0418 -OJ 76 -0.331 -0.325 -0.289 IIJ67 
27 13 .8 -0.439 -0.447 -0.468 -OA72 -0.430 -OJ86 -0.381 -0.345 OA21 • 28 13 .6 -0.482 -0.492 -0.514 -0.517 -0.475 -0.432 0.000 -0.392 0413 
29 13 .1 -0.537 -0.548 -0.570 -0.572 -0.528 -0.486 -0.483 -0.447 0.521 
3() 12.4 -0.638 -0.647 -0.667 -0.668 -0.6 19 -0.577 -0.575 -0.538 0.616 

11.8 -0.699 -0.624 -0.590 0.638 
32 10.8 -0.739 -0.746 -0.768 -0.76 1 -0.692 -0.652 -0.647 -0.6 15 0.703 
33 10.5 -0 .743 -0.749 -0.77\ -0.764 -0.695 -0.655 -0.65\ -0.6 \9 0.706 • 
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To .. . '0: IS 
Recorder: SJ< 

Summa,", of One Bolt Lar Connection Tests 

TEST DE IG 'ATION 

Test Designation: 118X I12X314 

GEO~tETRIC A D MATERIAL PROPERTIES 

BOLT 

PLATE 

T)p<: A325 
Bolt Hole: td 

hear Plane: X 

Diameter (In) ' 0.75 
Length (In,); 2 
Nut Washer ' X 

Bolt Head Washer, X 

Widlh (in.) Thickness (In ) 

0125 
Le(In ) 

Top: 5 1.5 
Bottom: 4 0.5 1.5 

TEST RESULTS 

LImit State; BearingfTearout Ma.xlmum 
Failure 

Other 

CO~"tENTS 

• Yielding staMod at 13500 Ib, and 013 in 
• Bulging on PL-17 staMed at ,03 In, and 17000 Ibs, 
• Load decreased after I nso lbs 
• Splltltng observed at 0.13 In 

ClIART 

180 

160 

140 

i 120 

a 100 -+-A\oerage Total OJta 
." 80 • 0 

---.A\<erage Fronl D3ta 
60 -.-Avmge Back Data 
40 --Comporlent 
20 - . - . DetaIled Parametnc 
00 

D.te 3113/95 

Bolt Fully Pr.tenSloned 
b) Tum orNut Method 

Edee Condition Cou[!Qn No 
SHEAR 15 

SAW 12 

Deformation (m.) Load (kIps) 
0037 171 
0,453 124 
016 148 
0.25 137 
034 12 .9 

0000 OOSO o tOO o tSO 0200 02SO 0300 03SO 0400 04SO 0500 

Dtronnllion (in.) 

122 
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Test No: IS Summan' of One Bolt La~ Connection Tests 
Recorder: BK • 
1Mll Potemiomefer Readjngs ( in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 
Data Point Plate !kiQs} 90 II 92 93 94 95 96 97 A," 

I 2.0 -0.001 0.000 -0.001 0.000 -0.002 -0.001 0.000 0.000 000 1 
2 3.1 -0.001 0.000 -0.002 -0.001 -0.004 -0.003 0.001 0.002 0001 • ] 4.1 -0.002 0.000 -0.002 -0.00 1 -0.005 -0.004 0.001 0.002 0.001 
4 5.2 -0.002 0.000 -0.004 -0.002 -0.008 -0.006 0.001 0.003 0.002 
5 6.1 -0.002 0.000 -0.006 -0.002 -0.009 -0.007 0.001 0.003 0.003 
6 7.0 -0.004 -0.00 1 -0.007 -0.004 -0.010 -0.008 0.000 0.003 0.004 
7 7.9 -0.004 -0.00 1 -0.008 -0.004 -0.0 12 -0.009 0.000 0.004 0.004 
8 9.0 -0.006 0.000 -0.010 -0.005 -0.015 -0.010 -0.00 1 0.004 0.005 • 9 9.8 -0.006 0.000 -0.011 -0.006 -0.017 -0.012 -0.00 1 0.004 0.006 
10 10.6 -0.007 0.001 -0.013 -0.007 -0.018 -0.013 -0.002 0.004 0.007 
II 11.6 -0.008 0.001 -0.015 -0.009 -0.020 -0.014 -0.003 0.004 0.008 
12 12.7 -0010 0.000 -0.0 18 -0.010 -0.02] -0.016 -0.004 0.004 0.010 
13 13.5 -00 12 0.000 -0.020 -0.01 1 -0.026 -0.018 -0.006 0.004 0.01 1 
14 14.7 -0.015 -0.002 -0.024 -0.013 -0.029 -0.020 -0.009 0.002 0.0 14 
15 15.5 -0.019 -0.005 -0.029 -0.0 17 -0.034 -0.023 -0.0 12 0.000 0.017 • 
16 16.3 -0.023 -0.008 -0.034 -0.020 -0.040 -0.028 -0.0 17 -0.003 0.02 1 
17 17.0 -0.032 -0.015 -0.043 -0.029 -0.050 -0.035 -0.026 -0.010 0.030 
18 17.2 -0.040 -0.023 -0.05 1 -0.0]6 -0.056 -0.042 -0.032 -0.017 0037 
19 17.0 -0.053 -0.035 -0.064 -0.050 -0.068 -0.053 -0.044 -0.028 0.049 
20 16.8 -0.063 -0.046 -0.075 -0.060 -0.079 -0.065 -0.055 -0.039 0060 
21 16.5 -0.076 -0.059 -0.087 -0.073 -0.092 -0.078 -0.069 -0.053 0.074 • 22 16.1 -0091 -0.074 -0.101 -0.088 -0.106 -0.092 -008] -0067 0.088 
2] 15.9 -0.104 -0.088 -0.115 -0.102 -0.11 9 -0.106 -0.097 -0.080 0 101 
24 15.2 -0.135 -0 11 9 -0.146 -0.133 -0.147 -0.1]5 -0.126 -0.107 () 131 
2S 14.4 -0.200 -0185 -0.210 -0.200 -0.208 -0.196 -0.188 -0.169 0.195 
26 14.1 -0.220 -0204 -0.229 -0.219 -0.227 -0.215 -0.207 -0.188 0.214 
27 13.5 -0.27 1 -0257 -0.282 -0.272 -0.283 -0.269 -0.26 1 -0.243 0267 • 28 13 .0 -0.322 -0308 -033] -0.324 -0.3]4 -0.]21 -0.311 -0.293 0318 
29 12.4 -0.455 -0.443 -0.468 -0.459 -0.470 -0.456 -0.447 -0.427 0453 
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Tw No: 16 
Record .. : BK 

Summar" or One Boll Lap Connect ion Tests 

TE T DESIGNA TlO 

Tesl Deslgnallon 118X518X3/4 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

T)pc:. A325 
Boh 1101< SId 

Shear Plane: X 

D,wneler (In) 0.75 
Lenglh (in) 0 

ut Washer X 
130h Head Washer X 

Widlh {In I Thlckne( {In} 1tl!!Ll 
Top 5 0125 

Bottom 4 0625 

TEST RESULTS 

Llmll S13le pillung 

COM~IENTS 

• YIelding on PL-17 sta"ed al 13500 Ibs and 0.02 In 

• Al 14500 Ibs. bulging on PL-17 ""sob",,,ed 
• Aft« 15500 Ibs. load decreased 
• Splitting seen al 0.11 '" 

C HART 

160 

I~ 0 

120 

i 100 
~ 

80 
" • ~ 60 

40 

20 

A\·~ntg~ TOlar Oala 
A\eragc Front O;u. 

--6- A, '·crage Back DaQ 

--Component 
- . - . Dct./ulcd ParamcUlc 

U 
U 

Mil.\lmum: 
Failure 

Other' 

Dale 3 1495 

Bolt Fully Prctc:nslonc:d 
b) Tum of 'UI Method 

Ed2C CondlllOn Cou[!on No 
AW I 

SAIl 2 

Deformallon (In ) Load (~Ipsi 
0064 15 :2 
0.569 II 2 
016 14 
0.25 129 
0.34 1:! _5 

00 

0000 0100 0200 o SOO 0600 

Odormalion ( IR.) 
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Test 0: 16 ummarv of One Bolt La!! Connection Tens 

Recorder: OK • 
!Mll Potentiometer Rc:adin~5 (10 l 

Load pcr FI r2 F3 14 RI Rl R3 R4 Total 

Data POint PI.,e (kl~l 90 21 9~ 93 9~ 95 96 97 A,S 

I 0.9 0000 0.000 -0002 -0001 -0.002 -0002 0.000 0001 0001 

2 2.3 -0001 0.000 -0.003 -0.002 -0.006 -0.006 0.00 1 0.001 0002 • 
3 3.1 -0001 0.000 -0004 -0.002 -0.009 -0007 0.001 0.001 0003 

~ 42 -0001 0000 -0005 -0.004 -0.010 -0.010 0.001 0001 0003 

5 5.0 -0001 0000 -0006 -0006 -O.OIl -0011 0.001 0.003 0.004 

6 6.1 -0001 0000 -0.008 -0006 -0.016 -0014 0001 0.004 0.005 

7 69 -0001 0.000 -0009 -0007 -0.018 -0.017 0.002 0004 0006 

8 78 -0002 0000 -0010 -0009 -0.02 1 -0018 0001 0005 0007 • 9 8.5 -0.004 0000 -0011 -0007 -0023 -0023 0.004 0004 0007 

10 9.6 -0.006 0001 -0015 -0009 -0.015 -0026 0.006 0003 0009 

II 10.5 -OOOS 0001 -0018 -0011 -0027 -0.029 0007 0002 0010 

11 113 -0.009 0000 -0020 -0013 -0029 -0031 0.007 0002 0012 

13 12.3 -0.012 -0001 -0024 -0.016 -0.032 -0.035 0.007 0.001 0.014 

14 13.1 -OOIS -0006 -0029 -0021 -O.OH -0039 0007 -0001 (lOIS • 15 136 -0024 -0010 -0034 -0026 -0035 -0041 0007 -0002 0021 

16 14 .0 -0029 -0017 -O~I -0032 -0038 -0045 0.007 -0004 0025 

17 144 -0035 -0.023 -0047 -0039 -004 1 -0048 0.006 -0.006 0.029 

IH 14.3 -0036 -0.023 -0.047 -0039 -0.041 -0048 0.006 -0006 0029 

19 148 -0042 -0029 -0053 -OOH -0.043 -0051 0.004 -0008 0033 

20 149 -0 U5 1 -0039 -0062 -0053 -0047 -0.056 0002 -0.012 0040 

21 15 .1 -0073 -0061 -0083 -0075 -0058 -0068 -0008 -0023 0.056 • 
2~ 152 -0083 -0070 -0092 -0083 -0064 -0075 -0 Oil -0029 0064 

23 152 -0.093 -0080 -0103 -0094 -0.071 -0082 -0021 -0037 0072 

24 15.0 -0 106 -0092 -0116 -0106 -0084 -0095 -0.034 -0050 0085 

25 149 -0114 -0102 -0124 -0116 -0093 -0 104 -O.OH -0059 0094 

26 146 -OIJJ -0120 -0143 -O.IJJ -0109 -0120 -0061 -0076 (I 112 

27 144 -0 157 -0144 -0165 -0157 -0132 -(I 144 -0083 -0099 11 135 • 
28 138 -0204 -0191 -0213 -0203 -0.177 -0188 -0.128 -0144 0.181 

29 13.0 -0258 -0248 -0268 -0.259 ·0232 -0.242 -0.183 -0 197 IU36 

3U 126 -0316 -0307 -0325 -0317 -0288 -0300 .Q.24:! -0256 ()294 

31 12.5 -0364 -0354 -0373 -0.364 -0338 "()349 -0.290 -0.304 OH2 

32 12 .2 -0397 -0387 -0404 -0.397 -0.370 -0381 -0323 -0.335 0374 

33 119 -045) -0443 -0460 -0453 -0.425 -0438 -0.380 -0.393 0430 • 34 11.6 -0.505 -0496 -0.511 -0.505 -0477 -0490 -0.432 -0445 0483 

35 114 -0552 -0544 -0558 -0552 -0523 -0536 -0.479 -0493 0.530 

36 ) 1.2 -0.59) -0584 -0.596 -0591 -0562 -0576 -0.518 -0.531 0.569 

• 
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Test !'io: 17 
Record .. : BK 

Su mman' DrOne Boll Lap Connection Tesls 

TEST DESIGNATION 

Test Designation: 1/4X I X3 /4 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

Type: A325 
Bolt Hole: Std 

Shear Plane: X 

Width (in . ) 

Top: 4 
Bottom: 4 

TE. T RES ULTS 

Diameter (in.): 0.75 
Length (in.). 2.5 
Nut Washer: X 

Bolt Head Washer: X 

Thickness <in.) 
025 

htl!!!J 
1.5 

I 1.5 

Date ' 3 1495 

Bolt Full), Pretenstoned 
by Tum or ut Method 

Edge CondHlon Counon 
SHEAR 18 

SAW 5 

0 

Deranna"on (In ,) Load (ktps) 
Limit State: BeanngITearout Ma..,imum: 

Failure 
Other' 

CO~IMENTS 

• Yielding on PL-18 started at 22000 Ibs and 0.025 In 

• At 15000 Ibs splitting occurred 
• After 27000 Ibs at 0. 15 In. load decreased 

CHART 

lOO 

250 -_._._.-._._ . - . . 

., 200 
Co 

~ 
"" • 

IS 0 

~ 100 

SO 

00 

---'-'-'-

--+- AVCJllgcToI31 Data 
___ Average Front Data 

.-.-. A ... cragc Back: O:u.a 

--Component 

- . - . DetaIled Par.uneulc 

o 146 
0464 
o 16 
0.25 
0.34 

0000 0050 0100 0 ISO 0200 0250 0300 OlSO 0400 0450 0500 

Dr(ormillion Cin.) 
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T •• t No: 17 
Recorder: OK 

Data Point 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Load per 
Plate (kips) 

1.0 
2.1 
3.4 
4.1 
5.1 
5.9 
6.6 
7.4 
8.4 
91 
9.7 
10.6 
11.5 
12.5 
13.3 
14.6 
15.8 
17.7 
18.7 
19.4 
19.3 
20.7 
22.1 
22.8 
23.7 
24.1 
25.1 
25.9 
26.4 
26.8 
27.0 
27.0 
26.3 
25.9 
24.8 
24.8 
24.3 
24.3 
22.8 

S ummary afOne Bolt Lap Connection Tests 

F1 
90 

0.000 
-0.001 
-0.001 
-0.001 
-0.001 
-0001 
-0.001 
-0.001 
-0001 
-0.002 
-0.002 
-0.002 
-0.002 
-0.002 
-0.002 
-0.002 
-0.002 
-0.002 
-0.003 
-0003 
-0003 
-0.004 
-0.006 
-0.007 
-0.010 
-0.015 
-0.031 
-0.043 
-0048 
-0.062 
-0.092 
-0.114 
-0.142 
-0.172 
-0.215 
-0.215 
-0.250 
-0.322 
-0436 

F2 

II 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
-000 1 
-0.001 
-0.001 
-0.002 
-0.005 
-0.007 
-0.009 
-0.009 
-0.012 
-0.017 
-0.022 
-0027 
-0.035 
-0.057 
-0.072 
-0.077 
-0.092 
-0.125 
-0.148 
-0.176 
-0.209 
-0.253 
-0.253 
-0.288 
-0.357 
-0.472 

Potentiometer Readings (in .) 
F3 F4 R 1 R2 R3 R4 Total 
92 93 94 95 96 97 ~ 

-0.001 -0.001 -0.002 0.000 -0.001 0.001 0.000 
-0.00 1 -0.001 -0.003 -0.002 -0.001 0.001 0.00 1 
-0.002 -0.002 -0.004 -0.004 -0.00 1 0.00 1 0.002 
-0.002 -0.003 -0.005 -0.005 0.000 0.001 0.002 
-0.003 -0.004 -0.005 -0.006 0.000 0.001 0.002 
-0.004 -0.004 -0.007 -0.007 0.000 000 I 0003 
-0.004 -0.004 -0.009 -0.009 0.000 0.001 0003 
-0004 -0.004 -0.010 -0.010 0.001 0.001 0.004 
-0.004 -0004 -0.013 -0.013 0.001 0.00 1 0.004 
-0.004 -0.004 -0.015 -0.016 0.00 1 0.00 1 0.005 
-0.005 -0.004 -0.0 1 5 -0.0 17 0.002 0.001 0.005 
-0.006 -0.006 -0.016 -0.020 0.002 -0.001 0.006 
-0.007 -0.006 -0.017 -0.022 0.002 -0.00 1 0.007 
-0.007 -0.007 -0.018 -0.025 0.004 -0.002 0.007 
-0.009 -0.009 -0.018 -0.027 0.004 -0.003 0.008 
-0.010 -0.011 -0.020 -0.031 0.005 -0.006 0.009 
-0.0 11 -0.014 -0.020 -0.036 0.006 -0.008 0.0 11 
-0.013 -0.019 -0.024 -0.043 0.006 -0.012 0.0 14 
-0.014 -0.022 -0.026 -0.048 0.006 -0.0 15 lI .O 16 
-0.0 15 -0.026 -0.028 -0.05 1 0.004 -0.018 00 18 
-0.015 -0.026 -0.027 -0.05 1 0.005 -0.018 0.0 18 
-0.018 -0.03 1 -0.031 -0.057 0.004 -0.02 1 0.021 
-0.02 1 -0.039 -0.035 -0.065 0.002 -0.026 0.026 
-0.023 -0.045 -0.038 -0070 0.001 -0.030 0.029 
-0.028 -0.052 -0.041 -0.076 -0.001 -0.034 0 033 
-0.034 -0.063 -0.045 -0081 -0.004 -0.038 0.039 
-0.052 -0.086 -0.060 -0. 100 -0.017 -0.054 0.057 
-0.065 -0.103 -0.076 -0.118 -0.030 -0.069 11072 
-007 1 -0.109 -0.081 -0. 124 -0.034 -0.074 0077 
-0.085 -0.125 -0.094 -0 138 -0.047 -0.087 () 1191 
-0. 117 -0.158 -0.125 -0.169 -0.076 -0. 119 Il 123 
-0. 140 -0.182 -0.149 -0. 193 -0. 100 -0.143 0 146 
-0.168 -0.212 -0.178 -0.223 -0.128 -0.173 0175 
-0.199 -0.243 -0.208 -0.252 -0.158 -0.202 0.205 
-0.242 -0.286 -0.250 -0.295 -0.202 -0.244 0.248 
-0.242 -0.286 -0.250 -0.295 -0.202 -0.244 0.248 
-0.276 -0.322 -0.285 -0.330 -0.239 -0.280 0.284 
-0.347 -0.395 -0.357 -0.402 -0.312 -0.354 0.356 
-0.462 -0.508 -0.460 -0.507 -0.413 -0.454 0.464 
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T... 0: 18 
Reco rdu: BK 

S umma"' DfOnt Boll Lap Connl-clio" Teu~ 

TEST DESIGNATION 

Test Designation: 318X3/8X3/4 

GEOMETRI C AND MATERIAL PROPERTIES 

BOLT 

PLATES 

Type: A325 
Bolt Hole· Id 

hear Plane: X 

Widlh <In ) 

Top 4 
Bonom. ~ 

Diameter (10) . 0.75 
Lenglh (in.): 2 
NUl \1 asher: X 

Bolt Head Washer. X 

Thlckne c: (In ,) 

0375 
0.375 

Da.e 3 IS 95 

Bolt Full} PrctenSlOncd 
by Tum of NUl Melhod 

Edge Condition Coupon 1\0 
Unl no\\n 21 
Unlno\\ n ::! I 

Dcfonm,"on (in.) Load (lips) 
Llmll tatc. Sphlllng Ma>..lmum. 1057 35 

CO\1\lENTS 
• Yielding OCCUlTed on PL·2 1 al 24000 Ibs and 0 05 In 

• Bulging on "L·21 SI>ned al O. ( In . 

• TIps of Ihe plales curled bacl al 30500 Ibsnnd 0.21 In 

C HART 

450 

400 

)50 

"£ 300 

~ .250 
." 100 • 0 

ISO 

100 

SO 

00 

-.-_.-' - '-' 

~ A\eJ'ge Total Data 

~A\eras.e Fronl Dala 
-r-A veruge Old. Data 
--Component 
- . - . Dctall~ f"aramelnc 

Failure· 1 057 
Olher: 

-._.-' .-.--

0.16 
025 
0.34 

0000 0200 0400 0600 0800 1000 1200 
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Test .: 18 . ummlrV afOnt 8011 Lal! Dnneclion Tests 

Recorder: 81( • 
~ Potentiometer Rea.dmgs (m .) 

Load per FI F2 F3 F4 RI R2 R3 R4 101.1 

Data POint Plale (klns) 2Q ~ 2I 93 94 95 96 2- ~ 

I 0.9 -0001 -0001 -0.001 0000 -0.001 0000 -0001 -0001 0001 

2 2.1 -0001 -0.001 -0.001 -0001 -0.001 -0.001 -0.002 -0001 () 001 • 3 3.3 -0001 -0001 -0.002 -0001 -0.002 -0.002 -0002 -0001 0001 

4 4J -0002 -0.002 -0002 -0001 -0.002 -0002 -0002 -0001 0002 

5 49 -0.002 -0002 -0002 -0001 -0.002 -0002 -0002 -0001 0002 

6 5.9 -0003 -0002 -0004 -0001 -0.003 -0002 -0003 -0001 0002 

7 6.9 -0.004 -0002 -0004 -0001 -0005 -0002 -0.004 -0001 0003 

8 7.9 -0005 -0002 -0005 -0001 -0.005 -0003 -0.005 -0001 0003 • 9 86 -0006 -0002 -0006 -0001 -0006 -0003 -0.006 -0.001 0004 

10 97 -0006 -0003 -0007 -0001 -0007 -0004 -0.006 -0001 II 004 

1\ 10.5 -0007 -0003 -0007 -0001 -0.008 -0.004 -0007 -0002 0005 

12 11 .5 -0009 -0003 -0009 -0001 -0009 -0004 -0007 -0002 0006 

13 12.5 -0012 -0003 -0010 -0001 -0012 -0007 -0011 -0004 () 007 

14 13.5 -0015 -0004 -0013 -0002 -0.014 -0.009 -0014 -0006 0009 

15 14.5 -0016 -0004 -0015 -0002 -0.017 -0010 -0016 -0007 0011 • 
16 15.5 -0017 -0005 -0017 -0003 -0.020 -0012 -0019 -0009 0013 

17 16.6 -0.020 -0006 -0020 -0004 -0.024 -0.015 -0024 -0.010 0015 

18 174 -0 .021 -0007 -0022 -0006 -0.028 -0.017 -0.026 -0.012 00 18 

19 208 -0032 -0016 -0033 -0015 -0.042 -0028 -0040 -0.02 1 () 028 

2() 22.3 -0041 -0024 -0042 -0024 -0054 -0.039 -0051 -0031 0038 

21 229 -0.045 -0029 -0046 -0029 -0060 -0044 -0057 -0.037 0043 • 
11 22.9 -0045 -0030 -0046 -0029 -0060 -0043 -0.057 -0037 0043 

23 240 -0053 -0039 -0054 -0038 -0071 -0053 -0.067 -0046 01153 

24 24 .7 -0062 -0050 -0064 -0049 -0083 -0065 -0.078 -0058 0064 

25 260 -0081 -0070 -0084 -0069 -0 101 -0085 -0097 -0077 0083 

26 270 -0098 -0087 -0101 -0.086 -0116 -0.\01 -0113 -0093 0099 

27 27.8 -0122 -0.1 II -0124 -0 III -0.141 -0125 -0138 -0118 0124 • 28 288 -0154 -0 144 -0155 -0.143 -0 171 -0 155 -0 169 -0 149 (I 155 

29 29.7 -0172 -0164 -0175 -0163 -0191 -0175 -0189 -0170 II 175 

30 301 -0194 -0186 -0196 -0185 -0.213 -0196 -0.210 -0.191 0196 

31 3004 -0204 -0196 -0205 -0195 -0.223 -0.206 -0.221 -0200 (J 206 

32 30.7 -0218 -0.21\ -0220 -0.210 -023 -0121 -0.235 -0215 0221 

33 312 -0239 -0234 -0242 -0232 -0260 -0244 -0.258 -0238 0243 • 34 312 -0.251 -0248 -0.255 -0246 -0.273 -0.256 -0.272 -(J 25 1 0256 

35 31.7 -0279 -0277 -0283 -0.275 -0301 -0284 -0.300 -0279 0285 

36 32.1 -0300 -0297 -0303 -0295 -0.321 -0.304 -0.122 -0.300 0.105 

37 J2J -0316 -OJ 15 -0.120 -OJ 13 -0.338 -0321 -0339 -0.317 II 322 

38 327 -0338 -0338 -0.142 -0335 -0.360 -0344 -0.161 -0340 0345 

39 33.0 -0.165 -0.166 -0.171 -0.164 -0389 -0.373 -0.390 -0369 0373 • 40 336 -0465 -0469 -0470 -0467 -0.495 -0479 -0.495 -0469 0476 

41 340 -0584 -0.590 -0.591 -0.588 -0629 -0613 -0.625 -0599 0602 

42 343 -0697 -0704 -0704 -0702 -0.755 -0740 -0.756 -0.725 0723 

43 34.8 -0812 -0821 -0818 -0815 -0.881 -0.864 -0.887 -0855 0844 

44 348 -0956 -0966 -0959 -0960 -1.037 -1.018 -/052 -1 019 0996 

45 350 -1015 -1 025 -1.013 -1015 -1099 -1082 -I 119 -1087 I 057 

46 314 -1087 -1098 -1081 -1 081 -1.197 -1 18J -1224 -1 195 1 143 • 
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Test 1\0: 19 
Recorder; OK 

TEST DESIGNA TlON 

umm an ' of One Bo lr Lap Connection Tests 

Test Dtsignalion 318X I X314 Date 3 1$ 95 

GEOM ETRI C AND lAT ERIAL PROPERTIES 

BOLT 
Type· A325 

Bolt Hole Std 
hear Plane· X 

Diameter (in ) 075 
Length (m ). 275 

ut Washer X 
Bolt Head Washer X 

Bolt Full~ Prettnsioncd 
b) Tum or ut Method 

PLATES 
Width {m 1 Thlckness{in } 

Top 4 0.375 
Bottom 4 I 

TEST RE VLTS 

L,mit State Bolt hear 

CO~lM ENTS 

• Yiddmg on PL':! I observed 31 25000 Ibs 
• Bulgmg on J'L·2 I obsc:n cd al 37000 Ib, 

CHART 

'1)0 

35 a . 
300 

:;:: 250 

~ 200 
~ • t50 c 

tOO 

50 

00 

- .--- . _ . - . -.-.-. 
-+- AvtrageTotal Dab 

A'verage Front D3U1 
A verage Bad. D.na 

--Componenl 

- . - • Dc:t.:uled Par.amtlnc 

!&!!!!J Edge Condulon 
I 5 Unkno\\" 
1.5 SAIl 

Deformation (10 ) 

MllXlmum. 0467 
Fallu~ 0467 

Other 0.16 
0.25 
0.34 

_ .-. --_. _ . - . ... . 

0000 OOSO 0100 0 ISO 0200 0250 0300 03SO 0400 O<SO 

l.>t rorml lion (In.) 

130 

oUl!Qn "Jo 
21 
S 

Load (lIps) 

185 
38 ; 
.14 7 
167 
183 
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Test 0 : 19 umman' of Ont Bolt Lan Connection Te5ts 

Retorder: 8K • 
DATA Potentiometer Readlng.s (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 Tota l 

Data Pomt Plate (ki ~sl 2Q 2.!. 92 93 94 95 96 97 A\g 

I 1.0 0000 0.000 -0.00 1 -0.00 1 -0.001 0000 -0001 0.000 000 1 

2 2.0 -0001 0000 -0.002 -0001 -0002 0.000 -0.001 0.000 0001 • 3 2.9 0000 0.000 -0.002 -0002 -0004 0.000 -0.00 1 0.001 000 1 

4 4.9 0.000 0.000 -0.004 -0.003 -0004 0000 -0.00 1 0001 000 1 

5 5.4 0000 0001 -0004 -0 00-1 -0005 0.000 -0.001 0001 0002 

6 6.4 -0.001 0.001 -0006 -0004 -0006 0000 -0.002 000 1 0002 

7 7.0 -0001 0.001 -0006 -0006 -0.006 0.000 -0.002 0.00 1 0002 

8 7.6 -0.001 0001 -0007 -0007 -0.007 0000 -0002 0.001 0.003 • 9 9.1 -0.00 1 000 1 -0010 -0.009 -0.007 0.000 -0.004 0.00 1 0003 

10 10.4 -000 1 0.00 1 -0.0 12 -0.0 11 -0007 0.000 -0004 0.001 0004 

II 11 9 -0.00 1 0.00 1 -0.013 -0013 -0009 0.000 -0.005 000 1 0.005 

12 13.0 -0001 0.000 -0.014 -0.0 15 -0.0 10 0.000 -0.005 0.001 0.005 

13 13 .9 -0.001 -0001 -0015 -0016 -0012 0.000 -0.006 0001 0006 

14 15.2 -0002 -0002 -001 7 -0018 -0014 0000 ·0.007 0002 0007 • 15 16.0 -0.002 -0003 -00 18 -0.020 -00 16 0.000 -0.008 0.002 0008 

16 17.1 -000-1 -0004 -0020 -0022 -0.020 0000 -0.010 0002 0010 

17 18.5 -0006 -0.006 -0.023 -0026 -0024 0000 -0.013 0002 0012 

18 19.6 -0.007 -0009 -0.026 -0029 -0028 0.000 -00 14 0.002 0.0 14 

19 21.2 -0008 -0011 -0029 -0034 -0032 0.000 -0.017 0.002 0.016 

20 21.6 -0009 -0012 -0.031 -0036 -0033 0000 -0.018 0002 0.0 17 

21 22.6 -0.010 -00 15 -0.Q35 -0042 -0.036 0.000 -0020 0.00 1 0.020 • 
22 23.9 -0.013 -00 19 -0039 -0048 -0040 0000 -0022 -000 1 0023 

23 25.2 -0017 -0024 -0.046 -0056 -0045 0000 -0026 -0 00-1 0027 

24 264 -0022 -0030 -0.053 -0.064 -0.05 1 0000 -0029 -0.008 0032 

25 27.2 -0.026 -0036 -0060 -0.072 -0057 -0001 -0.033 -00 12 0037 

26 286 -0033 -0044 -0.069 -0082 -0065 -0001 -0039 -0017 0044 

27 300 -0052 -0064 -0.09 1 -0 105 -0082 -0004 -0.053 -0032 0060 • 28 30.9 -006 1 -0076 -0.102 -0 11 7 -0093 -00 12 -0062 -0042 007 1 

29 316 -0070 -0086 -0.113 -0 129 -0103 -0021 -0.070 -0.050 0080 

30 327 -0089 -0 106 -0133 -0 150 -0 121 -004 1 -0.086 -0067 0.099 

31 33.6 -0 102 -0 11 9 -0. 147 -0 165 -0134 -0054 -0.097 -0080 0 11 2 

32 34.3 -0. 119 -0138 -0 166 -0.184 -0 151 -0073 -0.113 -0.096 0.130 

JJ 34. 1 -0 139 -0 158 -0.188 -0.207 -0 171 -0095 -0.132 -0 11 6 o 15 1 • 34 35.4 -0. 158 -0.179 -0.209 -0.229 -0.191 -0 11 6 -0 149 -0134 0 171 

35 36.3 -02 11 -0.234 -0.264 -0.286 -0243 -0.169 -0.196 -0.183 0.223 

36 37.3 -0.272 -0.298 -0.328 -0.35 1 -0.306 -0.234 -0.256 -0.244 0.286 

J7 38.3 -0.328 -0.354 -0.387 -0.409 -0.366 -0294 -0.314 -0.30 1 0.344 

38 38.3 -0.388 -0.41 5 -0.448 -0 473 -0.431 -036 1 -0.378 -0.366 0.408 

39 38.5 -0446 -0.474 -0.508 -0.533 -0492 -On3 -0.438 -0.425 0 467 • 40 6.6 -1.5 18 -0843 - 1.1 02 -1.523 -0 487 -0 450 -0.426 -0.426 0847 
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T<S1 '.: 20 
R«ordtr: BK 

ummuv ofOnt Boll Lap onnufion Tnts 

TEST DESIGNATION 

Test Dcsl@.nullon Dale 3 1595 

GEOMETRIC AND MATERIAL PROPERTIE 

BOLT 
T>pe AJ25 

Bah Hole SId 
Shear Plane X 

PLATE 
W,dlh ,In 1 

Top 4 

Bonom 4 

LImn tate. Bah hear 

O\I\IENTS 
• y ICldln~ on PL-26 started at 28000 Ib, 

II~RT 

JOO 

350 

31)0 

i 250 
:. 

200 .. • ISO 0 

100 

SO 

00 
0000 OOSC 

D .. meler (In.): 075 
Len"h (In) 2.25 

ut Washer 
Boh IIead Washer 

Thldne~~ (1M } 
05 
OS 

X 
X 

Lelln 1 
is 
1.5 

Mil.\.lmum 
Failure 

Other 

Bah Full) PrelenslCned 
b) Tum of Nut leohod 

Edge CondIt Inn 

SIILAR 
HEAR 

Defamation (In ) 

023 
0268 
0 16 
0.25 
0.34 

«('Iu~n '0 
26 
26 

L OJd (lIps) 

3n 
35.5 
l l Q 
356 
"A 

-- . - - - -- -_.--_.--

\'C""C Total o:u~ 

A\traiC Fronl Data 

A \'CflIC Bad. OatJ 

--Component 
Omlled PamnctrtC 

0100 DISC 

0.,(onn_'5o. (lL' 

132 

0200 
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T. I No: 20 ummln arOne Bolt La!! Connection Tests 
Recorder: OK • 
DATA PmcntlOmtler Readings (tn, 1 

Load per FI F2 FJ F~ RI R1 RJ R~ TOlal 
Data Point Plale (ki~sl 90 2! 92 93 94 95 96 97 An. 

I 2.4 -0.001 0000 -0.00 1 0.000 -0.00 1 0.000 -0.00 1 -0.001 0000 
2 4.2 -0.002 -0.001 -0.00 1 0.000 -0.00 I -0.00 1 -0.00 1 -0.001 0 .00 1 • 3 5.3 -0.003 -0.001 -0.001 -0.001 -0.00 1 -0.001 -0001 -0.00 1 0 .001 
4 6.2 -0.003 -0.001 -0.002 -0.001 -0.002 -0.001 -0001 -0002 0002 
5 6.9 -0.004 -0001 -0002 -0.001 -0.001 -0001 -0.002 -0.002 0.002 
6 7.6 -0.004 -0001 -0.002 -0.001 -0.002 -0.001 -0.002 -0002 0 002 
7 81 -0004 -0001 -0003 -0.001 -0.001 -0001 -0002 -0.002 0002 
8 94 -0.006 -0001 -0004 -0.001 -0.002 -0.001 -0002 -0002 0003 • 9 10.4 -000 -0001 -0.006 -0001 -0002 -0001 -0003 -0003 (J003 
10 12.5 -0010 -0001 -0009 -0.001 -0002 -0002 -0.004 -0004 (JOO4 
/I 14.4 -0.015 -0001 -00/3 -0001 -0.003 -0.003 -0005 -0.004 0006 
12 15.6 -0018 -0001 -0016 -0001 -0.004 -0004 -0006 -0006 0007 
/3 17.4 -0.023 -0.002 -0.020 -0.002 -0.005 -0.006 -0.006 -0007 0009 
14 18.7 -0026 -0004 -0024 -0.004 -0.007 -0.007 -0.007 -0.008 0011 
15 20.8 -0.032 -0009 -0.029 -0.007 -0.010 -0.009 -0.010 -0.010 0.014 • 
16 23.3 -0 .0~2 -00 16 -0.038 -0.0/3 -0.014 -0.012 -0.0/3 -00/3 0.020 
17 26.5 -0.050 -0024 -0.046 -0.021 -0.018 -0015 -0.018 -0.017 0026 
18 26.7 -0.057 -003 I -0.055 -0.028 -0.023 -00 19 -0.021 -0020 0.032 
19 28.8 -0.067 -0 0~2 -0.065 -0.037 -0.030 -0.025 -0028 -0.025 o ()40 
20 30.8 -0091 -0064 -0087 -0.059 -0046 -0.039 -0 0~2 -0.038 0058 
21 32.2 -0.114 -0.087 -0109 -0081 -0.064 -0.057 -0059 -0.055 0078 • ::!2 33.3 -0 /36 -0110 -0 13 I -0.104 -0084 -0076 -0079 -0074 0.(199 
23 34.1 -01S4 -0128 -0 ISO -0 I2J -0.101 -0093 -0098 -0092 0117 
24 35.0 -0204 -0 177 -0199 -0 172 -0.148 -0/39 -0.144 -0/38 0.165 
25 35.5 -0242 -021S -0237 -0210 -0.184 -0.176 -0179 -0 I7J 0202 
26 3S .7 -0270 -024S -0.266 -0237 -02/1 -0.203 -0205 -0200 ODO 
27 3S.5 -0.312 -0284 -0.306 -0.276 -0248 -0240 -0.242 -0236 () 268 • 28 9.2 -0.919 -0633 -0.SI7 -0.479 -0239 -0.240 -023 I -0225 0435 
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Test ' 0: 21 
R~corder : OK 

TEST DESIG'IATION 

Summary of Ont Boh Lap Connection Tests 

Test Designation; 112X518X3/4 D.te. 311 695 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 
Type: A325 

Bolt Hole: SId 
Shear Plane: X 

D,nmcler(in.)· 0.75 
Lenglh (In . I. 2.5 
NUl Washer· X 

Bah Hend Washer X 

Bolt Fully Prc:tenSloncd 
b~ Tum orNul Melhod 

PLATE 
\\' idlh (in) 

Top: 4 
Bonom: 4 

TEST RESULT 

L,m,l Slat<: Bolt Shear 

CO\l~lE~TS 

Thlckn", !m) 
0.5 

0.615 

Le(1n ) 

1.5 
1.5 

Maximum: 
Failure 
Olher ' 

Edge CondlllM 
SIIEAR 
SAW 

Deformation (In ) 

0.248 
0.248 
016 
0.25 
0.34 

• Y,eldlng on PL-26 staned al 29000 Ibs and 025 In 

• I'L-27 ~,clded al 34000 Ibs. 
• Bulging observed on PL-26 al 40000 Ibs 

CIIART 

4S 0 
400 _ 

3S0 

l 300 

:i lSO 
... 200 • .!! IS 0 

100 

SO 

00 

0000 OOSO 

.-.- -

0100 

.-.-.-.- . ---

o ISO 

---+-- AH'rage Total Dall 

~A,,'cQgc Front Datil 

---A- A "trage Bad. Data 
--Component 

- . - . Detailed P:u'1rnttnc. 

0200 OlSO 

Deformation (in.) 

134 

OJOO 

CO\l~n f\a 
26 
1; 

Lllad n"psl 
4() 

40 
379 

A 

A 
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Test 1\0: 21 Summa"' afOnt' Bolt tal! Conntcr;on TtsU 
Recorder: BK • 
DATA POlenriomerer Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 
Data Point Plate (kiesl 90 II 92 21 94 95 96 97 ,t\\(!, 

1.7 -0001 -0.001 -0.001 -0001 -0.001 -0.001 0.000 -0001 0.001 
2 2.7 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 0.000 -0.001 0.001 • 3 5.4 -0001 -0.001 -0.002 -0.002 -0.002 -0.001 -0.001 -0.001 0.001 
4 6.1 -0002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.001 -0002 0.002 
5 7.0 -0002 -0.002 -0.002 -0003 -0002 -0002 -0.00 1 -0.002 0.002 
6 8.4 -0002 -0.003 -0002 -0.004 -0.003 -0.003 -0.001 -0.002 0003 
7 9.3 -0.002 -0.004 -0.002 -0.006 -0004 -0.003 -0.00 1 -0.002 0.003 
8 10.2 -0.002 -0.004 -0003 -0.006 -0004 -0004 -0.002 -0002 0003 • 9 11 .0 -0002 -0.005 -0.002 -0.007 -0005 -0004 -0.002 -0.002 0.004 
10 12.2 -0002 -0.006 -0.003 -0.009 -0.005 -0004 -0.002 -0.002 0.004 
II 12.5 -0.002 -0.009 -0.004 -0012 -0004 -0.004 -0.002 -0.003 0005 
12 14.3 -0.002 -0011 -0.006 -0.015 -0.005 -0.004 -0.002 -0004 0.006 
13 161 -0003 -0015 -0006 -0.019 -0 .005 -0006 -0.003 -0.004 0oo8 
14 IS.5 -0.005 -0.021 -O.OOS -0025 -0.010 -0007 -0.007 -0006 0.011 • 15 20.7 -0007 -0026 -0.010 -0.031 -0013 -0.009 -0009 -0 .007 0014 
16 22.5 -0. DOS -0.031 -0.012 -0036 -0.016 -0011 -0.0 12 -0009 0017 
17 24.5 -0011 -0.037 -0.015 -0042 -0.021 -0014 -0.016 -0.011 0.021 
18 25.3 -0013 -0.042 -0.017 -OOH -0024 -0017 -0.020 -0013 0024 
19 27.1 -0.017 -0.050 -0021 -0.056 -0.031 -0.021 -0.024 -0.017 0030 
20 28.7 -0023 -0.059 -0028 -0067 -0037 -0.027 -0.029 -0.02 1 0036 
21 30.9 -0035 -0.076 -0041 -0084 -0.047 -0.035 -0.039 -0.029 U048 • 
2:! 32.3 -0 .050 -0.094 -0057 -0103 -0059 -0046 -0048 -0039 0.062 
23 32.8 -0053 -0097 -0.059 -0106 -0060 -0049 -0.051 -0.041 () ()65 
24 33.5 -0064 -0110 -0072 -0120 -0071 -0 058 -0059 -0049 () 075 
25 347 -0083 -0.130 -0.091 -0.141 -0090 -0075 -0076 -0066 0094 
26 35.6 -0097 -0.146 -0. 105 -0158 -0104 -0090 -0.090 -0080 0109 
27 36.5 -0102 -0150 -0.109 -0162 -0110 -0095 -0.095 -0084 0113 • 28 368 -0120 -0.171 -0. 128 -0 182 -0128 -0 113 -0113 -0 10 1 0132 
29 37.5 -0137 -0.188 -0. 145 -0201 -0145 -0 130 -0129 -0 116 U.149 
30 3S.6 -0. 165 -0.2 18 -0172 -0.231 -0.173 -0.157 -0.156 -0. 142 II 177 
31 38.9 -0.185 -0.240 -0.193 -0.253 -0194 -0. 177 -0. 175 -0. 161 0.197 
32 40.0 -0236 -0.294 -0.244 -0.306 -0.246 -0.228 -0.225 -0.210 0248 
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Tt .. 1\0: 22 
Recorder: Bf< 

IGNATION 

Summar\' or One Bolt Lap onne('tion Tests 

Test Deslgmltlon: I '2X IX314 Dale 3 I ~ q~ 

GEOMETRIC A '0 MATERIAL PROPERTIES 

BOLT 
T)pe: A325 

Boh Hole ld 
Shear Plane X 

Dtameler (m) 0.75 
Lenglh (m ) 2 75 

Ul Washer: X 
Boh I lead Washer X 

Boh FUll) !'r.lenStoned 
b) Tum of NUL Melhod 

PLATES 

Top: 
Bottom 

Limit State: 

CO \(\I ENTS 

\\' ldlh (in.) 
4 

4 

Boh Shear 

Thlcknes. (m ) 

05 
I 

Le(m.) 
1.5 
I 5 

Ma;"lmum 
FaJlure" 
Olher ' 

Edge Condition 
HEAR 

SHEAR 

Defonnallon (m ) 

0203 
0203 
0. 16 
025 
0.34 

• Yielding Slaned on PL-26 al 25000 Ibs 

C IIART 

400 

350 

300 

t 250 

~ 200 
'" • 2 IS 0 

100 

so 
00 

0000 0020 

- '- ' -'- ' _ . -._ .-._._. 
- --+-- A\cra"eTolAl Dat3 

__e__ A\crage Fronl Datil 

A \ Crtll!c ODd. Datil 
--Component 

- . - . Deuulcd IlarQ,melUC 

0040 0060 0010 0100 0120 0140 0160 0110 

Dr:rormallon (in.) 

136 

Couron 0 

26 
6 

Load (kips) 
J' 4 
)''''14 

36 I 
1'<A 
NA 
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Test lio: 22 Summary of One Bolt LIII! Connection Tests 

Recorder: OK • 
DATA Potentiometer Readings (in) 

Load pcr FI F2 F3 F4 RI R2 RJ R~ TOlal 
Da[a POint Pial< (kiQ') 90 2! 2£ U 9~ 95 96 97 A,. 

I 2.5 -0.001 0000 -0.001 -0.001 -0.002 -0.001 -0.001 0.000 0001 
2 3.8 -0.001 -0001 -0.001 -0.002 -0002 -0.001 -0.001 0.000 0001 • 3 6.7 -0001 0.000 -O . OO~ -0.002 -0.004 -0.001 -0.001 0000 0002 
4 7.4 -0.001 0.000 -0.005 -0002 -0.004 -0004 -0.001 -0.001 0002 
5 8.4 -0.003 0.000 -0.006 -0.002 -0.005 -0.006 0.000 -0001 0.003 
6 94 -0005 0.001 -0.008 -0.001 -0.005 -0.007 0.000 -0.002 0.003 
7 10.5 -0010 0002 -0.013 0001 -0.004 -0.011 0.002 -0006 0005 
8 11.8 -0013 0.003 -0018 0.002 -O.OO~ -0.015 0.002 -0009 0007 • 9 12.7 -0018 O.ooS -0.024 0.004 -0.003 -0.019 0.003 -0013 0008 
10 IS .4 -0028 0.009 -0.034 0.006 -0.002 -0.026 0.005 -0.020 0011 
11 IS.8 -0.032 00 10 -0040 0.007 -0.002 -0028 0.006 -0022 0013 
12 19.6 -0046 0.0 13 -0.057 0.007 -0.002 -0.039 0.007 -0.032 0019 
13 21.3 -0.059 0015 -0.070 0007 -0.002 -0 .0~8 0.007 -OO~O 0024 
14 24.5 -0070 0.012 -0.084 0.003 -0.005 -0057 0.006 -0.047 0030 
15 24.9 -0.08 1 0.009 -0.096 -0.002 -0.008 -0.065 0.005 -0055 0037 • 
16 26.8 -0 . 09~ 0.002 -0.111 -0.012 -0.013 -0.076 0.002 -0.065 0046 
17 28.2 -0 103 -O . OO~ -0.122 -0019 -0.018 -0.085 -0.002 -0.072 OOS3 
18 297 -0 11 7 -0.0 13 -0. 138 -0.03 1 -0.026 -0.097 -0.008 -0.082 o 06~ 
19 31.1 -0.131 -0.024 -0. 155 -0044 -0.036 -0.11l -0.018 -0.095 0077 
10 JJ.7 -0138 -0029 -0. 162 -0.049 -0.041 -0. 118 -0.02 1 -0.100 0082 
21 31.9 -0.158 -0.047 -0. 184 -0.068 -0.057 -0.138 -0.035 -0.11 8 0 101 • 22 33.4 -0169 -0056 -0 196 -0079 -0066 -0. 148 -0.043 -0.127 0110 
23 343 -0181 -0067 -0210 -0091 -0078 -0160 -0.052 -0.139 () 112 
2~ 35 .1 -0.205 -0089 -0.235 -0.114 -0098 -0183 -0.070 -0.160 0 . 1~4 

25 363 -022~ -0107 -0254 -om -0. 11 5 -0.201 -0.085 -0.177 (l 162 
26 36.4 -0243 -0125 -0. 27~ -0 1~9 -0133 -0.219 -0. 102 -0195 (1 ISO 
27 374 -0267 -0148 -0.299 -0172 -0 155 -0.142 -0.122 -0116 0.103 • 28 3.7 -I 654 -0715 -0.668 -1952 -0 193 -0.249 -0. 130 -0219 (1713 
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1< "0: 2J 
Recorder: 8f\. 

Summ"n of One Boll Lap Connection Tesh 

TEST DESIGN no:-. 

T e t De Ignallon $ 8X$/8XJ 4 Da'e 31~9~ 

GEOMETRIC AND 1ATERIAL PROPERTIES 

BOLT 
T)pc AJ2$ DIiJrncter (in. ) 07$ Boll Full) Pr<lens, ned 

Boll Hole S,d Leng,h (,n) B b) Tumof"u, 1.,hod 
Shear Plane X NUl Washer X 

Boll lIead \\'",her X 
PLATE 

Width lIM 1 Thl knec;s I'" } .!&1!!Ll Edge andilion C()ul:!!'" \;0 

Top 4 o 6~$ I $ A\\ IJ 
Bonom ~ 062$ I $ 'A\\ IJ 

Deform.lIon lin I l.oJd (k'psl 
Limn tate Boh hear Ma.\lmUm 01~1 )q 

Fa,lure O,W JS ~ 
Olher 0 16 332 

01$ " ,\ 
0,34 A 

CO\J\IENT 
• PL-I]) ,elded al 2 000 lbs al 0 07 In 

• Bull, declined al J~ooo Ibs 

C IIART 

'00 

)50 

)00 
.-' -.-

t 250 
~ ~oo 
." 

_.-" 
--+- A "'em,t: T oUlI Dati 

A"c:rJet fronl ();u 
• 150 • - A ... mCt: Bad. Dati 

100 --Component 

50 - . - . Otu.led Pllliundnc 

00 

0000 OOSO 0,00 o ISO 0200 02SO 0)00 

Ikfo rm_ltO .. " n. ) 

138 
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T. 1",0: 23 ummln' or One Bolt Lal:! Connection Tt~fS 

Recorder: OK • 
DATA Potentiometer Readln{!s (in 1 

Load pcr FI Fl F3 F4 RI Rl R3 R4 101al 

Dala Pomt PI Ie {ki~sl 90 ~ 92 93 94 95 22 91 A'S 
2.2 0.000 -0.001 0000 -0.001 -0.002 -0.001 -000 1 0.000 0.001 

2 3.7 0.000 -0.001 -0.001 -0.001 -0.002 -0001 -0.00 1 0000 0001 • 3 5.0 0.00 1 -0.002 -000 1 -0.002 -0.002 -0.00 1 -0.00 1 0.000 0.00 1 

4 6.7 0.002 -0.006 -0001 -0.006 -0002 -000 1 -0.001 0000 0002 

5 7.8 0.003 -0.0 10 0.001 -0.0 10 -0.002 -0002 -0.00 1 -0001 0.00] 

6 9.9 0.005 -0.018 0.002 -0.017 -0.002 -0003 -0001 -0001 0005 

7 11 .0 0.006 -0024 0.002 -0.024 -0.002 -0005 -0.00 1 -0.004 o 006 

8 12.6 0.007 -0029 0003 -0030 -0002 -0009 -0.001 -0007 0008 • 9 14 .3 0.007 -0039 0002 -0039 -0.002 -0015 -0001 -O.OIJ 0012 

10 158 0007 -0045 000 1 -0045 -0003 -0018 -0.001 -0.017 0.015 

1\ 17.8 0.005 -0.053 -0001 -0053 -0005 -0024 -0002 -0.02 1 0.019 

12 19.7 0.002 -0063 -0.005 -0.064 -0008 -003 1 -0004 -0029 0025 

13 20.7 -0.001 -0.069 -0.008 -0.070 -0.010 -0035 -0.006 -0034 0.029 

14 22.8 -0.007 -0080 -00 15 -0.081 -0.015 -0 044 -0.010 -0042 0037 

15 25 .1 -00 16 -0095 -0026 -0.096 -0.023 -0057 -00 17 -0.053 0048 • 
16 27.0 -0025 -0.108 -0035 -0 lOS -0029 -0065 -0021 -0062 0057 

17 28.3 -0039 -0.123 -0050 -0.123 -0038 -0.077 -0.028 -0073 0069 

18 289 -0053 -0 IJ8 -0064 -0 IJ8 -0.048 -0090 -0039 -0085 (I OR2 

19 30 4 -0076 -0162 -OOS6 -0.161 -0070 -0. I 12 -0060 -0 lOS II 1I!4 

20 31 S -0. \02 -0.187 -0 III -0.186 -0093 -0 IJ7 -0083 -0134 0129 

21 32.3 -0.122 -0.207 -0.13 I -0.207 -01 13 -0 157 -0.10 1 -0 153 o 149 • 
22 312 -0. IJ2 -0218 -0141 -0217 -0123 -0.167 -0 III -0 163 f) 159 

23 H5 -0 151 -0.238 -0.161 -0.237 -0140 -II 186 -0.130 -0181 o 178 

24 345 -0170 -0.258 -0.179 -0.256 -0160 -0.206 -0149 -0200 o 197 

25 35 1 -0 188 -0275 -0.198 -0.275 -0.178 -0224 -0167 -02 18 () 215 

26 354 -0213 -0.300 -0.223 -0301 -0204 -0251 -0.193 -0244 0241 

• 
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Tost ' 0: 26 
Retord.r: Bf{ 

umman afOnt Boh Lip Connection Te t5 

TE T DESIGNATION 

Test DesIgnation II8X1 18X7I8 

GEO IETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

T)pc: A325 
Boll Hole: SId 

Shear Plane: X 

Width !\n 1 
Top. S 

Bonom: 5 

TEST RES ULT 

Diameler (tn.): 0.87S 
Lenglh (tn .). 2 
NUl Washer. X 

Bolt Head lI'asher: X 

Thic:kn~ss {m l 
0.125 
om 

Le(," ) 

1.5 
1.5 

Dale 3 17 9S 

Bolt Full) Prelensloncd 
by Tum or NUl Melhod 

Edge Condition Cou~n 

HEAR 16 
HEAR 16 

a 

Derormallon (tn ) Load (lips) 
Limit State: Bud..hng 

COMMENTS 
• Boll> decltned al 6000 Ibs 
• Bulgmg Slaned al 10000 Ibs and 003 m 
• Bulged part curled e>.cessl\'l=l~ 

IIART 

180 

160 -

140 -

i 120 

~ 100 
." 80 -• :l 60 

40 _ 

20 

00 

0000 0020 0040 0060 

Maximum 
Failure 

Olher' 

---.- Average Total O:ata 
____ Averlgc: Front Data 

A \C:rllC: Bad. Data 

--Componcnl 

- . - . Detailed Par.unetnc 

0080 0100 0120 

Derormallon (in.) 

140 

0062 12 
0123 118 
o 16 'A 
0.25 NA 
0.34 "!,.\ 

0140 
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TfS' :'1'0: 26 Summary afOnt Boll La(! Connrc.tion Tests 
Recorder: SK • 
DATA Potentiometer Readings (in.) 

Load pcr FI F2 F3 F4 RI R2 R3 R4 T0131 
Dala POint Pla'e (kies) 90 21. 92 93 94 95 96 97 Avg 

I 0.0 -0.001 0 0 -0.001 -0.001 -0.001 0 0 0001 
2 O.S -0.002 -0.001 0 -0.002 -0.003 -0.002 0 0 0001 • 3 0.8 -0004 -0.003 0.001 0.003 -0.007 -0.006 0 0 0002 
4 1.8 -0006 -0004 0.001 0.003 -0.007 -0.006 0 0 0002 
5 3.0 -0.008 -0004 0.001 0.004 -0009 -0008 0 0 0003 
6 4.0 -0.009 -0.005 0 -0.004 -0.011 -0.009 0 0 0.005 
7 4.8 -0.01 -0.006 -0001 0004 -0.012 -0011 0 -0001 0.005 
8 5.8 -001 -0006 -0001 0.004 -0014 -0.011 -0.001 -0.001 0005 • 9 6.5 -0012 -0.007 -0.001 0.004 -0.014 -0012 -0.001 -0001 0006 
10 7.1 -0.013 -0008 -0.002 0.003 -0.014 -0.012 -0.001 -0.001 0006 
II 7.8 -0.015 -0008 -0004 0.003 -0.015 -0.015 -0.002 -0.004 0008 
12 84 -0018 -0.008 -0.006 0.003 -0.017 -0.016 -0003 -0.004 0009 
13 9.2 -002 -0.008 -0.01 0.003 -0.02 -0019 -0.006 -0006 0.011 
14 10.0 -0.025 -0.011 -0.014 0 -0.022 -0.021 -0.009 -0.009 0014 • IS 10.6 -003 -0.014 -0.017 -0.003 -0.026 -0.025 -0.012 -0.012 0017 
16 11.3 -0.037 -0.02 -0.025 -0.009 -0.028 -0.026 -0.014 -0.014 0022 
17 11.8 -0.044 -0.027 -0031 -0.017 -0.031 -0.03 -0.017 -0.017 0027 
18 11.8 -0.055 -0.039 -0.042 -0.027 -0.046 -0.044 -0.033 -0.03 0040 
19 12.0 -0.074 -00S8 -0062 -0.047 -0.068 -0.065 -0056 -0.062 0062 
20 11.8 -0.091 -0075 -0078 -0.063 -0.082 -008 -0.07 -0.068 0.076 
21 11.8 -0 112 -0097 -0099 -0084 -0.1 -0. 101 -0.089 -0.087 0.096 • 22 II 8 -012 -0. 11 -0.11 -0.1 -0.11 -0.11 -0.1 -009 0106 
23 11.8 -0.135 -012 -0. 125 -0.12S -0 125 -0.11 -0.125 -0. 12 0.123 
24 11.8 
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Test '0 : 21 
Recorder: BK 

TEST DESIG ATION 

Summan' of Onr BoH Lap Connection Tests 

Test DesIgnation: 1f8X 1/4X718 Date . ) 23 '95 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 
Type: A325 

Boll Hole: Sid 
Shear Plane: X 

Diameter (in.): 0.875 
Length {tn .}: 2 

Boll Fully Pretensloned 
by Tum of Nut Melhod 

PLATES 
Width {in.} 

Top: 5 
Bottom: 4 

TEST RES LT 

limit State:: Buckling 

COMMENTS 
• YIelding on PL-16 started at 14000 Lbs 

Nut Washer: X 
Bolt Head Washer: X 

Th ickncliis {m I 
0.125 
0.25 

Lopn ) 
15 
1.5 

Max imum: 
Failure. 
Other. 

Edge Condition 
SHEAR 
SHEAR 

Defonnauon (tn ) 
0.104 
0.366 
0.16 
0.25 
0.34 

• Bulging on PL- 16 started at 16000 Ibs (0.1 In . of dcfonnallon) 
• Yielding on PL- 19 started at 16200 Ibs 
• Load decreased after 0 .2 in of defonnallon . 

CHART 

:!oo 
180 _ 

160 
140 . ., 
120 Co 

~ 100 
~ • 80 -.5 

60 
40 
20 
00 

---+-- Avcraac TOLDI Data 
_____ Average Front Data 

--.-A \'crage Back Data 

--Companenl 

- • - • Oc:lAlled Parametnc 

0000 OOSO 0100 0150 0200 0250 0300 03SO 0400 0450 

Dtfonnalion fi n.} 

142 

Cou[!on No 

16 
19 

Load (~lpS) 
16.6 
14 .3 
16 I 
15.3 
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Te" 0 : 27 Summary of One Bolt La!! Connection Tests 
Recorder: BK • 
!M.!A Potentiometer Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 
Data Point Plate {ki~sl 90 2! 92 93 94 95 96 97 Av. 

0.5 0.000 0.001 -0.002 -0.002 -0.002 -0.002 0.00 1 0.00 1 000 1 
2 I I 0.000 0.001 -0.004 -0.004 -0.005 -0.004 0.001 0.00 1 0.002 • 3 2.6 0.000 0.002 -0.007 -0.006 -0.010 -0.008 0.002 0.002 0.003 
4 3.6 0.000 0.002 -0009 -0.007 -0.012 -0.009 0.002 0.003 0004 
5 4.5 -0.00 1 0.002 -0.010 -0.009 -0.015 -0.012 0.002 0.003 0.005 
6 5.9 0.000 0.001 -0.012 -0.010 -0.017 -0.0 14 0.002 0.003 0006 
7 6.3 -0.001 0.000 -0.0 13 -0.013 -0.017 -0.013 0.002 0.003 0.006 
8 7.5 -0.00 1 -0.001 -0.016 -0.0 16 -0.0 18 -0.0 15 0.00 1 0.003 0008 • 9 8.7 -0.00 1 -0.002 -0.0 18 -0.018 -0.020 -0.017 0.001 0.002 0009 
10 9.4 -0.00 1 -0.002 -0.020 -0.020 -0.021 -0.0 18 0.00 1 0.002 00 10 
II 10.3 -0.004 -0.004 -0.023 -0.023 -0.023 -0.019 0.00 1 0.002 0.0 11 
12 11.3 -0.006 -0.007 -0026 -0.026 -0.024 -0.020 0.000 0.002 0.0 14 
13 12.3 -00 10 -0.012 -0.03 I -0.032 -0.026 -0.022 -0.001 0.001 0.0 17 
14 12.9 -0013 -0.017 -0.034 -0.037 -0.028 -0.024 -0.00 1 0.00 1 0.019 • 15 13.3 -0017 -0.020 -0.037 -0.042 -0.019 -0.024 -0.002 0.001 0.01 1 
16 13 .9 -0.023 -0.028 -0.045 -0.050 -0.033 -0.028 -0.005 -0.001 0.026 
17 14.4 -0.028 -0.033 -0.050 -0.055 -0.037 -0.030 -0.007 -0.003 0.030 
18 14.9 -0.032 -0.040 -0.055 -0.06 1 -0.040 -0.032 -0.0 10 -0.005 0.034 
19 15.6 -0.042 -0051 -0.064 -0.072 -0045 -0.036 -0.014 -0.008 0.042 
20 15.9 -0.050 -0.06 1 -0.073 -0.083 -0.05 1 -0.042 -0.020 -0.012 0049 
21 16.6 -0067 -0.081 -0.089 -0.103 -0.059 -0.049 -0.028 -0.0 19 (1.062 • 22 16.5 -0.086 -0.100 -0 107 -0123 -0.068 -0.058 -0.036 -0028 0076 
23 16.6 -0.102 -0.11 7 -0.124 -0 139 -0.078 -0.067 -0.045 -0.037 0089 
24 16.6 -0 119 -0.135 -0. 141 -0.157 -0.091 -0.080 -0.058 -0.05 1 o 104 
25 16.2 -0 159 -0.177 -0.182 -0.200 -0.135 -0.125 -0. 101 -0.095 0.147 
26 16.0 -0.190 -0.208 -0.212 -0.230 -0.164 -0. 154 -0.131 -0.125 0177 
27 155 -0.239 -0.258 -0.261 -0.28 1 -0.212 -0.202 -0.177 -0.173 0.225 • 28 15.2 -0.286 -0.305 -0.308 -0.328 -0.258 -0.249 -0.223 -0.219 0.272 
29 14.6 -0.339 -0.359 -0.362 -0.38 1 -0.312 -0.301 -0.275 -0.27 1 0.325 
30 14.3 -0.380 -0.400 -0404 -0.423 -0.352 -0.343 -0.315 -0.311 0366 
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Tt5' r"o: 28 
Recorder: BK 

ummarv or One Boll Lap Connection Tests 

TEST DESIGNATION 

T cst Designation: I 18X318X 718 

GEOMETRIC AND MATERIAL PROPERTIE 

BOLT 

PLATE 

Type: A325 
Bolt Hole: S.d 

Shear Plane. X 

Wid,h (in.) 
Top: 5 

Bouom' 4 

Diameter (in.). 0.875 
Length (,n.): 2 
Nut Washer. X 

Boll He.d Washer: X 

Thlcknes!i (in) 
0. 125 
0.375 

~ 
1.563 
1.563 

Limi. SI •• e. Beanngrrearoul Maximum 
Fa.ilure: 

Olher' 

CO \'\I E:>OT 
• PI _-16 ~ .clded Bt 16000 Ibs \\llh 0.025 In of deformauon 
• 1'1. ·19) .elded., 18500 Ibs. 

• PL·16 Sloned bulglnga.18750 Ib, IIlIh .deform.llon oro 15 In. 

• Connection JOSI slrength after 18750 Ibs 

(, IIART 

200 
180 
160 
140 

D •• e 31395 

Boll Fully Pr •• ensioned 
b) Tum orNut Method 

Edge ConditIOn 
SHEAR 

Unknown 

Deformation em ) 
0097 
0638 
0 .16 
025 
0.14 

Counon 0 

16 
23 

Load (!.'ps) 
186 
147 

179 
165 
159 

· I~ 0 0-

~ 
- . -- . -.- .- . -.-.-.-"'-------~ 

100 
." • 80 • 

60 
40 

20 
00 

0000 

A \ Crlle" T QUlI Data 
~A\'erogC' Front Data 
-"-A\eraae Bad. Data 
--Compontnt 
- . - • [)culled Par:undnc 

0100 0200 0300 0400 0500 0600 0100 0800 0900 

Dtfonn.tlon (In,) 
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Tt"l'oo: 28 umm ... v ofOnt Boll LI(! Connection Tests 

Recorder: BK • 
DATA Potentiometer Readings (In ) 

Load pcr FI F2 F3 F~ RI IU R3 R~ lotal 
Data POint Plate (kl(!!i} 90 21 92 93 9~ 95 % 97 ..-\\g 

2.9 -0 00 I 0001 -0.002 -0.001 -0.003 -0002 0001 0000 () 001 
2 40 0000 0001 -0004 -0.002 -0.006 -0005 0.00 1 0.001 0002 • 3 5.1 0000 0001 -0006 -0005 -0.008 -0007 0.001 0.001 0.003 
4 6.0 0000 0001 -0.007 -0.007 -0.009 -0.009 0002 0001 O . OO~ 

5 6.S 0000 0002 -0009 -0007 -0010 -0011 0.002 0.00 1 Ooo~ 

6 7.6 -0001 0002 -0012 -0009 -0012 -0.013 0003 0000 0005 
7 90 -0002 0003 -0.013 -0010 -0.014 -0017 0.004 -0.001 0006 
S 9.S -0002 0003 -0015 -0.011 -0015 -O.OIS 0.003 -0.001 000 • 9 10.7 -0003 0003 -0.017 -0012 -0016 -0020 0003 -0002 0.008 
10 116 -0 004 0003 -0019 -O . OI~ -001 -0021 0.003 -0002 0009 
II 124 -0005 0002 -0021 -0017 -0.019 -0023 0003 -0004 00 10 
12 135 -0007 0001 -0026 -0019 -0021 -0027 0.002 -0006 0.013 
IJ 146 -0012 -0001 -0033 -0024 -0.025 -0031 -0001 -0.009 0017 
14 15 .5 -0017 -0006 -0039 -0030 -0028 -0035 -Ooo~ -0013 002 1 • 15 161 -0021 -0010 -0~3 -0.035 -0.032 -0039 -0006 -0015 0.025 
16 16.S -0028 -0018 -0051 -OOH -0.037 -0 0~5 -0.010 -0021 0032 
17 17.4 -0032 -0022 -0056 -00~9 -0.042 -0.050 -00 15 -0025 0036 
18 17.7 -0.037 -0028 -0.062 -0.055 -0.046 -0.055 -00 18 -0030 O. O~ I 

19 18. 1 -0 0~6 -0.038 -0071 -0065 -0.056 -0.064 -0.028 -0039 005 1 
20 18.1 -0057 -0050 -0083 -0.078 -0068 -0076 -0.039 -0.050 o ()63 
21 18. 1 -0068 -0061 -0093 -0089 -0079 -0.088 -0051 -0061 () 07~ • 
12 186 -0090 -0082 -0115 -0 112 -0.103 -0112 -0076 -0085 () (1'17 
23 183 -0108 -0 100 -0 13~ -0130 -0120 -0.130 -0093 -0102 o 115 
24 181 -0 . 1~ 2 -0135 -0168 -0163 -0.151 -0.161 -0123 -0132 () 1~7 
25 172 -0 19~ -0187 -0220 -02 16 -0200 -0209 -0 169 -0180 (1197 
26 16.5 -0251 -0 24~ -0276 -0273 -0.253 -0.262 -0223 -0232 0152 
" -. 16.2 -0295 -0288 -03 19 -0316 -0.295 -0305 -0265 -0.2 ~ o ZQ5 • 28 15 .8 -0353 -OH7 -03 9 -03 5 -0359 -0368 -0328 -0338 (1356 
29 153 -0398 -0391 -O~2J -0420 -0407 -0415 -0378 -0386 o ~ ()2 

30 15.3 -0493 -0488 -0520 -0.517 -0.506 -0.515 -0478 -0486 0500 
31 147 -0631 -0624 -0657 -0655 -0.646 -0653 -0617 -0619 0638 
32 12.5 -0722 -0716 -0746 -0745 -0722 -0.732 -0695 -0698 () 722 
33 108 -0775 -0770 -07% -07% -075 -0766 -0.729 -0730 0765 • 34 9.7 -0805 -0800 -0823 -0.825 -0775 -0.784 -0747 -0746 (1788 
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Test i'o: 29 
Recorder: BK 

ummarv of One Boh Lap Connection Tests 

TEST DESIGNATION 

Test Designation: 118X 112X7/8 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

Type: A325 
Bah Hole: Sid 

Shear Plane: X 

Width {in.} 
Top: 5 

Bonom: 4 

TEST RESULTS 

Limit State: Bucklmg 

CO\IMENTS 

Diamelcr (in.): 0.875 
Lcnglh (in.): 2 

ut Washer: X 
Bah Head Washer. X 

Thickness lin.} 
0. 125 

0.5 

LeCm ) 
1.625 
1.625 

Maximum: 
Failure. 

ther. 

• Yield 109 on PL-16 slaned al 17000 Ibs ""h 0.03 10 of dofonnallon 
• Load capacit) decreased at 0.1'1 m. of defannatlon 
• Bulged pan ben! OUI of plane aI 0.2 10 

CIIART 

200 
180 -
160 . 
IJ 0 

" • j 

~ 120 

~ 100 · 

80 
60 
40 
20 
00 

--+-- Average Total Onto 
___ A "'ernge Front Da.ta 

---..- Average Bad. Data 

--Component 

- - - • Deta11ed Parame1llc 

Dale: 3/24195 

Bolt Fully Prclcnsloned 
by Tum of NUl Melhod 

Ede.e Candilion Cou~on No 
SHEAR 16 

SA II' 34 

Dcfonn.llon (10 .) Load (~lpS) 
0079 196 
0658 13 .5 
a 16 18 I 
0.25 15 .9 
0.34 15.2 

0000 0100 0200 0300 0400 0500 0600 0700 

Derorm.tion (in.) 
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Test 0: 29 Summary of One Bolt La~ Connection Tests 
Recorder: 8K • 
DATA Potentiometer Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 TOlal 
Data POint Plate (ki2S) 90 21 92 93 94 95 96 97 Avg 

0.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
3 4.3 0.000 0.000 -0.005 -0.003 -0.004 -0.004 0.001 0.001 0002 • 4 5.3 0.000 0.001 -0.007 -0.006 -0.008 -0.006 0.001 0.001 0.003 
5 5.6 -0.001 0.002 -0.009 -0.006 -0.009 -0.007 0.002 0.002 0.003 
6 8.4 -0.002 0.004 -0.017 -0.010 -0.017 -0.013 0.004 0.004 0006 
7 9.3 -0.002 0.005 -0.020 -0.011 -0.019 -0.015 0.004 0.004 0.007 
8 10.5 -0.004 0.007 -0.024 -0.0 13 -0.023 -0017 0.003 0.004 0008 
9 11.6 -0006 0.008 -0.029 -0.013 -0.026 -0.018 0.002 0.005 0.010 • 10 12.2 -0.009 0.009 -0.034 -0.014 -0.028 -0.018 0.001 0.005 0.01 1 
II 13.3 -0.012 0011 -0.039 -0.015 -0.032 -0.020 -0.00 1 0.005 0.0 13 
12 14 .2 -0.014 0.011 -0.043 -0.015 -0.034 -0.021 -0.003 0.005 0.014 
13 15.2 -0.020 0.0 12 -0.050 -0.017 -0.039 -0.023 -0.007 0.005 0.017 
14 15.7 -0.023 0.012 -0.054 -0.017 -0.045 -0.028 -0.014 0.001 0.02 1 
IS 16.5 -0.028 0.010 -0.061 -0.019 -0.050 -0.029 -0.017 0.000 0.024 • 16 17.1 -0.032 0.009 -0.066 -0.021 -0.057 -0.034 -0.023 -0.004 0.029 
17 17.6 -0.04 1 0.004 -0.076 -0.027 -0.064 -0.039 -0.030 -0.009 oms 
18 18.2 -0.046 0.001 -0.083 -0.032 -0.071 -0.045 -0.037 -0.013 0.041 
19 18.9 -0.054 -0.006 -0.092 -0.038 -0.079 -0.052 -0.044 -0.019 0.048 
20 19.1 -0.064 -0.013 -0.102 -0.045 -0.093 -0.063 -0.057 -0.03 1 0059 
21 18.9 -0.073 -0.019 -0. 111 -0.053 -0. 108 -0.076 -0.074 -0.045 0.070 
22 19.6 -0.080 -0.024 -0.120 -0.059 -0.120 -0.088 -0.087 -0.056 0.079 • 23 19.3 -0.094 -0038 -0. 134 -0.073 -0.136 -0.104 -0.103 -0.072 0094 
24 19.0 -0. 108 -0.053 -0.149 -0.088 -0.153 -0.121 -0. 120 -0.088 0 11 0 
25 186 -0143 -0089 -0.184 -0. 124 -0.185 -0. 153 -0.152 -0.121 0. 144 
26 17.8 -0173 -0.11 9 -0.212 -0.152 -0.209 -0. 177 -0.174 -0.146 0.170 
27 17.2 -0.201 -0.147 -0.237 -0.178 -0.234 -0.203 -0.200 -0.172 0.196 
2S 15.8 -0.261 -0.208 -0.297 -0.236 -0.292 -0.260 -0.259 -0.230 0255 • 29 15.4 -0.306 -0253 -0.342 -0.281 -0.337 -0.304 -0.303 -0.274 0.300 
30 14.9 -0.416 -0.363 -0.449 -0.390 -0.443 -0.410 -0.409 -0.382 0.408 
31 14.3 -0.509 -0.462 -0.545 -0.484 -0.537 -0.504 -0.506 -0475 0503 
32 14.0 -0.623 -0.573 -0.655 -0.595 -0.648 -0.614 -0.620 -0.590 0615 
33 13.5 -0.665 -0.615 -0.697 -0.636 -0.691 -0.657 -0.666 -0.634 0.658 
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Test 0: 30 
Recorder: SI< 

Summ:u-v of One Bolt Lap Connection Tt'sts 

TEST DESIGNATION 

TC51 Designation: 1/8X3/4X7/8 

GEOMETRIC AND IATERIAL PROPERTIES 

BOLT 

PLATES 

Type: A325 
Bolt Hole· Std 

Shear Plane· X 

Width (in.) 
Top: 5 

BOllom: 4 

TE T RESULTS 

Diameter (in.): 0.875 
Length (in.): 2.25 
Nut Washer X 

Bolt Head Washer: X 

Thickness (in.) 
0. 1:!5 
075 

Lc(in) 
1.625 
1.625 

Limit State:: BearingfTearoul Maximum: 
Failure: ' 
Other. 

CO""ENTS 
• PL-I 5 ~ lelded at 15500 Ibs \\ Ith a deformation of 0.03 10 . 

• Strength loss observed after 0.25 In . of deformation. 

CIMRT 

140 

i 120 

~ 100 ---+-- Avc:ragc:Total Data 

." 80 ___ Average From Oata 
• • 60 ----.-. A veragt' Back Data 

40 --Component 

20 - . - . ~talled PIlf1metnc 

00 - --
0000 0100 0200 OJOO 0400 0500 0600 

Deformalion (iR.) 

Date: 3124195 

Bolt Full) Pretensloncd 
by Tum of ut Method 

Edge Condition Counon No. 
SHEAR 15 

AW 28 

DCrormallon (in.) Load (~Ipsl 
0.155 17 
0.731 124 
016 17 
0.25 Ib.3 
0.34 156 

0100 0800 
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T tS I 0: 30 ummln orOnt Boll Lal! Connection Tests 
Rtcordfr: BK • 
DATA Potentiometer Readings (in) 

Load per FI F2 F3 F4 RI R2 R3 R4 To,al 
Data POint PI.'e (k'2S1 90 2! 92 93 2:! 95 96 97 A'S 

I 0.9 -0.00 I 0.00 1 -0.002 -0.002 -0.001 -0.00 1 0.000 0.000 000 1 

2 2.3 0.000 0.000 -0.004 -0.005 -0.004 -0.004 0.000 000 1 0.002 • 3 36 0.000 -0.00 1 -0.006 -0.007 -0.008 -0.007 0.00 1 0.00 1 0003 
4 42 0,000 -0.00 1 -0.006 -0.008 -0.0 10 -0010 0002 000 1 0004 

5 5.4 0.000 -000 1 -0.007 -0,010 -0.014 -0.0 15 0002 0.00 1 0005 
6 6.7 0000 -0002 -0006 -0.011 -0020 -0.022 0,004 0002 0007 
7 7.7 0.001 -0003 -0007 -0.012 -0.024 -0.028 0.006 0.003 0008 
8 8.7 0001 -0 004 -0009 -0.015 -0.025 -O.OH 0.008 0001 0010 • 9 94 0001 -0003 -0011 -0.017 -0.027 -0040 0008 -0004 00 12 
10 10.1 0000 -0002 -0015 -0018 -0.028 -0042 0.009 -0006 0013 

II 105 0000 -0002 -00 16 -0020 -0029 -0.045 0.009 -0006 () 014 

12 10.7 -0001 -0002 -0018 -0.021 -0029 -0045 0008 -0.008 0015 
13 11.3 -0001 -0002 -0.020 -0.02 1 -0031 -0.049 0.007 -0010 00 16 
14 12.2 -0005 -0001 -0025 -0.023 -0.038 -0059 0002 -0.0 18 002 1 • 15 130 -0007 0.000 -0031 -0026 -0.052 -0075 -0.012 -0.034 0.030 
16 14 I -0012 0.000 -0035 -0.028 -0.057 -0.080 -0.0 13 -0037 0.033 
17 147 -0.0 15 -000 1 -0039 -0.029 -0.06 1 -0.084 -0,015 -0039 () 035 
18 15.7 -0017 -0002 -0.043 -0.032 -0,066 -0.090 -0.018 -0,040 00 9 
19 16.2 -0022 -0.006 -0.050 -0.036 -0.078 -0.102 -0,029 -0.053 0.047 
20 16.1 -0022 -0,006 -0,049 -0.036 -0,078 -0. 102 -0,029 -0053 0047 
21 16.3 -0.026 -0009 -0054 -0.040 -0.090 -0.11 5 -0.043 -0067 0056 • 
22 16,6 -0035 -00 18 -0065 -005 1 -0.109 -0.135 -0062 -0086 0070 
23 16.6 -0045 -0029 -0075 -0062 -0125 -0 ISO -0.077 -0 102 () 083 
24 168 -0067 -0049 -0097 -0.083 -0 146 -0. 171 -0098 -0 122 0 104 
25 16.9 -0079 -0.061 -0109 -0.095 -0.161 -0.187 -0 113 -0138 0.118 
26 16.9 -0.092 -0074 -0124 -0109 -0.178 -0203 -0129 -0 154 () 133 
27 17.0 -0 112 -0 ()94 -0 144 -0130 -0201 -0227 -0153 -0.178 o ISS • 28 169 -0.137 -0 120 -0168 -0 ISS -0.226 -0253 -0,179 -0.204 0180 
29 16.9 -0151 -0135 -0183 -0.169 -0.240 -0267 -0,193 -0219 0195 
30 16.6 -0186 -0168 -0116 -0203 -0.271 -0.300 -0.224 -0250 O.2!1 
31 16.3 -0.202 -0184 -0232 -0.218 -0.286 -0.314 -0240 -0265 () 243 
32 16.3 -0231 -0.213 -0260 -0.247 -0.313 -034 1 -0.266 -0.290 0270 
33 15.2 -0.344 -0.327 -037 1 -0.360 -0 418 -0.446 -0.373 -0.394 0379 • 34 14.9 -0.519 -0505 -0542 -0.534 -0.590 -0.6 18 -0546 -0.569 0.553 
35 14. 1 -0603 -059 1 -0624 -06 18 -0.676 -0.705 -0.638 -0663 0640 
36 12 4 -0700 -0687 -07 16 -0.708 -0.765 -0,79 1 -0.73 1 -0.753 073 1 
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Test No: 31 
Recorder: 8K 

Summary GrOne Boll Lap Connection Tests 

TE T DESIGNATION 

Test Designation' 114X 114X7/8 

G EOMETRIC A 'D IATERIAL PROPERTIE 

BOLT 

PLATE 

T)pe A325 
Bolt Hole td 

Shear Plane· X 

\\' Id,h (In ) 
Top. 4 

Bonom 4 

Dlame,er(m) 0875 
Length (10). 2 

u, II' asher X 
Bolt Head Washer X 

Thickness (In) 
o 2S 
0.25 

blliU 
1.75 
I 75 

BC3nng{fearoul Maximum ' 
Failure 
O,her 

CO\I"E~TS 

• YleidlOg on PL-20 staned at 19000 Ibs \I Ilh a deformation of 0.04 10 

• Bulgmg s,.ned a' 24000 lb. «(lIS 10 ) 

• 'trcngth of the connection Increasc:d 

("HART 

Date 3"25 95 

Boh Full) Prctcnsloned 
b) Tum of u, Method 

Fd.e Condlllon CC'lu[!on r\o 
HEAR 10 
HEAR 20 

Deformation (10 ) Load (lips) 
I 18 302 
I 18 302 
0.16 245 
025 1S 
0.34 15.3 

350 

lOa . _.-.-.- . _.-. - ._ . _._.- . -.- ' _._._ . - . - . 

:!.So 

'00 

so 
00 

0000 

.- . -'-

0200 

---t-- Avcnlge Total Dala 
Average Front Data 

---+- A ... crage BacL Oat). 
--Compoocnl 
- . - . Oeuuled Parametric 

0400 0600 0800 

Odornullon (in.) 

150 

, 000 ,200 
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Test No: 31 SummarY orOne Bolt Lal! Connection Tests 

Recorder: BK • 
DATA Potentiometer Readings (in.) 

Load per F1 F2 F3 F4 R1 R2 RJ R4 Total 

Dalll Point Plate (ki~sl 90 2.1 92 93 ~ 95 96 97 A\'2 

1 1.5 -0.001 -0.001 -0.001 -0.001 -0.001 0.000 0.000 -0.00 1 0.001 

2 2.6 -0.001 -0.001 -0.001 -0.00 1 -0.002 -0.00 1 -0.001 -0.00 1 0.00 1 • 3 3.6 -0.00 1 -0.00 1 -0.002 -0.002 -0.003 -0.002 -0.00 1 -0.00 1 0.002 

4 4.3 -0.002 -0.001 -0.003 -0.002 -0.004 -0.003 -0.002 -0.001 0.002 

5 5.5 -0.003 -0.001 -0.004 -0.002 -0.005 -0.002 -0.002 -0.001 0.003 

6 6.6 -0.005 -0.002 -0.004 -0.004 -0.006 -0.002 -0.003 -0.00 1 0.003 

7 7.2 -0.006 -0.003 -0.005 -0.004 -0.007 -0.002 -0.004 -0.001 0.004 

8 8.8 -0.007 -0.004 -0.006 -0.006 -0.008 -0.003 -0.004 -0.001 0.005 • 9 9.9 -0.007 -0.005 -0.007 -0.006 -0.009 -0.004 -0.006 -0.002 0.006 

10 10.6 -0.008 -0.006 -0.008 -0.007 -0.009 -0.004 -0.006 -0.003 0.006 

11 13.0 -0.012 -0.010 -0.012 -0.012 -0.010 -0.007 -0.006 -0.004 0.009 

12 14.6 -0.0 15 -0.0 17 -0.015 -0.0 18 -0.0 11 -0.009 -0.008 -0.007 0.012 

13 16.0 -0.018 -0.025 -0.020 -0.026 -0.012 -0.0 12 -0.009 -0.009 0017 

14 17.5 -0.024 -0.037 -0.026 -0.037 -0.022 -0020 -0.019 -0.017 0.025 

15 18.2 -0.028 -0.042 -0.029 -0.042 -0.026 -0.022 -0.023 -0.018 0029 • 
16 19.7 -0.034 -0.053 -0.036 -0.053 -0.035 -0.026 -0.032 -0023 0.037 

17 20.8 -0.057 -0.078 -0.057 -0.078 -0049 -0.034 -0.045 -0.029 0054 

18 20.8 -0.068 -0.091 -0069 -0.091 -0.053 -0.036 -0.050 -0.032 0.061 

19 21.8 -0086 -0.110 -0.087 -0. 11 2 -0.061 -0.040 -0.057 -0.036 0074 

20 22.6 -0. 114 -0.141 -0. 115 -0.143 -0.075 -0.050 -0071 -0.046 0.094 

21 23 .4 -0.135' -0.165 -0.139 -0.166 -0.088 -0.062 -0.085 -0.058 0. 112 • 
22 24 .2 -0.160 -0. 19 1 -0.163 -0.193 -0.105 -0.078 -0.102 -0.074 CU3J 

23 24.5 -0.184 -0.218 -0. 188 -0.217 -0. 132 -0105 -0.129 -0.100 0. 159 

24 24.7 -0.209 -0.243 -0.212 -0.242 -0.160 -0 13 1 -0. 156 -0. 127 0. 185 

25 24.9 -0.242 -0.280 -0.247 -0.278 -0.199 -0. 171 -0.195 -0. 167 0.222 

26 25 .0 -0.275 -0.312 -0.278 -OJ 12 -0.237 -0.207 -0.233 -0.203 0.257 

27 25 .1 -0.3 16 -0.354 -OJ 19 -0.355 -0.283 -0.253 -0.280 -0.250 0.301 • 
28 25.3 -0.342 -0.382 -OJ47 -0.383 -0.3 16 -0.284 -OJ 13 -0.282 0.33 1 

29 25.4 -0.381 -0.422 -0.385 -0.421 -0.358 -0.326 -OJ 55 -0.324 0.37 1 

30 25.8 -0.447 -0.49 1 -0.452 -0.489 -0.430 -0.398 -0.426 -0.395 0441 

31 26.0 -0.500 -0.545 -0.504 -0.545 -0.490 -0.456 -0.483 -0.452 0.497 

32 26.3 -0.584 -0.631 -0.589 -0.63 1 -0.584 -0.550 -0.576 -0.546 11.586 

33 26.7 -0.684 -0.737 -0.691 -0.737 -0.700 -0.666 -0.689 -0.659 o 6~5 • 34 27. 1 -0.780 -0.836 -0.789 -0.836 -0.805 -0.771 -0.793 -0.763 0.797 

35 27.5 -0.882 -0.939 -0.892 -0.940 -0.9 12 -0.875 -0.898 -0.866 0.901 

36 27.7 -0.982 -1.042 -0.992 -1.040 -1.0 16 -0979 -1.003 -0.971 1.003 

37 29.8 -1.066 - 1.1 26 -1.074 -1.123 -1.1 03 -1.066 -1.089 - 1.058 1.088 

38 30.2 -1. 152 -1.2 14 -1.160 -1.2 11 -1.20 1 -1. 16 1 -1.185 - 1.1 54 1.180 

39 29.0 -1. 159 -1.222 -1.169 -1.2 19 -1.210 -1 171 -1.195 -1.163 1 188 • 

• 
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Tts. 'lio: 31 
Recorder: 8K 

TE T DESIGNATIO 

Test Dc 'gnBtl On: 

ummar\ or Onr Bolt Lan Conn«tion Tt~ts 

1/4X3 /8X7I8 

GEOMETRIC AND MATERIAL PROPERTIES 

DOLT 
Type A325 

Boh Hole .d 
Shear Plane· X 

D,ame.er (on) 0875 
Length (,n) 2 

Bolt Full)' Prctensloncd 
b) Tum of u' le.hod 

PLATE 
W,d.h (on I 

Top. 4 
Bottom 4 

LTS 

'ut \\ asher X 
Bah Head Washer X 

Thlclne~s {In 1 
0.25 
0.375 

!&1!!!.1 
I 75 
I 75 

Limn State: phllong Ma.,(lmum 
Fallurt 
O.her 

COM~IENTS 

• PL·20) ,elded a. 0.04 on of defonnallon ,\I,h a load of 20800 Ibs. 
• ExceSSIVe defonnBllons Started al 23000 Ib 
• "L·20 bulged at 27000 Ib, and 0.15 on of deforamllon 
• PL·n bulged al 27500 Ibs IlJld 03 ,n of dcfonnallon 
• Splitting occured Ilt 0.80 In of defonnallon 

CIIART 

350 

Edge CondlllOn 
SIIEAR 
SHEAR 

Defonn.llon (,n ) 
0785 
0.785 
0 16 
0.25 
0.34 

300 _ .-.-.- .-._._._-_. - ._._ .-._._. 
2S 0 

t 200 
~ .. IS 0 • • 

100 

SO 

00 

0000 

A\letliC Total Dall 

A\'ttlet' Front Data 

A"ctlCC: Bad. Dall 
--Componml 
- . - • ~llcd Paramane 

0100 0200 0300 0400 0500 0600 0100 0800 0900 

152 

Cou[!!!n No 
~O 

J1 

Load I~'ps) 
273 
21.3 
~6 . 5 

267 
267 
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Test No: 32 Summarv afOne Bolt LaU Connection Tests 

Recorder: BK • 
DATA Potentiometer Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 
Data Point Plate {kiQs} 90 2! 92 93 94 95 96 97 Ave 

I 0.7 0.000 0.00 1 -0.002 -0.002 -0.001 -0.00 1 -0.001 0.000 0.00 1 

2 2.2 0.000 0.001 -0.004 -0.003 -0.003 -0.002 -0.00 1 0.000 0.00 1 • 3 4.2 0.000 0.000 -0.007 -0.005 -0.005 -0.003 -0.001 0.000 0.003 
4 5.9 -0.00 1 0.000 -0.008 -0.006 -0.006 -0.004 -0.001 0.000 0.003 

5 7.0 0.000 -0.00 1 -0.0 10 -0.008 -0.006 -0.005 -0.002 0.000 0.004 
6 8.8 0.000 -0.001 -0.0 12 -0.010 -0.008 -0.006 -0.002 -0.001 0.005 
7 10.4 0.000 -0.002 -0.013 -0.0 12 -0.009 -0.007 -0.002 -0.00 1 0.006 
8 11.4 -0.001 -0.002 -0.015 -0.0 14 -0.0 10 -0.007 -0.004 -0.001 0.007 • 9 12.9 -0.002 -0.005 -0.0 18 -0.018 -0.0 10 -0.0 10 -0.004 -0.002 0.009 
10 14. 1 -0.004 -0.009 -0.022 -0023 -0.0 10 -0.012 -0.003 -0.004 0.011 
II 16.3 -0.008 -0.015 -0.027 -0.031 -0.014 -0.0 18 -0.004 -0.009 0.0 16 
12 18.0 -0.013 -0.02 1 -0.032 -0.039 -0.0 18 -0.023 -0.007 -0.013 0.02 1 
13 19.9 -0.02 1 -0.035 -0.042 -0.053 -0.028 -0.032 -0.013 -0.020 0.03 1 
14 21.8 -0.032 -0.05 1 -0.056 -0.069 -0.040 -0.045 -0.023 -0.028 0.043 
15 23 .6 -0.050 -0.071 -0.074 -0.091 -0.057 -0.060 -0.036 -0.042 0.060 • 
16 24.8 -0.067 -0.088 -0.090 -0.109 -0.072 -0.075 -0.051 -0.056 0.076 
17 25.6 -0.085 -0.106 -0.108 -0. 127 -0.085 -0.088 -0.063 -0.069 0.09 1 
18 26.0 -0. 124 -0.147 -0.149 -0.167 -0.117 -0.120 -0094 -0.100 0.127 
19 26.4 -0. 155 -0.177 -0.181 -0.198 -0. 14 1 -0.146 -0. 11 7 -0.124 0. 155 
20 26.7 -0. 181 -0.203 -0.206 -0.225 -0. 163 -0.168 -0. 140 -0. 14 7 0. 179 
2 1 26.7 -0.230 -0.253 -0.256 -0.275 -0.2 10 -0.2 14 -0.186 -0.192 0.227 • 22 26.7 -0.282 -0.306 -0.310 -0.329 -0.26 1 -0.266 -0.237 -0244 0.280 
23 26.7 -0.385 -0.410 -0.416 -0.436 -0.365 -0.373 -0.343 -0.348 0.385 
24 26.7 -0.490 -0.517 -0.525 -0.546 -0.476 -0.483 -0.450 -0.455 0.493 
25 26.8 -0.589 -0.615 -0.625 -0.645 -0.576 -0.584 -0.550 -0.554 0.592 
26 27.3 -0.684 -0.709 -0.718 -0.741 -0.672 -0.680 -0.643 -0.648 0.687 
27 27.3 -0.792 -0.820 -0.826 -0.85 1 -0.758 -0.768 -0.730 -0.734 0.785 • 

• 

• 
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Tesl '0: JJ 

Recorder: 8K 
ummarv of One Boll Lap ConntC'lion TeslS 

Test Deslgnauon 1/4XI 12X718 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATE 

Type:· A325 
Bah Hole: Std 

Shear Plane: X 

W,dth (in) 
Top: 4 

Bonom " 

TE TRESULTS 

Diameter (tn ). 0.875 
Length (,n I 2.25 
Nut Washer X 

Bolt Head Washer X 

Thickness (10 ) 

o 2S 
0.5 

Lelln ) 
I 7S 
I 75 

Date 3 ":!S 9~ 

Bah Full) PretenSloncd 
b) Tum of Nut Method 

Edge Condition Cou[!!!n 
SIIEAR 20 
SAW 34 

n. 

Deformation (10) Load (.'ps) 
Limit State ~ Beanngl rearout Ma.xlmum; 

Failure: 
Other. 

CO~'~'E"TS 
o Yteldlng on PL·20 started at 20500 Ibs and 0.02 In of defonnalton 
o PL.J4) ,elded at 0 4 In . 

o PL.20 tom out at 0 65 In 

HART 

llO 

lOO. ._. -._._. _._.-. - . . - . - ._' 

:" 0 
i: 200 
~ 
." tS 0 • • 

100 

50 

00 . 

0000 o tOO 

-..-A" en1&eTolal Data 
_____ A "eRgt Front Data 

---+- A Irc.raae Back ~li 

--Componc.nl 

- • - • Detailed "It:lmcUIC 

0200 Oloo 0 400 

154 

0500 

0098 30 I 
0567 287 
016 2q I 
0.25 309 
0.34 114 

0600 
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Test 1'0: 33 ummln of Ont Bolt La~ Connection Tests 

Recorder: BK • 
MIa Potentiometer Readings (m.l 

Load per FI F2 F3 F4 RI R1 RJ R4 10lal 

Data POint Plnl. [kl~sl 90 ~ 92 93 94 95 96 91 A,S 

I 18 -0001 0.000 -0002 -0.002 -0.003 -0002 0000 0001 0001 

2 4.2 -0001 -0001 -0004 -0005 -0001 -0006 0000 0001 (l003 • 
3 6.1 -0001 -0001 -0006 -0.001 -0010 -0.001 0001 0001 0004 

4 1.8 -0001 -0001 -0.001 -0.009 -0.012 -0009 0.001 0001 0005 

5 86 -0001 -0001 -0009 -0010 -00\3 -0.010 0001 0001 0005 

6 99 0.000 -0001 -0010 -0012 -00\3 -0012 0.001 0.000 0006 

1 111 0002 -0002 -0012 -0017 -0.015 -0015 0.001 0.000 0007 

8 14.8 0003 -0.007 -0016 -0028 -0018 -0018 0.00 1 -0002 0011 • 9 164 0004 -0012 -0018 -0035 -0.019 -0018 0.001 -0002 oon 
10 18.5 0.004 -0.017 -0.021 -0.043 -0.023 -0.022 0.001 -0.003 0016 

II 20.3 0.005 -0.023 -0.023 -0.05 1 -0.028 -0026 -0.002 -0.004 0019 

12 22.0 0.005 -0029 -0024 -0059 -0.034 -0.029 -0.006 -0.006 0023 

\3 24.3 0.004 -0039 -0029 -0072 -0.042 -0.034 -0.011 -0008 0.029 

14 213 -0004 -0055 -0041 -0093 -0.058 -0.043 -0.021 -00\3 0041 

15 283 -0010 -0067 -0050 -0.105 -0.068 -0050 -0.029 -0018 0050 • 
16 29.5 -0.034 -0094 -0076 -0.\35 -0095 -0073 -0.050 -0.037 0074 

17 30.1 -0056 -0118 -0.100 -0162 -0120 -0097 -0.072 -0059 0098 

18 29.8 -0.096 -0 160 -0.141 -0.205 -0.155 -0. /3 1 -0.105 -0.092 o 136 

19 29.4 -0.136 -0201 -0 182 -0.247 -0.192 -0.168 -0.140 -0 127 o 174 

20 29.1 -0179 -0243 -0224 -0.289 -0234 -0.210 -0.180 -0161 0216 

21 28.4 -0.264 -0.329 -0310 -0371 -0.322 -0.296 -0.267 -0.254 0.302 • 
22 28 I -0.348 -0417 -0400 -0466 -0414 -0.388 -0.358 -0343 0.392 

23 285 -0449 -0.516 -Oj02 -0.565 -0.517 -0492 -0.458 -0.445 0493 

24 28.7 -0520 -0589 -0571 -0641 -Oj92 -0.565 -0.531 -0.516 0561 

• 

• 

• 

• 
155 

• 



'. 
• 

• 

• 

• 

• 

• 

• 

• 

Test l'i o: 34 
Recorder: BK 

Summar\' arOne Bolt Lap Con nection Tests 

TEST DES IGNATION 

Test Designation: 1/4X3 /4X7/8 

GEOMETRIC AND MATERIAL PROPERT IES 

BOLT 
Type: A325 

Bolt Hole: Std 
Shear Plane: X 

Diameter (in.): 0.875 
Length (in.): 2.5 
Nut Washer: X 

Bolt Head Washer: X 
PLATES 

Width (In . ) 

Top: 4 
Bottom: 4 

TEST RESULTS 

Thickness lin.> 
0.25 
0.75 

Limit State: Beanngffearoul 

CO \IME~TS 

• PL-20 yie lded at 15500 Ibs. and 0.014 in. of deformation . 
.. PL-20 started bulging at O.O-l4 In of deformation 
.. The..: connection mamtamed its strength after Yleldmg pOint. 

CIIART 

35 0 

Le(in ) 
1.75 
1.75 

Maximum: 
Failure: 
Olher: 

Date' 3 '25 '95 

Bolt Fully Pretensioned 
b~ Tum of Nut Method 

Edg~ Condition Cou[!on No 
SHEAR 20 

SAW 29 

Deformation lin,) Load (~lpS) 
0.674 284 
0.674 284 
0. 16 27.2 
0.25 27.4 
0.34 27.5 

300 _ . - . _ --- - -- -_ . _ -_ . - . _ . - . _ -_.- . -
250 

", -

~ 
.' 

~ 
:!OO 

~ 150 • .5 
100 . 

5 0 

00 

0000 DIDO 02DO 

~Average TOlal Data 
______ Average Front Data 

---6- A verage Back. DaUl 

--Component 

- • - • Detailed Parametric 

03DO o ( DO 

Otforma\ion (in.) 
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• 
T«t No: 34 Summary orOne Bolt La~ Connect ion Tests 

Recorder: BK • 
~ Potentiometer Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 

Data Pomt Plate (ki~sl 90 21 92 93 94 95 22 97 A,. 
I 1.0 0.000 0.000 -0.001 -0.00 1 -0.001 -0.00 1 0.00 1 0.000 0000 

2 2.1 0.000 0000 -0.003 -0.002 -0.003 -0.002 0.001 0.000 0.001 • 3 2.9 0.001 0.000 -0004 -0.004 -0.004 -0.004 0.00 1 -0.00 1 0002 

4 4.0 D.OOI 0000 -0006 -0.007 -0.005 -0006 0.001 -0.001 0003 

5 5.0 0.001 0.000 -0007 -0008 -0.007 -0.008 0.002 -0.001 0.003 

6 5.8 0.001 -0.001 -0008 -0.010 -0.007 -0010 0.002 -0.001 () OO~ 

7 7.0 0002 -0001 -0.009 -0012 -0009 -0012 0.002 -0.001 0005 

8 8. 1 0.003 -0001 -0.012 -0.013 -0.010 -0.014 0.003 -0003 (J 006 • 9 9.6 0.003 -0.001 -0014 -0.017 -0.0 II -0017 0.004 -0.004 0.007 

10 11.3 0.003 -0.002 -0.016 -0.020 -0.013 -0.020 0.005 -0.004 0008 

II 12.6 0.003 -0.002 -0.018 -0.022 -0.013 -0.023 0.006 -0.006 0.010 

12 14.0 O.OO~ -0004 -0019 -0.026 -0.013 -0.029 0.008 -0009 0011 

13 15.4 0.004 -0.006 -0021 -0.030 -0.014 -0035 0.010 -0.012 0013 

14 17.2 OOO~ -0.009 -0024 -0037 -0014 -0043 0.013 -0.018 0.016 

15 18.3 0004 -0012 -0026 -0.042 -0.0 14 -00~8 0.015 -0.021 0.018 • 
16 20.0 0004 -0017 -0029 -0.050 -0013 -0058 0.019 -0.028 002 1 

17 22.1 0005 -0 025 -0033 -0.062 -0.015 -0.071 0.023 -0.036 0027 

18 23.6 0.004 -0.036 -0039 -0.075 -0.016 -0083 0.025 ·0 O~~ II 033 

19 25.1 -0015 -1)063 -0062 -0.108 -0025 -0 105 0.024 -0.060 U 052 

20 25.9 -0.022 -0072 -0.071 -0.119 -0034 -0.118 0.018 -0.070 0061 

21 26.3 -0051 -0. 104 -0.101 -0.153 -0.066 -0.153 -0011 -0. 100 0092 • 
22 26.8 -0.080 -0.133 -0.131 -0.185 -0.093 -0.183 -0.037 -0. 127 0 121 

23 27.2 -0111 -0168 -0.167 -0.222 -0. 126 -0.217 -0.065 -0. 156 0.154 

24 27.4 -0152 -0209 -0.208 -0.265 -0.167 -0259 -OJ 03 -0. 195 o 195 

25 27.4 -0.254 -0.1 15 -OJ 17 -0.373 -0.273 -0.368 -0.207 -0.300 0.101 

26 27.5 -0.338 -0.398 -0401 -0459 -0.359 -0.453 -0.290 -0.382 0.385 

27 28. 1 -0442 -0.504 -0.508 -0.566 -0461 -0.556 -0.391 -0480 (l ~89 • 28 28.0 -0538 -0600 -0606 -0.666 -0.555 -0652 -0480 -0.572 0583 

29 28.4 -0.633 -0 69~ -0700 -0.761 -0643 -0.740 -0.565 -0.658 o ('7~ 

• 

• 
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Test ' 0: 35 
Recorder: BK 

Summary o(One Bolt Lan Connection Tt'5U 

Test Designation- 1/4XIX718 

GEO~IETR1C AND MATERIAL PROJ'ERTJES 

BOLT 

PLATE 

Type A325 
Boll Hole: Id 

Shear Plane X 

Dlameler (m ). 0.875 
Lenglh (m ): 2.75 

UI Washer X 
Bolt Head IV asher: X 

II'id'h 1m l Thlckne. (In ) l&i!!!J 
Top. 4 

Bonom 4 

l ' LTS 

L,mn Stale· Sphlllng 

CO\J\IE:'iT 
• I'L-20) Iclded a, 21500 Ibs 
• PL-20 bulged at 27500 Ibs 
• ~pltlllng occured at 0.75 10 

CHART 

300 

2' 0 

· 100 
Co 

~ 150 
" • • - 100 

50 

00 

0.25 
I 

A"'C'f1,C Total D"~ 

A \-cl'1iC: honl Data 

A ... erace BOld. Data 
--Compontnt 

- • - • De\llied PlUOl1TlCIrIC 

162.5 
1 62.5 

Maximum ; 
Fai lure 
O'her: 

Dale 32695 

Bolt Full) Prelensloncd 
b) Tum or UI Melhod 

Fdge Condllion (ott!:!!!" ","0 

HEAR ~O 

All 32 

Deformallon (10 ) Load (~IP» 
0.717 289 
07 17 289 
0.16 28.1 
0.25 27.5 
0.34 274 

0000 0100 O~ O~ O~ O~ O~ O~ O~ 

Deformalion (In.) 
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Test '0: 35 Summary orOne Bolt La(! Connection Tests 

Recorder: OK • 
MIA Potentiomeler Readings (in,) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 
Data Pomt Plate (kj~sl 90 2.! 92 93 94 95 96 97 A,. 

I 1.0 0.000 0.000 -0.002 -0.002 0.000 0.000 -0.001 0.000 0.001 
2 2.5 0.000 0.001 -0.003 -0.005 0.000 .{J.OO I -0.001 -0.001 0001 • J 4.2 0.000 0.001 -0.006 -0.008 0.000 -0.001 -0.002 -0.001 0.002 
4 5.7 0.000 0.001 -(1.0 I 0 -0.010 0.000 -0.002 -0.002 -0.001 0.003 
; 7.7 0.000 0.003 -0.015 -0015 0.000 -0.003 -0.002 -0.002 0.004 
6 9.3 -0.001 0.004 -0.023 -0.020 0.000 -0.002 -0.003 -0.003 0006 
7 11.1 -0.002 0.007 .{J.031 -0.025 0.000 -0.002 -0.003 -0.004 0.008 
8 12.5 -0005 0.004 -0.039 -0.032 0.000 -0.002 -0.004 -0.005 0.010 • 9 13.8 -0.010 -0.002 -0.045 -0041 0.000 -0.004 -0.004 -0.006 0.014 
10 15.8 -00 12 -0.009 -0.052 -0.052 0.000 -0.007 -0.004 -0.008 0.0 18 
II 16.9 -0.015 -0.015 -0.055 -0.061 0.000 -0.010 -0.004 -0.010 0.02 1 
12 1S.5 -0.017 -0.025 -0.059 -0.072 0.000 -0.015 -0.004 -0.013 0026 
iJ 20.0 -0.018 -0.034 -0.064 -0.084 0.000 -0.018 -0.006 -0.0 15 0.030 
14 21.4 -0.019 -0.042 -0.065 -0.092 0.000 -0.023 -0.007 -0.017 0.033 
15 24.1 -0.021 -0.056 -0.070 -0.108 0.000 -0.035 -0.013 -0.023 0.041 • 
16 25.6 -0.024 -0.067 -0.075 -0 120 0.000 -0.042 -0.019 -0.026 0.047 
17 26.3 -0.039 -0.086 -0.092 -0.141 0.000 -0.046 -0.024 -0.030 0.057 
18 27.3 -0.061 -0.111 -0.11 6 -0.166 0.000 -0.058 -0.033 -0.036 0.073 
19 28.4 -0.082 -0.133 -0.138 -0 190 0.000 -0.070 -0.043 -0.045 0.088 
20 28.2 -0.142 -0.198 -0.204 -0.257 0.001 -0.139 -0.112 -0.112 0.146 
21 27.7 -0.216 -0.272 -0.280 -0.333 -0.023 -0.239 -0.190 -0.187 0.217 • 22 27.3 -0.289 -0.346 -0.355 -0.408 -0.099 -0.325 -0.266 -0.263 0.294 
23 27.5 -0.371 -0428 -0.437 -0.49 1 -0.182 -0.408 -0.348 -0.345 0.376 
24 27.3 -0446 -0.504 -0.514 -0.566 -0.257 -0.484 -0.422 -0.4 17 0.451 
25 27.8 -0.546 -0.603 -0.615 -0.668 -0.359 -0592 -0.522 -0.516 0.553 
26 27.8 -0.601 -0.658 -0.672 -0.723 -0.415 -0.648 -0.578 -0.572 0609 
27 27.8 -0.649 -0.708 ·0.722 -0.773 -0.467 -0.698 -0.629 -0622 0659 • 28 28.9 -0.703 -0.766 -0.780 -0.830 -0.527 -0760 -0.688 -0.682 0.717 
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Tw " o: 36 
Rttorder: BK 

T ~st Desls;nauon. 

ummuv DfOne Bolt Lan Connection Tests 

J/8XJ /8X7/8 

GEOMETRI C AND MATERIAL PROPERTIES 

DOLT 

Dale 31695 

Type: AJ25 
Bah Hole: SId 

hear Plane:; X 

Dlameler (m) 0.875 
Leng.lh (m.) 2.25 
NUl Washer X 

Bah I·lead Washer' X 

Boh Full) Prclcnsloncd 
b) Tum or ul Melhod 

PLATE 
WIdth lin I Thicknes~ {\n 1 

Top: 4 0375 
Bonom: 4 03 5 

Limit State: Beanng!Tearout 

CO\t\t ENT 

!.&!!l.1 
1.625 
1625 

Dcfonnnllon (m ) 

Ma.\lmum I 30 I 
Failure 1 45 
Other 016 

025 
0.34 

• PL-:!:! ~ Iclded at 23000 Ibs and 00"' In of deformallon 
• \1 30000 Ibs. bulging started on PL-22 
• AI I "' m. of dc:fonnatlon spltnmg \\3$ ob!icr\cd Dllhc edge of the plale 

CttART 

SOO 

450 
400 

JS 0 
.-.-.-

t JOO 
:; 
." • 200 = 

IS 0 

100 
SO 
00 

0000 0200 o 400 

.- . - . -
.- . -_ .- . - . .- . -' 

.- ' -

~Average TOlal Da13 
______ A\oetlge Fron! Dalll 

---+- Averagc Bad. 03~ 
--ComponcnI 

- . - . (kulled Paramemc 

0 600 OSOO 1000 

Dtrormation (i ll.) 

160 

1200 1400 1600 

o\l~n No 
::!:! 
~2 

Load (~Ip . ) 

4!4 
41 

!96 
31 9 
333 
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To .. No: 36 SummarY of Onr BoH Lal?: Connection Tt'srs 

Recorder: OK • 
DATA Potentiometer Reading.s (In .) 

Load per FI F2 F3 F4 RI R1 R3 R4 TOlal 

Data POint Plale {kln'l 90 2.! 92 93 94 95 96 97 A\O 

I 1.3 -0.001 -0001 -0.001 -0001 -0.001 -0.001 0.000 -0.001 0.001 

2 2.4 -0.001 -0.001 -0.002 -0.001 -0.001 -0.001 -0.001 -0.001 0001 • 3 3.7 -0.002 -0.001 -0.002 -0.001 -0.002 -0002 -0.00 1 -0.001 0.002 

4 4.9 -0.002 -0.001 -0004 -0.001 -0.003 -0003 -0.001 -0.002 0.002 

5 6.4 -0004 -0001 -0006 -0.001 -0.004 -0.003 -0.002 -0.002 0.003 

6 8.2 -0.005 -0001 -0007 -0.002 -0.004 -0.004 -0.002 -0.002 0.003 

7 9.5 -0.006 -0001 -0008 -0.002 -0006 -0.005 -0.002 -0.003 0.004 

8 10.8 -0009 -0.001 -0012 -0.001 -0.006 -0.006 -0.002 -0.004 0.005 • 9 13 .9 -0021 0.000 -0.024 -0.001 -0.006 -0.009 -0.002 -0.007 0009 

10 15.9 -0.030 -0001 -0.033 -0.002 -0006 -0.012 -0002 -0.009 0.012 

II 19.1 -0043 -0007 -0.046 -0.009 -0.006 -0.020 -0.001 -0.017 0.019 

12 20.8 -0.053 -0013 -0.056 -0.013 -0.009 -0026 -0004 -0.024 0.025 

13 22.4 -0.067 -0.021 -0.07 1 -0.022 -0.025 -0.041 -0.020 -0.039 0038 

14 24.4 -0093 -0040 -0.096 -0.040 -0.043 -0.059 -0039 -0.056 0.058 

15 26.2 -0125 -0070 -0128 -0.068 -0.057 -0074 -0.052 -0070 0081 • 
16 27.2 -0.139 -0083 -0142 -0.08 1 -0.065 -0.084 -0.06 1 -0079 0.092 

17 28.3 -0. 166 -0.108 -0.167 -0.105 -0.084 -0.105 -0.079 -0.098 0.114 

18 29.1 -0 194 -0.134 -0. 196 -0.132 -0. 108 -0. 130 -0.102 -0.124 0.140 

19 30.0 -0231 -0.171 -0.234 -0. 168 -0. 144 -0. 168 -0.138 -0.161 0177 

20 31.3 -0.284 -0.222 -0.184 -0218 -0.196 -0.220 -0.188 -0.213 0.228 

21 31.9 -OJ08 -0.244 -0308 -0.240 -0.217 -0.242 -0.209 -0.236 0.15 1 • 
22 32.6 -0349 -0285 -OJ 51 -0283 -0.256 -0.285 -0.249 -0.276 0292 

23 33.4 -OAIO -OJ45 -0413 -0.342 -0.315 -0.345 -0.307 -0.334 11351 

24 34.0 -0,457 -0391 -0459 -0.388 -0.361 -0.39 1 -0.352 -0.379 0397 

25 34.9 -0528 -0461 -0.531 -0458 -0.432 -0463 -0423 -0450 11468 

26 35.5 -0.607 -0.539 -0.609 -0.536 -0.509 -0.542 -0.500 -0.528 0546 

27 36.3 -0.656 -0.585 -0657 -0.584 -0.557 -0589 -0.547 -0.576 0594 • 
28 36.8 -0.733 -0664 -0737 -0.663 -0638 -0669 -0.629 -0.654 0.673 

29 37.6 -0.806 -0.736 -0.811 -0.735 -0.711 -0.745 -0701 -0727 0.746 

30 38.0 -0.885 -0.813 -0.890 -0.815 -0790 -0824 -0781 -0809 0.826 

31 38.5 -0.949 -0878 -0.957 -0.881 -0.855 -0.890 -0.845 -0.872 0.891 

32 39.0 -1040 -0.969 -1.049 -0.973 -0.944 -0.980 -0.937 -0.963 0982 

33 396 -I 139 -1065 -I 147 -1070 -1.043 -1.078 -1035 -1.062 1080 • 34 39.9 -1228 -I 156 -1.237 -I 161 -1.134 -1.169 -1.126 -I 153 I 170 

35 42.4 -1359 -1285 -1.368 -1290 -1264 -1.302 -1.258 -1.282 1.301 

36 41.0 -1.522 -1452 -1.531 -1455 -I 404 -1444 -1.371 -1421 I 450 
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Test No: 37 
Reco rder: BK 

Summary DrOne Bolt Lap Connection Tests 

TEST DESIGNATIO 

Test Designation . 3/8X I12X7/8 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

Type: A325 
Bolt Hole· Std 

Shear Plane: X 

Diameler (in.): 0.875 
Length (in.): 2.25 
Nut Washer. X 

Bolt Head Washer: X 

Width (in.) Thickness (in.) 
0.375 

Le(on.) 
1.6258 
I 625 

Top 4 
Bonom: 4 

Limit State: Bcaringffearout 

CO\DIENTS 

0.5 

Maximum: 
Failure. 
Other: 

• Y Itldong on PL-22 SI.ned at 27000 Ibs "ooh a deformatoon of 0.05 in. 
• PL-J5 ) Iclded al 33500 Ibs 
• The connection gamed strength. 

CIIART 

450 

400 

350 

300 i 
~ 250 
;: 200 
.:3 ISO 

100 

50 
oo ~ __ 

. - .-

--+- Average TOial Dala 

~Avel1lge Front Data 

-.--A ventge Back Data 

--Component 

- . - . Octalled f'arnmeU\c 

Dale· 3'27195 

Bolt Full) Prelensloncd 
b~ Tum of Nut Method 

Edge: CondlHon Coupon No 
SHEAR 22 

SAW 35 

Deformallon (In) Load (~lpS) 
085 429 
0.9(9 
016 
0.25 
0.34 

42 I 
3 7 
191 

397 

0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 

Deform.lion (In.) 
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Test No: 37 Summary of One Bolt La n Connection Tests 
Recorder: BK • 
DATA Potent iometer Readings (in .) 

Load per FI F2 F3 F4 RI R2 R3 R4 10lal 
Dma Point Plale 'kj~sl 90 2! 92 93 94 95 96 97 ~ 

I 2.1 -0.001 0.000 -0001 -0.001 -0001 0.000 -0.001 -0.001 0001 
2 44 -0.002 -0.001 -0.002 -0.002 -0.002 -0.00 1 -0.00 1 -0.001 0.001 • 3 66 -0002 -0002 -0.003 -0.002 -0.004 -0.002 -0.002 -0.001 () 002 
4 8.5 -0003 -0.002 -0.004 -0004 -0.005 -0.003 -0.002 -0.002 0003 
5 9.8 -0.004 -0.002 -0.005 -0.004 -0.005 -0.004 -0.002 -0.002 0.004 
6 11.2 -0004 -0.004 -0.006 -0006 -0.007 -0.004 -0.004 -0002 0005 
7 13 .0 -0003 -0.006 -0006 -0009 -0007 -0.005 -0.004 -0002 0005 
S 14.4 -0.003 -0.010 -0.007 -0.012 -0.009 -0.005 -0.005 -0.002 0007 • 9 16.3 -0003 -0015 -0.007 -00 18 -0.011 -0.006 -0.006 -0.002 o OOS 
10 17.7 -0004 -OOIS -0.008 -0021 -0.013 -0006 -O.OOS -0.002 (10 10 
II 19.3 -0004 -0.022 -0.010 -0.026 -0.016 -0.006 -0.0 10 -0.002 0.012 
12 21.3 -0.006 -0.028 -0012 -0.032 -0.021 -0.007 -0.0 15 -0.002 0.015 
13 237 -0008 -0035 -0017 -0.042 -0.029 -0009 -0020 -0003 0020 
14 25.1 -0012 -0041 -0023 -0050 -0035 -0.011 -0.025 -0004 0.025 
15 26.8 -0018 -0.049 -0.032 -0061 -0.043 -0.014 -0.031 -0005 (1032 • 16 2S.6 -0026 -0.05S -0.043 -0.073 -0.053 -0019 -0.03S -OOOS 0040 
17 304 -0036 -0070 -0.055 -00S7 -0.065 -0.027 -0.046 -0.012 () 050 
18 322 -0048 -0.OS3 -0070 -0 102 -0077 -0035 -0.055 -0018 0061 
19 336 -0064 -0098 -0.087 -0120 -0091 -0.045 -0.066 -0026 0(175 
20 35.3 -0091 -0 127 -0.117 -0.152 -0116 -0.065 -00S7 -0.043 o 100 
21 36.9 -0. 124 -0.161 -0. 155 -0.190 -0.150 -0.095 -0. 11 8 -0.070 0133 • 22 38 .0 -0.160 -0 198 -0195 -0.231 -0188 -0.130 -0.153 -0.102 0169 
23 389 -0.213 -0251 -0.251 -0286 -0244 -0.182 -0.205 -0 151 0223 
24 39.5 -0.275 -0.314 -0.316 -0.352 -OJI2 -0248 -0.270 -0216 02X8 
25 39.9 -0.358 -0398 -0403 -0.439 -0407 -OJ41 -0.361 -0.305 0 377 
26 40.2 -0.407 -0451 -0453 -0.491 -0461 -0392 -0.415 -0.353 11428 
27 40.5 -0469 -0.5 13 -051S -0.555 -0.529 -0.458 -0481 -0419 () 493 • 28 404 -0509 -0.556 -0.561 -0.597 -0.572 -0501 -0524 -0.461 11535 
29 410 -0615 -0.659 -0669 -0.705 -0686 -0.613 -0.636 -0.575 0645 
30 41 9 -0670 -0.716 -0.725 -0.761 -0745 -0.670 -0.692 -0.628 0701 
31 42.9 -0.SI5 -0.864 -0.874 -0.911 -0897 -0.S I8 -0.840 -0.778 0850 
32 42. 1 -0.S65 -0.912 -0.925 -0959 -0985 -0.906 -0.932 -0.866 0 .919 
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Test No: 38 
Recorder: BK 

Summa" DrOne Bole Lap Connection Tests 

TEST DESIGNATIO 

Test DeSignation. J18X3/4X7/8 

CEOMETRIC A D 1ATERIAL PROPERTIE 

BOLT 
Type' AJ25 

Bolt Hole: SId 
Shear Plane: X 

OlOmeler (tn.) 0.875 
Lenglh (tn .) 2.5 

PLATES 
Widlh (tn.l 

Top: 4 
Bonom 4 

TEST RESliLTS 

U1 \\' asher' X 
Boll Head Washer: X 

Thickness {In } 
0375 
0.75 

Lc(tn 1 
1.625 
1.625 

Limit State: Bcaringrrearout Ma.ximum 

CO~I ;\IE"ITS 

• I'l-12) lelded al 23000 IbS\\ilh a deform.llon of 0.025 tn 
• PL-n bulged al 33500 Ibs. 0.12 tn of defonmatlon 
• (llIm"g sianed al 0.95 In 

• Connection gamed strength 

CHART 

Failure: 
Other: 

4S 0 

40 0 ~ 

l50 -

lOO 

.--- . . _ .-.- ' - ' --

a 
~ 250 -
-; 200 

.5 IS 0 

100 

50 
0 0 _ 

.--.-..- . -

--+- A ventge Total D:ua 
____ A ... crage hont 03u 

_____ Average Bae" Data 

--Compoll(nt 

- . - . Dculled P.ll'1metnc 

Dale. 3 17 95 

Bolt Full) PrelenStoned 
b) Tum of ul Melhod 

Edge Condition rou~n t\o 
II EAR 22 
SAW 29 

Deform.llon (tn) Load (kIps) 
0884 41 I 
1.0 14 ]9 
0 16 34.5 
0.25 359 
034 36.8 

0000 0200 0400 0600 0800 1000 1200 

Dfrormll ion (in.) 

164 
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To't No: 38 SummarY afOnt BoH Lal! Connection TeslS 
Recorder: UK • 
DATA Potentiometer Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 
Data POInt Plate {kIQs} 90 2.1 92 93 9~ 95 96 97 A\S 

I 2.6 -000 1 0.000 -0002 -0.002 -0.003 -0.002 -0.00 1 0.001 0.001 
2 4.7 -0.001 0.000 -0.003 -0.004 -0.006 -0.004 -0.001 0.00 1 0.002 • 3 7. 1 -0.001 -0.001 -0.006 -0.006 -0.009 -0.007 -0.00 I 0.001 0.004 
4 8.5 -0.001 -0002 -0.007 -0.008 -0.010 -0.009 -0.001 0001 0.005 
5 10.5 -0001 -0.002 -0.007 -0.0 10 -0.012 -0.01 I -0.001 0.001 0.006 
6 11.9 -0.001 -0.004 -0.009 -0.012 -0.013 -0.013 -0.00 1 0.000 0006 
7 14.3 0.000 -0.007 -0.010 -0.017 -0.016 -0.0 17 -0.001 -0.001 0009 
8 16.0 -0.001 -0.010 -0.013 -0.023 -0.018 -0.020 -0.002 -0.002 001 I 
9 18.5 -0.002 -0.014 -0017 -0.030 -0.024 -0.024 -0.005 -0005 0.015 • 
10 21. I -0.004 -0020 -0.022 -0.039 -0.031 -0.029 -0.009 -0.007 0020 
11 22.7 -0.006 -0.024 -0.024 -0.045 -0.037 -0.034 -0.013 -0009 0.024 
12 24.9 -0008 -0034 -0.031 -0.057 -0.045 -0.039 -0.019 -0012 0.031 
13 27. I -0014 -0.046 -0.041 -0.075 -0.059 -0.048 -0028 -0.016 0041 
14 29.0 -0022 -0060 -0.054 -0.093 -0.074 -0.059 -0.039 -0022 0.053 
15 30.5 -0.032 -0.077 -0.066 -0. 113 -0.090 -0.069 -0.050 -0.029 0.066 • 16 32.1 -0.053 -0 103 -0.089 -0. 141 -0.1 I I -0.087 -0.068 -0.042 (J 087 
17 33.2 -0.078 -0.13 I -0. I 15 -0.171 -0. 139 -0.109 -0.092 -0.063 0 11 2 
18 34 .1 -0.105 -0.161 -0.143 -0.202 -0.168 -0.135 -0.120 -0.087 0.140 
19 35.4 -0.163 -0.224 -0.206 -0.269 -0.233 -0. I 98 -0. 181 -0. 144 0.202 
20 36.0 -0.218 -0.282 -0.264 -0.330 -0.291 -0.255 -0.237 -0. 197 0259 
21 36.6 -0.286 -0.351 -0.335 -0.402 -0.359 -0.322 -0.302 -0.260 0.327 • 22 37.6 -0.362 -0429 -0.413 -0.484 -O . 4~2 -0.405 -0.382 -0.340 0407 
23 38.3 -0457 -0.527 -0.51 I -0.585 -0.548 -0511 -0486 -0442 0508 
24 39. 1 -0.563 -0.634 -0.620 -0699 -0.660 -0623 -0596 -0.549 06 18 
25 39.9 -0.657 -0730 -0.716 -0.797 -0.759 -0722 -0.691 -0.643 (1 .7 I 5 
26 407 -0.756 -0833 -0818 -0.903 -0.865 -0.829 -0.796 -0.749 0819 
27 41 I -0820 -0896 -0.881 -0967 -0.932 -0896 -0.863 -0.812 0884 • 28 39 .0 -0975 - 1.057 - 1.03 I - I. 121 - 1.038 -1.005 -0.965 -0.918 1. 0 14 
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Test 0: 40 
Rrcordtr; 81< 

Summarv or Ont Soh Lap Connect ion TtJts 

Trsl Designation 1'2 X I '2X7 8 

GEOMETRIC AND MATERIAL PROPERTIE 

BOLT 
T)p<: A325 DlamctC'r (In.) 0875 

Bolt Hole Id Lenglh (10.) 15 
Shear Plane X NUl Washer X 

Bolt Head Wash.,- X 
PLATE 

Top 
Bonom 

Limit Slate 

CO\I~I ENTS 

W,dlh (m ) 

4 

4 

Boll hear 

Thi knC''\ (\n) 
05 
0.5 

• PL·)4 ) ,elded al 30500 Ibs_ 0 04 10 of defonn'lIon 
• Bulgmg sInned on PL·H .1 49000 Ib 

II ART 

SOO 
450 
400 

llO 
i lOO :. 

250 ... • 100 • 
ISO 
100 
SO 
00 

0000 OOSO 

.-.- .-'-
_._0-._._0 

A \oCt'llgt T olal DaUl 

AH'fIee fronl DatA 
A \ nile O.,d. [);,a 

--Component 
- . - . Oculkd Panmctnc 

0100 0 ISO 0200 

Ilfform.uon (I • . , 

166 

\.&!!Ll 
175 
1.75 

Maximum 
F(ulure 
Olher 

D.t< 3 ~8 95 

Bolt full) I'rttcn loned 
b) Tum of UI Melhod 

Edge CondlllOn 
A\\ 

A\\ 

Dcfonnallon (In ) 

0326 
0362 
016 
o ~5 
034 

Load (~'psl 
492 
49 I 

452 
48 
4~ I 



• 
Test 1'0: 40 Summary orOne Bolt La~ Connect ion Test!! 
Recorder: BK • 
DATA Potentiometer Readmgs (in .) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 
Data Point Plate (kiQs) 90 II 2± 93 94 95 96 97 A,. 

I 6.1 -0.001 -0.001 -0001 -0.002 -0.002 -0.002 -0.002 0.000 000 I 
2 8.0 -0.002 -0.001 -0.002 -0.002 -0.002 .{J003 -0.002 -0.001 0.002 • 3 ILl ·0.004 -0.001 -0.004 -0.003 -0.003 -0.004 -0.004 -0.002 0.003 
4 13.5 -0.005 -0.001 -0.006 -0.004 -0.003 -0005 -0.004 -0.003 0.004 
5 15.7 -0.007 -0.001 -0.008 ·0.004 -0.004 -0.006 -0.004 -0.004 0.005 
6 19.0 -0.010 ·0.001 -0.0 12 -0.003 -0.005 -0.008 -0.004 -0.007 0.006 
7 21.6 -0.0 14 0.000 -0.017 -0002 -0.005 -0.0 11 -0.004 -0.009 0.008 
8 24.0 -0.019 0.000 -0.021 -0.002 -0.005 -0.015 -0.004 -0.013 0010 
9 25.1 -0.025 0.001 -0.029 -0.002 -0011 -0.027 -0.010 -0.025 o Ot6 • 
10 29.2 ·0.033 -0.002 -0.039 -0.006 -0.017 -0035 -0.015 -0.034 0.023 
II 32.8 -0.046 -0.009 ·0.052 -0.012 -0.024 -0.044 -0.021 -0.041 0.03 1 
12 35.5 -0.056 -0.0 15 -0.062 -0.018 -0.031 -0053 -0.028 -0.050 0039 
13 38.2 -0070 -0026 ·0.078 -0.029 -0.0-11 -0.064 -0.038 -0.060 0.05 1 
14 41.0 ·0.099 -0.05 1 -0.107 -0.053 -0.059 -0.084 -0.056 -0.080 0.074 
15 42.7 -0 128 -0.078 -0.136 -0.080 -0.085 -0. 110 -0.083 -0.107 010 1 • 16 43.7 ·0. 157 -0.105 -0. 164 -0.105 -0. 11 2 -0. 137 -0.111 -0.134 0.128 
17 45.3 -0.191 -0.136 -0. 197 -0.137 -0. 144 -0.170 -0.144 -0.167 0.161 
18 46.6 -0.226 -0 169 -0.231 ·0. 171 -0.175 -0.20 1 -0.175 -0. 198 0. 193 
19 47.6 -0.258 -0.200 -0.263 -0.202 -0.205 -0.230 -0.204 -0.228 0.224 
20 48.4 -0.312 -0.253 -0.317 -0.254 -0.255 -0.280 -0.255 -0.279 0.276 
21 48.4 -0.343 -0.285 -0.348 -0.284 -0.283 -0.309 -0.284 ·0.308 0.306 • 22 49.2 -0.364 -0.305 -0.370 -0.305 -0.304 -0.328 -OJ04 -OJ28 OJ26 
23 49.1 ·0.393 ·0.334 ·0.398 ·0.334 -0.327 -OJ52 -OJ27 -OJ5 1 0.352 
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T .. , No: 41 
Recorder: BK 

Summar\' DrOne Bolt Lap Connection Tests 

TEST DESIGNATIO 

Test Designation: 112X3/4X7/8 

GEO\IETRIC AND MATERIAL PROPERTIES 

BOLT 
Type: AJ25 

Bolt Hole: Std 
Shear Plane: X 

Diameter (in ,): 0,875 
Length (in,): 2,75 
Nut Washer: X 

Bolt Head Washer: X 
PLATES 

Width (in ,} Thickness {in} 
Top: 4 0.5 

Boltom: 4 075 

TEST RESULTS 

Limn State' Bolt Shear 

CO \lMENTS 
• PL-34) ,elded at 36000 Ibs. 0,05 In or deformallon 
• PL-29) ielded at ~ 1000 Ibs. 0.1 In or derormation 
• PL-3 -l had a split al the edge of the plale at 0.45 In 

C HART 

600 

500 -

400 -
~ 

:B,. 300 -
~ • 
• 200 

100 

_ . - '-
_ . _ . - ' - ' -' - -+-- Average Total Dona 

~Averagt' Front 0313 

-a-A verilge Blick Data 

--Component 

- . - • Detailed Paramc:trtc 

00--------________ _ 

Le( In } 

1.75 
1.75 

MIDo.lmum: 
Failure: 

Other' 

. - '-' . -'-

Date ' 4395 

Bolt Full} PrclenSlOncd 
by Tum or ut Method 

Edee Condlllon Cnu[!on No 
SAl\' 3~ 

SAW 29 

Derormallon (In) Load (.'pS) 
0.42~ 523 
0,424 52.3 
0 16 509 
025 ~9 7 
034 456 

_.- ' 

0000 0050 a 100 a 150 0200 0250 OJoo OJ50 0400 0450 

Deformation (in.) 
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Test No: 41 Summary of One 80h La~ Conneclion Tests 

Recorder: UK • 
DATA Po(cnriomctcr Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 

Data Point Plate (kins) 90 21 92 93 94 2i 96 97 fu..g 

I 6.5 -0.002 -0001 -0.004 -0.003 -0.003 -0.002 -0.001 -0.00 1 0.002 

2 9. 1 -0.002 -0.00 1 -0.005 -0.004 -0.004 -0.004 -0.002 -0.00 1 0.003 • 3 12.0 -0.002 -0.002 -0.007 -0.007 -0.005 -0.005 -0.002 -0.002 0.004 

4 13.8 -0002 -0.003 -0.008 -0.008 -0.006 -0.006 -0.002 -0.003 0005 

5 15.9 -0.002 -0.004 -0.009 -0.010 -0.007 -0.008 -0.004 -0.004 0.006 

6 18.7 -0.002 -0.006 -0.0 10 -0.0 14 -0.010 -0.0 10 -0.007 -0.007 0.008 

7 214 -0003 -00 12 -0.013 -002 1 -0.014 -00 12 -0010 -0.009 0.012 

8 23.0 -0.004 -0.014 -0.0 16 -0024 -0.017 -0013 -0.013 -0010 0.01 4 • 9 24.9 -0.005 -00 19 -0.017 -0.029 -0021 -0.016 -0.017 -00 12 0.017 

10 27.2 -0.006 -0.025 -0.020 -0.037 -0.027 -00 18 -0.022 -0013 0.021 

11 29.6 -0.007 -0.032 -0.023 -0.045 -0.033 -0.02 1 -0.028 -0.016 0.026 

12 3 1.6 -0.009 -0.040 -0.026 -0.054 -0.040 -0.024 -0.034 -0.0 18 0.03 1 

13 33.6 -0.0 12 -0.049 -003 1 -0.064 -0046 -0028 -0.041 -0022 0.037 

14 35 .9 -0.019 -0064 -0.039 -0.080 -0057 -0.034 -0.051 -0029 0047 

15 38.2 -0.029 -0.084 -0.049 -0.098 -0.070 -0.043 -0.067 -0.039 0.060 • 
16 39.6 -0040 -0.100 -0.059 -0 113 -0.082 -0.051 -008 1 -0050 0072 

17 41.0 -0.053 -0.11 7 -0071 -0.129 -0.093 -0061 -0096 -0.061 0085 

18 42.2 -0.072 -0.137 -0.087 -0.149 -0. 109 -0072 -0.113 -0.074 0102 

19 43.5 -0.094 -0.164 -0.109 -0. 174 -0.130 -0090 -0136 -0093 0 124 

20 44 .6 -0.114 -0 186 -0.128 -0. 196 -0.148 -0.106 -0 155 -0 11 0 0.14 3 

2 1 45.5 -0129 -0.204 -0.144 -0.2 13 -0.163 -0.119 -0 172 -0 125 0.159 • 
22 466 -0.149 -0.224 -0.162 -0.234 -0. 183 -0.137 -0 192 -0 143 0. 178 

23 47.5 -0.168 -0.245 -0.180 -0.254 -0.202 -0155 -0.213 -0161 0 197 

24 48. 1 -0.187 -0.267 -0.200 -0277 -0.224 -0 174 -0.234 -0 182 02 18 

2S 48.5 -0.207 -0.290 -0.223 -0.300 -0244 -0.195 -0.255 -0.202 0239 

26 50.4 -0.224 -0.307 -0.241 -03 19 -0.263 -021 I -0.273 -0.2 17 0.257 

27 50.9 -0.254 -0336 -0.270 -0.350 -0.291 -0237 -0.300 -0242 0285 • 28 49.8 -0268 -0.352 -0.284 -0.365 -0.305 -0.25 1 -0.314 -0.255 0.299 

29 50.7 -0.300 -0.384 -0.3 16 -0.399 -0.337 -0.283 -0.347 -0.285 0.33 1 

30 51.4 -0.337 -0.423 -0.355 -0 438 -0.373 -0.3 18 -0.383 -03 19 0.368 

31 52.3 -0.393 -0.479 -Q.4 12 -0.496 -0.428 -0370 -0.440 -0.373 0.424 
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Test No: 42 
Reco rder: BK 

Summar\' of One Boll Lap Connection Tests 

TEST DESIGNATION 

Test Designation: II2X I X7/8 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

TEST RES 

Type: A325 
Bolt Hole: Std 

Shear Plane: X 

Widlh (in.) 
Top: 4 

Bonom: 4 

LTS 

Limit State: Boll Shear 

CO'I~IE 'TS 

Diameter (in.): 0.875 
Length (10.): ) 

Nut Washer: X 
Bolt Head Washer: X 

Thickness {in.} 
0.5 
I 

LeCin.} 
1.75 
1.75 

Ma.xlmum 
Failure: 
Other 

• PL·D ) lelded .1 37500 Ib,. 0.055 in. of deformallon 
• PL·) I yielded al 45000 Ib, and 0.12 In of deformation. 
• PL·33 bulged at 48000 Ibs. 0.25 10. of deformation 

CfIART 

600 

sao -

_ 400 _ 
~ 
~ 30 0 .., 
~ 200 

100 

00 _____ _ 

---+- A\;eragc Total Data 
_____ Average Front Data 

--+-A vemge BOld.. Dar.a 

--Component 
- • - . DcUllled Paramemc 

Date 4:1 95 

Bolt Fully Pretensloned 
b) Tum of Nut Method 

Edge Condulon ou[!on No 
SAW 33 
SAW 31 

Deformallon (10 ) Load (lips) 
0.321 5~ 4 

0.321 5~ 4 
0.16 48 
0.25 509 
0.34 NA 

0000 0050 0100 0150 0200 0250 0300 0350 

Otronnllion (in.) 

170 
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T ... 1'0: 42 Summan' dOne 8011 La!:! Connection Tests 
Recorder: BK • 
DATA Potentiometer Readings (an .) 

Load per FI F2 F3 F4 RI R1 R3 R4 Total 
Dal3 POint Plate (k1es) 90 21. 92 93 94 9S 96 97 ~ 

I 4.0 -0,001 0,000 -0002 -0002 -0.002 -0.001 -0.001 0.000 0001 

2 6.5 -0,001 -0.001 -0004 -0.003 -0,004 -0.003 -0,001 0.000 0.002 • 3 8.0 -0.00 1 -0.00 1 -0,004 -0.004 -0.007 -0,004 -0.002 0,000 0.003 
4 9.2 -0,00 1 -0.001 -0.004 -0,004 -0.009 -0,004 -0,002 0.000 0003 

S 10,6 -0,002 -0,001 -0.004 -0004 -0,010 -0.005 -0,002 0.001 0004 

6 II. 7 -0.002 -0.001 -0.004 -0,004 -0.012 -0,006 -0,004 0.001 0004 
7 140 -0,003 -0.002 -0004 -0004 -0.016 -0.007 -0.005 0002 0005 

8 16.2 -0003 -0002 -OOOS -0.006 -0020 -0007 -0007 0 .002 0 .006 • 9 IS.9 -0.003 -0003 -0.007 -0.008 -0.027 -0.006 -0.013 0005 0(108 

10 21.2 -0009 -0006 -0.014 -0013 -0037 -0005 -0021 0 .009 0 012 
II 24 .0 -0012 -OOOS -0018 -0.017 -0049 -0002 -0031 0 .013 0015 
12 26.9 -0020 -0017 -0029 -0028 -0064 0.002 -0044 0,019 0023 
13 29.3 -0.023 -0020 -0032 -0.032 -0.075 0.004 -0.053 0.022 0026 
14 32.J -0032 -0.030 -0044 -0043 -0092 0.007 -0.067 0,029 0034 
15 374 -0053 -OOSI -0.069 -0,067 -0. 129 0 .008 -0098 0036 0.053 • 
16 39.9 -0.065 -0063 -0,083 -OOSI -0.150 0.005 -0, 115 0.036 0 .064 
17 41.8 -0.078 -0077 -0099 -0.095 -0,172 -0,004 -0. 134 0031 0079 
18 43.4 -O.OSS -0087 -0 III -0,108 -0,187 -0.0 12 -0,147 0024 0,089 
19 45.0 -0, 108 -0 107 -0132 -0, 130 -0,215 -0029 -0. 172 0009 0110 
20 46.9 -0,137 -0.137 -0162 -0.162 -0,250 -0054 -0,205 -0013 CI 140 
21 485 -0.166 -0166 -0 193 -0194 -0,285 -0081 -0.237 -0039 11.170 • 22 49,7 -0.197 -0199 -0.226 -0.228 -0.321 -0 114 -0,273 -0069 (1203 
23 50,7 -0,232 -0234 -0.265 -0,265 -0.362 -0. 150 -0.312 -0105 0241 
24 512 -0261 -0 ~62 -0294 -0.294 -0394 -0 179 -0.342 -0.132 (1270 
25 SI.S -0293 -0295 -0.327 -0328 -0.429 -0,210 -0.377 -0163 03 03 
26 524 -0311 -0.313 -0.346 -0346 -0448 -0.227 -0395 -0180 0 321 
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T<SI No: 43 
Recorder: 81< 

ummar\, of One Bolt Lap Connection Tesu 

T E T DESIG:->A TIO'" 

Test Designation: 3/4X3/4X7/8 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATE 

Type A325 
Bolt Hole: Std 

Shear Plane. X 

\l'idth 1m.) 
Top 4 

Bouom 4 

Dmmeter (tn. ): 0875 
Length (10 ) : J 
Nut Washer: X 

Bolt Head Washer: X 

ThlcKncs, ~ In} 
075 
075 

!&!!!!..1 
I 75 
I 75 

T EST RESU LTS 

Limn Slate: 

CO\l\lt:,\TS 

CIIART 

soo 
450 
400 
3S0 

i 300 
~ 250 -
~ 

• 200 c 
IS 0 
100 
SO 
00 • 

Bolt hear Maximum. 
Failure. 
Other 

-._.-' _.-" .-. 
_ . _. --+- Avernge Totnl Data 

. - ' - ' ~A\leralc Front Data 

A "crlac Il3d. Dau 
--Component 

- . - • OC'uuled Pa~meUic 

Dote 4 J 95 

Bolt Full) Pretenstoned 
b) Tum of ut Method 

Edl!c Condition CC'lU[!2" No 
AW 29 

SA I\' 29 

Deformation lan) Load I~lpsl 
0285 49 I 
0.285 49 I 
0 16 41 J 
025 47 
0.34 A 

.-. 

0000 ooso 0100 o ISO 0200 0250 0)00 

172 
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Test '0: 43 umman' ofOnt Boh Lal:! Connrction Tests 
Recorder: OK • 
DATA Potentiometer Readings (in.) 

Load per FI F2 F3 1'4 RI R2 R3 R4 10lal 
Data Point PI Ale (kl~sl 90 II 92 93 94 95 96 97 A\Q 

6.6 -0.001 0000 -0.001 0000 -0.001 -0.001 -0.00 1 -0.001 0001 
2 8.2 -0.001 0.000 -0.002 0.001 -0001 -0002 -0.00 1 -0.001 000 1 • 3 106 -0002 0.000 -0.004 0.001 -0.002 -0.003 -0.001 -0.002 0002 
4 116 -0.004 0.000 -0.004 0.001 -0.002 -0003 -0.002 -0.002 0002 
5 13 .3 -0.004 0000 -0.006 0001 -0003 -0003 -0.002 -0002 0002 
6 15.3 -0.017 -0.015 -0.019 0.005 -0004 -0005 -0.005 -0.002 o OOS 
7 18. 1 -0.019 -0.015 -0022 0.005 -0.006 -0.005 -0.006 -0.002 0.009 
8 18.3 -0.027 -0024 -0.030 0.004 -0.013 -0010 -0.015 -0007 0015 • 9 216 -003 I -0.024 -0.035 0.003 -0017 -0.013 -0.019 -0010 0.018 
1O 24.4 -0.037 -0.024 -0.042 -0.00 I -0024 -0.017 -0.Q25 -0.014 0023 
II 27.4 -0045 -0.027 -0.052 -0.010 -0032 -0.023 -0.034 -0.020 0030 
12 29.0 -0.051 -0.035 -0.059 -0.018 -0.038 -0028 -0.039 -0.024 0036 
13 3/0 -0063 -0047 -0.072 -0.029 -0.046 -0035 -0.046 -0.030 0046 
14 32.6 -0.077 -0062 -0085 -0.044 -0055 -0045 -0.055 -0039 0058 
15 34. / -0095 -0.068 -0. 102 -0.06/ -0.066 -0057 -0.065 -0050 007/ • 
/6 36.7 -0. 119 -0.084 -0/27 -0.086 -0.085 -0079 -0.085 -0070 0.092 
/7 3S 7 -0. /45 -0084 -0./52 -0" / -0. 108 -0./05 -0. /07 -0089 o 113 
IS 40.5 -0/63 -0. /51 -0. IR4 -0.144 -0 139 -0139 -0.136 -0 13/ o 148 
19 42.7 -0/63 -O/SO -0223 -0. /82 -0/76 -0. /8/ -0. /73 -0. /68 O./H/ 
20 44.5 -0./64 -0.243 -0.256 -0.216 -0.206 -0.214 -0.206 -0206 0214 
21 45.S -0.165 -0.243 -0.289 -0.250 -0.235 -0.245 -0.236 -0.207 0.234 • 22 469 -0. /65 -0.243 -03/2 -0273 -0.257 -0269 -0258 -0.207 0248 
23 47.6 -0./65 -0.243 -0336 -0.297 -0278 -0.29/ -0.2S0 -0.207 0262 
24 48.3 -0.165 -0.243 -0355 -0315 -0.295 -0.3/0 -0.297 -0207 0273 
25 49. / -0. /65 -0.243 -0374 -0.335 -03/4 -0329 -0.3/6 -0207 0285 
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T. I '0: 4~ 

Recorder: SK 

TEST DESIG'iATION 

SummaT" arOne 80h Lap Connection Tests 

Test Designation: 3/4X I X7I8 Dale 4'3 '95 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 
T)pe, A325 

Bolt Hole Id 
Shear Plane X 

D,.meledin,) 0875 
Lenglh (In,)' 3,25 

ul Washc:r" X 
Bolt lIead Washer: X 

Bolt Full~ Pretcn!.loned 
b) Tum of UI ~lclhod 

PLATES 
Widlh {in.} Thlckne~. {an } L.(In ) Edge Condition 

Top 4 0,75 
Boltom 4 I 

TE T RESULTS 

Limn State: Bolt Shear 

COM IE:-iTS 
• I'L-29) ,elded 31 30500 Ibs. 0,03 In . 
• PL-lO) .. Idod 31 42000 Ibs. 085 In 

C IIART 

600 

lOO 

i 400 

~ 300 

- 200 

100 

00 

0000 OOlO 

_.-' -'.-' - .-

0100 o IlO 

. - .-

OtrOMnJuion (in.) 

175 SAIl' 
I 75 SAI~ 

Deformallon I In ) 
Maximum' 

Failure 
Olher 

.- .... . .-.-

0,27 
0,27 
0,16 
0.25 
034 

~Avera&c Total Data 

~ A vcrait' Front [)all 

--.--A \-ml&e Bad: Data 
--Component 
- . - • Deuilled Parametric 

0200 0210 0300 

174 

oUQ!!n No 
~9 

30 

Load r~,ps) 
528 
528 
4K 2 
5U 
NA 
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Test No: 44 Summary of One Bolt Lal! Connection Tests 
Recorder: BK • 
DATA Potentiometer Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 
Data POint Pial. (klQsJ 90 '!!. 92 93 94 95 96 97 A'g 

3.9 -0.002 -0.001 -0.001 0.000 -0.001 0.000 -0.002 -0.001 0001 
2 8.4 -0.005 -0.002 -0.00 I 0.000 -0.002 0.000 -0.004 -0.001 0.002 • 3 10.8 -0.006 -0.004 -0.002 -0.00 1 -0.002 0.000 -0.006 -0.002 0.003 
4 12.7 -0.007 -0.006 -0.002 -0.001 -0.002 0.000 -0.007 -0.002 0.003 
5 14.4 -0.008 -0.006 -0.002 -0.002 -0.002 -0.001 -0.007 -0.002 0004 
6 16.0 -0.009 -0.007 -0.002 -0.002 -0.003 -0.001 -0.009 -0.002 0004 
7 18.0 -0.009 -0.009 -0.002 -0.002 -0.003 -0.001 -0.010 -0.003 0005 
8 19.7 -0.012 -0.013 -0.002 -0.003 -0.004 -0.002 -0.012 -0.006 0007 • 9 21.2 -0.015 -0.018 -0.003 -0.007 -0.006 -0.003 -0.014 -0.007 0.009 
10 22.9 -0018 -0.024 -0.005 -0.010 -0.009 -0.004 -0.018 -0.009 0.012 
II 25.1 -0.021 -0.029 -0.007 -0.0 15 -0.013 -0.006 -0.024 -0.010 0.016 
12 26.9 -0.026 -0.037 -0.009 -0.020 -0.019 -0.006 -0.030 -0.012 0.020 
13 29.5 -0.033 -0.048 -0.012 -0.028 -0.027 -0.009 -0.039 -0.014 0.026 
14 29.5 -0034 -0.048 -0.012 -0.028 -0.027 -0.009 -0.039 -0.014 0026 
15 32.6 -0.044 -0.064 -0.016 -0.039 -0.040 -0.013 -0.053 -0.019 0.036 • 16 35 .0 -0.054 -0.080 -0.020 -0.047 -0.050 -0.017 -0.066 -0.024 0.045 
17 37.6 -0.065 -0.097 -0.024 -0.057 -0.063 -0.022 -0.081 -0.032 0.055 
18 39.6 -0.076 -0. 11 4 -0.03 I -0.069 -0.076 -0.028 -0.097 -0.041 0066 
19 41.7 -0.087 -0.130 -0.037 -0.081 -0087 -0.035 -0.112 -0.051 0078 
20 43.2 -0.100 -0.147 -0.046 -0.094 -0. 103 -0043 -0.130 -0.062 0091 
21 45.3 -0.118 -0 173 -0062 -0.116 -0.126 -0062 -0.157 -0.083 0.112 • 21 -16.2 -0 IJ2 -0.190 -0.07-1 -0.13 I -0. 143 -0.075 -0.175 -0.098 o 127 
23 47.2 -0. 146 -0.208 -0.087 -0.149 -0.161 -0.091 -0.193 -0.114 0.14-1 
2-1 48.4 -0. 164 -0.229 -0.106 -0.169 -0.181 -0.108 -0.213 -0.132 0. 163 
25 49.0 -0 180 -0.247 -0.122 -0. 187 -0.199 -0 123 -0.232 -0.149 o 180 
26 50.0 -0.198 -0.266 -0.138 -0.204 -0.217 -0. 139 -0.250 -0.167 11. 197 
27 50.7 -0.212 -0.281 -0. 153 -0.221 -0.233 -0.154 -0.266 -0. 181 0213 • 28 51.1 -0.230 -0.302 -0.172 -0.240 -0.252 -0172 -0.285 -0.200 0131 
29 51.6 -0.252 -0.324 -0.193 -0.262 -0.273 -0.192 -0.306 -0.219 0253 
30 52.8 -0.27 1 -0.344 -0.212 -0.281 -0.290 -0.207 -0.323 -0.233 0.270 
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Test No: 45 
Reco rder: BK 

Summar" DrOne Bolt Lap Connection Te ts 

TEST DESIG 'ATION 

Test Designation: IXIX7/8 

GEO~IETRIC AND lATE RIAL PROPERTIES 

BOLT 

PLATES 

Type. A325 
Bolt Hole ' Std 

Shear Plane: X 

Diameter (in.): 0.875 
Length (In .): 3.5 
Nut Washer: X 

Bolt Head Washer' X 

Width (in ) Thickness lin) 
I 

Le(in) 
Top: 4 

Boltom: ~ 

TE T RESULTS 

Limit State: Bolt Shear 

CO I~IENTS 
• PL·31) teJded at 43000 Ibs. 0.05 In. 

C HART 

600 

500 

tOO 

00 

0000 

~ . 

0050 0100 

1.75 
1.75 

Maximum: 
Failure: 
Other, 

~ . 

~A\c:rageTotal Data 

_____ Avc:rogc Front Data 

-.-A vcrage: Bad: DaLa 

--Compon!!nI 
- • - . [klallC!d Parametnc 

o ISO 0200 

Otfonnllion (in.) 

176 

Date' 4 '395 

Bolt Fully PretenSioned 
b)' Tum of Nut Method 

Edge ConditIon CouEon No 
AW 31 

SAW 31 

DcronnatJon (tn .) Load (~tps) 
0.201 539 
0.201 539 
0.16 51 7 
0.25 NA 
0.34 'A 

0250 
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Ttst No: 4S Summano orOnt Bolt La~ Connection Trsrs 

Recorder: BK • 
DATA Potentiometer Readings (in .) 

Load per FI F2 F3 F4 RI R1 RJ R4 Total 
Data Poml Plate (ki~sl 90 2! 92 93 94 95 96 97 A'. 

0.0 0.000 0.000 0.000 0.000 0.000 0000 -0.001 0.000 0000 
2 5.3 -0.001 -0001 -0.001 0.000 -0.001 -0.00 1 -0.002 -0.00 1 000 1 • 3 8.9 -0.001 -000 1 -0.002 0.000 -0.002 -0.001 -0.002 -0.00 1 0.00 1 
4 11.1 -0.002 -0002 -0.002 0.000 -0.003 -0.002 -0.002 -0.00 1 0002 
5 10.9 -0.002 -0.002 -0001 0000 -0003 -0.002 -0.003 -0.001 0002 
6 13.1 -0002 -0003 -0.002 0000 -0.004 -0.002 -0.003 -0001 0002 
7 15.3 -0004 -0.003 -0.002 -0001 -0.003 -0.004 -0.003 -0.002 0003 
8 18.0 -0005 -0003 -0004 -0.002 -0002 -0.011 -0.003 -0009 0005 • 9 22.6 -0011 -0002 -0.010 -0.002 -0.001 -0.022 -0002 -0020 0009 
10 24.8 -0.0 17 -0001 -0015 0.000 -0001 -0026 -0002 -0024 0011 
II 27.8 -0.024 0.000 -0022 0001 -0.001 -0.034 -0.003 -0031 0014 
12 31.5 -0.037 0.000 -0032 0.003 -0.005 -0.043 -0007 -0040 0020 
13 33 .9 -0046 -0.002 -0.042 0.001 -0010 -0050 -0011 -0047 0026 
14 374 -0.060 -0007 -0054 -0002 -0017 -0.059 -0018 -0055 0034 • 15 404 -0.074 -0015 -0069 -0010 -0.025 -0069 -0025 -0064 () 044 
16 42.6 -0 091 -0026 -0083 -0020 -0033 -0078 -0034 -0072 0054 
17 45.4 -0.118 -0050 -0108 -0038 -0048 -0092 -0046 -0085 0.073 
IS 468 -0.133 -0063 -0.122 -0.050 -0.059 -0 103 -0057 -0094 0085 
19 4S.2 -0.157 -OOSI -0. 141 -0066 -0.073 -0.117 -0.070 -0 lOS 0102 
20 49.4 -0 169 -0092 -0. 152 -0.076 -0.081 -0.125 -0.078 -0.115 () II I 
21 50.7 -0198 -0 120 -0180 -0.101 -0.100 -0.146 -0.097 -0 133 0134 • 
22 517 -0232 -0151 -0209 -0129 -0.120 -0.167 -0114 -0151 0 159 
23 52.5 -0.25S -0176 -0.233 -0.152 -0.138 -0185 -0130 -0 167 () 180 
24 53.9 -0283 -0.202 -0.257 -0.175 -0158 -0.203 -0.147 -0184 () 201 
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T. 1:-'0: 46 
Recorder: BK 

ummln GrOne Bolt Lap Connection Tests 

Test Des lgnallon . 

GEOMETRIC AND MATERIAL PROPERTIE 

BOLT 

PLATES 

Tlpe' AJ2S 
Bolt Hole SId 

Sltear PIWle X 

Dlam~tcr (in .): I 
Length ( tn.): 2.2S 

UI Washer: X 
Bolt Head \\ asher X 

W,dlh (m I Thlc,,"nc:. s {m } Ldm I 
Top 4 

Bonom 4 

TEST RESULT 

Limit St31e pltlllng 

rO'I~IENTS 

• I'L-20: ,elded at 18000 Ib, 

CHART 

400 

J5 0 

JOO 
_.-._ .-

~ • 
200 

c ISO 

tOO 

50 

00 -

o 2S 2 
o 2S 2 

Maximum 
Failure 

th er 

__ __ . _ 0- ' -'- -

A\lC:I'1.gc Tow Data 

""era c Front DaUl 
A vCflgc Bad, D:lta 

--Compooc=nt 

- . - . Dcuulcd Parametric 

Date 44 95 

Boh Fully Prettnsloned 
b) Turn or UI Melhod 

fdge {'onduu," Cou!:!!!" No 
IlLAR 20 
HEAR 20 

Defonnauon (m ) Load Illpsl 
I 262 38 I 
1262 38 1 
016 27 ~ 
O.2S 27 4 
034 2Q I 

0000 0200 0400 0600 0800 1000 1200 1400 

I)('(ormll ioft tin.) 
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TeSi No: 46 ummarv orOne Bolt L.I! Connection Tests 

Recorder: BK • 
DATA Potentiometer Readings (IO .) 

Load pcr F1 F2 F3 F4 R1 R1 R3 R4 10tal 

Data POlOt Plate {ki2'l 90 2.! 92 93 94 95 96 97 A,. 
4.7 -0.001 0.000 -0001 -0.001 0000 -0001 0.000 -0001 0001 

2 5.3 -0.001 -0001 -0.001 -0.001 -0001 -0002 -0.001 -0001 0001 • 3 5.9 -0.001 -0001 -0002 -0001 -0.001 -0.002 -0.001 -0001 0001 

4 65 -0001 -0001 -0.002 -0001 -0001 -0.003 -0001 -0.002 0002 

j 7.5 -0.002 -0.001 -0.004 -0.002 -0003 -0003 -0.002 -0.002 0002 

6 8.4 -0002 -0.002 -0.006 -0.003 -0003 -0004 -0.002 -0.004 0003 

7 9.3 -0004 -0.002 -0006 -0.004 -0.003 -0006 -0.002 -0.006 0004 

8 10.1 -0005 -0.002 -0.008 -0004 -0.002 -0.007 -0001 -0.008 0005 • 9 114 -0006 -0.002 -0.010 -0.005 -0.002 -0.009 -0001 -0.010 0006 

10 12.7 -0.007 -0.004 -0.010 -0006 -0.003 -0.013 -0.001 -0.013 0007 

11 14.5 -0009 -0.004 -0.013 -0.007 -0005 -0.017 -0.004 -0018 0.010 

12 16.0 -0.010 -0.006 -0.016 -0.009 -0008 -0018 -0.007 -0019 0011 

13 17.0 -0012 -0.006 -0.018 -0.009 -0.012 -0.021 -0012 -0024 0014 

14 17.9 -0013 -0.006 -0.019 -0010 -0.017 -0027 -0016 -0028 0.017 

15 19.3 -0017 -0.009 -0023 -0013 -0024 -0036 -0023 -0037 0023 • 
16 20.1 -0023 -0019 -0029 -0.021 -0028 -0042 -0025 -0.040 0028 

17 22.2 -0.029 -0.030 -0.037 -0033 -0043 -0058 -0.039 -0056 0.041 

18 23.3 -0035 -0.039 -0.043 -0.040 -0.053 -0070 -0050 -0.067 0.050 

19 24.1 -0045 -0051 -0.053 -0.053 -0.065 -0.083 -0061 -0079 0061 

20 24.1 -0050 -0.058 -0.058 -0059 -0.078 -0.097 -0.073 -0091 0071 

21 26. 1 -006 1 -0.070 -0070 -0070 -0.091 -0 110 -0086 -0.104 o OS3 • 
22 27. 1 -0079 -0090 -0.088 -0089 -0119 -0138 -0113 -0 132 0106 

23 274 -0127 -0138 -0137 -0.136 -0.155 -0 174 -0 ISO -0168 0148 

24 27.4 -0.179 -0.192 -0189 -0 188 -0193 -0.212 -0.188 -0206 0193 

25 27.3 -0.232 -0245 -0.241 -0.242 -0235 -0252 -0.229 -0.245 0240 

16 28.2 -0294 -0,307 -0.303 -0305 -0.287 -0305 -0.281 -0.298 0298 

17 29 1 -0.343 -0,357 -0353 -0,355 -0332 -0349 -0,327 -0,341 0345 • 28 29.3 -0395 -04 10 -0.405 -0.406 -0378 -0.395 -0.372 -0386 0,393 

29 29.6 -0443 -0456 -045 1 -0451 -0.418 -0435 -0.413 -0426 0437 

30 30.0 -0500 -0.515 -0.509 -0.510 -0474 -0490 -0468 -0480 0493 

31 30.6 -0.595 -0.610 -0.603 -0603 -0.566 -0.582 -0.561 -0.572 0587 

32 31.2 -0693 -0711 -0.704 -0.703 -0667 -0.683 -0.662 -0672 0687 

33 31.8 -0.826 -0840 -0.834 -0830 -0798 -0813 -0794 -0804 0817 • 34 32.9 -0914 -0930 -0849 -0921 -0.892 -0906 -0887 -0.893 0899 

35 33.6 -1.023 -0993 - 1.036 -1031 -1.003 -1.016 -0.999 -1008 1014 

36 34.5 -1.123 -1 139 -1.138 -1.134 -I 102 -1 117 - 1.098 -1 104 1119 

37 35.4 -1. 174 -1 170 -1.192 -1 183 -1 173 -1 136 -1 169 -1.161 1 170 

38 36.7 -1.214 -1 172 -1.235 -1 149 -1210 -1.135 -1.270 -1176 1207 

39 38.1 -1.345 -1.173 -1.537 -1. 149 -1.2 10 -1.135 -1.270 -1.276 1.262 • 
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Test ·0: 47 
Recorder: OK 

Summan' orOne Bolt Lap Connection Tests 

TEST DESIGNATION 

Test Designation: 114X3/8XI 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

Type: A325 
Bolt Hole: Std 

Shear Plane: X 

Width (in.) 
Top: 4 

Bouom: 4 

TE T RESULTS 

Diameter (in.): I 
Length (in.): 2.25 
Nut Washer: X 

Bolt Head Washer: X 

Thickness (in) 
0.25 

LeCm) 
2 

0.37 2 

Da«: 41495 

Bolt Fully ProtenslOned 
by Tum of Nut Method 

Edge Conditloo founon 
SHEAR 20 
SHEAR 25 

0 

Deformation (in.) Lo.d (kIps) 
Limit State" Bearingffearout Maximum: 

Failure' 
Other: 

COMMENTS 
• PL-20 staned yielding al 25700 Ibs. 0.035 m. 
• PL-15 stoned yie lding al 29000 Ibs wilh 0.065 in of deform.tion 
• BulgIng on PL-20 Stoned al 0 19 in. of deforomlion wllh 33000 Ibs 

CHART 

350 

300 -

250 -

i 200. :i 

"'0 ISO 
! 

100 

50 

--+- ~ ... tra&t To\a\ Oau. 
_____ A verage: Front Data 

-6--A ..,cragc Back Data 
--Component 
- . - . Detailed ParamclI1c 

00 -----____ ___ 

0000 0 100 0200 0300 0400 

Deform.lion (i n.) 

180 

0500 

0.44 33.5 
0.544 329 
0. 16 329 
0.25 332 
0.34 33.3 

0600 
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Test 0: 47 Summan of One Bolt LII! Connection Tests 

Recorder: OK • 
DATA Potentiometer Readings (in.) 

Load pcr FI F2 F3 F4 RI R2 R3 R4 lotal 

Data Pomt Plate (ki2Sl 90 II 92 93 94 95 96 97 ~ 
I 47 -000 1 -0.001 -0002 -000 1 -0.002 -0002 0.000 0001 000 1 

2 5.8 -0.00 1 -0001 -0 002 -0.002 -0004 -0004 0.000 0.00 1 0002 • 3 6.9 -0001 -0.00 1 -0.004 -0.002 -0.006 -0.006 0.000 0.001 0002 

4 7.9 -0.001 -0.002 -0.004 -0.003 -0.007 -0.007 0.000 0001 0003 

5 10.5 -0.002 -0.002 -0.005 -0.004 -0.010 -0.011 0.000 0000 0004 

6 12.2 -0004 -0003 -0.007 -0.004 -0.012 -0.013 -0.001 -0001 0006 

7 14.3 -0005 -0003 -0.010 -0.006 -0.013 -0017 -0.001 -0003 0007 

8 16.5 -0009 -0004 -0.0 15 -0.006 -O.Q15 -0.019 -0.001 -0004 0009 • 9 17.6 -0.012 -0.006 -0018 -0.009 -0.016 -0021 0.000 -0006 0.Q1 1 

10 20.5 -0.018 -0015 -0027 -0020 -0.018 -0.026 -0.002 -0008 0017 

II 21.6 -0020 -0018 -0030 -0023 -0.018 -0.028 -0.002 -0010 0019 
12 23.4 ·0.023 -0024 -0034 -0030 -0020 -0034 -0002 -0014 0023 

13 25.2 -0026 -0031 -0038 -0037 -0.021 -0040 -0003 -0020 0027 
14 26.9 -0031 -0041 -0.044 -0.046 -0.027 -0.048 -0.006 -0026 0.014 

15 27.8 -0037 -0051 -0050 -0.056 -0030 -0054 -0011 -0031 0040 • 
16 28.8 -0052 -0068 -0064 -0.074 -0035 -0.06 1 -0.015 -0 .037 0051 
17 29.9 -0068 -0089 -0.081 -0094 -0.042 -0.07 1 -0.023 -0041 0.064 

18 299 -0068 -0089 -0.081 -0094 -0.042 -0.07 1 -0.023 -0.047 0064 
19 30.6 -008 1 -0.105 -0.094 -0.108 -0.048 -0.078 -0.028 -0.053 0074 

20 31.7 -0 108 -0.136 -0.121 -0.139 -0.060 -0.092 -0.040 -0067 0095 
21 32.3 -0. 130 -0.159 -0.143 -0.161 -0.077 -0. 11 0 -0.057 -0083 o 11 5 • 22 329 -0172 -0203 -0.185 -0.206 -0 103 -0.143 -0.084 -0 11 6 () 151 

23 329 -0220 -0.253 -0.232 -0 .256 -0145 -0188 -0127 -0162 0198 
24 330 -0.249 -0.281 -0.263 -0.289 -0168 -0215 -0.154 -0187 0226 
25 33 .5 -0302 -0336 -0319 -0.144 -0210 -0.268 -020 -0239 n 280 
26 334 -0329 -0.361 -0.345 -0.371 -0248 -0295 -0.232 -0266 11306 
2 332 -0380 -0.415 -0396 -0424 -0307 -0355 -0290 -0324 () 161 • 28 332 -0447 -0486 -0465 -0496 -0393 -0444 -0377 -0412 () 440 

29 33.5 -0448 -0486 -0.465 -0496 -0.393 -0444 -0.377 -0412 () 440 

30 32.9 -0.527 -0.569 -0547 -0581 -0523 -0.572 -0.502 -0.535 () 544 
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Ttst .: 48 
Rrcordtr: BK 

ummarv of One Bolt LaD Connection Ttsrs 

TEST DESIGNA TlO 

Te I Deslgnallon 1/4XI12XI 

GEO\I ETRIC A 'D MATERIAL PROPERTIES 

BOLT 

PLATE 

Type A325 
Boh Hole. SId 

She", Plane: X 

I\' idlh ! In 1 
Top 4 

Bottom 4 

TE. T RESlI LTS 

D':>rnelcr (In) I 
Lenglh (in.) 2.25 
Nut Washer: X 

Boh Ilead Washer: X 

Th,ck .. « (In 1 .b!!.illJ 
025 2 
05 2 

Dale 4 4 9~ 

Boh Full) Prclensloned 
h) Tum of Nut Method 

Edge CondluM Cnu[!!!n 
SAl\' 40 

A\\' 12 

0 

DcfonnallOn (In .) Low (~lpS) 
Limit talC" Spltnln8 M3,).lmum 0895 

FUI)ure 0895 
Olher 016 

0.25 
0.34 

CO~IM ENTS 

• I'L-40 st.ned) Ieldmg al 0.041n ofdcfonnallon \\ 1m 29000 Ibs 
• At 35000 Ibs. PL-40 stArted bulgIng In fronl oflhe boh and PL-12 stMed) leldlng 
• pill occurred at 095 In of deform au on 
• Uc:anng tear out aJso developed 

CHART 

400 

_ .-._'-

i 250 
~ 200 
~ • 150 0 

tOO 

SO 

00 

0000 

_____ A\~&eTo~l~u 
~A\'cnle Ftont Dati 
-.-A'o'mcc Bxl. Dati 
--Component 

- . - . Dewl'" Pmmcu.e 

DtrormaltOft (in.) 
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TeSl No: 48 Summary of One Boll Lal! Conneclion Tests 

Recorder: BK • 
DATA Potentiometer Readings (In.) 

Load per FI F2 F3 F4 RI R2 R3 R4 To",1 

Data POlOt Plate {kiQs} 90 21. 92 93 94 95 96 97 A\'g 

I 1.0 -0.001 0.001 -0.002 -0.001 -0.001 -0.001 0.000 0.001 0.001 

2 3.0 -0.001 0.001 -0.005 -0.004 -0004 -0.004 0.000 0.001 0.002 • 3 5.1 -0001 0.001 -0.007 -0007 -0.006 -0.007 0.000 0.001 0.003 

4 6.5 -0.001 0.001 -0.009 -0007 -0.007 -0.009 0.000 0.001 0.004 

5 8.7 -0001 0.001 -0.012 -0.010 -0.010 -0.012 0.000 0.001 0.005 

6 10.9 -0.002 0001 -0.01l -0.012 -o.oll -0.015 0.000 0001 0007 

7 11.7 -0002 0.001 -0.015 -0.012 -0.014 -0.016 0000 0001 0007 

8 1l.4 -0.004 0.002 -0.018 -0.013 -0.015 -0.018 0.000 0000 0008 • 9 16.5 -0.007 0.003 -0.024 -0.0 17 -0.017 -0.023 0.000 -0.002 0.011 

10 IS.5 -0.0 10 0.004 -0.029 -o.o lS -O.OIS -0.025 0.000 -0.003 0.012 

II 20.4 -0.012 0.004 -0.032 -0.019 -0.020 -0.028 0.000 -0.004 0014 

12 22.2 -0016 0.004 -0.038 -0.020 -0.021 -0.033 0.00 1 -0.007 0016 

13 23.1 -0.021 0.002 -0043 -0.023 -0.023 -0.039 -0.004 -0.012 0.020 

14 24.4 -0.022 0.003 -0.047 -0.024 -0.023 -0.042 -0.003 -O.OIl 0021 

15 25.6 -0.028 0.001 -0.053 -0.028 -0.026 -0047 -0.007 -0.018 0026 • 
16 28.2 -0034 0.000 -0.062 -0.033 -0.030 -0057 -0.010 -0025 0031 

17 28.6 -0043 -0.005 -0.075 -0041 -0.042 -0073 -0.022 -0.039 0042 

18 31.7 -0053 -0.010 -0.086 -0048 -0.047 -0.084 -0.025 -0.04S 0050 
19 33.6 -0.088 -0.039 -0.122 -0.079 -0.058 -0.106 -0.037 -0.066 0074 

20 34.3 -0.115 -0.062 -0.150 -0.103 -0.066 -0.120 -0.043 -0078 0092 
21 35.2 -0.157 -0.102 -0.193 -0. 143 -0.081 -0. 144 -0.057 -0099 0122 • 
22 35.5 -0185 -0.130 -0.221 -0.173 -0.102 -0.169 -0.077 -0. 122 o 147 
23 35.0 -0.251 -0.196 -0.289 -0.242 -0166 -0.231 -0136 -0. 183 0212 
24 34.8 -0.323 -0.267 -0.359 -0.315 -0.238 -0.306 -0.207 -0255 0.284 
25 34.7 -0404 -0.348 -0.443 -0.399 -0.323 -0.392 -0.291 -0.341 0.367 
26 34.7 -0.506 -0.450 -0.547 -0.503 -0.43 I -0.500 -0.399 -0.446 0.473 
27 35 .S -0668 -0.611 -0.711 -0669 -0.596 -0.665 -0.560 -0.607 0636 • 28 36.5 -0.757 -0.701 -0.799 -0.757 -0.682 -0.754 -0.647 -0.694 0.724 
29 37.4 -0.843 -0.784 -0.884 -0.841 -0766 -0.840 -0.728 -0.777 0808 
30 38.2 -0.927 -0.867 -0.970 -0.926 -0.856 -0.929 -0.819 -0.870 0895 

• 
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Test No: 49 
Recorder: OK 

Summary dOne Bolt Lap Connection Tests 

TEST DESIGNATION 

T~sl Designation: 1/4X5/8X I 

GEO.\JETRIC AND MATERIAL PROPERTIES 

~OLT 

PLATES 

T)pe: A325 
Bolt Hole: SId 

Shear Plane: X 

Diameler (in.): I 
Lenglh (in.): 2.5 

ul Washer' X 
Bolt Head Washer: X 

Widlh lin.} Thicknes5i {in 1 Lenn } 
Top: 4 0.25 2 

Bouom: 4 0.625 2 

TEST RESULTS 

Limit State: Spl"'lng Maximum' 
Failure. 

Olher' 

COMME TS 
• PL-41 ) ifldod al a deformalion of 0042 In \\ ith a load of 32000 Ib, 
• Bulging on PL-41 occured at 35000 Ibs. lipS curled back 
• pluung initiated at 0.73 In of dcformauon 

C HART 

." 

400 

350 -

300 . 

3 150 

100 

----_ . --

50 

00 -------
0000 0 100 0200 

_.__ AverageTolal Data 

~ A verage Front Oala 
-.-Average Bad. Dam 

--Component 
- . - . Detailed ParametriC: 

0300 0400 0500 

Otrormalion (in.) 

184 

0600 

Dale 4595 

Bolt Fully Prctcnsloned 
by Tum of NUl Melhod 

Ed2C CORdlllon LOll!:!OO No 
SA\\' ~ I 

SA II' 27a 

Deformation (m.) Load (I"ps) 
0.625 35 ~ 
0.744 Jl3 
0. 16 353 
025 35 
0.34 3~ . 5 

0700 0800 
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Test No: 49 umman ofOnt Boh La l! Conneclion Tests 
Recorder: 81<. • 
DATA Potentiometer Readmgs (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 
Data Point Plate {ki~sl 90 2! 92 93 94 95 96 97 A,. 

I 1.0 0.000 -0.001 -0.002 -0.002 -0.001 -0.001 -0.001 0000 0001 
2 3.2 0.000 0.000 -0.006 -0.004 -0.004 -0.002 -0.001 0.000 0002 • 3 5.3 0.000 0.001 -0.008 -0007 -0.006 -0005 -0.001 0000 0003 
4 71 0000 0.001 -0010 -0.009 -0.009 -0007 -0.001 0.001 0004 
5 9.5 0.000 0.001 -0.013 -0.010 -0.013 -0.010 -0.001 0.001 0.006 
6 12 .0 -0001 0.001 -0.017 -0.012 -0017 -0.013 0.000 0.001 0.007 
7 13.6 -0002 -0.001 -0.023 -0015 -0.016 -0 018 -0.00 1 -0002 0.010 
8 15.0 -0.002 0.000 -0.026 -0.0 17 -0.017 -0.020 -0.001 -0002 0.011 • 9 16.5 -0.004 0.000 -0.029 -0.0 18 -0.019 -0.021 -0.001 -0.003 0.012 
10 17.7 -0006 0.001 -0.032 -0.019 -0020 -0.023 -0.001 -0.004 0.\113 
II 20.0 -0.007 0.003 -0.037 -0.021 -0.021 -0.026 0.001 -0.006 0.014 
12 21.8 -0010 0004 -0.043 -0.023 -0.020 -0.032 0.004 -0.011 0.017 
13 24.0 -0014 0005 -0050 -0024 -0021 -0.037 0.005 -0.013 0019 
14 25.6 -0018 0006 -0.057 -0025 -0.023 -0048 0.005 -0.021 0023 • IS 27.8 -0.023 0007 -0067 -0028 -0024 -0.053 0.006 -0023 0026 
16 305 -0034 0.002 -0083 -0.035 -0031 -0.066 0.002 -0.033 0035 
17 32.0 -0.041 -0003 -0.093 -0.042 -0.036 -0.075 -0.001 -0.040 0.04 1 
18 33 .6 -0052 -0009 -0.106 -0051 -0.042 -0.085 -0.004 -0.048 0.050 
19 34.7 -0.086 -0.042 -0143 -0.086 -0055 -0.105 -0.012 -0.063 0.074 
20 349 -0117 -0074 -0176 -0.120 -0075 -0.128 -0.028 -0085 0.100 
21 35.2 -0.150 -0. 108 -0.210 -0.155 -0.100 -0.157 -0.050 -0.111 0. 130 • 22 354 -0206 -0 165 -0266 -0.211 -0.145 -0.202 -0.090 -0.156 0180 
23 35.1 -0256 -0214 -0.316 -0259 -0189 -0.248 -0.133 -0200 o :!27 
24 346 -0.357 -0.317 -0.418 -0.362 -0295 -0.351 -0.236 -0.303 0.330 
25 34.3 -0453 -0412 -0.515 -0.458 -0.395 -0.450 -0.336 -0401 0427 
26 35 .4 -0646 -0.603 -0713 -0655 -0.599 -0.651 -0.534 -0.598 0625 
27 33.3 -0790 -0.75 1 -0.852 -0795 -0696 -0.750 -0.627 -0.694 0.744 • 
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Ttst No: SO 
Record .. : BK 

umman' orOne Bolt Lap Connce.ion Tt~U 

TEST DESIG~ATION 

Test Deslgnalion: 1/4X I X I 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

T}pc: A325 
Bolt Holt Std 

Shear Plane. X 

Diameter (m.): I 
Length <m ): 275 

ut Washer: X 
Boh Head Washer: X 

\\' idth {in 1 Thickness {In.} LeOn 1 
Top 4 0.25 2 

Bonom 4 I 2 

TEST RE ULTS 

Limit tatc: Spli tt ,"g Ma~lmum 

Fai lure 
Other 

CO'''IE:'>TS 
• PL-II ~ Ielded at 0 .038 '" of deronnallon '\lth 28500 Ib, of load. 
• Ilulgm& staned .t 34000 Ib, CO I I In of defonn.lIon) 
• Bolt hole slretched exccsslHI) at O.S tn of deformation 
• At 0 9 In, splitting occurred 

C HART 

.00 

)50 

)00 
. - -- -_ . -. _ . _ . -

i !SO 
:; 

200 -.., 
~ IS 0 

tOO 

50 

00 

0000 0100 0200 

--+- 1\YtDge TO\a\ Oa\a 

Avcngc From Data 
---.- Avcragc Bad.. DaLl 

- -Component 

- . - . Detnlled Paramemc 

0300 0 400 0500 

Ddormation (In.) 

186 

0600 

Date 41595 

Bah Fully PretenSloned 
b~ Tum of Nut Method 

Edge Condmon Cnu[!on No 
SA\\' 4 1 

AW 30 

Deronnat lon (m ) Load (kips) 
0133 37 I 
0.708 J5~ 

o 16 3b 9 
025 36 
0.34 353 

0100 0800 
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Test No: 50 ummarv ofOn~ Bolt La(! Connection Tests 
Recorder: 8K • 
DATA Potentiometer Readings (in.) 

Load per FI F2 F3 F4 RI R2 RJ R4 To .. 1 
01:11<1 POint PI.te (k'2S) 90 2! 92 93 94 95 96 97 A, g 

I 0.9 0000 0000 -0.002 -0.002 -0.001 -0.001 -0.001 0.000 0.001 
2 3.0 0.000 0000 -1>.006 -0.005 -1>.002 -0.004 -0.001 0.000 0.002 • 3 5.9 0.000 0.000 -0.009 -0.008 -1>.007 -0.009 -1>.001 0.000 0.004 
4 8.4 -0.001 0.000 -0.012 -1>.01\ -0.010 -0.013 -0.001 0.001 0006 
5 10.6 -0001 0.002 -0.018 -1>.017 -1>.01\ -0.017 -1>.001 0001 0.008 
6 12.5 -0001 0.002 -0.021 -0.018 -1>.012 -0.021 -1>.001 0.001 0.009 
7 144 -0.002 0.003 -1>.026 -0.021 -0.013 -0023 -0.001 -0.001 00 10 
8 164 -0004 0.004 -0031 -1>.024 -0.QI5 -1>026 0.000 -0.002 0.0 12 • 9 18.1 -0.006 0.005 -0.035 -0.026 -0.015 -0.029 0.001 -0.003 0014 
10 20.0 -0.009 0.006 -0040 -1> 028 -1>017 -0.032 0.001 -0.004 0015 
1\ 23.2 -0.014 0.009 -0.050 -0.031 -1>.020 -0.041 0.003 -0.007 0019 
12 24.9 -0.020 0.009 -0.058 -0033 -0.021 -0046 0.004 -0.010 0.022 
iJ 26.2 -0022 0.009 -0.062 -0.035 -0.023 -0.049 0.004 -0.012 0024 
14 28.3 -0026 0009 -0.069 -0038 -1> 026 -0.056 0.004 -0.015 0027 
15 30.3 -0032 0.009 -0.078 -0.043 -0.030 -0.063 0.004 -0.019 n.032 • 
16 31.7 -0037 0.007 -0084 -0.047 -0033 -0.068 0.002 -0021 0.035 
17 33.4 -0042 0.004 -0.093 -0.054 -0.037 -0.075 0.001 -0.024 0.040 
18 34 .2 -0.061 -0.0 I J -0.1\2 -0.072 -0.042 -0.083 -0.001 -0.029 0.052 
19 35.5 -0073 -0026 -0.125 -0.086 -0.047 -0.090 -0.004 -0.034 0060 
20 36.1 -0.092 -0.045 -0146 -0.105 -0.053 -0.097 -0.007 -0.038 0073 
21 36.6 -0.130 -0.081 -0.184 -0. 141 -0.076 -0.120 -0.D25 -0.058 o 102 • 22 371 -0.176 -0 128 -0226 -0186 -0.094 -0141 -0.038 -0.073 0133 
23 36.6 -0.249 -0.202 -0.299 -0260 -0.149 -0.202 -0.090 -0.130 () 198 
24 354 -0349 -0.301 -0399 -0.360 -0.256 -0.308 -0.200 -0.235 0.301 
25 35.0 -0.457 -1>4 10 -0.510 -0471 -0.369 -0423 -0.315 -0.352 n 413 
26 34.9 -0.552 -0.506 -0604 -0.567 -0.464 -0.517 -0.409 -0444 ()5U8 
27 35 .0 -0661 -06 14 -0714 -0.677 -0574 -0628 -0.520 -0.555 06 18 • 28 35 .2 -0749 -0.704 -1> 803 -0.768 -0666 -07\9 -0.608 -0.644 11708 

• 

• 

• 
187 

• 



· .... 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Te,t !'io: 51 

Recorder: BK 
Summan' DfOne Bolt Lap Connection Tests 

TEST DESIGNA TION 

Test Designation: 1/4X3/4X I 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

Type: A325 
Bolt Hole; SId 

Shear Plane: X 

Diameter (in .)' 1 
Lenglh (10.): 2.5 
NUl Washer· X 

Bolt He.d Washer: X 

Width (m.} Thickness (In ) 

0.25 
Le(m} 

Top: 4 
Bottom: 4 0.75 

TEST RESULTS 

Limit Stale: plinmg 

CO~tMENTS 

• PL·41 YIe lded al28300 Ib, wilh a deform.,ion of 0 035 In 

• Bulging SI""ed al 0. 18 of deform.llon on PL-li 

CIIART 

400 

J50 

JOO 

~ ~SO 
~ lOO .. • 
~ 150 

100 

50 

--+-Average Total DaUl 

~Average Front Data 
----.- Average Back Data 

--Componenl 

- • - • DetaIled Parametric 

2 
2 

Mwomum' 
Failure: 

Olher· 

D.,e 45'95 

Bolt Full), Prelen.ioned 
by Tum of NUl Melhod 

ou[?:on No 
41 
28 

Deformallon (10.) Load (~IP') 
0.811 36 I 
0.811 361 
016 339 
025 336 
034 J~ 9 

00 -- ----
0000 0100 OlOO O~ 08 O~ O~ O~ O~ O~ 

Odormafion (In.) 

188 
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Test No: 51 Summary orOne Bolt Lal2: Connection Tests 

Recorder: BK • 
DATA Potentiomettr Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 To.al 
Data Point Pia •• !ki~sl 90 2.! 92 93 94 95 96 97 Avg 

I 1.2 -0.001 0.000 -0.002 -0.00 1 -0.002 -0.002 0.000 0.000 0.001 
2 3.4 -0.001 0.000 -0.004 -0.004 -0.005 -0.004 0.000 0.000 0002 • 3 5.4 -0.001 0.000 -0.007 -0.006 -0.008 -0.007 -0.00 1 0.001 0.004 
4 7.5 -0.001 0.000 -0.009 -0.008 -0.010 -0.009 -0.001 0.001 0.005 
5 10.0 -0.002 0.000 -0.012 -0.011 -0.014 -0.013 -0.001 0.001 0.006 
6 12.0 -0.002 0.000 -0.014 -0.013 -0.017 -0.016 0.000 0.001 0.008 
7 14.3 -0.003 0.000 -0.017 -0.014 -0.020 -0.020 0.000 0.00 1 0.009 
8 15.8 -0.004 -0.001 -0.020 -0.016 -0.023 -0.022 0.000 0.001 0.010 • 9 17.6 -0.004 0.000 -0.023 -0.019 -0024 -0.024 0.000 0.001 0.0 12 
10 18.9 -0.004 -0.001 -0.026 -0.020 -0.025 -0.026 0.001 -0.001 () 013 
II 20.4 -0.006 0.000 -0.029 -0.023 -0.027 -0.028 0.001 -0.001 0.014 
12 22.1 -0.007 -0.00 1 -0.032 -0.025 -0.029 -0.03 I 0.00 1 -0.001 0.016 
13 23.4 -0.015 -0.008 -0.045 -0.032 -0.032 -0.032 -0.001 -0.002 0.021 
14 25.0 -0016 -0.008 -0.047 -0.034 -0.033 -0.035 -0.00 1 -0.002 0.022 • 15 27.0 -0.023 -0.015 -0.057 -0.043 -0.036 -0.040 0.000 -0.004 0.027 
16 28.3 -0.023 -0.015 -0.059 -0.046 -0.037 -0.043 0.000 -0.005 0.029 
17 28.8 -0.028 -0.022 -0.069 -0.053 -0.045 -0.052 -0.006 -0.013 0.036 
18 30.8 -0.035 -0.029 -0.078 -0.063 -0.048 -0.056 -0.006 -0.014 0.04 1 
19 31.6 -0.063 -0.058 -0.105 -0.092 -0.056 -0.065 -0.009 -0.019 0.058 
20 32.2 -0.082 -0.Q78 -0.126 -0.111 -0.058 -0.067 -0.009 -0.020 0.069 
21 33.6 -0.111 -0.106 -0.155 -0. 140 -0.067 -0.076 -0.012 -0.025 0.086 • 22 34.3 -0.139 -0.135 -0.183 -0.169 -0.084 -0.092 -0.023 -0.036 o 108 
23 34 .2 -0 139 -0.135 -0 183 -0.169 -0.084 -0.092 -0.024 -0.036 0 108 
24 33.9 -0.172 -0.169 -0.219 ·0.204 -0.128 -0.135 -0.066 -0.077 0.146 
25 33.9 -0.212 -0.210 -0.260 -0.245 -0.173 -0. 179 -0. 111 -0.123 0189 
26 33.4 -0.304 -0.301 -0.352 -0.337 -0.269 -0.274 -0.206 -0.217 0.282 
27 32.7 -0.389 -0.387 -0441 -0.425 -0.356 -0.362 -0.293 -0.305 0370 • 28 34 .0 -0.526 -0.524 -0.579 -0.559 -0.495 -0.499 -0428 -0.439 0.506 
29 35.3 -0.645 -0.640 -0.699 -0.680 -Q.618 -0.619 -0.549 -0.558 0.626 
30 35.5 -0.727 -0.725 -0.785 -0.763 -0.708 -0.709 -0.637 -0.646 0.712 
3 I 36.1 -0.824 -0.823 -0.883 -0.863 -0.807 -0.808 -0.736 -0.743 0.811 ., 
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Test No: 52 
Recorder: BK 

umm2rV orOne Boll Lap Connection TestJ 

T EST DES IGNATION 

3/8XJ /8X I 

G EOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

Type. A325 
Bolt Hole ' Std 

Shear Plane X 

Dillmeter (in.). I 
Length (in.): 2.5 
Nut Washer: X 

Bolt Head Washer. X 

\\' Idth (in) 
4 

Thickness (m.) 
0.375 
0.375 

!,rl!!!,l 

T EST RES LTS 

Top 
Bonom 

Limit State: 

CO~I'IENTS 

4 

Bcanngn-caroul 

• At 35000 Ibs. PL·24 yoelded with. deforamtlon of 0 05 on. 
• At 36000 lb •. tipS of the plates staned curlong bac~ 
• Bulgong stoned at 39000 Ibs I\lth a deformation of 0.2 on . 
• on nee lion gained strength In the plastic region 

C HART 

600 

soo .-.- . - . -
.- . - ' - .-.-.--.-

~ 400 
Co --+-- AYCrll;C T 0131 O:na 
~ 300 ______ Average front Data 
'" • A vcmgc Dad. DalJ • 200 

--Componcnt 

100 - . - . Dcu"l~ l'aramctl1c 

00 

0000 0200 0400 0600 0100 1000 

Deform. lion (in.) 

190 

2 
2 

MaXimum 
Failure 

Other 

t 200 

Date ~ 5 95 

Bolt Full) Pretensloncd 
b), Tum of ut Method 

Edge: Condition Cou[!on No 
SHEAR 2~ 

SHEAR 2~ 

DeformatIon (on ) Lo.~ (~lpS) 

I 48 52 I 
1.48 52 I 
016 383 
0.25 399 
034 ~I 7 

1400 1600 
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Test 0: 52 Summa" orOne Bolt La~ Connection Tests 

Recorder: BI< • 
DATA Potenttometer Rcadlng.s (in.) 

Load pcr FI F2 F3 F4 RI R2 RJ R4 TOlal 

Dala Point Plate (ki~'l 90 2.!. 92 93 9~ 95 96 97 A'S 

I 37 -0.001 -0.001 -0001 -0.001 -0.001 -0.001 -0001 0000 0.001 

2 6.1 -0.002 -0.001 -0.001 -0.001 -0.002 -0.002 -0.001 -0001 0001 • 3 7.8 -0.002 -0.002 -0002 -0.002 -0.003 -0003 -0.002 -0.00 1 0002 

4 10.2 -0.003 -0.003 -0002 -0.002 -O.OO~ -0.005 -0.003 -0001 0003 

5 11.7 -O . OO~ -O .~ -O.OO~ -0.003 -0005 -0006 -0.004 -0.002 o OO~ 
6 13.2 -0.004 -0.004 -0004 -0.004 -0.006 -0.006 -0.005 -0.002 o OO~ 
7 15.5 -0.006 -0006 -0006 -0.004 -0009 -0006 -0.007 -0002 0.006 

8 17.7 -0009 -0007 -0007 -0.006 -0010 -0.006 -0010 -0002 0007 • 9 19.5 -0.010 -0.008 -0010 -0.006 -0012 -0006 -0.012 -0002 OOOS 

10 21.9 -0.013 -0009 -0014 -0008 -0014 -0007 -0.015 -0.002 0010 

II 2J3 -0015 -0.011 -0015 -0010 -0016 -0.007 -0016 -0003 0.012 

12 24.6 -0017 -0013 -0.018 -0.013 -0017 -0008 -0.017 -0.003 0013 

13 27 I -0.022 -0.023 -0023 -0018 -0.021 -0010 -0020 -0005 0018 

14 28.6 -0.026 -0.028 -0026 -0.023 -0024 -0011 -0.023 -0.006 0021 

IS 30.2 -0.031 -0.035 -0.03 I -0.03 1 -0.029 -0.013 -0.028 -0007 0026 • 
16 32.0 -0.03S -0048 -0037 -0.040 -0.035 -0.017 -0.036 -0.012 0033 

17 338 -0050 -0.065 -0.049 -0057 -0.044 -0022 -0046 -0.018 00~4 

18 34.7 -0065 -0084 -0065 -0076 -0.053 -0028 -0.054 -0 02~ 0056 

19 36.0 -0091 -0112 -0089 -0.104 -0071 -0 on -0.070 -0037 11077 

20 37.1 -0116 -0139 -0 115 -0.130 -0094 -0.062 -0.090 -0 OS~ 0100 

21 379 -0 . 1~9 -0.172 -0.149 -0.163 -0.124 -0089 -0.121 -0083 0131 • 
22 388 -0.209 -0232 -0.210 -0.224 -0. IS6 -0.148 -0 182 -0142 o 192 

23 40.5 -0.295 -OJI8 -0.297 -OJ II -0280 -0237 -0.276 -0229 0280 

24 42.4 -OJ91 -0 ~ 17 -OJ96 -040S -0 . 37~ -OJ~8 -OJ70 -OJI8 OJ75 

25 43.4 -0496 -0.524 -0.503 -0.517 -0484 -0432 -0476 -0421 o ~82 
26 44.S -0.590 -0620 -0600 -0611 -0583 -0515 -0.575 -0.513 0577 

27 45.3 -0684 -0720 -0695 -0712 -0638 -OSi8 -0622 -0566 II 652 • 28 46.1 -0.779 -0817 -0793 -0808 -0735 -0673 -0.721 -0661 0748 

29 47.2 -0.898 -0.935 -0910 -0.926 -0852 -0.786 -0.839 -075 II 865 

30 480 -0.985 -1027 -1003 -1018 -0943 -0876 -0934 -0867 0.957 

31 49.7 -1.139 -1.184 - I 162 -1.177 -1096 -1.020 -1.083 -1.0 I 0 1 109 

32 49.7 -1. 194 -1.240 -1.2 18 -1.232 - I 152 -1076 -1.14 1 -1.067 I 165 

33 50.3 -1.281 -1.326 -1.303 -1.3 19 -1.236 -I 156 -1.226 -I 151 1250 • 34 50.3 -1.386 - I 434 - 1.4 13 -1426 -1.343 -1.256 -1.331 -1.252 1J55 

35 51.9 -1.535 -1 464 -1420 -I 550 -1491 -1.256 -1.479 -1.400 I 449 

36 52.1 -1.583 -1464 -1423 -1.550 -1.559 -1.256 .1.545 -1 462 I 480 

• 
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Tt" "1o: 53 
Rtcordtr: BK 

umm l n of Ont' Bolt Lan Connection Trsts 

Tt I Deslgnallon J8X I .X I 

GEOMETRIC AND MATERIAL PROPERTIE 

BOLT 

PLAT 

T)pc A325 
Boh Holo Id 

hear Plane X 

D,ameler'In) 
Lcnpth 'In) 2.5 

UI Washer X 
Bah Head Wll5her X 

Top 
Bonom 

Wid,h 'In ) 

4 
Thldnt~ ( in 1 

0.37 
Lopn ) 

2 
4 OJ 2 

Limn I3le Be.nng/T OaroUI 1axlmum 

CO \I\I E"ITS 
• I'l·24 started ~ Icldlng al 36000 Ib, \\llh • deformatIon of 0 06 In 

.\1 43jOO Ibs, PL· 12 ) ,olded \\llh a deformallon of 0 II In 

C HART 

600 

lOO 

t 400 

:i 
300 .. 

~ - 200 

100 

A"'erace TOUlI Dall 

Avcn.e Fronl Da~ 
A\"er.ce Bad., Data 

- - Componenl 
- . - . Dctalled r;lrlllnetrlc 

Failure: 
Olher 

0104695 

Bah Full) PretenslOned 
b) Tum of UI \clhod 

Edge Condillon 
'HEAR 

AW 

Deformallon (In ) 
I 104 
I 104 
0 16 
02j 
0.34 

Couron 1\0 
24 
12 

load I"ps) 
54 I 
~4 I 
4 J 1 
447 
4jj 

00 
0000 0200 0400 0600 0100 1000 

192 
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Tut 0: S3 Summary orOnt Bolt La~ Connection Tests 

Rttordtr: BK • 
DATA PotentIometer Readings (in.) 

Load ptr FI F2 FJ F4 RI Rl R3 R4 Totl1l 

Data POIOl PI.tt (ki~'l 90 2.! 92 9J 21 95 96 97 ~ 

18 -0001 0.000 -0.001 -0001 -0.002 -0.001 -0.001 0 .000 0001 

2 4.5 -0.001 -0.001 -0002 -0003 -0004 -0.003 -0.001 -0.001 0002 • J 6.8 -0.00 1 -0001 -0.004 -0.004 -0.005 -0.005 -0.001 -0.001 0003 

4 92 -0001 -0001 -0.006 -0006 -0007 -0.007 -0.001 -0003 0.004 

5 10.3 -0.001 -0001 -0.006 -0.006 -0.008 -0.007 -0.002 -0003 0004 

6 12.3 -0002 -0.001 -0.007 -0.007 -0.010 -0.009 -0.002 -0.003 0 .005 

7 14 I -0002 -0002 -0008 -0.009 -00\1 -0.010 -0.002 -0004 0.006 

8 140 -OOQ.I -0.002 -0010 -0011 -0.010 -0.012 -0012 -0003 0008 • 9 15.5 -0004 -0.003 -0012 -0.0\3 -0.011 -0.0\3 -0.012 -0.004 0009 

10 178 -0005 -0004 -00\3 -0015 -0.012 -0.0\3 -0.012 -00Q.l 0010 

\I 198 -0006 -0005 -0016 -0.017 -0013 -0.015 -0012 -0 OQ.I 0011 

12 224 -0007 -0.006 -0.0 18 -0.020 -0.0 15 -0.017 -0.012 -0.006 0012 

\3 242 -0007 -0.007 -0021 -0.023 -0.016 -0.0 18 -0.0\3 -0007 0.014 

14 26 I -0015 -0.017 -0.032 -0.032 -0018 -0.024 -0016 -0.009 0020 

15 274 -0028 -0.031 -0.045 -0.050 -0.0 19 -0.031 -0.019 -0.0 12 0.029 • 
16 305 -0029 -0.032 -0049 -0.054 -0.021 -0.037 -0021 -0.017 0032 

17 31.2 -0034 -0.039 -0.056 -0.062 -0.023 -0040 -0.024 -0019 0037 

18 31 2 -0034 -0.040 -0.056 -0.062 -0.023 -0.040 -0.024 -00 19 0037 

19 339 -0035 -0.042 -0059 -0.067 -0.026 -0.046 -0.026 -0023 0040 

20 35 .8 -0043 -0054 -0.070 -0.080 -0.033 -0056 -0031 -0030 0050 

2 1 37.4 -0062 -0.075 -0.091 -0.102 -0.043 -0.067 -0.039 -0038 ()065 • 
22 39 I -0072 -0.085 -0102 -0 113 -0.053 -0078 -0047 -0046 o (m 
23 40.7 -0095 -0106 -0. \23 -0 \34 -0071 -0.096 -0063 -0063 111194 

24 420 -0 123 -0 \35 -0152 -0. 161 -0.097 -0 122 -0.089 -008H (I 121 

25 43.3 -0158 -0 169 -0.188 -0195 -0. \}6 -0.159 -0127 -0125 o 157 

26 4J 7 -0.194 -0.206 -O.22J -02JO -0.173 -0. 195 -016J -0162 0 193 

27 447 -0246 -0256 -0.275 -0282 -0.224 -0.246 -0.213 -0 .211 11144 • 28 45 .4 -0326 -0.338 -0.358 -0.367 -0.304 -0,3 31 -0.293 -0.292 0.326 

29 46.3 -04JO -0444 -0.464 -047J -OA12 -0440 -0.400 -O.J99 o 4JJ 

JO 473 -0.524 -0.540 -0.561 -0.570 -0.510 -0.539 -0.496 -0495 0529 

31 489 -0.620 -0635 -0.658 -0.668 -0.607 -0640 -0.593 -0.595 () 627 

J2 50 I -0714 -07JO -0752 -0.76J -0.708 -0.742 -0691 -0693 0.724 

33 51.2 -0805 -0822 -0843 -0.854 -0.806 -0842 -0.790 -0793 0819 • 34 52.1 -0895 -0.9\3 -0.932 -0944 -0904 -0.942 -0.888 -0890 () 914 

35 52.6 -0.987 -1003 -1022 -1034 -1002 -1042 -0987 -0988 1008 

36 54 I -1076 -1095 -I III -1124 -1.104 -I 142 -1088 -1090 I 1(14 
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Tts. '10 : 54 
Rtcordtr: BK 

umman GrOne Boll Lap Conn~tion Tests 

Jl8X518XI 

GEO~IETRIC A D MATERIAL PROPERTI ES 

BOLT 

PLATE 

T! "" A325 
Boh Hole. SId 

he .. Plane X 

DlllIncter ('") 
L.n~Lh (In) 2.5 

u. Washer X 
Boll \lead Washer X 

\I-.dlh ! In I Th. kne . !m I !&1mJ 
Top 4 OJ 5 

Bonom ~ 0625 

TEST RES1'LT 

Limit tatc Sp""mg 

CO \"IEI"TS 
• AI 35000 Ibs. PL·24 ) .elded '''Ih a defonnallon of 004 m 
• Bulging on PL·24 staned al 0 15 In of dcformallon 
• ·\1 0 88 10 of deformation. phn,"g ocl.:urrtd on PL·~" 
• The connection gained strtngth 

C ll ART 

600 

SOD 

. 400 
~ 

:; 
... 100 
• 0 

200 

100 

00 

0000 0100 0200 

A\>tr.,e TOlil Data 

A\enlIC Front Dill 

A \'C:fIaC Bad. Data 
--Compolltnt 

- . - . OetI,led Panmetllc 

194 

2 
2 

Ma.xJmum 
Failure: 

Other; 

Da .. 4695 

Bolt Full) I'retensloncd 
b) Tum of ul ~Ielhod 

Ed.e ondll1on ('nu~n '0 
\lEAR 2~ 

A \I- 2 • 

Defonnallon (m I I.oad (k.ps) 
0868 51 -
0868 51 7 
o 16 H3 
025 ~5 4 

034 ~6 I 
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Tell No: 54 SummarY afOne 801t Lan Connection Tests 

Recorder: BK • 
DATA Potentiometer Readings (in.) 

Load per FI F2 F3 F4 RI R2 RJ R4 TOlal 

Data POint Plat< (kl~'l 90 2! 92 93 94 95 96 97 A\2 

2.0 0.000 0.000 -0.001 -0.002 -0.002 -0.001 0.000 0.000 0001 

2 4.8 -0.001 0.000 -0004 -0.004 -0.004 -0.002 0.000 0.000 0002 • 
3 85 -0.001 0.000 -0.007 -0.007 -0.006 -0.005 -0.001 0.000 0 .003 

4 10.7 -0.001 0000 -0.009 -0.008 -0.008 -0007 -0.001 -0.001 0.004 

5 12.3 -0001 -0001 -0.010 -0.010 -0010 -0009 -0.001 -0.001 0005 

6 14.7 -0.001 -0.001 -0.012 -0.012 -0.012 -0.010 -0.002 -0.001 0006 

7 16.9 -0.002 -0.001 -0.0\3 -0013 -0.014 -0.011 -0002 -0001 0007 

8 19. 1 -0.002 -0.001 -0.017 -0.016 -0.016 -0.013 -0.002 -0.001 0.008 • 9 20.9 -0.003 -0001 -0.019 -0.017 -0.018 -0.016 -0.002 -0001 00 10 

10 21.9 -0.006 -0004 -0.028 -0.021 -0.019 -0.017 -0.007 -0009 0.014 

\I 236 -0005 -0.004 -0.031 -0.023 -0.020 -0019 -0.007 -0.009 0.015 

12 25.0 -0.006 -0005 -0032 -0.024 -0.021 -0.021 -0.007 -0.010 0016 

13 27.0 -0007 -0.005 -0.035 -0.026 -0.022 -0.024 -0.007 -0.0 12 0017 

14 28 I -0007 -0.006 -0037 -0028 -0.026 -0.029 -0.009 -0.017 0020 

15 29.7 -0009 -0.006 -0.040 -0.029 -0.027 -0.031 -0.010 -0.018 0.021 • 
16 30.8 -0.0 16 -0.0 12 -0.053 -0038 -0.031 -0.037 -0.012 -0.02 1 0.027 

17 33 .8 -0.0 17 -0.014 -0.060 -0.043 -0.035 -0.042 -0.0 12 -0.024 003 1 

18 34 .9 -0024 -0.021 -0.070 -0.053 -0.042 -0.050 -0.0 16 -0.029 0038 

19 37.1 -0.027 -0.023 -0.076 -0.059 -0.046 -0.054 -0.018 -0.031 0.042 

20 38.8 -0.037 -0.031 -0.090 -0.072 -0055 -0.063 -0.022 -0.037 0.051 

21 40.8 -0.055 -0.049 -0.1\1 -0.093 -0.070 -0.078 -0.03 1 -0.047 0 .067 • 
22 42 .0 -0078 -0072 -0 \38 -0. 1\7 -0.087 -0.096 -0.046 -0.061 0087 

23 43 .0 -0102 -0.097 -0.163 -0.144 -0.105 -0.116 -0.062 -0.078 0 108 

24 43 .6 -0.127 -0. 124 -0.190 -0. 171 -0.127 -0 \38 -0082 -0.097 0132 

25 447 -01 74 -0. 171 -0.238 -0.216 -0.169 -0.180 -0.122 -0. \39 0176 

26 44.7 -0175 -0.171 -0238 -0.216 -0.169 -0.180 -0.122 -0. \39 0 176 

27 45 .2 -0224 -0.219 -0.288 -0.266 -0.217 -O2:!9 -0168 -0.186 11 .225 • 
28 45 .7 -0.276 -0.273 -0.343 -0.322 -0.273 -0286 -0223 -0.243 0.280 

29 46.3 -0369 -0.366 -0438 -0414 -0.369 -0.381 -0.317 -0.334 0373 

30 46.1 -0369 -0366 -0438 -0.414 -0.369 -0.381 -0317 -0334 0.373 

31 45.9 -0476 -0.475 -0.549 -0.524 -0.478 -0490 -0.424 -0.442 0482 

32 48.6 -0.587 -0.584 -0.662 -0.636 -0.587 -0.602 -0.532 -0.551 0.593 

33 50.4 -0.717 -0.716 -0799 -0772 -0.725 -0740 -0.667 -0685 0728 • 34 51.7 -0.857 -0.855 -0.941 -0.9 14 -0.867 -0882 -0.806 -0.826 0 .868 
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Tt .. "0: SS 
Recorder: BK 

ummlrv of Ont Bolt LIP Connection Tnfs 

Test Designation J 8XJ~XI 

GEOMETRIC AND MATERIAL PROPERTIE 

BOLT 

PLATE 

T)p< 

Boh Hole 
Shear Plane. 

Top 
Bottom 

L.mn State 

CO""E"T 

AJ25 
td 

X 

plnl1ng 

Diameter Cln.) . 

I en~th (to ) 

UI W3 her 

Boh lIead lI'osher 

Thld..nc fin) 
0) 5 
0'5 

• Pl-J~ ~Iclded 3135000 Ibs "llh a defonnallOn of 0 04 In 

• Ilulgmg sUllted al 0 IS In on PL-24 
• \1 0 8 In • spllltmg occurred 

CIJ ,\RT 

60. 
500 

i 400 

:; 
300 

." • .5 200 

tOO 

00 
0000 o tOO 0200 

A\<craac Totll [)au 

A\'CB&t Front OJta 
A\CflIIC Bad. [);Ill 

--Componc:nl 
- . - . OetIlied r~tlJ( 

196 

2.75 
X 
X 

Ma.'omum 
Failure 

Other 

Date 4 b Q~ 

Boh Full} I'roten .oned 
b) Tum of Nut Method 

Edge Condition 
IIr-AR 
A\\ 

lXfonnQuan (10 ) 

0.87 
087 
o 16 
025 
o J4 

('UUNln "'0 

2~ 

28 

I oad (~.psl 
~17 

5 I 7 
~J 8 
45 I 
~6 I 
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Ttl! , .: 55 Summuv nfOnt Boll La[! Connection Trsis 

Recorder: BK • 
Qfl..... Potenuometer Rcadln~ (an ) 

Load pc FI F2 F3 F4 RI R2 RJ R4 To •• 1 

0.111 POint Pl ••• o,i~sl 90 2.! 92 93 94 95 ~ 97 !ill; 
I I.J 0.000 0000 -0002 -0.002 0000 -0.001 -0001 0.000 0001 

2 2.7 0000 0.000 -0.004 -0.004 0.001 -0.001 -0.00 1 0000 000 1 • 3 5.3 0.000 0.000 -0.007 -0.007 0.000 -0.001 -0.001 -0.00 1 11002 
4 6.9 0000 0000 -0008 -0.009 0.000 -0002 -00 12 -0001 0004 

5 98 0000 0000 -0.011 -0012 -0001 -0.0 -0013 -0.001 0.005 

6 12.9 0000 -0001 -0.013 -0.014 -0004 -0006 -0013 -0001 0007 
7 15.2 0000 -0001 -0015 -0017 -0006 -0009 -0013 -0001 0008 

8 17.6 0000 -0002 -0017 -0020 -0.00 -0011 -0013 -0.002 0009 • 9 20.1 -0001 -0002 -0020 -0.023 -0009 -0013 -0013 -0002 0010 

10 22.6 -0001 -0003 -0023 -0026 -0011 -0015 -0013 -0003 0012 
11 25.0 -0001 -0006 -0025 -0.032 -0013 -0.018 -0.014 -0004 0014 

12 27.3 -0002 -0009 -0028 -0038 -0.0 16 -002 1 -0015 -0004 0017 

13 29.7 -0004 -0013 -0032 -0045 -0020 -0024 -0017 -0006 0020 
14 32 1 -0006 -0018 -0039 -0055 -0026 -0031 -0020 -0009 0025 
IS 352 -0012 -0.029 -0051 -0.074 -0037 -0040 -0028 -0015 0036 • 
16 369 -0017 -0038 -0061 -0086 -00-14 -0.047 -0031 -0018 (1043 

17 38.9 -0028 -0052 -0076 -0105 -0.059 -0.001 -0040 -0026 (1056 
18 41.2 -0059 -0088 -0113 -0.147 -0.088 -0091 -0061 -0.047 0087 
19 425 -0083 -0 114 -0138 -0 174 -0 109 -0.112 -0.077 -0063 0109 
20 43.3 -0113 -0 144 -0168 -0207 -0133 -0.137 -0098 -0085 0136 
21 44 I -0153 -0186 -0.211 -0251 -0174 -O. P8 -0. 135 -0121 0176 • 
12 44.9 -0209 -0242 -0.268 -0311 -0232 -0238 -0.188 -0175 0233 
23 45.5 -0255 -0.291 -0317 -0361 -0281 -0.287 -0236 .() 22~ () 281 
24 463 -0333 -0370 -0396 -0442 -0359 -0367 -03 II -0298 11360 
25 47.3 -0441 -0481 -0.508 -0555 -0473 -0479 -0424 -0408 () 471 
26 488 -0.582 -0624 -0652 -0701 -0617 -0625 -0.565 -0549 0614 
21 50.2 -0691 -0735 -0764 -0815 -0.728 -0738 -0674 -0657 0725 • 28 50.9 -0790 -0836 -0865 -0917 -0826 -0836 -0770 -0752 0824 
29 51.7 -0836 -0 883 -0912 -0964 -0.873 -0882 -0816 -0.798 0870 

• 
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Te" , 0: 56 
Record .. : BK 

TEST DES IGNATION 

ummln afOne Rolt Lan Co nneclion Tests 

T cst DesIgnation 318XIXI Date 4 795 

GEOM ETRIC AND MAT ERIAL PROPERTI ES 

BOLT 
T)pe. A315 

Bolt Hole: td 
Shear Plane: X 

Diameter (in.): I 
Length (in.): 3 
Nut Washer: X 

Bolt Head Washer: X 

Bolt Full) I'retensloned 
b) Tum or ut Melhod 

PLATES 

TEST RE 

Top: 
Bouom 

Thlckne 1m) 
0375 

Lelm.) 
1 
2 

Edge Condlllon 
HEAR 
SAIl' 

Dcfonnauon (10 ) 

limit State; plittlOg Ma.\imum 0806 
Failure' 0826 

Other: 016 
0.25 
034 

CO~I\I ENTS 

• Yielding on I'L-24 staned al 0 033 In or deroratnllon \\ uh a load orJ6500 Ibs 
• Cracks appeared on the bulged part at a deromatlon or 0 98 In. 

CHA RT 

600 

sao -

i 400 

:ii 
lOa 

." • • 200 

100 

00 

0000 0100 0200 

-"'-Averagr TOUll Data 

A verag" Front Dnta 

-It-A \terage Bad. Data 

--Component 
- - - . [)dalltd Parame\flC 

o~ o~ O~ O~ o~ O~ o~ 

Dtronn.l ion (In.) 

198 

Couron "0 
24 
31 

Load Illps) 
50.5 
50 

438 
45.5 
46.1 



• 

Te .. No: S6 SummarY nrOnr BoU Li e Conneclion Ttsu 

Recorder: BK • 
DATA Potentiometer Readings (in.) 

Load pcr F1 F2 F3 F4 R1 R2 R3 R4 10131 

Data POint P1.le {ki~sl 90 2.! 92 93 94 95 96 97 A'_ 
1 0.7 0.000 0.001 -0002 -0001 -0.002 -0.001 0.000 -0001 0001 

2 2.1 0.000 0.001 -0.007 -0.006 -0.001 0.001 -0.004 -0001 0002 • 
3 5.2 0.000 0.001 -0011 -0.011 -0.003 -0.00 1 -0.004 -0001 0004 

4 7.2 0000 0.001 -0014 -0.013 -0.006 -0004 -0.004 -0001 0.005 

5 9.2 -0001 0.001 -0.016 '-0.015 -0.008 -0.006 -0.004 -0001 () 006 

6 11.9 -0.001 0.002 -0019 -0.018 -0011 -0010 -0.004 -0001 0008 

7 14 1 -0001 0.002 -0022 -0020 -0.014 -0013 -0003 -0001 (1009 

8 16.9 -0003 0.003 -0025 -0022 -0.015 -0.020 -0001 -0.002 () 011 • 9 188 -0004 0.003 -0028 -0.024 -0016 -0025 0.001 -0.002 0.012 

10 21.9 -0.007 0004 -0035 -0026 -0.016 -0.035 0.004 -0002 (1014 

11 24.5 -0010 0.006 -0042 -0028 -0.017 -0.042 0003 -0.002 0017 

12 26.4 -0015 0.007 -0.049 -0030 -0.017 -0.048 0.004 -0.002 0019 

13 28.9 -0019 0007 -0.057 -0.035 -0.018 -0.056 0.006 -0.004 0022 

14 30.7 -0.023 0006 -0064 -0039 -0020 -0061 0.006 -0004 (1025 • 15 32.2 -0026 0005 -0070 -0043 -0.022 -0.067 0002 -0004 11028 

16 34 .2 -0032 0001 -0.081 -0.052 -0.028 -0075 0.003 -0004 11 033 

17 36.4 -0043 -0011 -0098 -0.069 -0.037 -0.086 -0.001 -0004 0043 

18 38.3 -0056 -0024 -0.11 6 -0087 -0.052 -0.100 -0.01 1 -0.004 (I 056 

19 40.2 -0091 -0.066 -0. 165 -0.132 -0.069 -0.113 -0.026 -0010 (l084 

20 41.3 -0 109 -0084 -0.186 -0 152 -0.090 -0.132 -0042 -0081 (l110 

21 43.5 -0155 -0130 -0235 ·0.200 -0.129 -0.169 -0.073 -0.081 (I 147 • 
22 44 .5 -0196 -0170 -0.278 -0245 -0.169 -0209 -0 109 -0081 (I 182 

23 45.2 -0231 -0.206 -0.315 -0283 -0.204 -0244 -0. 141 -0081 0213 

24 458 -0.3 13 -0291 -0401 -0.366 -0.285 -0.324 -0.217 -0081 (1285 

25 46.2 -0.385 -0.363 -0474 -0440 -0.356 -0.395 -0286 -0100 0.350 

26 47.0 -0.519 -0498 -0611 -0.575 -0.490 -0.529 -0.418 -0230 11484 

27 47.9 -0648 -0.628 -0744 -0708 -0622 -0661 -0546 -0.360 0615 • 
28 492 -0731 -0.713 -0.817 -0.794 -0.709 -0748 -0632 -0444 (1698 

29 50.0 -0793 -{) .774 -0817 -0855 -0770 -0808 -0691 -0.504 0751 

30 50.5 -0893 -0820 -0819 -0921 -0.774 -0828 -0788 -0605 11806 

31 50.0 -0.945 -0823 -0820 -0921 -0.776 -0.83) -0.839 -0653 0826 

• 
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Te" No: 57 
Recorder: BK 

ummarv DfOne Bolt Lap Con nection Tests 

TEST DESIGNATIO 

Test Designation . II2X II2X I 

GEO~IETRIC A '0 MATERIAL PROPERTIES 

BOLT 

PLATES 

Type: A325 
Bolt Hole ' SId 

Shear Plane: N 

Diameter (m.); I 
Lenglh (in.): ~. 5 

Nut Washer: X 
Bolt Head \\'asher ' X 

Width (in.) Thickness (in .} Le(in.) 
Top 4 0.5 

Bottom ' 4 0.5 

TEST RESULTS 

limit State. Bolt hear 

COMMENTS 
• PL-34 ) telded at 39000 lb •. '''Ih a defonnalion of 0.065 10. 

• rhe connection \\ em through the plastic portIOn. 
• Boll sheared In the threaded part.?'?? 

CIIART 

600 

500 

400 
~ 

:;; 
300 

~ • ~ 

100 

00 --

---4- AverageTo1310;U3 

____ A "eragl! Frool Datil 

-....- A vcrage Bnd. Data 

--Componenl 
- . - . Detailed Pal'1lmelJlc 

2 
2 

Ma.xlmum: 
Failure 

Other' 

Boh Fully Prctensloned 
by Tum of ul Melhod 

Ed2C Condliion COU[!g1l No 

SA W 34 
SAW 34 

Defonnation (in) Load (lips) 
0.48 ( 573 
0.48( 573 
016 48.5 
0.25 526 
0.34 554 

0000 0100 0200 0300 0400 0500 0600 
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Tnt 1'-.: 57 Summan DrOne Bolt Lal! Connection Tesu 

Recorder: OK • 
DATA Potentiometer RC3dlO~s (10 .) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 

DaHl Point Plate {ki~sl 90 ~ 92 93 94 95 96 97 A,. 
I 3.7 -0.001 -0001 -0.002 -0.001 -0.002 -0001 -0001 -0001 0001 

2 7.3 -0.001 -0.001 -0.004 -0.003 -0.002 -0.002 -0.002 -0.001 0.002 • 
3 10.3 -0002 -0002 -0.005 -0004 -0.003 -0.004 -0.004 -0.002 0003 

4 12.2 -0.002 -0.003 -0006 -0.005 -0.004 -0.004 -0005 -0002 0004 

5 15.8 -0003 -0.004 -0.008 -0.007 -0004 -0.005 -0007 -0.004 0.005 

6 19.8 -0006 -0.006 -0.012 -0.008 -0.005 -0.007 -0.007 -0.004 0007 

7 22.5 -0010 -0008 -0.017 -0010 -0.006 -0008 -0.008 -0007 0009 

8 25.2 -0013 -0.010 -0.021 -0.013 -0.006 -0.013 -0009 -0.010 0012 • 9 271 -0017 -00 12 -0024 -0.0 16 -0.007 -0.015 -0010 -0.013 0.0 14 

10 31.9 -0029 -0023 -0.038 -0.028 -0.014 -0022 -0016 -0018 0.023 

II 34.1 -0.037 -0032 -0048 -0.038 -0.020 -0.028 -0022 -0.024 0031 

11 36.3 -0.048 -0.043 -0061 -0.049 -0.027 -0035 -0030 -0.03 1 004 1 

13 39.0 -0.063 -0057 -0.075 -0.064 -0.040 -0.045 -0.041 -0.038 0.053 

14 41.4 -0078 -0073 -0092 -0.079 -0.054 -0.056 -0053 -0048 0.067 • 15 43.9 -0098 -0094 -0 11 2 -0.098 -0.069 -007 1 -0.068 -0062 0084 

16 45 .8 -0129 -0123 -0.141 -0. 126 -0.091 -0091 -0.09 1 -0.085 0 11 0 

17 48.0 -0 171 -0.166 -0. 183 -0.169 -0.131 -0130 -0.134 -0.129 o 152 

18 49.8 -0.204 -0197 -0.215 -0.20 1 -0.162 -0 160 -0.165 -0.159 o 183 

19 513 -0244 -0.235 -0253 -0.240 -0.200 -0 199 -0.203 -0 197 0221 

20 54.0 -0305 -0297 -0314 -0.302 -026 1 -0.259 -0266 -0.256 0282 

2 1 55.1 -0349 -0.340 -0358 -0345 -0.303 -0300 -0309 -0.298 0.325 • 
22 563 -0400 -0393 -0409 -0397 -0.351 -0.349 -0.357 -0.348 0375 

23 57.1 -0454 -0446 -0462 -0451 -0401 -0 400 -0410 -0.399 0428 

24 57.3 -0.506 -0499 -0513 -0.502 -0.457 -0454 -04 64 -0.45 I 048 1 

• 

• 
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Test 1\0 : 58 
Recorder: BK 

Summan' orOne Bolt Lap Connecrion Tests 

TE T DESIGNATIO 

Test Designation: I12X518X I 

GEO~IETRIC AND lATERIAL PROPERTIES 

DOLT 

PLATES 

Type An; 
Bolt Hole. Std 

Shear Plane . X 

Diameter (10 I 
Length (an). 2.75 
Nut Washer X 

Bolt Head \\' asher' X 

Width {an I Thtd..ne. 5 (IO ) Lelln I 
Top 4 0.5 2 

Bonom 4 0625 2 

TEST RES ULTS 

Limit State Bolt Shear Maximum 
Failure 

O.her 

O\l\lENTS 
• PL·14 ) lelded a. 39000 Ibs \\ IIh • deformation of 0 0); an 

• The con nee lion \\ cnt through the pasuc ponlon an dgalOed strength 

C1IART 

700 

600 · 

SOO 
~ 
~ 400 
~ 
~ 300 • 0 

200 

.00 

00 

.-.- .-.-' 

~AVc.rllie TOIlI Data 

Average Front Data 
Average Bac.k Daa 

--Compont'nt 
_. -. Drtallcd Pa~metnc 

_ _ _ 0 

Date ' 41895 

Bolt Fu ll~ Prclcnsloned 
b~ Tum of Nut Method 

Edge Condillon Cnu~n No 
SA l\' 34 

AW :!7a 

Dcfonnallon (In ) Load (lips) 
0.5(9 6n 
0.5 19 6.3.1 
0 16 50) 
0.25 '46 
034 585 

0000 0.00 0200 0300 0400 o SOD 0600 

Odorm_Uon (in.) 
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Test ";0: 58 Summan' of One Bolt Lal! Connection Tests 
Recorder: BK • 
DATA Potentiometer Readings (in .) 

Load per FI F2 F3 F4 RI R2 R3 R4 TOlal 
Data Pomt Plate (ki~sl 90 2!. 92 93 9~ 95 96 97 A\ (! 

I 2.9 -0.001 0.000 0.000 -0.001 -0.002 -0.001 0.000 0.000 0.000 
2 5.3 -0.001 0.000 -0.001 -0.001 -0.003 -0.002 -0.001 0.000 0.001 • 3 7.7 -0.002 -0.001 -0.001 -0.002 -0.004 -0.003 -0.001 -0.001 0.002 
4 10.5 -0.002 -0.002 -0.002 -0.002 -0.006 -0.006 -0.001 -0.001 0.003 
5 12.5 -0.004 -0.002 -0.003 -0.003 -0.007 -0.007 -0.001 -0.002 0.004 
6 14 .6 -0.004 -0.002 -0004 -0.004 -0.007 -0.009 -0.001 -0.002 0.004 
7 17.8 -0.005 -0.002 -0.006 -0.004 -0.009 -0.012 -0002 -0.005 0.006 
8 21.2 -0.006 -0.003 -0.009 -0.006 -0.010 -0.016 -0.002 -0.008 0007 • 9 23.0 -0009 -0003 -0.012 -0.007 -0.010 -0.020 -0.002 -0.011 0.009 
10 24.8 -0.012 -O.OO~ -0.015 -0.008 -0.012 -0.024 -0.003 -0.015 0.0 12 
II 26.9 -0.012 -0.006 -0.017 -0.009 -0.014 -0.026 -0.004 -0.017 0.013 
12 29.5 -0.015 -0.008 -0.021 -0.012 -0.017 -0.031 -0.006 -0.021 0.0 16 
13 31.8 -0.019 -0.0 10 -0.025 -0.015 -0.021 -0.036 -0.009 -0.025 0.020 
14 34.3 -0.023 -0.015 -0.030 -0.020 -0.028 -0.042 -0.OJ4 -0.031 0.025 • 15 36.8 -0 .029 -0.020 -0.036 -0.027 -0.036 -0.050 -0.021 -0.036 0.032 
16 38.8 -0.034 -0.027 -0.042 -0.034 -0.045 -0.057 -0.027 -0.042 0,OJ8 
17 41.9 -0.043 -0.037 -0.053 -0.045 -0.059 -0.071 -0.038 -0.051 0.050 
18 44.8 -0.057 -0.052 -0.069 -0.061 -0.079 -0.089 -0.054 -0.067 0.066 
19 46.2 -0.071 -0.065 -0.084 -0.076 -0.096 -0.105 -0.068 -0.080 0.081 
20 47.3 -0.092 -0.086 -0.103 -0.096 -0.118 -0.125 -0.090 -O. JOO 0101 
21 49.1 -0.125 -0. 117 -0.134 -0 128 -0.150 -0.156 -0.120 -0.130 0.133 • 22 50.3 -0.154 -0. 14 5 -0.161 -0. 157 -0.176 -0. 182 -0. 146 -0. 156 0.160 
23 52.6 -0202 -0.195 -02 11 -0.204 -0.224 -0.229 -0.193 -0.205 0208 
2~ 53.9 -0228 -0.221 -0.238 -0.230 -0.250 -0.255 -0.218 -0.230 0.234 
25 55.6 -0268 -0.262 -0.276 -0.270 -0.289 -0.292 -0.256 -0.271 0.273 
26 56.9 -0.295 -0.290 -0.304 -0.299 -0.316 -0.319 -0.282 -0.298 0.300 
27 584 -0.331 -0.326 -0341 -0.336 -0.354 -0.356 -0.319 -0.333 0.337 • 28 59.8 -0.365 -0.362 -0.377 -0.369 -0.388 -0.389 -0.354 -0.367 037 1 
29 60.0 -0394 -0.391 -0.407 -0.399 -0.420 -0.420 -0.385 -0.399 () 402 
30 62.0 -0452 -0.448 -0.469 -0.461 -0.481 -0.480 -0.446 -0.458 0.462 
31 63.2 -0.509 -0.504 -0.526 -0.518 -0.539 -0.538 -0.504 -0.516 0.519 

• 
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Test :010: S9 
Recorder: B1< 

Summar" DfOne Bolt Lan Connection Tests 

TEST DESIGNATION 

Test Designation: I12X314XI 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

Type: A325 
Bolt Hole: Sid 

Shear Plane: X 

Diameler (tn.): I 
Lenglh (in.) 2.75 
NUl Washer ' X 

Bolt Head Washer: X 

\\'idlh lin.) Thickness (m.) Lenn.) 
Top: 4 0.5 2 

BOllom: 4 0.75 2 

TEST RES LTS 

Limit State: Bolt Shear Maximum. 
Failure; 

Olher: 

CO\I\IE~T 

• PL·34) lelded .142000 Ibs \\lIh a defonmallon of 0.058 in. 
• PL·29) .elded al 52000 IbS\lIth a defonm,"on of 0.14 tn 
• The connection gained strength as it \\enllhrough the plasllc ponlOn, 

C HART 

i 
~ 

100 

600 

400 

; 300 
~ 

200 

100 

00 

- ..- ' 
--+- A\'crage Total Data 
~Averuge Front Dati 
______ A vc:rage Bad. Data 

--Component 

- - - . Detailed Parametric 

Date 418'95 

Bolt Fully Pretensloned 
b) Tum of Nut Method 

Edl!e Condition Cou[!on No 
SAW 34 
SAW 29 

Defonnallon (10. ) Load (l.ps) 

0383 63 ) 
0.433 6~ 9 
016 5.1 I 
0.25 573 
0.34 61 :! 

0000 OOSll 0100 OISO 0200 0250 0)00 O)SO 0400 04SO 0500 

Otformalion (i n.) 
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Test 10 : 59 Summarv orOne Bolt La!! Connection Tests 

Recorder: BK • 
~ Potentiometer Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 TOlal 

0318 Point Plate {k i~sl 90 2! 92 93 94 95 96 97 A \ g 

I 2.0 -0.001 0.000 -0.001 -0.00 1 -0.001 -0.00 1 0.000 -000 1 0001 

2 3.5 -0.00 1 0000 -0.003 -0002 -0.001 -0.00 1 -0.001 -0.00 1 0.001 • 3 5.3 -0.00 1 0.000 -0.004 -0.004 -0.00 1 -0.00 1 -0.00 1 -0.00 1 0002 

4 7.3 -0.001 0.000 -0.005 -0.006 -0.002 -0002 -0.00 1 -0.001 0.002 

5 88 -0.00 1 0000 -0.007 -0.001 -0.002 -0.002 -0.00 1 -0.00 1 0003 

6 10.6 -0001 0.000 -0.008 -0.008 -0.003 -0.003 -0.00 1 -0.001 0.003 

1 13.1 -0.001 0.000 -0.009 -0.010 -0.004 -0.004 -0.00 1 -0.002 0.004 

8 16.8 -0.003 0.000 -0.013 -0.011 -0.005 -0001 -0.001 -0003 0.005 • 9 19.1 -0.004 0.000 -0.015 -0.012 -0.001 -0.009 -0.002 -0.004 0.006 

10 21.9 -0.001 0.001 -0.020 -0.0 13 -0.008 -0.0 11 -0002 -0.005 0.008 

II 24 .1 -0.0 11 0.00 1 -0.024 -0.015 -0.009 -0.014 -0.002 -0.001 0010 

12 21.8 -0.0 16 -0.002 -0.032 -0.018 -0.010 -0.020 -0.002 -0.0 11 00 14 

13 30.8 -002 1 -0.006 -0.040 -0.024 -0.0 15 -0.028 -0.006 -0.018 0020 

14 34.1 -0.030 -0.012 -0.052 -0.035 -0.03 1 -0038 -0.019 -0.021 003 1 

15 36.6 -0.036 -0.0 18 -0.062 -0043 -0.043 -0.0·16 -0.030 -0.033 0.039 • 
16 39.1 -0.043 -0.024 -0.013 -0.053 -0.056 -0.055 -0.041 -0.039 0.1148 

11 41.1 -0052 -003 1 -0085 -0.064 -0.068 -0.064 -0.050 -0.045 () 051 

18 41.1 -0.052 -0.03 1 -0.085 -0.064 -0.068 -0.064 -0050 -0.045 (l.051 

19 44.1 -0.065 -0043 -0.103 -0.081 -0.085 -0.076 -0.064 -0.054 () 01 1 

20 41.2 -0080 -0051 -0 123 -0 100 -0.105 -0094 -0.078 -0.066 0088 

21 49.5 -0 103 -0.016 -0.149 -0 124 -0.130 -0.116 -0.091 -0.08 1 Il 109 • 
22 51.9 -0.134 -0. 106 -0.182 -0 153 -0 159 -0.143 -0.120 -0.103 o 131 

23 54.2 -0 119 -0 150 -0.228 -0 196 -020 1 -0 180 -0.159 -0 138 o 119 

24 56.0 -0.2 11 -0 182 -0.260 -0226 -0.230 -0.210 -0.188 -0.165 () 209 

25 51.2 -0.252 -0.223 -0.302 -0.266 -0.268 -0.246 -0.225 -0.200 Il 248 

26 60.1 -0321 -0289 -0.311 -0.333 -0.329 -0308 -0285 -0257 () 312 

27 621 -0373 -0.34 1 -0424 -0385 -0.315 -0.355 -0.33 1 -0.301 0361 • 28 63 .1 -0396 -0365 -0 449 -0 409 -0.396 -0.376 -0.352 -0320 I) 383 

29 62.9 -0451 -0.419 -0.503 -0463 -0.444 -0.42 1 -0.396 -0.366 I) 433 

• 
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Te .. • '0: 60 
Recorder: BK 

Summarv GfOne Bolt Lap Connection Tests 

Test Designation' II2X IXI 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATES 

Type: A325 
Bolt Hole: Std 

Shear Plane: X 

Width (in.) 
Top: 4 

Bouom: 4 

TEST RESULTS 

Limit State: Bolt hear 

CO~I~IENTS 

Diameter (m.); I 
Length (in.): 3 
Nut Washer: X 

1301t Head Washer: X 

Thickness {in.) 
05 

1.tl!nJ 
2 
2 

Ma.\(lmum; 
Failure 

Other 

Dale 4 7 95 

Bolt Full} Prclcnsloned 
by Tum of Nut Method 

Ed •• Condillon Cou[!on No 
AVo' J5 

SAW JI 

Deformallon (10 ) Load (lips) 
0.196 588 
0.196 588 
0.16 568 
0.25 A 
034 A 

• Yielding stnned on PL-)S at a defonnation 0(0.04 m.\\ ith a load of 45000 Ibs 
• Bulgmg on PL·)S Slar1cd at a defannat lon of 0_2 10 
• The conneClion had a shorl plastic perIOd. 

C I·IART 

600 

500 . 

i 400 

~ 300 
~ • 
:3 200 

100 

'-'-'-

~A\ierage TOllll Dala 
______ Average front Data 

---+- A vcrage Bad. Data 
--Component 
- . - . Detailed ParametriC 

00 ____________________ _ 

0000 OOSO o tOO o ISO 

Odormation (i n.) 
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Test ~o: 60 Summarv of Onr Bolt Lae Connection Tests 

R«order: BK • 
~ POlenuomcter Readmgs (tn) 

Lo.d peT FI F2 F3 F4 RI R2 RJ R~ TOI.I 

Data POlOt PI.le (ll~sl 90 2! 92 93 94 95 96 97 A'S 

I 3.5 -0001 0.000 -0.001 0.001 -0.002 -0001 -0.001 -0001 0001 

2 5.9 -0001 -0.001 -O.OO~ 0.000 -0002 -0.001 -0.00 1 -0001 0.001 • 3 84 -0001 -0001 -0006 0001 -0.004 -0002 -0.002 -0001 0.002 

4 10.8 -0002 -000 1 -0.00 0.000 -0.005 -0003 -0.002 -0002 0003 

5 13.7 -0002 -000 1 -0.010 0.00 1 -0.007 -0.004 -0.002 -0002 O.OO~ 

6 15 .9 -0002 -0.00 1 -00\3 0.00 1 -0.008 -0.006 -0.002 -0.003 0004 

7 189 -0004 -0001 -0016 0.001 -0.009 -0.008 -0.002 -0.004 0005 

8 221 -0.007 -000 1 -0.020 0.000 -0.011 -0.0 10 -0.002 -0.005 0007 • 9 243 -0.008 -0002 -0023 0.000 -0.010 -0.0 17 0.001 -0.010 0009 

iO 27.3 -0.010 -0006 -0028 0001 -0.010 -0024 0.002 -0020 0012 

II 30.5 -00\3 -0007 -0.032 0.00 1 -0.011 -0.029 0.003 -0.023 0014 

12 334 -0 .017 -0.010 -0.038 0.001 -0.0\3 -0.038 0.003 -003 1 0018 

13 35 .8 -0.020 -0015 -0045 0.000 -0.015 -0.046 0.003 -0038 0022 

I~ 39.2 -0.024 -0.020 -0.054 0.001 -0.017 -0057 0.003 -0.0~ 5 0027 

15 43 .7 -0.035 -0033 -0.070 0.00 1 -0.023 -0.075 0.002 -0059 0037 • 
16 445 -0041 -0.040 -0.078 0.001 -0.026 -0084 0.001 -0067 0.042 

17 476 -0048 -0049 -0087 0001 -0.032 -0.094 -0.001 -0073 0 . O~8 

18 49.9 -0.061 -0.066 -0. 105 0.00 1 -0.040 -0.109 -0.006 -0.085 0059 

19 SI8 -0.078 -0087 -0\23 000 1 -0.OS3 -0.127 -0.014 -0 100 0073 

20 S3 .4 -0 100 -0.114 -0147 0.001 -0.070 -0 ISO -0.029 -0 121 0091 

21 55.4 -0. \)8 -0 156 -0. 18 7 0.000 -0. 101 -0.191 -0.06 1 -0160 o 1 2~ • 
22 S70 -0.182 -0204 -0233 0000 -0146 -0.243 -0. 105 -0211 0166 

23 588 -0.215 -O2~0 -0269 0001 -0 179 -0.283 -0. \36 -0249 () 196 

• 
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Test No: 62 
Rrcorder: BK 

Su mmar\' orOne Bolt Lap anneelion Tests 

T EST DESIGNATIO ' 

T eSI Designation 518X3i4X I 

GEOMETR IC AND MATERIAL PROPERTIES 

BOLT 
Type' A325 

Bolt Hole' Std 
Shear Plane X 

PLATES 
W,dth (in) 

Top: 4 
Soltom 4 

T L TRESULTS 

Limit Stale: Bolt hear 

CO\J~I ENT 

Diameter (m.): 
Length (In ,), 
Nut Washer 

Boit Head Washer 

Thicknes~ (In ) 

0.625 
015 

• PL-31) ,elded at 35000 Ib, \11th a deform all on of 0 025 In 

I 

3 
X 
X 

Le!In ) 
2 
2 

Maximum 
Failure: 
Other 

• The connc:ctlon could not de, elope a \\ tll-ddlned a plastiC region 

CIIART 

100 

600 

500 

i 400 
~ 
~ 100 • • 

200 

tOO 

00 

.-.-.---

---+-- A\,C'l'1gc Total DJtJ 

A\etaJl:e frOnl Data 
-.-A ... crage B~L. Data 
--Compone-nl 

- . - . lkt.:uh:d I'al'lmelnc 

Date 4'895 

Bolt Full} Prctensloned 
b) Tum of ut 1ethod 

EdBe ou~n No 
43 

AIII' 44 

Dc:fonnauon lin.) Load !~'p,) 
0432 662 
0432 662 
016 544 
025 85 
034 629 

0000 0050 o tOO 0 t50 0200 02SO OlOO OlSO 0400 04SO 0500 
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Tn' '0: 62 ~ umman of One Bolt La(! Conne(:tion THIS 

Recorder: 81\ • 
~ PotenuomCleT Readmp.s (In .) 

Load pcr II F2 F3 F4 RI It: R3 R4 To,.1 

Data Pomt Pia'. (klp', 90 21 9' ~ 93 94 95 96 97 r\\ g 
I 1.6 -{l001 0000 -{l001 -{l001 -0.001 -{l001 0.000 0000 0001 
2 3.8 -0.001 0.000 -{l002 -{l002 -{l.003 -0002 0.000 0000 000 1 • 3 6.2 -0.001 -0001 -{l002 -0.002 -{l.004 -0003 -0.001 0.000 0.002 

4 10.0 -0.002 -0001 -0004 -0.004 -{l.007 -0004 -0.001 -000 1 (l003 

5 144 -{l003 0.000 -{l008 -{l006 -{l.009 -{l006 -0002 -{l002 0004 

6 17.7 -{l007 0001 -{l012 -{l006 -{l.013 -{l006 -0.005 -{l001 0006 

7 21.5 -{lOn 0003 -{l019 -{l006 -{l.021 -0006 -{l.012 0000 0009 

8 24.8 -0020 0006 -0.026 -0.005 -0.029 -0007 -0.018 0001 o () 12 • Q 287 -{l029 0008 -0037 -{l004 -0.040 -0009 -0027 0001 0017 

10 31.9 -0037 0010 -{l047 -{l003 -{l052 -0010 -0.037 0001 oon 
II 374 -0050 0007 -0064 -0009 -0.073 -0.016 -0054 -{l002 0033 

12 399 -0056 0003 -0.072 -0.015 -0084 -0021 -0062 -0.004 0039 

13 42.1 -0.062 -0.002 -0080 -0.018 -0109 -0035 -0081 -00 11 0050 
14 46. 1 -{l075 -{l017 -0099 -{l040 -013 -0056 -0 102 -0024 0069 • IS 49.0 -{l093 -{l034 -0123 -0064 -{l166 -0078 -0.124 -0042 0.090 

16 52.2 -0132 -0058 -0154 -0092 -0.203 -0.109 -0160 -0071 () 122 

17 54 .6 -0.165 -0095 -0 194 -0 132 -0.249 -0 152 -0.205 -0 109 0163 

18 56.7 -0208 -0.144 -0247 -0187 -0.304 -0.204 -0259 -() 158 () 21 4 

19 590 -{l250 -0 188 -0.294 -0.234 -0.354 -0253 -0.308 -0205 () 261 

20 624 -0308 -0239 -0355 -0.295 -0420 -0.316 -0372 -0.264 0321 

21 63.9 -0.360 -0264 -0409 -0349 -0.477 -0.373 -0427 -0317 0.372 • 
22 643 -0386 -0287 -0437 -0.377 -0.506 -0401 -0457 -0344 U 399 

23 66.2 -0420 -0314 -0473 -0.411 -0.539 -0434 -0490 -0377 0432 

• 

• 

• 
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Test No: 64 
Recorder: BK 

Summar\' ofOnt Boll Lap Connection Ttsu 

TEST DESIGNATION 

Test Designation: 3/4X3/4X I 

GEOMETRIC AND MATERIAL PROPERTIE 

BOLT 

PLATES 

T)'pe: A325 
Boll Hole: SId 

Shear Plane: X 

Width {in l 
Top. 5 

Bouom: 5 

TE T RESULTS 

Diameter (in.): I 
Length (in.): 0 
NUl Washer: X 

Boll JJead Washer' X 

Thickness {in.) 
0.75 
O. 5 

Le(," l 
2 
2 

Limit State: Bolt Shear Ma.xlmum ' 

CO~lME TS 
• PL-44 ) ,elded on 32500 Ibs ""h a deformatIon of 0.Q3 in . 
• The connection could not develop 11 plastic region 

CHART 

100 

600 

SOO 
~ 40 0 -
~ 
~ 30 0 • :l 

20 0 

10 0 

0 0 

. -..-.-
.- ' - . - ' -

---+-- Avemge Total Data 
____ Average From 031.3 

--+-A veroge Bad.. Dala 
--Componenl 

- . - . Deuuled Parnmeulc 

Filliurc. 
Other: 

Dale 4895 

Doll Full), PretenSloncd 
by Tum of Nut Method 

Edec Condition ouI29" No 
SAW 44 
SAW 44 

Defonnauon (In ) Load ( ~'ps) 

0.258 60.5 
0.258 60 5 
0 .16 55.8 
0.25 60 2 
0.34 A 

0000 0050 0100 o ISO 0 200 0250 0300 0350 

Ddormalion tin.) 
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Te" /;0: 64 Summan orOnr 8011 La!! Con nection Tests 

Recorder: BK • 
DATA Potentiometer Readings (an .) 

Load per f I F2 F3 F4 RI R:! R3 R4 To.al 

D:uB Pomt Pial< {k'2'l 90 2! 92 93 94 95 96 97 A'g 
I 1.3 -0.001 -0001 -0001 0000 -0001 -0001 -0001 -0001 0001 

2 2.6 -0001 -0002 0.001 0.001 -0002 -0.002 -0001 -0001 0.001 • 3 5.1 -0.002 -0002 0001 0001 -0005 -0.005 -0001 -000 1 0002 

4 7.3 -0002 -0004 -0001 0.001 -0.007 -0.006 -0.001 -0.001 0003 

5 10.8 -0002 -0004 -0.001 0.001 -0009 -0.007 -0001 -0001 0003 

6 14 .0 -0002 -0007 -0001 -0001 -0012 -0.009 -0003 0000 0004 
7 17.9 -0002 -0010 0001 -0004 -0.014 -0009 -0004 0000 0.005 

8 216 -0008 -0058 0.008 -0016 -0031 -0.020 -0021 -0.014 0020 • 9 243 -0006 -0064 0012 -0023 -0032 -0020 -0.022 -0014 (1021 

10 27.3 -0002 -0074 0015 -0031 -0034 -0021 -0023 -0015 0023 
II 324 0004 -0.092 0.022 -0051 -0042 -0.027 -0.030 -0.018 0.029 

12 379 0007 -0112 0.026 -0.070 -0.054 -0038 -0042 -0028 0039 

13 445 000) -0141 0021 -0.101 -0081 -0061 -0067 -0051 0060 
14 476 -0004 -0.158 0013 -0.121 -0.108 -0.088 -0.094 -0077 0080 
IS 52.3 -0021 -0 18S -0007 -0.152 -0 154 -0. 135 -0.140 -0125 0115 • 
16 549 -0042 -0.214 -0030 -0 lSI -0.189 -0.170 -0177 -0161 0145 
17 5S.5 -0090 -0.267 -0079 -0236 -0.256 -0.236 -0246 -0229 (1205 

18 60.5 -0.136 -03 16 -0.128 -0.285 -0312 -0.294 -0.106 -0289 0258 

• 

• 

• 

• 

• 
211 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Test No: 65 
Recorder: BK 

ummarv dOne Boh Lap Connection Tests 

T E T DESIGNATION 

Test Designation' I '8X 118X314 

GEO~IETRIC AND MATERIAL PROPERTIES 

BOLT 
Type. A325 Diameter (In) 

Bolt Hole Std Length (In.). 
hear Plane X ul \\'usher 

Boh Head Washer 
PLATES 

Width (in.l Thickness ( In I 
Top 5 0,125 

Boltom 5 0125 

Limn Stale Bcanngrrearoul 

CO\IMENTS 

075 
1.75 
X 
X 

Lopn 1 
\ 125 
1.125 

Maximum 
Failure 

Other 

• PL- 17 ) Idded at a load of 12200 Ibs \\ Ith a dcfonnallon of 0.02 In 

• A decrease In Strength obsen cd after) leldlng. 

OIART 

Date 4995 

Bolt Full) PretenSioned 
b) Tum orNut Method 

Ed2e Condlllon 
SA \\' 
SA \\' 

Oefonnat lon (m.) 

0085 
07H 
0,16 
0.25 
0.34 

\1 
\1 

Load (~lpS) 
13,3 
103 
127 
12 

Ii 4 

i40 

120 

tOO 

80 

60 

. _. _ . -'-'-' -. - -+-- AverageToUlI O:uac' =--"=-====="-=\
_____ AvCOliC FrOn! Data 

-....- ... veraae Bad., Dat.a 
40 - -Componenl 

20 - • - . ()ellliled Parametric 

00 _____ _ 

0000 o tOO 0200 OJOO 0400 0500 0600 

Dtfonnl,lon (In.) 

212 
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Te .. No: 6S umm ar\' orOne Boll Lal! Connection Tests 
Recorder: OK • 
DATA Potent iometer Readings (In. ) 

Load~r FI F2 F3 F4 RI R:! R3 R4 Total 

Dala Point Plate (kt ~Sl 90 II 92 93 94 95 96 97 ~ 
I 0.9 -0001 -000 1 -0.001 -0.00 1 -0.001 -0.00 1 -0.00 1 0.000 000 1 

2 1.2 -0.00 1 -0.002 -0.00 1 -0.00 1 -0.002 -0.002 -0.00 1 -0.001 000 1 • 3 2.3 0.000 -0.002 -0.001 -0.002 -0.004 -0003 -0.002 -0.001 0.002 

4 2.9 0.000 -0.003 -0001 -0.003 -0.005 -0.004 -0.003 -0001 0.002 

5 3.9 -0004 -0004 -0.001 -0.005 -0.008 -0.004 -0.006 -0.001 0.004 

6 46 -0.004 -0.005 -0.002 -0.007 -0.009 -0.005 -0.006 -0.003 0005 

7 54 -0004 -0.006 -0.002 -0.008 -0.009 -0.006 -0.007 -0004 0006 

8 6.9 -0.002 -0.008 -0002 -0.01 1 -0.0 11 -0.007 -0009 -0.007 0007 • 9 8.6 -0002 -0.011 -0.002 -0.0 15 -0.012 -0.01 1 -0.0 11 -0.0 11 0.009 

10 10.2 -0.002 -00 14 -0.002 -0.018 -0.014 -0.0 16 -0.0 14 -0.0 17 0.012 

I I 11.1 -0.002 -0016 -0.002 -0.020 -0.0 16 -0.020 -0017 -0.022 0.014 

12 12.2 -0002 -0020 -0.003 -0.023 -0.02 1 -00)0 -0023 -0.032 0.0 19 

13 12.4 -0002 -0026 -0.004 -0029 -0.070 -0.081 -0.073 -0.085 0.046 
I~ 13.3 -0006 -0042 -0.007 -0045 -0. 137 -0.148 -0.140 -0.151 0085 

15 13.0 -0051 -0104 -0.049 -0.105 -0.200 -0.214 -0204 -0.217 0. 143 • 
16 12.5 -0080 -0.13 1 -0.077 -0133 -0.228 -0..240 -0.231 -0.244 0.170 

17 12.3 -0.111 -0. 163 -0.109 -0. 166 -0.26 1 -0.274 -0.264 -0.277 0.203 
18 12. 1 -0.140 -0 192 -0.138 -0. 195 -0.290 -0.303 -0.293 -0.305 0.232 
19 11.8 -0.19 1 -0.243 -0 190 -0.247 -0.341 -0.355 -0.344 -0.356 0.283 
20 11.4 -0228 -0.280 -0.227 -0.284 -0.378 -0.393 -0.380 -0.393 032 1 
21 11 4 -0.294 -0347 -0.292 -0.350 -0.443 -0.460 -0.446 -0.460 0.387 • 22 11.3 -0.355 -0408 -0.352 -0.410 -0.504 -0.512 -0.507 -0.519 0447 

23 11.2 -0.399 -0452 -0.396 -0.453 -0.546 -0.566 -0.55 1 -0.563 0491 
24 11.1 -0.4 ~ 7 -0.500 -0443 -0500 -0.593 -0614 -0.599 -0.610 0.538 
25 11.4 -048 1 -0.534 -0.477 -0.534 -0.627 -0.647 -0.632 -0.645 0.572 
26 10.8 -0.514 -0.568 -0.5 10 -0.569 -0.663 -0.682 -0.666 -0.680 0.606 
27 10.9 -0572 -0.626 -0.569 -0.627 -0.720 -0.742 -0.724 -0736 0664 • 28 10.8 -0615 -0.669 -0.612 -0.670 -0.763 -0.7 6 -0.769 -0778 0708 
29 10.3 -0.646 -0.699 -0.642 -0.70 1 -0.803 -0.826 -0.8 10 -0.820 0.743 
30 6.4 -0657 -07 12 -0.653 -0.712 -0.921 -0.92 1 -0.932 -0.920 0804 

• 

• 
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Test No: 66 
Recorder: RK 

Summary afORe Boh Lap Conne('tion Tests 

TEST DESIGNATION 

Test Desig.nation, 114X 1/4X314 

GEOMETRIC AND lATERIAL PROPERTIES 

BOLT 
T)pe. A325 

Boh Hole: td 
hear Plane: X 

Diameter (tn.): 0.75 
Length (tn.): 2 

PLATES 

TEST RESULTS 

CO'l~lENTS 

Width (tn ) 
Top: 4 

Bottom: 4 

ut Washer X 
Bolt Heod Washer; X 

Thickness (In ) 

0.25 
0.25 

Lertn ) 
I 125 
I 125 

Beanngrrearoul Ma>.lmum; 
Failure 

Other: 

• PIAO) lelded a. a load of 14200 Ibs ","h a deforma.ion of 0 012 in 
• Bulgtng staned a. a load of 17000 Ibs \lIIh a dcformatlon of 0.025 tn 
• 1 ht: connection maintained Its strength after) Itldlng pOint 

CfIART 

250 

:200 

. .50 c. 
~ 
~ « 100 0 

50 

00 

0000 0 .00 0200 

--+- Average Total Data 
____ Average Fronl Dala 

--+- A vemg( Bac~ Datil 

--Component 

- . - . Detailed Parametric 

0)00 0400 0500 

l)erorm.lion (in. ) 

214 

0600 

Date 49 195 

Bolt Full) Pretenstoned 
b) Tum of Nut Method 

Edge Condition Cou[!on No 
AW 40 

SA il 40 

Dt::formatlon (10 .) Load (I"pS) 
0541 208 
0657 205 
o 16 189 
0.25 t92 
0.34 199 

0100 0800 
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Test No: 66 Summar\' of One Bolt La~ Connection Tests 
Recorder: BK • 
DATA Potentiometer Readings (in.) 

Load per F1 F2 F3 F4 R1 R2 R3 R4 Total 
Data Point Plate {kiQs} 90 2! 92 93 94 95 96 97 A\'e 

1 0.7 -0.001 -0.00 1 0.000 0.000 -0.002 -0.003 0.000 0.000 0.00 1 
2 1.6 -0.00 1 -0.00 1 0.000 0.000 -0.005 -0.006 0.00 1 0.000 0.00 1 • 3 3. 1 -0.001 -0.00 1 0.000 0.000 -0.008 -0.009 0.001 0.000 0.002 
4 4.8 -0.001 -0.001 -0.001 -0.002 -0.0 10 -0.0 11 0.000 0.000 0.003 
5 5.8 -0.001 -0.002 -0.002 -0.003 -0.011 -0.0 12 0.000 0.000 0.004 

6 7.2 -0.001 -0.002 -0.003 -0.004 -0.012 -0.014 0.000 0.000 0.005 
7 8.3 -0.002 -0.003 -0.004 -0005 -0.013 -0.017 0.000 -0.001 0.006 
8 10.2 -0.002 -0.004 -0.006 -0.007 -0.015 -0.0 18 -0.00 1 -0002 0.007 • 9 11.5 -0.002 -0006 -0007 -0.008 -00 16 -0.021 -0.00 1 -0.003 0.008 
10 12.7 -0.003 -0.007 -0.008 -0.0 10 -0.018 -0.013 -0.002 -0.005 0.009 
11 14 .1 -0004 -0.008 -0.009 -0.013 -0.02 1 -0.027 -0.004 -0.007 0.0 12 
12 15.8 -0.004 -0.0 12 -0.010 -0.018 -0.027 -0.033 -0.010 -0.013 0.016 
13 16.9 -0.004 -0.021 -0.012 -0.026 -0.042 -0.043 -0.024 -0.023 0.024 
14 16.9 -0004 -0.028 -0.012 -0.035 -0.077 -0.073 -0.059 -0.053 0.043 
15 17.7 -0.004 -0.043 -0.011 -0.051 -0. 11 2 -0.106 -0.094 -0.086 0.063 • 
16 18.7 -0.006 -0.078 -0.013 -0.087 -0.159 -0.152 -0.142 -0.134 0.097 
17 18.8 -0.034 -0.116 -0.041 -0.125 -0.202 -0. 192 -0.185 -0.176 0.134 
18 19.1 -0.105 -0.185 -0. 111 -0.190 -0.266 -0.256 -0.251 -0.240 0.200 
19 19.3 -0.174 -0.255 -0.179 -0.258 -0.334 -0.322 -0.318 -0.307 0.268 
20 19.9 -0.238 -0.318 -0.243 -0.322 -0.400 -0.386 -0.383 -0.3 73 0.333 
21 20.6 -0.346 -0.426 -0.350 -0.428 -0510 -0.495 -0.493 -0.479 0.44 1 • 21 20.8 -0.444 -0.525 -0450 -0.525 -0.612 -0.595 -0595 -0.579 0.54 1 
23 20.5 -0.556 -0.638 -0.560 -0.635 -0.734 -0.7 18 -0.717 -0700 0.657 

• 

• 

• 
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Test No: 6' 
Recorder: 81( 

TEST DESIGNATION 

Test Designation' 

S ummar\' DrOne Bolt Lap Connection Tests 

3/8X3 /8X3 /4 

GEOMETRIC AND MATERIAL PROPERTIE 

BOLT 

Da.e: 4 '995 

T)pc· A325 
Bal. Hole· S.d 

Shear Plane· X 

Diameter (in . ) ~ 0.75 

Length (in) 2 
NUl Washer. X 

Bah 1·lead Washer X 

Bolt Full) Pretcnsloned 

b) Tum of NUl Me.hod 

PLATES 
Width <in.) 

Top· 5 
Bonom 5 

ThIckness (In ) 

0.375 
0.375 

Limit State: Bearingff caroul 

CO~l~lENT 

LeOn.) 
1.125 
1.125 

Maximum: 
Failure' 

O.her· 

• PL-~5 YIelded at a load of 19000 IbS\t tlh a deformalton of 0 02 In 
• Bulging staned at a load of 23500 Ibs tilth deformalton 0.15 in. 

CHART 

Ed2.C Condition 

SHEAR 
HEAR 

Dcronnallon (10 .) 
0.876 
0876 
0.16 
0.25 
0.34 

350 

300 
_.-'- ' 

. - . - . - .~ _.- . - . -
150 

i :i 200 

":I ISO • 100 

50 

00 

--+-- A vc:rage Total Dato 
___ Average Front Data 

--+- Average Bad. D:na 

--Component 
- . - • Ot\8\led Pa.ramtUlc. 

o~ 0100 o~ o~ o~ om o~ o~ o~ o~ I~ 
OtformaUon (in.) 

216 

(.\Upon No 

25 
:!5 

Load (lIps) 
J:2:! 
J:!~ 

248 
25 4 
283 



• 
Test '0: 67 Summarv or One Bolt Lal! Connect ion Tests 
Recorder: OK • 
DATA Potentiometer Readings (in.) 

Load per FI F2 F3 F4 RI R2 R3 R4 rotal 
Data POlOt Plate !ki~s) 90 II 92 93 94 95 96 97 j\\l! 

I 2.4 -0.002 0.000 -0.001 -0.00 1 -0.002 -0.002 0.000 0.000 0.00 1 
2 4.5 -0.003 0.000 -0.003 -0.002 -0.004 -0.004 -0.001 -0.00 1 0.002 • 3 6.0 -0.003 -0.00 1 -0.004 -0.004 -0.006 -0.004 -0.00 1 -0.00 I 0.003 
4 8.2 -0.004 -0.001 -0.005 -0.004 -0.007 -0.006 -0.002 -0.00 1 0.004 
5 9.7 -0004 -0.001 -0.006 -0.006 -0.009 -0.007 -0.002 -0.001 0.004 
6 10.8 -0005 -000 1 -0.006 -0.006 -0.0 12 -0.0 10 -0.005 -0.002 0.006 
7 12.0 -0.006 -0.00 1 -0.007 -0.006 -0.015 -0.0 11 -0.007 -0.003 0.007 
8 12.9 -0.007 -0.002 -0.009 -0.006 -0.019 -0.013 -0.0 10 -0.005 0.009 • 9 145 -0.009 -0.00 1 -0.0 10 -0.007 -0.025 -0.015 -0.017 -0.006 0.0 11 
10 16.2 -0019 -0.005 -0.020 -0.0 11 -0.037 -0017 -0.028 -0.009 (l .0 18 
II 16.3 -00 19 -0.005 -0.020 -0.0 11 -0.037 -0.017 -0.028 -0.008 0.0 18 
12 17.6 -0.021 -0.005 -0.023 -0.0 12 -0.045 -0.021 -0.036 -0.011 0022 
13 19.1 -0.027 -0.008 -0.D28 -0.016 -0.063 -0.029 -0.054 -0.020 0.031 
14 20.1 -003 1 -0.012 -0.031 -0.020 -0.086 -0.045 -0.079 -0.036 0042 
15 21.6 -0037 -0.018 -0.038 -0.027 -0.110 -0.065 -0.104 -0.056 0057 • 
16 22.9 -0.046 -0.028 -0.047 -0.037 -0.134 -0.085 -0. 128 -0.077 0073 
17 23 .8 -0061 -0.043 -0.062 -0.052 -0.159 -0.109 -0.155 -0099 0.093 
18 24 I -0.082 -0.064 -0.083 -0.072 -0.186 -0. 134 -0. 182 -0 125 o 11 6 
19 252 -0.104 -0.086 -0. 104 -0.093 -0.206 -0.154 -0.205 -0 145 0. 137 
20 247 -0. 135 -0. 11 7 -0.134 -0.124 -0.239 -0. 186 -0.237 -0 178 0. 169 
21 26.2 -0.176 -0. 159 -0.174 -0. 163 -0.285 -0.230 -0.283 -0.222 0.2 12 • 22 25.3 -02 16 -0. 198 -0.213 -0.204 -0.329 -0274 -0.328 -0.266 1l.253 
23 25 .7 -0.256 -0.239 -0.253 -0.243 -0.370 -0.3 14 -0.370 -0306 () 294 
24 28. 1 -0.290 -0.275 -0.288 -0.278 -0.407 -0.350 -0.407 -0.342 0330 
25 28.8 -0.326 -0.312 -0.323 -0.3 14 -0.448 -0.391 -0.451 -0.383 0.368 
26 30.0 -0408 -0.396 -0.405 -0.399 -0.534 -0477 -0.537 -0 469 11453 
27 30.7 -0.508 -0.497 -0.504 -0.500 -0.635 -0.578 -0.638 -0.570 0.554 • 28 31.5 -0606 -0.599 -0.602 -0.599 -0.740 -0682 -0.745 -0.674 0656 
29 31.9 -0711 -0.706 -0.706 -0.706 -0.850 -0792 -0857 -0 784 0764 
30 32.2 -0.819 -0.815 -0.814 -0.816 -0.964 -0.909 -0.97 1 -0897 0.876 

• 
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Test No: 68 
Recorder: OK 

Su mmary of One Bolt Lap Connection Tests 

TEST DESIGNATION 

Test Designation: I 14X 112XJI4 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 

PLATE 

Type. AJ25 

Boh Hole: Std 
Shear Plane: X 

Diameter (In.): 0.75 

Length (in.). 2 
NUl Washer: X 

Boh Head II asher: X 

Width (In.) Thickness (10 . ) 

0.25 

Le(In.) 

Top: 4 1.125 
Boltom: 5 0.5 1.125 

TEST RESLILTS 

limit State. Beanngl fearout Maximum: 
Failure. 
Olher: 

CO~IMENTS 

• PL.40) 1.lded al a load of 15000 Ibs with 0 0 I 5 In of deformation . 
• l3ulglng ... ned al 0.07 in. on PL·40. 

CHART 

250 

200 · 

i 150 
~ .. 3 100 

50 

00 - ------

~Average Total Dnw 

~A\'erage Front Data 
.-...- A \lcrage &<::\. [)ala 

--Component 

- . - . Dcltuled Parametric 

Date· 2 1795 

Boh Fun} PretenSioned 

b~ Tum of Nut Method 

Ede.c: ConditIon Cou[!Qn No 
SAIl· ~O 

SAW ~2 

Deformation (10 .) Load (lips) 

0. 118 23 .8 
0.565 229 
0.16 23.7 
0.25 23.7 
0.34 23 

0000 0050 0100 0 ISO 0200 0250 0300 0350 0400 0 450 0500 

Odonnalion (i n,) 

218 



• 

Tesl 0: 68 ummlrv of Ont 80h La~ Connection Tests 

Recorder: OK • 
DATA Potentiometer Readangs (in.) 

Load per FI F2 F3 F4 RI R2 R3 R~ 101,1 

Data POIOt Plale (ki2Sl 90 21 92 93 94 95 96 97 ~ 

0.5 0.000 0.000 -(tOO I ~ool ~.002 -0.001 0.000 0001 0000 

2 1.0 -0001 0.000 ~.ool -0.001 -0.005 ~.003 0000 0002 00(11 • 3 1.5 -0001 0.000 ~.ool -0.001 -0.006 -0.006 0.000 0.002 0001 

4 2.3 ~.ool -0.001 ~.ool -0.001 ~.009 ~ .009 0000 0.002 0002 

5 3.7 ~ .ool ~ .002 ~.oo l ~.ool -0.01~ ~014 0001 0003 O~ 

6 5.0 -0002 ~.002 -0.001 ~.ool -0.016 -0.017 0.001 0.003 0.004 

7 6.4 ~ool -0.002 -0001 -0.002 -0019 -0.020 0.002 0002 0005 

8 7.7 0.000 -0002 ~.003 -0.005 -0.020 -0.023 0002 0.000 0006 • 9 94 ~.006 -0.00) -0006 -0.009 -0021 -0028 0.003 -0002 0009 

10 II I ~.006 ~004 -0.007 -0.011 ~022 -0034 0004 -0006 0011 

II 12.8 -0005 -0.005 -0.010 -0.015 -0.02) -0.039 0.006 -0.0 10 0.013 

12 146 -0003 -0006 -0012 -0.020 -0026 -0048 0005 -0015 0016 

13 171 ~.ool -0011 ~.013 -0.029 ~.035 -0059 0000 -0024 0021 

14 18.5 ~.003 -0.016 -0.014 -0.037 -0.044 -0.067 -0006 -0.031 0027 

15 19.6 -0.006 -0029 -0.0 19 -0054 -0.057 -0.080 -0.023 -0.040 0039 • 
16 210 -0.003 -0035 -0020 -0.064 ~078 -0098 -0.043 -0058 0.050 

17 218 -0005 -0.048 -0024 -0080 -0.106 -0.122 -0073 -0082 0067 

18 229 -0003 -0.064 -0.Q28 -0.102 -0.156 -0.172 ~. 123 -0131 0097 

19 22 .9 -0003 -0064 -0028 -0.102 -0.156 -0.172 -0.123 -0131 0097 

20 238 -0007 -0077 -0035 -0.118 ~188 -0.204 -0 153 -0162 0118 

21 23 .7 -0.032 -0.113 -0.063 -0.157 -0.240 -0.257 -0.206 -0.214 0.160 • 
22 237 -0076 -0 160 -0.109 -0205 ~.292 -0308 -0256 -0265 0.209 

23 237 -0128 -0212 -0 163 -0260 -0345 -0363 -0.308 ~317 0262 

24 230 -0205 -0292 -0.241 -0.341 -0423 -0442 -0386 -0394 0.341 

25 23.0 -0302 -0.390 -0.339 -0440 -0.523 -0.542 -0484 -0492 () 439 

26 22 .1 -0.394 ~48 1 ~432 -0533 ~.616 -0635 -0.576 -0584 (J 53 I 

27 229 -0424 -0.513 -0 ~64 -0.566 ~.650 ~672 -06 12 -0620 0505 • 28 6.4 -0440 -0.5 19 -0.481 -0.569 -0.828 -0808 -0823 -0790 0657 

• 

• 

• 
219 

• 



. "; 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

T05I '\0: 69 
Rrco,.-der: Sf{ 

Sum man DrOne Bolt Lap Connrcllon Tr~1S 

TE T DESIG;\'ATIO~ 

T e~l Deslgnallon II2XI_X34 030< 4 10 9S 

GEO\lETRIC AND MATERIAL PROPERTIES 

BOLT 
TlP<: A325 DHlmeler{m .) 075 Boll Full) Preo<nSloncd 

Boll Bole Id Length (In .) 2.25 b) Tum of UI MClhod 
Shear Plane X Nut Washer 

Ballllead Washer X 
PLATES 

1I' Idlh {In 1 Thlcknc~s {In } Le{ln 1 Edge- CondUlon Cotl£!!2n No 
Top 5 05 I 125 SAIl' 4: 

BOllam 5 0.5 I 125 All n 

Deformation (In.) Load Illp'1 
Limit State Boll hear Ma\lmum 0406 3H 

Failure 0406 Jq 
Other 016 31.:2 

025 144 
034 3S 4 

O\IME"TS 
• PL • .J:! ~ Iclded at 002 10 of dcformallon \\ Ilh 21000 Ihs 

CIIART 

400 

350 
.-.-. - _ . - . - -

300 

i 250 

~ 100 
~ • c 150 

100 

50 

00 

0000 OOSO 

.-.-.-

A \'craec Total 0 til 

Averaee Front Dall 
---..- A \C~CC= ibl:L lnll 

--Component 

- . - . Deulled Par.uncu.c 

DIDO OISO O~OO 02SO OJOO 01SO 0400 04SO 

Otrormllion (in.) 

220 
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Test No: 69 Summarv of One Boll La~ Connection Tests 
Retorder: BK • 
DATA Potentiometer Readings (In.) 

Load per FI F2 F3 F4 RI R2 RJ R4 TOtal 
Data Point Plate (ki2Sl 90 II 92 93 94 95 96 97 A\c 

1.4 -0.001 -0.001 -0.00 1 -0.001 -0.001 -0001 -0.001 0.000 0.001 
2 2.3 -0.001 -0.00 1 -0.002 -0.002 -0.00 1 0.000 -0.001 0.000 0.00 1 • 3 5.0 -0.001 -0.00 1 -0.004 -0.003 -0.001 -0.001 -0.00 1 -0.00 1 0002 
4 5.0 -0.00 1 -0.001 -0.004 -0.003 -0.001 -0.001 -0.00 1 -0.00 1 0.002 
5 5.8 -0.002 -0.001 -0.004 -0.004 -0.002 -0.00 I -0.00 1 -0.001 0.002 
6 7.4 -0.002 -0.002 -0.005 -0.005 -0.002 -0.002 -0.002 -0.001 0.003 
7 9.0 -0.003 -0.002 -0.006 -0.006 -0.003 -0.002 -0.002 -0.001 0.003 
8 10.7 -0.003 -0.002 -0.007 -0.006 -0.004 -0.004 -0.002 -0.00 1 0.004 
9 12.5 -0005 -0.003 -0009 -0.007 -0.005 -0.004 -0.002 -0.002 0.005 • 10 14.8 -0.009 -0.004 -0.014 -0.009 -0.007 -0.006 -0.002 -0.002 0.007 
II 16.5 -0.013 -0.006 -0.018 -0.011 -0.008 -0.008 -0.003 -0.002 0.009 
12 18.7 -00 18 -0.009 -0.023 -0.014 -0.010 -0013 -0.005 -0.007 0.012 
13 21.2 -0024 -00 15 -0029 -0.021 -0.015 -0.0 18 -0.008 -0.011 0.0 18 
14 24.1 -0.036 -0.034 -0.042 -0.039 -0.022 -0.026 -0.013 -0.0 18 0.029 
15 25.3 -0.048 -0.050 -0.053 -0.053 -0.027 -0.032 -0019 -0.023 0.038 • 16 27.5 -0067 -0.073 -0.072 -0.077 -0.038 -0.044 -0.028 -0.033 0.054 
17 29.2 -0.088 -0.098 -0.093 -0.100 -0.056 -0.061 -0.043 -0.048 0.073 
18 31.4 -0.141 -0.156 -0.144 -0.156 -0.104 -0.109 -0.090 -0.096 0.125 
19 32.5 -0.190 -0.208 -0.194 -0.208 -0.150 -0.155 -0.136 -0.142 0173 
20 33 .7 ~O . 222 -0.242 -0.227 -0.242 -0.181 -0.188 -0.167 -0.173 0.205 
21 34 .2 -0.257 -0278 -0.262 -0.278 -0.215 -0.222 -0.20 1 -0.208 0.240 • 22 35 .1 -0.307 -0.328 -0.311 -0.328 -0.266 -0.272 -0.250 -0.256 0.290 
23 35.5 -0364 -0.386 -0.369 -0.388 -0.325 -0.33 1 -0.310 -0.315 0.349 
24 35 .8 -0421 -0.443 -0.426 -0.446 -0.382 -0.390 -0.369 -0.374 0.406 

• 

• 

• 
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Tos, '.: 70 
Rocordor: BK 

umman nrOnr Boh Lan Connrclion Tesl'i: 

Test Designation" I 4X5,8X3 4 Oale 4 1095 

GEOMETRIC AND MATERI LPROPERTIE 

BOLT 
T)pe A325 Diameter 'In ) 075 Bolt Full) Prc:ten"oned 

Bolt Hole td Length (In ) 1.5 b) Tum of ut Method 
Shear Plane X Nut WllSher X 

Bolt Head WllSher X 
PLATES 

\\' Idlh i In I Th,cL.n(' (m 1 .!.&!.!!J Ed.e ondllion CtluC!:!" ,"0 
Top 5 o ~5 I 1~5 SA\\ 41 

Bottom 5 0625 I 125 AW 43 

Deformallon 'In ) Load (kips) 
Limit ta .. Bearing, Tearout M",,,mum 0.144 237 

Failure 0662 208 
Other' 0 16 ~) :' 

025 127 
034 1:! 1 

O~IMENTS 

• At ~bOOO Ibs. PL-41 ) Ielded \\ Ilh 0025 In of ddormDllon 

CIIART 

'250 

200 .-.-.-._._.- _._._ . __ ._._.-._._-

i. tS 0 
~ 
~ 100 

so 

00 
0000 0100 o lOG 

A ... er1JC T 0111 Dna 
AlC,..,C front Data 

A\'eraec Back Data 
--Componcont 

-. - . Detailed Pa.-amttr.c 

OJOC) 

Drrormlhon (In.) 

222 
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• 
Test 0: 70 Summarv of One Boll LSI! Connection Tests 

Recorder: BK • 
DATA Potentiometer Readmgs (in .) 

Load per FI F2 F3 F4 RI R2 R3 R4 Total 

Data POlOt Plate (kj ~sl 90 2.1. 92 93 94 95 96 97 ~ 

I 0.5 -0001 -0.001 -0.00 1 -0.00 1 -0.003 -0.003 -0.00 1 0.000 0.001 

2 15 0.000 -0001 -0.001 -0.002 -0.005 -0.007 0.000 0.00 1 0.002 • 3 2.6 0.000 -0.00 1 -0.003 -0.003 -0.012 -0.014 0.002 0.002 0.004 

4 4.2 0.000 -0.001 -0.004 -0.005 -O.OIS -0020 0.004 o 004 0.005 

5 5.9 0.000 -0002 -0.006 -0.007 -0.024 -0.026 0.006 0.006 0007 

6 7.7 0.000 -0.002 -0.007 -0009 -0.029 -0.031 0.007 0.007 O.OOS 

7 9.1 0.000 -0.003 -0.009 -0.01 1 -0.035 -0.03S O.OOS 0.007 0010 

8 10.5 0.00 1 -0.004 -0.009 -0.013 -0.040 -O.OH 0.0 10 0.007 0.0 11 • 9 11.9 -0006 -0.005 -0.010 -0.015 -0046 -0051 0.011 0.007 0.014 

10 13.9 -O.OOS -0.006 -0.012 -O.OIS -0.052 -0.059 0.013 0.007 0.017 

II 15.5 -0.009 -0.007 -0.0 14 -0022 -0.058 -0066 0.014 0.006 0.020 

12 17.1 -0.013 -0009 -0.017 -0.026 -0.062 -0.072 0.015 0.005 0.022 

13 IS.3 -0.020 -0.016 -0.023 -0.035 -0.07 1 -O.OSO 0.007 0.001 0029 

14 19.7 -0024 -0.023 -0.028 -0.045 -0.079 -0087 0.002 -0.002 0036 

15 21.2 -002S -0.03 1 -0.032 -0.056 -0.092 -0097 -0.004 -0.005 0.043 • 
16 22.2 -0042 -0049 -0.04S -0079 -0.125 -0.127 -0.032 -0.031 0067 

17 23.3 -0.113 -0.09 1 -0.OS3 -0.124 -O. ISO -0.183 -0.083 -0.08 1 0.117 

18 23 .2 -0.113 -0.09 1 -0.083 -0.124 -0.179 -0.183 -0.OS3 -0.080 0. 11 7 

19 217 -0138 -0.11 8 -0109 -0.153 -0.20S -0212 -0 109 -0.106 0144 

20 23.4 -0 193 -0.174 -0.165 -0.209 -0.266 -0.269 ·0166 -0.161 0200 

21 22.4 -0.259 -0.24 1 -0.230 -0.275 -OJ29 -OJ33 -0.228 -0.225 0.265 • 
22 22.2 -0.341 -0.321 -OJ I I -OJ56 -0.409 -0412 -OJ06 -0.303 034 5 

23 22.1 -0456 -0438 -0428 -0474 -0.525 -0.530 -0421 -0.416 0461 

24 215 -0.574 -0.555 -0.546 -0.592 -0.641 -0646 -0.535 -0.530 0.577 

25 215 -0.574 -0.555 -0.546 -0.592 -0.641 -0 646 -0.535 -0.53 I 0.578 

26 20.S -0.647 -0629 -0.62 1 -0.670 -0.730 -0.739 -063 1 -0.626 0662 • 

• 

• 
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Appendix C 

• ingle Bolt Lap Plate Connection Te t Reported By Gillet (1978) 
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• 

• 

• 

• 

• 
224 

• 



• 

N 
N 

'" 

Report Trs( Rolt 

• 

Number 

2 
3 
4 

5 

6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

do 
(in.) 

Boll Was Bolt 
Grade· Prc:·tensioned 

0.75 
0.75 
0.75 

A325-X y", 
A325·X Yes 
A325·X Yes 

0.75 A325-X 
0.7S A32S-X 
0.7S A32S-X 
0.7S A325·X 
0.7S A32S-X 
0 .7S A32S-X 
0.7S A32S-X 
0.7S A32S-X 
0.7S Al2S·X 
0.7S Al2S·); 
0.7S A32S-X 
0.7S A32S-X 
0.7S A32S·X 
0.7S A32S·X 
0 .7S Al2S·X 
0 .7S A32S·:-; 
0.7S A32S·); 
0 .87S A32S-X 
0 .87S Al2S-X 
o 87S Al2S-X 
0 .87S Al2S-X 
O.87S Al2S-X 
0 .87S Al2S-X 
0.87S A32S-X 
0 .87S Al2S-X 
0.87S AllS·X 
0.87S A32S·X 
0.875 A325.X 
0.875 A325-X 
0.875 A325·X 

• 

A325-X 
A325·X 
A325·X 

y", 
y., 
y", 
y", 
y", 
y", 
y", 
y., 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
y .. 

Yes 
Yes 
Yes 

• 

Tablc C - 1 
Connection Geo mctry And Material P'lrllmeters 

Plate 1 

" 
(in.) 

0.2500 
0.2500 
0.2500 
0.3125 
0.3750 
0.3750 
0.3750 
0.4375 
0.4375 
0.4375 
0.5000 
0.5000 
0.5000 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.2500 
0.3750 
0.3125 
0.3125 
0.3750 
0.3750 
0.3750 
0.4375 
0.4375 
0.4375 
O.SOOO 
O.SOOO 
0.2S00 
0.2S00 
0 .37S0 
0.5000 
O.SOOO 
0.5000 

Width 
(in.) 
4.00 
4.00 
4.00 

L, 
(in.) 
1.250 
1.2S0 
1.2S0 

Edge 
Condition 
Sheared 
Sheared 
Sheared 

f, ,. 

(k.<i) 
42.0 
42.0 
42.0 

4.00 1.250 Sh~ared 41.0 
4.00 1.250 Sheared 48.0 
4.00 1.250 Sheared 48.0 
4.00 1.250 Sheared 48.0 
4_00 1.250 Sheared 41.2 
400 1250 Sheared 41.2 
4.00 1.250 Sheared 41.2 
400 I.2S0 Sheared 43.0 
4.00 1.250 Sheared 43 .0 
400 1.250 Sheared 43 .0 
4.00 1.250 Sheared 42.0 
4.00 1.250 Sheared 42 .0 
4.00 1.250 Sheared 4'2.0 
4.00 \.250 Sheared 4'2.0 
4.00 1.250 Sheared 4'2 .0 
4 00 I 250 Sheared 4'2 .0 
4 00 I 250 Shelired 48.0 
4 00 1.500 Sheared 41 .0 
4.00 1.500 Sheared 41.0 
4.00 1.500 Sheared 48.0 
4 .00 1.500 Sheared 48 .0 
4.00 1.500 Sh .... ed 48.0 
4.00 1.500 Sheared 41.2 
4.00 1.500 Sheared 41.2 
4.00 1.500 Sheared 4 1.2 
4 .00 1.500 Sheared 43.0 
400 1.500 heared 43.0 
4.00 1.500 Sheared 4'2.0 
400 1.500 Sheared 42.0 
4.00 1.500 Sheared 48.0 
4.00 I. 750 Sheared 43.0 
4.00 1.750 Sheared 43.0 
400 I. 750 Sheared 43.0 

• • 

i) 

53.0 
53.0 
53.0 
62.0 
74.0 
74.0 
74.0 
68.3 
68.3 
68.3 
64.0 
64.0 
64.0 
53.0 
no 
S3 .0 
51.0 

B .O 
no 
74.0 
62.0 
62.0 
74.0 
74.0 
74.0 
68.3 
68.3 
68.3 
64.0 
64.0 
no 
B .O 
74.0 
64.0 
64.0 
64.0 

.c!!!tl 
t, 

(in.) 
0.2500 
0.2500 
0.2500 
0.312S 
0.3750 
0.3750 
0.3750 
0.4375 
0.4375 
0.4375 
05000 
05000 
0.5000 
0.3750 
0.3750 
0.3750 
0.5000 
0.5000 
0.5000 
0.5000 
0.3125 
0.3125 
0.3750 
0.3750 
0.37S0 
0.4375 
0.4375 
0.4375 
0.5000 
0.5000 
0.3750 
0.5000 
0.5000 
0.1000 
0.5000 
0.5000 

• 

Width 
(in.) 
4.00 
4.00 
4.00 

L, 
(in.) 
1.250 
1.250 
1.250 

Edge 
Condition 
Sheared 
Sheared 
Sheared 

42.0 
42 .0 
42 .0 

4.00 1.250 Sheared 41.0 
4.00 1.250 Sheared 480 
4.00 1.250 Sheared 48.0 
4.00 1.250 Sheared 48.0 
4.00 1.250 Sheared 41.2 
4.00 I 250 Sheared 41 2 
4.00 1.250 Sheared 41.2 
4.00 1.250 Sheared 43 .0 
4.00 1.250 Sheared 43.0 
4.00 1.250 Sheared 43 .0 
4.00 1.250 Sheared 48.0 
4.00 1.250 Sheared 48.0 
4.00 1.250 Sheared 48.0 
4.00 1.250 Sheared 43.0 
4.00 1.250 ShCMcd 43.0 
4.00 1.250 Sheared 43 .0 
4.00 1.250 Sheared 43.0 
4.00 1.500 Sheared 41 .0 
4.00 1.500 ShCMcd 41 0 
4.00 1.500 Sheared 48.0 
4.00 1.500 Sheared 48_0 
4.00 1.500 Sheared 48 .0 
4.00 1.500 Sheared 41.2 
4.00 1.500 Sheared 41.2 
4.00 1.500 Sheared 41.2 
4.00 I .S00 Sheared 43 .0 
4.00 I .S00 Sheared 43 0 
4.00 1.500 Sheared 48_0 
4.00 1.500 Sheared 43.0 
4.00 1.500 Sheared 430 
4.00 1.750 Sheared 43 0 
4.00 1.750 She ... ed 43.0 
4.00 1.750 Sheared 430 

• • 

f." , 
(ksi) 
13.0 
53.0 
53.0 
62.0 
74.0 
74.0 
74.0 
68.3 
68.3 
68.3 
64.0 
64.0 
64.0 
74.0 
74.0 
74.0 
64.0 
64.0 
64.0 
64.0 
620 
62.0 
74.0 
74.0 
74.0 
68.3 
68.3 
68.3 
64.0 
6.0 
HO 
640 
64.0 
640 
64.0 
64.0 

• • 
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N 
N 
0\ 
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T ablc C - I 
onncction Gcomctry And M:lI crilll Parrllnclcrs 

Report Ttst .!!!!!! 1IIIIIe 1 

II 

(In.) 

f!!!!tl 
N'umbn 

31 
38 
39 
40 
41 
42 
43 
44 
4l 
46 
41 
48 
49 
lO 
II 
l2 
l3 

" II 
l6 
l1 
l8 
19 
60 
61 
62 
63 
64 
(,l 

66 

c\, 
(in.) 

I 
o 7l 
o 7l 
0.7l 

0.87l 
o 87l 
o 87l 
07l 

Boll 
Grode' 
AJ2l·X 
Al2l-X 
AJ2l-X 
AJ2l-X 
AJ2l-X 
AJ2l-;'; 
AJ2l-;'; 
AJ2l-X 
Al2l-X 
A490-X 

0.7l A4OO-X 
o 7l A4OO-X 
o 7l A491).X 
o 7l A4OO-X 
075 A490-X 
o 87l A490-X 
0.875 A491).X 
o 87l A490-X 
0875 A490-X 
o 87l A490-X 
0875 A490-X 

I A4OO-X 
A490-X 
A490-X 
A4OO-X 
A490-X 
A4OO-X 

0875 MOO-X 
0815 \490-X 
o 87l A490-X 

Was Bolt 
~ensioned 

v., 
v .. 
Yes 
y", 

V'" 
Y .. 
v .. 
Yo. 
Y .. 
Y .. 
Yes 
Yes 
Yes 
Yes 
y .. 
Y .. 
Vos 
Yos 
v., 
Yes 
Yes 
Yes 
Yes 
y., 
y., 
Yes 
Yes 
y .. 
y", 

v'" 

06210 
06210 
0.62l0 
03710 
o 3710 
0.3750 
0.3750 
0.37l0 
0.3150 
o lOOO 

400 
400 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
400 
4.00 

L, 
(on.) 

1710 
1710 
1750 
1210 
1210 
1250 
!.l00 
!.l00 
!.l00 
1210 

Fdge 
Condition 

Sheared 
Sh=ed 
Sheared 
Sheand 
Sheand 
She;u'cd 
Sheared 
Sheared 
ShQled 
Shcand 

I;" •• 

lbi) 
440 
440 
440 
l40 
l40 
l40 
l40 
540 
540 
430 

r." , 
( I) 

640 
640 
640 
762 
762 
762 
762 
762 
762 
640 

0.5000 400 1210 Sheared 430 640 
0.5000 400 1210 Shmed 430 640 
o 6210 4.00 I 210 Sh.""d 440 64 U 
06230 4 .00 1 250 Sheared 440 640 
o 6210 4.00 I 210 Sheand 440 640 
0.5000 400 1 500 Sheared 430 640 
o 5000 4.00 !.l00 Sheand 430 64 0 
o 5000 400 !.l00 Sheand 430 64 0 
0.62l0 4.00 !.l00 Shcand 440 640 
06250 400 !.l00 Sheared 440 G4 0 
o 6210 400 !.l00 Sheand 440 640 
OlOOO 400 1.7l0 Sheared 430 640 
0.5000 4.00 1.7"0 Sheared 43.0 640 
OlOOO 400 1.7l0 heared 430 640 
o 6210 400 1.7l0 Sheared 44 0 640 
06210 400 1.7l0 Sheared 440 640 
0.62l0 400 1.750 Sh.ared 440 640 
05000 400 1500 She .... d 570 831 
05000 4 .00 I 500 Sheared l7.0 81 ) 
0.5000 400 !.l00 She ... d 510 83 .3 

I, 

(in.) 

06250 
06250 
06210 
0.3750 
03750 
03750 
0.3750 
0.3750 
0.3750 
0.5000 

Width 
on. 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

I. 
(In.) 

1.750 
1.7l0 
1.1l0 
1250 
1250 
1250 
1.500 
1.500 
1.500 
1250 

Edge 
Condition 
Sm:and · 
Sheared 
Sheared 
Sheared 
She3,.ed 
Sheared 
Sheared 
Shea..ed 
Shtand 
Sheared 

440 
440 
440 
540 

" 0 
540 
l40 
l40 
540 
430 

f,U 
Cksi) 
640 
640 
640 
762 
762 
76.2 
762 
762 
762 
640 

0 . .5000 400 1250 Sheared 430 640 
O.lOOO 400 I 210 Sheared 430 64.0 
06250 400 I 150 She.rro 44 0 640 
06250 400 I 250 Sheared 440 64.0 
0.62l0 400 I 250 She",ed 440 640 
O.lOOO 400 1.500 Sheand 430 640 
o lOOO 400 1.500 Sheared 4) 0 640 
o lOOO 4.00 I 500 Sheared 430 64 0 
06250 '00 1.500 Sheared 440 640 
06250 400 I 500 Sheared 440 640 
06250 400 1.500 Sheared ~·O 64 0 
05000 400 1.7l0 Sheared 430 64.0 
05000 400 1.7l0 Sheared 430 640 
O.lOOO 400 1.750 Sheared 430 640 
06210 400 1.7l0 Sheared 440 640 
o 6210 400 1.150 Sheand 440 640 
06250 400 1.7l0 Sheared 440 640 
05000 4.00 l .lOO She",ed 51.0 333 
O.5DOO 400 I. SOU Sheared S7 n 31 ) 
o llloo 4 Oil I 501l Sheared l1 Il KJ3 

• Report dId nol indIcate "hcther lhread~ "ere Included or exr.;lude l'he ettluded ,""ondilion ha.. been a.~~umed 
•• Y itld anJ llfhmate strength.'l gIVen as average reported vaJUe:! 

For S 8" thick plates no tensile data w .... gIVen, 1M values mdlt&led aTe assumed ~ on stoul&! W-dc: plate J'IrOPCf1IC1. 

• • 
I t 



N 
N ..., 

• 

Report Teat 
Number 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

• 

Gf'n('ral 

R". "-
Failure Mode (k; .. ) {in.} 

Splitting 17.3 0. 105 
Splitting 21.5 0.259 
Splitting 20.2 0.307 
Splitting 13.9 0.091 
Bearing- 34.0 0.321 
Srlitting· 34.0 0.382 
Splitting- 32.0 0.315 
Bolt Shear 35.3 0.282 
BC)h Sh~r 34.S 0.311 
Bolt Shear 34.6 0.299 
Boll Shcar 316 0. 145 
Bolt Shcar 3L3 0.203 
Bolt Shur 34. 1 0.157 
SphlliJ1S 22.2 0. 137 
SplilliJ18 21 I 0. 168 
Splitting 20.3 0.174 
BC3ring· 19.0 0.027 
Splitting- 22. 1 0.111 
SplillinS· 21.7 0.120 
Bolt Shcaf 32.4 0.279 
Splming 298 0.290 
Splmmg 27.6 0. 198 
He.ring ]9.0 0.302 
Bnnng 39.0 0.301 
lJeanng 39.0 0.324 

Bolt Shnr 39.9 0.306 
Bolt Shear 40.0 0.242 
Bolt Shcar 39. 1 0.303 
Bolt Shcar 40.0 0.203 
Bolt Shtar 39.3 0.203 

Bcaring 26.0 0.062 
Bcuing 28 " 0.063 

Bolt Shear 38.7 0.298 
Splitting 46.2 0.275 
Splitting 46.2 0.295 
Splilt ing 43 .7 0.241 

Bolt Shear· 50.9 0.248 
Bolt Shear· 58.4 0.326 
Bolt She:lr- 58.7 0.319 

• 

Table C - 2 
Test Res ults And E(luation Coefficients 

I.oad, Iiil Varinll' Test Df' rlJnn a lion~ 

R, f>r K, @O.16in. @O.25in. @O.34in. @O.SOin 
(k;p.) (in.) (k/in.) (~,) (k; .. ) (10 .. ) (10",) 
16.2 0.308 1894 17.0 16.7 0.0 0.0 
20.4 0.312 3315 21.4 21.5 0.0 0.0 
20.2 0.307 3138 20.0 20.2 0.0 0.0 
13.1 0.306 3538 13.5 13.5 0.0 0.0 
340 0.321 3905 30.6 33.0 0.0 0.0 
34,0 0.382 3381 29.3 31.8 33.4 0.0 
31.8 0.359 3451 29.1 31 I 31.9 0.0 
35.3 0.282 3218 33.3 5 I 0.0 0.0 
3·1.8 0.311 4182 32.3 34.2 0.0 0.0 
346 0299 3105 32.0 34. 1 0.0 0.0 
31.6 0. 145 3121 32.0 0.0 0.0 0 .0 
31.3 0203 3094 30.2 0.0 0.0 0.0 
34 .1 0.157 3359 34. 1 0.0 0.0 0.0 
19.6 0283 431W 22.1 20.3 0.0 0.0 
18.6 0.314 221(1 21.1 19.5 0.0 0.0 
18. 1 0.280 2160 20.3 IS.5 0.0 0.0 
17.2 0.280 1593 17.8 17.3 0.0 0.0 
18.8 0.274 1647 21.6 19.3 0.0 0.0 
19.9 0.278 3221 21.6 20.6 0.0 0.0 
32.4 0.279 3719 304 32.2 0.0 0.0 
298 0.290 36'6 28 .3 29.4 0.0 00 
25.7 0.292 3615 27.3 26.9 0.0 0.0 
39.0 0.302 4006 34.3 37.1 0.0 00 
39.0 0.301 3764 34.1 37.1 0.0 0.0 
39.0 0.324 3757 33.8 37.2 0.0 0.0 
39.9 0.306 4542 367 39.2 0.0 0.0 
40.0 0.242 4297 37.7 0.0 0.0 0.0 
39.1 0.303 .095 36.4 38.6 0.0 0.0 
40.0 0.203 4364 3U 0.0 0.0 0.0 
39.3 0.203 40 IS 39, 1 0.0 0.0 0.0 
22.4 0.280 4060 24.2 22S 0.0 0.0 
24.5 CUll 392. 25 .8 25 .0 0.0 0.0 
38.7 0.298 ]H43 31.5 382 0.0 0.0 
46.2 0.275 4286 40.7 44.8 0.0 0.0 
46.2 0.295 6144 40.8 44.8 0.0 0.0 
43.7 0.24 1 4359 40.3 43.7 0.0 0.0 
50.9 0.248 4184 47.8 0.0 0.0 0.0 
58.4 0.326 4404 51.3 55.8 0.0 0.0 
58.7 0.319 40H 51.3 56.0 0.0 0.0 

. ' • • 

Fi' hc[ E'lualinn !;;,ol'f1j cil'ol ll Richard Eyualinn Cneffi cil'lIh 

R". ~ ). K K, R" n 
(k;",) (llin.) (kIin.) (klin.) (k; .. ) 
16.7 225.3 1.089 3527 0.1 19.3 1.325 
20.9 95.9 0.593 3527 0.1 19.3 1.325 
19.6 77.7 0.721 3527 0.1 19.3 1.325 
23 .0 141.3 0.677 4237 3.0 22.8 1.588 
35 .0 7.2 0.346 7487 20.3 28.2 0.730 
319 1S .9 0.35. 7487 20. ~ 28.2 0.130 
31.0 16.5 0.357 7487 20.3 28.2 0.730 
33.3 30.2 0.426 5027 32.9 26.4 1.225 
32.S 27.0 0.386 5027 32.9 26.4 1.225 
33.7 15 .1 0400 5027 329 26.4 1.22S 
27.8 1114 0.741 3565 S2.6 24.0 2.286 
29.8 24.1 0.376 3565 S2.6 24.0 2.286 
31.8 102.5 0.708 3565 S2.6 24.0 2.286 
21.1 75 .6 0.546 4817 -14 S 24.3 U.843 
19.9 109.U 0.746 4817 -14.S 243 0.843 
19.2 74 .2 0.598 4817 -14.5 24 .3 0.843 
18.0 196.9 0.9 16 3194 -18,4 24 .1 I.on 
20.7 112.3 0.696 194 - 18,4 24.1 1.082 
20.S 121.6 0.710 3 194 -18.4 24 I 1.082 
31.7 16.1 0.372 7419 21.8 284 0.759 
27. 1 147.S 0.935 4044 14.1 24 .8 2.003 
25 .9 181. 7 0.917 4044 14. 1 24.8 2.W3 
39.3 7.8 0.333 9055 40.5 29.2 0.104 
40.7 5.8 0.324 9055 40 Cj 292 0.704 
443 3.3 0.306 9055 40.5 29.2 0.704 
39.2 12.0 0.363 TII5 34. 1 32. 1 0.839 
37.1 33.3 0.452 77 IS 34. 1 32.1 0.839 
39.2 10.8 0365 7715 34. 1 32.1 0.839 
36.6 116.3 0.785 4630 44.2 31.5 2170 
36.1 139.4 0.957 4630 44.2 31.5 2. 170 
23.9 251.4 1.187 5196 -13.1 26.4 1.394 
26.2 286.2 1.329 4-404 -13.4 28.4 2.085 
3tU 12.0 0.371 7617 36.4 3(1.6 0.811 
4S.9 9.7 0.368 11536 41.9 36.9 0.683 
46.2 8.3 0.30S 11536 41.9 36.9 0.68] 
42.9 13.9 0.396 11S36 4 1.9 36.9 0.683 
51.0 12.0 0.358 6479 67.2 38.7 1. 146 
59.8 6.4 0.322 6419 67.2 ]H.7 1.146 
57. 1 10.2 0.355 6479 67.2 3S.7 1.146 

• • • • • 
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Tahle C - 2 
Test R .... ull! Anti E"u:ltion Coemcient. 

lliDmI I ,nl!J' (ii'! \'.d!!u" 1"1 I!!fl1!:!DlIli.!!.!!' £J\btt [gul1i!:!s ~I!fm('ialh Bicbl[d £:gul ling t:fN'[I'K'lmh 
Report TeJt R... .,- It, '" K, 00. 16 In !fl' 025 In. t'a 0.34 in. tal O.SO In R... ~ k K K, R., • 

Number failure Mode (k,pe) (in.) (I..'pe) (ia) (10 ... ) (k;peJ (k.pe) (lape) (kope) (I..pe) (I In.) (l.In.) (Lin. ) (lope) 
.0 &11 Shear 347 0.318 347 0.318 2290 321 33.9 0.0 0 .0 342 13.3 03:\" 3395 216 281 1070 

'1 BoItShur 349 0.313 3'9 O.3n 2290 320 340 0.0 0 .0 33K 16 I 0.38M 3395 216 281 1070 

'2 801t Shear 332 0.299 33.2 0.299 2456 305 326 0.0 00 32.0 20.2 0.12 3395 216 287 1070 

'3 &It She,r 37.2 0.305 372 0.305 2793 35 I 36.7 00 00 314 II 4 0]47 4198 20.5 331 0.942 

•• noh Shear 39.2 0 .308 39.2 0 .308 '2~41 36.1 380 0.0 0.0 37.5 23 .3 0471 4198 205 331 0942 
.5 Boll Shear 370 0.312 ]10 0.312 2450 344 162 0.0 00 36.5 nz o:rn '198 205 33 I 0942 
.6 Splitt 1ft' 36.0 0.265 36.0 0 .265 2122 343 35.9 0.0 0 .0 H .7 114 04..&5 14116.1 -92 H .I 0418 

'7 SphllIRJ 36.7 0.310 361 0 .310 3393 34< 362 0.0 00 36.6 126 On5 14864 -92 55 .1 0418 
<8 Sphtling 33.1 om 33.7 om 495'- 328 336 00 00 33.9 165 0 ·.,2 14864 -92 551 0418 
'9 Bult Shear 43.9 0301 439 0301 "SRI '0 I .2.9 00 0 .0 42.6 UO 0379 15022 III 519 0.&69 
50 Ikolt Shear 445 0305 445 0.305 3525 :\94 '2.6 0.0 0 .0 45.3 8 I 0390 15022 138 519 0469 
51 Bolt ShcM 447 0 .291 .41 0297 3731 '0.3 436 0 .0 0.0 449 96 0376 15022 138 519 0.69 
51 SrhUIR, 40' 0187 40' 0187 316. 39.3 00 00 0.0 ]90 247 0489 6283 12.2 '18 0710 
H SpI.IlInJ .0. 0295 404 0295 3260 ]86 4'),0 0.0 00 W6 19l 11462 62S3 12.2 '18 O.71U 

N 

~ 
5' SphllmJ 41.7 0,)01 .17 0 .301 3734 38. 413 00 00 41 I I~ 1 0.387 6281 12.2 .1. II 710 
H Boll Shur 52.2 0 .301 52.2 0 .101 3489 460 505 00 0 .0 505 12. 1 0.387 7960 48S 399 0186 
56 Boll Shuf 43 .5 0178 O .S 0 .118 6000 42.9 00 00 0.0 444 U2 0"14 7960 485 399 0786 
51 Bolt Shur 4S .0 0184 4S ,t) 0. 184 444S ~4 3 0.0 00 0.0 44 1 2.2 0'21 1960 41S 399 0186 
58 Splitting 46 .7 0273 46.7 0 ,273 4681 42_2 46 ,0 00 0.0 44 .3 161 031. 8045 516 335 1007 
59 Spllthn, 41.1 0.301 47. 1 0.301 6351 '04 4U 0.0 0 .0 '68 7S 0.322 80'5 516 33.S 1001 
60 Spllttln8 47.6 0 .298 41.6 0298 4721 .27 462 0.0 0 .0 .62 120 0348 8045 S16 3B 10U7 
61 Bnnn, 60.0 0236 60.0 0236 4216 5j7 600 0.0 00 HI 310 ()4K9 HI3 64 " 437 1411 
62 BCllnn, 618 0305 618 0305 5230 H2 597 00 00 56' 269 0'80 HI3 644 437 1477 
63 Beann& 62.0 0.319 62.0 0.319 4247 HI 59 I 0.0 0.0 l7.' 171 0'21 SSI3 6' 4 .37 1.77 
64 Spllthns' SS4 0.292 5S.4 0.292 3392 505 544 0.0 00 H' 16 I 0.449 4914 4S .9 'J2 0979 
65 Bolt Shu .... 52.0 0.235 52.0 0.235 3638 495 00 00 00 '90 3.3 0.560 4914 45 .9 442 0 .979 
66 Boll Shell'" 480 0172 480 0.172 3080 480 00 00 0.0 481 18.3 o 4f)J .91 • 4S .9 442 0 .979 

• Nol c.xpl!\;dl) Ilvat. hat been aMUmC-d ba.sc:d on 11\'C1\ d,.t.1 
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Appendix D 

ingle Bolt Lap Plate Connection Tests Reported By Caccavale (1975) 
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Table D - I 
Conneclion Geomeh-y And 1alerial P:lI'amelel' 

Rtport Ttst Hnlt Platt 1 1)l:alr 2 

'umber db Bolt W .. Bolt 
" 

Width L. Edge r, r. " Width L, Edge r, r. 
(in) Grade Pre-tensIOned (i n ) (in (in) CondItion (ks,) (ksi) (in) (on ) (in .) Condition (hi) (hi) 
0.75 A325-X YC!l 0.2500 4 .00 1.250 1 49.8 72.8 0.2500 4.00 1.250 1 49.8 72.8 

2 0.75 A325-X Yes 0.2500 400 1.250 ? 498 72.8 02500 4 00 I 250 ? 49.8 72.8 
3 0.75 A325-X Ycs 0.2500 400 1.250 ? 498 728 02500 400 1250 ? 498 72.8 
4 0.75 A325-X Yes 02500 4 00 1250 ? 498 72.8 02500 400 1250 ? 498 72.8 
5 075 A325-X Yes 0.2500 400 1.250 ? 498 72.8 0.3750 400 1250 ? 482 690 
6 0.75 A325-X Yes 0.2500 400 1250 '1 498 72.8 0.3750 400 1.250 ? 482 69 .0 
7 0.75 A325-X Ye 02500 400 1250 1 49.8 72.8 0.3750 4.00 1250 1 48.2 69.0 
8 075 A325-X y", 0. 1875 4 .00 1250 ? 480 64.0 0 .1875 4 .00 1.250 ? 48 .0 640 
9 0.75 A325-X Yes 0.\ 875 400 1250 1 48.0 64.0 0.1875 4 .00 1250 ? 480 640 
10 0.75 A325-X Yes 0.3125 4 .00 1250 1 45.\ 66.2 0.3 125 4.00 1.250 1 45.1 66.2 
1\ 0.75 A325-X Yes 0.3125 400 1250 ? 45.1 66.2 0.3125 400 1250 ? 451 66.2 

N 

~ 

• • • • • • • • • • • 



• 

N ..., 
..... 

• 

Report Test 
Number 

1 
2 
3 
4 

5 
6 
7 

• 
9 
10 
11 

• 

!!!ntt!l 

Fa.lure Mode 
Bcann, · 
Beanns · 
Bcaring · 
DearinJ · 
Dcaring · 
Bearins · 
Bunn! • 
Bnn", • 
Belnn, • 
Belnn. -
Bunni · 

• 

R.. "- R, 
(kopo) (m,) Ik;po) 
20.0 0 .119 20.0 
23 .8 0287 238 
248 0 .390 248 
25 0 0.36' 25.0 
23 .8 0286 22.5 
250 0332 250 
248 0360 2H 
188 0 .187 188 
17 4 0 .39 1 11.4 

272 0 .357 272 
26.3 02. 8 26.3 

• • 

Tahle 0 - 2 
Test Re ull. And Equation Coemcient 

Lett.d. 'i'l " Id'!!!! IC"I't I!!:rormll!f1!! 

'" K, I !ill 0 16 in. ~ 02.5 In. ~ 0.34 In (til 0.'0 1ft 

(in.) (kiln ) (k.po) Ocipo) Ik.pol (t.po) 
0 11 9 263 0.0 00 00 0.0 
0287 341 20. 7 229 0.0 00 
0.390 302 20. 4 21.6 24. 1 00 
0164 250 21.3 23 4 24.1 0.0 
0380 ' 69 2 1 6 n .3 23 .0 0 .0 
O.HZ 4-.10 2 1 6 233 00 00 
0360 472 230 241 246 00 
0 .187 273 147 15.7 16.9 0.0 
0 .391 H2 15.7 168 172 00 
OU7 14.1 22 .7 25 .5 21.0 00 
0241 691 23.0 263 00 0.0 

• • • • • 
~ ,1 

[t'\"bt'[ t~g U. l ioD !:!!!:ffid!ll'c Richard Egu llion C,wmd"nl, 
R.. ~ X K K, 

(k';;.) 
n 

Ik.po) (llin.) (k1in.) (lelin ) 
3.5 4 2.7 0.4 1 :5 NlA NlA NlA NlA 
226 2 1.4 1.3H NIA NlA NlA NIA 
236 13 .0 0.700 NlA NlA NIA NIA 
248 10.7 0641 NIA NlA NIA NIA 
23 .3 16.2 1.012 NiA NlA NlA NlA 
236 22 8 1.902 NA NlA NA A 
242 223 1 21 NA NlA IiA NA 
169 20 . 0.159 N.A NlA N'A N'A 
162 499 2.782 NA NlA NlA N'A 
276 92 0.693 NA N/A NA NA 
26 1 t 2.2 06 18 NA t<A N'A NA 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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Table E - I 
onnection Geometl,), And Mater'ial Parameters 

Report Trsl Rolt Platr I Plate 2 
lumber d. Bol. Was Bolt 

" 
Wid.h L, Edge r, r, ., Width L, Edge r, r, 

(in .) Grade Pre-tensioned (in (in .) (i n.) Condition (ksi) (ksi) (i n.) (in .) (in .) Condition (ksi) (ksi) 
0.75 Al25·N No' OJ750 ./ 2.000 ./ 47.6 67.1 0.3750 ./ 2.000 '/ 47.6 67 I 

2 0.75 Al25·N No' 0.1750 '/ 2000 '/ 47 .6 67 I 0.3750 '/ 2.000 'I 476 67 I 
3 0.75 Al25·N No' 03750 '/ 2.000 '/ 47 .6 67.1 0.3750 '/ 2.000 '/ 47 .6 67 .1 
4 0.75 Al25-N No' OJ750 ./ 1.500 '/ 476 67.1 0.3750 ./ 1.500 ./ 476 67 I 
5 075 Al25·N No' 0.3750 '! 1.500 '/ 47 .6 67 I 0.3750 ., 1500 '/ 476 67.1 
6 0.75 Al25·N No' 03750 " 1.500 " 476 67 I 03750 '/ 1.500 '/ 476 67.1 
7 075 Al25·N No' OJI25 ? 2.000 '/ 47.3 65 .5 0.3125 '/ 2.000 '/ 47.3 65.5 
8 0.75 Al25·N No ' 0.1125 " 2000 '/ 47.3 65.5 0.1 125 '/ 2.000 '/ 47.3 65 .5 
9 075 Al25·N No' 03125 ., 2000 '/ 47.3 655 0.3125 " 2.000 ? 47.3 65 .5 
10 0.75 Al25-N No' 02500 '/ 2.000 '/ 47.5 65.9 02500 '/ 2.000 '/ 475 659 
II 0.75 Al25-N No' 02500 7 2000 ? 47 .5 659 0 .2500 ? 2.000 '/ 47.5 65.9 
12 075 Al25-N No' 02500 " 2000 I 47 .5 65.9 02500 7 2 .000 '/ 47.5 65 .9 

N 13 075 Al25-N No' 01125 'I 2.000 ') 47.3 655 OJI25 ? 2.000 '/ 47 J 655 w 
Al25-N No' OJI25 2 .000 " 47.3 65 .5 0.3 125 2.000 w 14 0.75 ? '/ '/ 471 655 

15 0.75 Al25-N No' 0 .1125 " 2000 ? 47.3 65 .5 0.3125 '/ 2.000 '/ 47 .3 65.5 
16 075 A490-N No' 0.3750 '/ 2.000 ? 476 67.1 03750 '/ 2.000 '/ 476 67 I 
17 0.75 A490-N No' 0.3750 ? 2.000 '/ 47 .6 67.1 0.3750 '/ 2.000 ./ 47.6 67 I 
18 0.75 A490-N No' 01750 'I 2000 '/ 47.6 67 I 03750 ./ 2.000 ./ 47 .6 67.1 
19 075 A490-N No' 0.3125 'I 2.000 ./ 47.3 65 .5 03 125 ./ 2.000 ./ 47.3 65 .5 

• Method 01 lightening \"as not reported al\Cd on daw the 'inug tight condiljon W8.'i L'isumed 

• • • • • • • • • • • 



• • • • • • • • • • • , . 

Table E - 2 
Test Rc!ult And Elluation Coefficient 

~ Iliad, II \'.rioo Ir..:' Ih:rormationlll Ei bs:[ £gu1I1i!!D £2£[:tcl !!h Bict!1I~ t:;9u1jnO Cnt"ffimnh 

Report Tetl R,... <I",. Rr '" K, (a 0. 16 in. 025 In a 0.34 In 0.50 In R,. ~ k K K. R. n 

Num~r F.llure Mode ('-i ) (in. ) (ki ) (in ) (k, ln ) (L, ) (ki ) (k. ) (ki ) (ki ) ( I/ in.) (kIin.) (klin ) (ki .) 

I Bo lt Sheil( 25 .3 0,181 25.3 O.I MI 32 25,0 00 00 0,0 28 I 11.1 1.365 NiA NiA NiA NiA 
2 Dolt Shear 2ie 4 0 221 28.4 0.221 255 25 ,1 00 0 0 0.0 28 I 17.1 1.365 NlA 1M N/A NiA 
3 Boh Shn r 270 0 193 21 0 0 193 224 256 00 0,0 0,0 28 I 111 1 365 NlA NA NiA NIA 

• Boll ShaT 30 1 0298 292 0359 25 4 265 293 295 0.0 29 1 16 I 1413 NA NA N'A NlA 
5 Bolt Shear 282 0250 28 2 0.2l0 241 214 0.0 0.0 0.0 29 I 16 I 1 41 3 NA NiA N/A NA 
6 Boll Shear 29.' 0306 28.2 0.326 24. 260 281 0,0 00 29 1 16 1 141 3 NA NA NlA ~A 

1 OoltShur 26 4 0200 26 4 0200 2<l1 250 00 00 0.0 28 .3 180 1 6 12 NA 1-1 A 1-1 A NA 
8 BoltShur 29 1 028 1 291 0.281 26 1 259 281 00 00 283 18 0 1 6 12 A NA iliA NA 
9 Boh Shcu 280 0251 28 0 o 211 23J 25 I 27.9 00 00 28.3 180 1 612 NA ' A NA A 
III Bolt Shur 291 0614 288 0674 215 2() .1 216 2S .1 268 239 n .2 t 1S7 NA NA NA 'A 
JI Ublt Shcu 27.6 060 1 276 0.60 1 222 202 23 .1 248 266 239 132 1 lS7 NoA A NA NA 
12 Sphth"1 21. 1 0,91 269 06:\4 203 201 23l 23.2 266 239 13 .2 I Il1 N'A A iliA NA 
13 Boh Shtar 298 0600 298 0600 148 20 1 23S 2S1 21S 26 I 100 1 204 N'A "<A A NA 
I' Bolt She..,- 29.6 OH8 296 U S.a 8 169 21l 248 269 29.1 26 1 100 1 204 NA NA 'A NA 

N 
IS 1101t She., 302 0.661 30.2 0667 18l 198 236 2S 8 20.3 26 1 100 1 204 NA A NA .\ 

tt 16 Boll Shu r 3~ , 2 0 0107 34 2 0.4"6 191 214 309 34 0 0 .0 326 JI' 1 202 N'A NA 1M N'A 
11 9011 Shdr 366 0 466 JS~ 0 493 2' 1 26 4 31 8 3>8 0.0 32.6 JI ' 1 202 NA NA NoA N'A 
18 Boh She.r 37.1 0 434 6 4 0 . 63 26 1 216 33. 1 362 0.0 326 114 1 202 iliA NA iliA NA 
19 SphU1J11 31.2 010 1 3 1 2 0.10 1 139 19,3 229 2'.'" 21.2 241 10 .• 1361 iliA NA NoA ~A 



Test No: J Summarv orLan Connection Tests Reported Bv Sark~r And Wallace 

TEST DESIGNATION 

Test Designation: I-a Date: 8/8/92 

GEO~IETRIC AND MATERIAL PROPERTIES 

BOLT 
Type: A325 

Boll Hole: sld 

PLATES 
No. Width (in.) 

? 
? 

TEST RESULTS 

Limit State: Bolt Shear 

Diameter (in); 0.75 
Shear Plane: N 

Thickness (in.) Le (in.) 
0.375 2 
0.375 2 

Ki: 323 (kips/in.) 

S (in.) 
Maximum: 0.1807 

Other: 0.2500 

Load (kips) 
25.3 
N/A 

LOAD Ys. DEFORMATION CUART 

30 -

25 -

10 ~ 

5 

o .. 
0.00 

. , 
0.05 

• 

0.10 

Deformation (in.) 

Hole Was Dri lied 

S.1inJ Edge Condition 

• 
. - .- -- - --

• 
-- -

• Test Data 
- . - . Parametric 

--Component 

0.15 

? 
? 

0.20 

235 

Wkill 
47.57 
47.57 

DATA 

S (in.) 
0.0000 
0.001 3 
0.0024 
0.0047 
0.0139 
0.04 18 
0.0540 
0.0609 
0.07 19 
0.0854 
0.1065 
0.1342 
0.1807 

• 

• 

• 

Fu (ksi) • 67.07 
67.07 

Load (kips) • 
0.0 
0.1 
1.0 
2.9 
5.9 
13 .7 
17.2 • 
19.2 
21.2 
22.5 
23.8 
24.7 
25.3 • 

• 

• 

• 

• 



. -; 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

T ... ~o: 2 Summan' of LIP Cnnncction Te~l~ Reported My nkar And W.Ulce 

TF_ T OESIG~ATION 

Test Designauon. I·b Da .. 81l! 92 

.EO\IETRIC ANO MATERIAL I'ROI'ERTIES 

DOLT 
Type: A:l23 

Bolt Hole: sid 
Diometer (In): 073 

hear Plane: 
Hole Was Drilled 

PLUE 
NQ. Width (in.) ThICkness 'In) 

? 0.37S 
? 0.373 

TEST RESlILT 

LImit talC: Bolt hear 
Ki: 

Maximum: 
Other: 

255 

§linJ 
0.2266 
0.2300 

("'pslin.) 

Load (kms) 
28.4 
NtA 

1.0 \0 \' .. DEFORMATION CIIART 

o 

~ 
~ ... 
2-... 
ft 

j 

23 

20 

13 

10 • ., 
3 . / . / 
0' 
0.00 

~ • ~ 

• , , 
~ 

0.03 0. 10 

W!nJ 
2 
2 

• 
-.- .-' 

0.13 

Odormltion (in .) 

236 

Edge Condition 
• 

• 
• 

- .- .-'-- ' --

• Test Data 
- . - . Parametric 

-- Component 

020 

• 

023 

~ 
47.37 
47.37 

OATA 

6 (m) 
0.0000 
0.0011 
0.0077 
0.013 1 
00207 
00282 
00373 
0().l60 

00377 
0.0677 
0.0788 
00949 
0. 11 21 
01390 
01122 
02266 

l..u.1l.ill 
6707 
67.07 

Load (kips) 
00 
06 
34 
4.8 
68 
89 
ILl 
131 
133 
17.4 
191 
2 1.0 
227 
246 
26.3 
284 



TC51 ~o: J ummarv of La n Conn ct' lion Tt"il"i Reported Bv Sukar And Wallart 

TEST DESIG ATION 

Test Designation: I·e Date: 8/8192 

GEOM ETRIC AND MATERIAL PROPERTIES 

IlOLT 
Type: A325 

Boll Hole: std 
Diameter (in): 0.7S 

Shear Plane: N 
Hole Was Drilled 

PLATES 
t!2, Width {in.} Thickne~~ {m.} WinJ 

? 0.375 2 
? 0.375 2 

TEST RESULTS 

Limit late: Bolt hear 
Ki: 224 (kips/in.) 

B {in.} Load (kips) 
Maximum: 0.1929 27.0 

Other: 0.2500 N/A 

LOA!) V . !)EFORMA TlON CHART 

30 

25 • 

20 -.-
-;; 
c. 

" ~ ." 
15 • 

• • ~ 

j . . ~ 
10 / . / . / 
5 • ~ / 

• / 

O. 
0.00 0.05 0.10 0.15 

Deformalion (in.) 

o 

237 

S {in.} Edge CQll~UliQD 

•• • 

. - ' . .. 

• Test Data 

- • - • Parametric 

--Component 

0.20 

? 
? 

0.25 

Fl {l,i) 
47.57 
47.57 

.!Mll 

5 (in.) 
0.0000 
0.0057 
0.0 170 
0.0220 
0.0296 
0.0390 
0.0498 
0.0606 
0.0700 
0.0800 
00947 
0.1145 
0.1479 
01717 
0.1782 
0.1929 

• 

• 

• 

Fu {ksi) • 67.07 
67.07 

Load (kIpS) • 0.0 
3.1 
5.2 
6.6 
8.6 
10.7 
12.7 • 
15.0 
16.8 
18.6 
20.5 
22.4 
24.9 • 26.2 
26.5 
27.0 

• 

• 

• 

• 



. ~ 
f • 

bo 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

TtSI No: 4 umman' of Lap Connection Ttst~ RtpOrltd 0" Sarku And W.1I8Ct 

TEST DESIG NA nON 

Test Designation: 2-. Dale: 818J')2 

GEOMETRI C AND MATERIAL PROPERTI E 

HOLT 
Type: A325 

Boh Hole: SId 

I'LATES 

Di.meler (in): 0.75 
Shear 1)lane: N 

Hole Was Drilled 

...Jt Widlh (in.} Thickness (in.) Le (in.) S (in.) Jidgc ~Q(1dition 
? 0.375 1.5 
? 0.375 1.5 

TEST RESLIL TS 

Limit Stale:: Bolt Shear 
Ki: 254 (kips/in.) 

Maximum: 
Other: 

ililJ 
0.2975 
0.2500 

Load (kips) 
30.1 
29.3 

LOAD V,. DEFORMATIO'll CIIART 

35 

30 

25 -~ • 5o 20 -:. • .,. • ~ 15 j / 

/ 
10 / 

/ 

5 . .' 
. 1 

O . 

0.00 0.05 

• • • 
~ 

~ 

0.10 

• • • • 
• • • • • 

-- -- - - - - - - - -_.-.-

0.15 0.20 0.25 

Odormation (in.) 

238 

• Test Datu 
- . - . Paronlclric 

-- Component 

0.30 0.35 

? 
? 

0.40 

frfu.U 
47.57 
47.57 

DATA 

o(m.) 
0.0000 
0.0046 
0.0114 
0.0186 
0.0263 
0.0350 
0.0425 
0.0513 
0.0604 
0.0718 
0.0863 
0.1023 
0.1227 
0 1590 
0.1792 
0.1928 
0.2101 
0.2282 
0.2462 
0.2681 
0.2975 
0.3594 

fu Cksi) 
67.07 
67.07 

lo.d (kip) 
00 
3.1 
4.9 
6.8 
8.7 
10.9 
12.8 
14.8 
16.7 
187 
20.7 
22.6 
24.6 
26.4 
27.3 
27.8 
28.3 
28.8 
29.2 
29.7 
30. 1 
292 



Test No: 5 Summan' of Lan Connection Tests Reported Bv Sark~r And Wallace 

TEST DESIGNATION 

Test Designation: 2-b Date: 8/8/92 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 
Type: A325 

Bolt Hole: std 

PLATES 

Diameter (in): 0.75 
Shear Plane: N 

Hole Was Drilled 

No. Width (in.} Thickness (in.) Le (in.) ~ Edge Condition 
? 0.375 
? 0.375 

TEST RESULTS 

Limit State: Bolt Shear 
Ki : 241 (kips/in.) 

Maximum: 
Other: 

QlinJ 
0.2496 
0.2500 

Load (kips) 
28.2 
28.2 

LOAD V,. DEFORMATION CHART 

30 

25 - • 
20 • ~ c. • ;§. 
15 -

~ 

." 
~ 

• , 
~ , 

..J • 10 -
, 

• , . , 
5 ~ 

., . / 
0_--__ _ 

0.00 0.05 0.10 

1.5 
1.5 

• 

0. 15 

• • 
. - '. -.- -

• Test Data 
- . - . Parametric 

--Component 

0.20 0.25 

Deformation (in.) 

239 

? 
? 

0.30 

Fv (ksil 
47.57 
47.57 

DATA 

B (in .) 
0.0000 
0.0075 
0.0172 
0.0243 
0.0304 
0.0392 
0.0465 
0.0565 
0.0650 
0.0766 
0.0920 
0. 1089 
0. 1359 
0.18 17 
0.2082 
0.2496 

• 

• 

• 

Fu (ksil • 67.07 
67.07 

Load (kips) • 0.0 
3.7 
5.8 
7.4 
9.0 
11.2 
13.0 • 
15.3 
17.0 
19.0 
20.9 
22.5 
24 .4 • 26.4 
27.3 
28.2 

• 

• 

• 

• 



e O; 

e 

• 

• 

• 

• 

e 

• 

• 

• 

e 

Test ' 0: 6 Summuv of Lap Cnnntelinn Tt~1 Rcponw S, Sarkn And " 'ailin 

TE T DESIGNAnON 

Test Designation 2-e Date 818/92 

GEO~I t:TRIC AND ~IATERIAL 1'1l01'EllnES 

nOLT 

PLAT 

Type: A325 
Boh 1I01e: SId 

Diameter (In): 0.75 
Shear Plane: 

1I0ie Was Drilled 

Width lin.} Th,clness lID) .I.&l.tnJ S1inJ Edge (oostlllon 
? " 0.315 I.S 

? 0.375 I.S 

Limit Stale: . Boh Shear 
Kj ' 244 (k'p,"n. ) 

5lin) boad 'k I O~} 
Maximum: 0.3064 29.S 

Other: 0.2500 28.7 

LO 10 V •. IlEFOR\lATIO' e ll IRT 

-;; 
c. 
~ 
." • j 

30 

2S 

20 

15 

10 

5 .. / 
o • 
0.00 

• 
/ , . / 

/ 

0.05 

• • • 
• 

• 
.-'--' -.-• 

• 
~ 

~ 

/ , 

010 0 15 020 

240 

? 

• • • • 
.-.--- ----_.-

• Test Data 

- . - . Paramclric 

- - Component 

0.25 0.30 0.35 

!ill'A 

6 (to I 
0.0000 
00075 
00 11 4 
00227 
00288 
00383 
00486 
00563 
0.0643 
00748 
008H 
01006 
01280 
o Ib75 
0.1974 
0.2104 
02307 
02510 
02751 
0.3064 
0.32S5 

iJ!.fui) 
67.07 
6707 

Load (~.ps) 
00 
4.0 
48 
7.6 
92 
11.5 
13.9 
15.7 
17.5 
194 
209 
22.6 
24j 
26.3 
27.3 
277 
282 
28.7 
29 I 
295 
28 .2 



TtSl ",0: 7 Summl" of Lao nnnte.ion Tt~H Reported 0" ~ arkar And "'.Ihtrt 

o 
TE T DESIGNATION 

Test Designation' l,. Date, 8110192 

GEOMETRIC A D MATERIAL "1l0PERTIES 

BOLT 
Type. Al25 

Bolt Hole: sid 

PLATES 

Diameter (in): 0.75 
hear Plane: N 

Hole Was Drilled 

til!. Width (in.) rbi~lm£!~ {m,} !.tlinJ i1inJ E!:Ig!: C2DdillQ[] 
? o ll25 2 
? OJI25 2 

Limit tale: Bolt Shear 
Ki: 207 (kIps/in.) 

§linj I ogd (~injl 
Maximum: 0.1997 26.4 

Other: 0.2500 N/A 

LOAD v .. DEFORMATION CIIART 

~ 
~ c. 
~ 
-= • .. 
-' 

30 

25 

20 

15 

10 

5 
• 

O . 

0.00 

• ~ 

• ~ • ,-, , 

0.05 

• 
~ , , 

• 
• 

• 
-,--,-.-' 

o 10 0.15 

Deformation (in.) 

241 

• Test Data 
- . - . Parametric 

-- Component 

0.20 

? 
? 

0.25 

llili!l 
47.ll 
47.31 

DATA 

6 (In) 

0.0000 
0.0061 
0.0230 
0.0307 
0.0385 
0.0459 
0.0522 
0.0611 
0.0678 
00782 
0.0900 
0.1119 
01488 
0.1997 

• 

• 

• 

flI.ll,ill • 65.52 
65.52 

Load (kips) • 0.0 
3.3 
6.2 
7.7 
9.6 
11.6 
13.3 • 
15.6 
17.3 
19.3 
20.9 
22.7 
24.6 • 26.4 

• 

• 

• 

• 



• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

Test ' 0: 8 Summa"! or LliO Co"ntS'tinn It I Rtpontd By S;.rkar 'ntt \\ ,lIln 

TEST DE IG'IA no'l 

Test Designalion J·b O.tc. &110192 

GEO~IETRIC A:O;D MATERIAL PllOPERTIES 

IlOLT 
Type: A325 

Boh Hole sid 

PLATES 

Oiame.er (in): 0.75 
hear Plane; N 

1I0ie Was Drilled 

Width (in) ThielnC$ CinJ WtnJ 
2 

Edge COl1("1Ioo 
? 0.3125 
? OJ 125 

TE T RESULTS 

Ltmit talC: Boh hear 
Ki. 261 (lip in.) 

Maximum: 
Other: 

& lin .) 
0.2882 
0.2500 

Load (higs) 
29 I 
28.6 

I,OA D \ " . DEFOR~'ATIOS CIIART 

30 

25 

10 

5 

o • 
0.00 

• .... . / 
,/ 

0.05 

• 

0.10 

2 

• 
• 

0.15 

? 

• • • • 

_.- .---
- --- _.--

• Test Durn 
- . - . Paromelnc 
--Component 

020 0.25 

Deformation (in.) 

242 

• 

0.10 

£illill 
47.31 
47.3 1 

~ 

5 (10 .) 

00000 
00060 
0.0296 
00398 
0.049 1 
00547 
00510 
0.0626 
00n2 
0.0824 
00982 
01153 
01436 
01827 
01999 
02198 
02351 
02S61 
02882 

J:lI..lYil 
65 .52 
65.52 

Load (l.pl 
0.0 
26 
7.4 
9.9 
12.2 
13.6 
14 .2 
15.S 
11.5 
19.5 
21.6 
211 
24.7 
26.7 
27.4 
280 
28.1 
281 
29 I 



Tut ~o: 9 Summ. n of Lip nnnr('tinn Tt~t Rtoortt d R,t Sarkar And W. llau 

TEST DESIG'IIATIO'll 

Test Designation: 3·c Date 8/10192 

GEOM ETRI C AND MATERIAL PROPERTIES 

DOLT 
Type: A325 

Boll Hole: sid 

PLATES 

Diameter (in): 0.75 
Shear Plane: N 

Hole Was Drilled 

Width (in.) Thickness (10 ,) !&.1.u!J S (in .) Edge Conditloo 
? ? 0.3125 2 

? 03125 1 

TE T RESt 'L TS 

Limit State: Bolt hear 
Ki: 231 (klps/m.) 

~ 
Maximum: 0.2568 

Othcr: 0.2500 

Load (kips) 
28,0 
27,9 

lOA D v •. DEFORMATIO'll CIIART 

30 

2S 

10 

o • 
0,00 

, ,. 

~ , , 
• , , , 

0.05 0,10 

• 

o 15 

•• • • • 

• Test Data 
- . - . Parametric 

-- Component 

020 0.25 

Deform.lion (in.) 

243 

, 

0.30 

f.l.iliil 
47 .3 1 
47.31 

DATA 

6 (m) 
0.0000 
0,0267 
0,0509 
0,0792 
0,0925 
0,11 22 
0,1468 
0,1938 
0.2022 
0.2210 
0.2355 
0,2568 

fl!l!Iill 
65.52 
65.52 

Load (laps) 
0.0 
5,7 
11.3 
18,4 
20,6 
22.5 
24.5 
26,6 
26.9 
27.5 
27.9 
28.0 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



.-

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

TrSI ;\0: 10 " umman of Lan Coon r-clio" Tt\"n Rtnort td 8\'" n ku And \\ IlIacf 

TEST DESIG 'ATION 

Test Designation. 4·. Dale. 8 10191 

GEO~I ETRIC AND f ATERIAL PROI'ERTI ES 

DOLT 
Type: A325 

Bolt Hole: std 

PLATES 

Diameter (In): 0.75 
hear Plane 

Width On.) Thickn£5S (m.) 

? 0.25 
l&JJnJ 

2 
? 0.2.5 

TEST RES LTS 

Limn State: Bolt Shear 
Ki: 215 (kips/in.) 

~ 
Maximum: 0.6734 

Other: 0.2500 

LQad (kips) 
28.7 
23.6 

LO \0 \' . . DEFORMATION CIIART 

30 

2 

• 

1101e Was O.,l1ed 

• • 

Edge CondJlIOfl 
? 

? 

• •• 
25 • . -~----~.-~.~-~.~-~. -~.-~-~--.-.-.-
20 

~ 
~ 

"" :i 
- 15 ... 
• = ..l 

10 

.5 , .' , 
o . 
000 

• 
• • 

• / 

/ 

/ 

0.10 

~ 

~ 

• 

0.20 030 040 

Deform.tion (in. ) 

244 

• Test Data 
- . - . Parametric 

--Component 

0.50 0.60 070 

b..iJ,.ill 
47.54 
47..54 

1>ATA 

~ (m I 
00000 
00127 
00237 
00311 
0.0427 
0.0526 
00630 
00785 
00960 
01258 
01.570 
02024 
0.2381 
02879 
034J9 
04387 
04877 
0.5]89 
0.5921 
06421 
0.6734 

IJI..l.Iwl 
6587 
6587 

Load (kIps) 
0.0 
3.3 
5.7 
7.3 
9.8 
11.6 
132 
15.2 
169 
18.8 
20.6 
224 
23.3 
243 
25.2 
26.2 
267 
27.1 
27 .6 
282 
287 



T t Jli I :\0: II Summan' or Lap onnection Ttflll~ ReportC'd By Sarkar A nd \Vlllaet 

TEST OESIGNATION 

Test Designation: 4-b Date; 811 0192 

GEOM ETRIC AND MATERIAL PROPERTIES 

BOLT 
Type: A325 

Bolt Hole: std 

PLATES 

Diameter (in): 0.75 
hear Plane: N 

IIole Was Drilled 

Width (in ,) Thickness lin ,) WmJ .sJ.inJ 
? 0.25 2 

Edge Condition 
? 

? 0.25 2 

TEST RESLIL TS 

LImit State: Bolt he¥ 
Ki: 222 (~ ipslin . ) 

Maximum: 
Other: 

2JlnJ 
0.5995 
0.2500 

Load (kIPs) 
27.6 
23.1 

LOAO V .•. OEFOR~IA TlON CIIART 

30 

• • • • 
• • .'~~----.----~.-~.-~~~ - ..- ' 

• 

o. 
0.00 0.10 0.20 0.30 040 

Deform.lion (in.) 

245 

• Test Dillil 

- . - . Parametric 

--Component 

0.50 0.60 

? 

0.70 

fl...full 
47.54 
47 .54 

OATA 

6 (in.) 
0.0000 
0.008 1 
0.0180 
0.03 13 
0.0502 
0.0623 
0.0708 
0.0796 
0.1008 
0.1297 
0.1721 
0.2240 
0.3055 
0.3355 
0.3684 
0.4 157 
0.4550 
0.5008 
0.5525 
0.5995 

Fu (ksi) 
65.87 
65.87 

Load (kips) 
0.0 
3.2 
6.0 
8.6 
11.8 
13.6 
14.6 
15.4 
17.0 
18.8 
20.8 
22.5 
24.3 
24.8 
25 .2 
25.7 
26.2 
26.7 
27. 1 
27.6 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• , . 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Test ' 0: 12 . ummarv of Lan Connection Tt~t. RtnortC'd Bv Sarkar j\nd \\ .UIU 

TEST [lESIGNA TIO'll 

Test Designation" 4-c 

.EO\l ETRIC AND MATERIAL PROP ERTIE 

DOLT 
Type: A325 

Boh Hole: sid 

I' HE 

Diameter (10): 0.75 
Shear Plane: N 

1I0ie Was Drilled 

-.It. Width {in) ]]H!t~ngs (In.) W!nJ ti!nJ E~g~ 1:2!llIUI2D 
? 0.25 
? 025 

LtmJt State: Tension Tcanng 
KI. 203 (~Ipsl,".) 

Maximum: 
Other: 

~ 
0.5908 
0.2500 

LQ!!d {~lPs) 
27.1 
23 .5 

LOAD V . . DEFOR"ATIO'i HART 

30 

25 • 
20 

w;-
e. • :g. 

15 / 

'0 / 

• ~ 
..J 

10 

5 
I •• ., 

O . 

0.00 0.10 020 O. 0 

2 
2 

• • • • • 
.- .-- --_ .---._0-

• Test Data 

- . - . Parametric 

--Componcnl 

040 0.50 0.60 

Oeform.tion (in.) 

246 

? 

? 

0.70 

WMil 
47 . ~4 

47.54 

[l"TA 

6 (10 ) 

00000 
00069 
00086 
0.0238 
00367 
00444 
00579 
00657 
00811 
00986 
01279 
01';8 
0.2005 
02831 
03368 
04321 
04916 
05908 
06337 

fIt.!l.W 
65 .87 
65.87 

Load (kips) 
00 
2 I 
3. 1 
59 
85 
10.0 
12.2 
13 4 
15.3 
16.9 
189 
206 
22.3 
243 
25.2 
262 
266 
27 I 
26.9 



Test No: 13 SummarY of Lap Connection Tests Reoo.-ted B\' Sarka ... And Wallace 

TEST DESIGNATION 

Test Designation: 5-a (not reported in reference) Date: 8/15/92 

GEOMETRIC AND MATERIAL PROPERTIES 

BOLT 
Type: A325 

Bolt Hole: std 
Diameler (i n): 0.75 

Shear Plane: N 
Hole Was Drilled 

PLATES 
No. Width (in. ) TIlickness (in .} Le (in.) 

? 0.3125 2 
? 0.3125 2 

TEST RESULTS 

Limit State: Bolt Shear 
Ki: 148 (kips/in .) 

5 (in.) 

Maximum: 0.6003 
Other: 0.2500 

Load (kips) 
29.8 
23.5 

LOAD V,. DEFORMATION CHART 

30 -

25 

20 -
., ....... . 

. / 
. / 

. / 
/ •• 10 _ ~ 7 

I 

• .r 
5 - I 

• 

• 
• -' 

•• • 
. -.- . .---

.ui!!J Edge Condition 

• • • • 

• Test Data 
- . - . Parametric 

-- Component 

? 

? 

o .----------------------------------------~ 
0.00 0. 10 0.20 0.30 0.40 0.50 0.60 0.70 

Deformation (in.) 

247 

Fy (ksi) 
47.31 
47.3 1 

DATA 

5 (in .) 
0.0000 
0.0047 
0.0221 
0.0360 
0.0519 
0.0599 
0.0795 
0.0953 
0.1128 
0. 141 8 
0.1728 
0.2209 
0.2855 
0.3688 
0.4198 
0.4529 
0.4859 
0.5187 
0.5594 
0.6003 

• 

• 

• 

Fu (ksi) • 65.52 
65.52 

Load (kips) • 0.0 
2.9 
5.7 
7.5 
10.1 
11.3 
13.9 • 
15 .6 
17. 1 
19.1 
20.8 
22.6 
24.5 • 26.4 
27.3 
27.8 
28.3 
28.8 
29.3 
29.8 • 

• 

• 

• 



. ... 
~ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Test ,"0: I~ umman> nf Lan Connection Tt~l~ Reporttd 11\ Sul...r nd \\ .lIut 

TEST DESIGNATION 

Test Designation 5·b (not ~poned In reference) Dale 8 1492 

GEO\IETRIC A '0 MATE lllAL PROPERTIES 

DOLT 
T)'pe: A32.5 

Boh 1I01e, SId 

I'LATES 

D'Mlelcr (In) 0.7S 
hear 1)lanc 

1I0le Was Drilled 

& Width (in ,) Thi£kn~li Lin ) !&.1inJ S1inJ Edge ~ondll loO 
? 0.3125 2 
? 0.3125 2 

TEST RESl'L TS 

L.imit tate: BoIL Shear 
Ki: 169 (~Ipslln . ) 

Maximum: 
Other: 

§lmJ 
0.548] 
0.2500 

Load (klOs) 
29.6 
24.8 

1.0,\0 V . . DEFOR\IATlO:\ ell \RT 

.., 
c. 
:i 
." • 
" ...J 

30 

25 

20 

15 

• 
10 

.. . .' . .' 
f 

5 .. 
• 

o . 
000 

f 

• " " " 

0.10 

~ 

; 

• • • • • • • 
• -.- - ----_ . -

~ . 

0.20 

• Test Data 
- . - - I)aramelnc 

--Componenl 

0.30 

Deformation (in.) 

040 050 

248 

" 
? 

060 

Wh.ill 
47.31 
47 31 

DATA 

6 (In ) 

00000 
0.0019 
0.0103 
0.0270 
0 . 040~ 

0.0487 
00623 
00761 
00914 
0.11]4 
01414 
01775 
02324 
0.3078 
0.3543 
0.3850 
04196 
o 4S~9 
04977 
05483 

l.l!.fuil 
65.52 
65 .~2 

Load ( ~lpS) 
00 
26 
50 
7.3 
9.5 
10.9 
130 
149 
166 
18 7 
20.5 
22.3 
243 
26.3 
27.2 
27.6 
282 
286 
29 I 
296 



Tts' \ 0: IS Sum min of Lap Connt(' lion Tt 1 Reported B,' S,Irkar And W.llact 

TEST DESIGNATIO ' 

Test Designation: S--c (not reponed in reference) D.te: 8114192 

GEO~ I ETRIC A D lATERI AL I'ROPEIITIES 

DOLT 
Type:: A325 

Bolt Hole: sld 
Diameter (in): 0.75 

Shear Plane: N 

~ Width (in.) Thickness (tn ) 

? 0.3125 
I&1!n.J 

2 
? 0.3125 

TF:ST RES L TS 

Limit State: Bolt hear 
Ki: 185 (kipS/in.) 

Maximum: 
Other: 

iliW 
0.6667 
0.2500 

I.\llId (kiM) 
30.2 
23.6 

LOAD V •. DEFORMATION C IIART 

35 

30 

25 • 

2 

• 

~ 20 
._ . .... . -

.-.- . . - ' -

." 3 15 

10 

o. 
000 

.,. . .... 
~ .... 

~/ 

~/ ., 
. / 

0.10 0.20 0.30 040 

Deformalion (in.) 

• 

Hole Was Drilled 

Edge Coodlllon 
? 
? 

• •• • • 

• Test Data 
- . - . Parolmetric 
--Component 

0.50 0.60 0.70 

249 

ll.fuil 
47.31 
47.31 

DATA 

6 (in.) 
0.0000 
0.0103 
0.0271 
0.0278 
0.0395 
00528 
0.0713 
0.0888 
o 111 7 
0.1411 
01920 
0.2397 
0.3008 
0.3762 
0.4380 
04987 
0.5449 
0.6015 
0.6455 
0.6667 

.E!!.fu!l 
65.52 
6.1.52 

Load (kips) 
0.0 
3.5 
6.5 
6.6 
8.9 
10.9 
13.1 
14.8 
16.7 
18.8 
21..1 
23.3 
2.1 .0 
26.6 
27.6 
28.3 
28.7 
29.2 
29.7 
30.2 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



· ., 
• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1 .. , ;\0: 16 umman of Lan Cnnnfction Tt~l~ Reponed 8\' Sarkar nd \\ alllC'S 

TE. nrSIG"A no" 

Tes, Dcs'gnalICll\; 6·, (called ·a In rd<mlCe) D:l'e 8 IS,}! 

GfOIIETRIC MiD M TERIAL I'ROI'ERTIES 

DOLT 

PLA I 

Type: A490 

Boh 1I01e: SId 
Dmmcler (an) , 0.75 

hear Plane: 
1I0le Was Dnlled 

Width 00.) lluckness lt~ ) 
? 0,375 

1&.1!nJ 
2 

Edge Conshhon 
? 

? 0,375 

rEST Rr.s l LT 

L Imll 131< Boh hear 
KJ 197 (I..pslln .) 

~ L~2ad {kin~) 
MaXimum; 0.4067 35.2 

Other: 0.2500 30.9 

lOIn \' . nEFORllAnOIi ell IRT 

40 

35 

30 

~ 25 
c. 

~ 20 
." 

j 15 

10 

• 
o . 

? 
I 

..... ,. , 

2 

•• • 
• • • • ... • 

. - .- .-.-

• Test Data 
- . - . Parametnc 

--Componcn' 

? 

• 

0.00 0.05 0 10 0.15 0.20 025 O. 0 0.35 0.40 045 

Deformalion (In.) 

250 

El..ll..ill 
47 .57 
4757 

I}ATA 

6 (10 ) 

00000 
00027 
0.0145 
00297 
0035) 
0.045~ 

0.0531 
o ()6.14 
00734 
00822 
00981 
01231 
o 148! 
01771 
01912 
02053 
02231 
0.2298 
0.2404 
0.2513 
02654 
0.2764 
0.28B 
02987 
03144 
03299 
03498 
0.3739 
04067 
04-164 

1'\illW 
67.07 
6707 

l.oIIJ (I..ps) 
00 

.1 
5.2 
80 
92 
116 
134 
139 
11.7 
19 I 
209 
22.7 
246 
267 
21.6 
285 
29j 
299 
304 
310 
316 
320 
32.3 
32 R 
333 
338 
343 
341 
352 
342 



Ttst 0: 17 Summarv nr Lan Cnnnttlinn Tt'il Rtpnrttd 8~' Sarkar And Wallau 

TE T DESIGNATION 

Test Designation' 6·b (called 5·b 10 reference> Dale 8/ 15/92 

GEO,\IETRIC AND MATERIAL PROPERTIES 

BOLT 
Type: A490 

Bolt Hole: sld 

PLATE 

Diameter (In): 0.75 
hear Plane: 

Hole Was Drilled 

Width On.l Thickness (10'> .l&..UD.J S1inJ 
? 0.375 2 

Edge Condition 
? 

? 0.375 2 

TEST RESU LT 

Limit tate: Boll hear 
Ki: 247 (kIps/in.) 

Maximum: 
Other: 

B lin.) 
0.4664 
0.2500 

Load (kips) 
36.6 
31.8 

LOAD V . DEFORMATlO'l CIIART 

40 

35 

• • • • 
•• •• • •• 

• • 
30 

- 25 
~ 

a 20 
." 

j IS 

10 

5 . / 
• 

O . 

000 0.10 

~ . -

0.20 

.-.- . .-.-

0.30 

Odormalion (in.) 

• Tcst Data 
- . - . Parametnc 

--Component 

0.40 0.50 

251 

? 

0.60 

F\ (ksil 
47.57 
47.57 

DATA 

B (In ) 

00000 
0.001 1 
0.0075 
0.0177 
0.0272 
0.0367 
0 . 0~ 30 

0.0511 
00601 
00704 
0.0863 
0.1107 
0.1380 
0.1616 
0.1933 
0.2075 
0.2258 
0.2448 
0.2644 
0.2937 
0.3093 
0.321 7 
0.3388 
O. 609 
0.3837 
04174 
04664 
04933 

flillill 
67.07 
67.07 

Load (kips) 
0.0 
2.4 
4.8 
7.1 
9.4 
II. 7 
13.1 
15.0 
17.0 
189 
20.9 
22.7 
2~ . 8 

26.6 
28.7 
296 
30.6 
31.S 
32.4 
33.4 
33.9 
34 .3 
34.8 
35.3 
35.7 
36.1 
36.6 
35.3 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



.
~ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Ttlt ' .: 18 ~umm.,.' or Lan nRnct , ion Tr 111 RCPOrted 11\ arku And \\ aUIlt'f 

TrST I>E$IGNAnON 

Test Deslgnauon: 6-c (called S·c In reference) Dale 81S192 

GEO\l ETRIC A "I> ~ I \ TERI \1.1' ROrFlln ES 

DOLT 
Type; A490 

Bolt lIolc: sId 

PLATE 

018m.ler (In) 0.75 
hear Plane N 

1101. Was Dnlled 

"'idYl (ill-l 1l!1'~~~ lID ) WJnJ 5.1!!!J ~~ ~ondUl2!! 
? OJ7S 2 
? 0.375 2 

TfST RESCLT 

Limit lale Bolt hear 
Ki. 261 (kips/in.) 

§linJ 
MIll(lmum; 0.4339 

Other: 0.2500 

10 \0 \ ' .. I> EF'OR\IAnO'I 

40 

3S 

30 

- 25 
~ 
:i 
- 20 
': 
ft 

j 15 

10 .' ., 
f 

5 • 
O . 

000 o 10 

load (kmsl 
37.7 
33.1 

II\RT 

•• • 
•• •• • • • • 

•• • -,- _.-.- . 

• Test Data 
- . - • l)arumcLnC 

--Component 

020 O. 0 040 

Oeforma.ion (in.) 

252 

? 
? 

• 

0.50 

filllIl 
4757 
47.57 

I> \T \ 

6(111.) 

00001 
00100 
00167 
0.0220 
003D 
0.0412 
0.0502 
00602 
o 070~ 
o 081b 
o ()Q8K 
01225 
o 11()Q 
o I7QI 
01916 
02072 
0226<1 
02407 
0.2600 
02855 
0.2951 
03141 
03239 
03449 
01692 
01956 
04139 
04628 

Et!.fuil 
6707 
67.07 

I.oad (kips) 
00 
50 
8 I 
9 I 
11.6 
13.7 
158 
178 
198 
21.5 
232 
249 
270 
290 
299 
308 
319 
32.6 
33.5 
34 .5 
349 
35.5 
35.8 
36J 
368 
372 
37.7 
364 



TeslNo: 19 Summan' of Lan CORnre.ion TtSI~ Reported Rv Sarkar And Wallace 

TEST DESIGNATION 

Test Designation: 7-3 (called 5-d in reference) Date: 8114192 

GEO~IETRIC A ' 0 MATERIAL PROPERTIES 

BOLT 
Type: A490 

Bolt Hole: SId 
Diameter (in): 0.75 

Shear Plane: N 

PLATES 

° Width (in. ) Thickness (in.) 
? 0.3125 
? OJ 125 

TEST RESULTS 

Limit State: Bolt Shear 
Ki: 139 (kIps/In.) 

S (in.) 

Maximum: 0.70 14 
Other: 0.2500 

Load (kips) 
31.2 
22.9 

LOAI) \' . DEFORMATION CHART 

35 

30 

Le lin .) 
2 
2 

IIole W05 Drilled 

Edge Condition 
? 
? 

•• 
• • • • 

.-.-.- . 

25 

.E- 20 
Co 
." 
• 15 
j 

10 

.' . 
.I . 

f . I. 
~ • •• 5 I 

•• 
0.-------
0.00 0.10 0.20 

• 

• Test DaU1 
- . - . Parametric 

--Component 

0.30 0.40 0.50 0.60 0.70 0.80 

I)dormalion (in.) 

253 

f.I:.l.IIill 
47.3 1 
47.3 1 

DATA 

6 (m.) 
0.0000 
0.0010 
0.0100 
0.0350 
0.0437 
0.0559 
0.07 18 
0.0889 
0.111 3 
0.1421 
0.1772 
0.2325 
0.3045 
0.3388 
0.3872 
0.4426 
0.4761 
0.5086 
0.5403 
0.5719 
0.6082 
0.6432 
0.6835 
0.7014 

El!..!kru 
65.52 
65.52 

Load (kips) 
0.0 
2.6 
3.5 
7.0 
8.6 
10.6 
12.6 
14.4 
16.3 
18.4 
20.2 
22.4 
24.5 
25.4 
26.3 
27.3 
27.8 
28.3 
28.8 
29.2 
29.7 
30.2 
30.7 
3 1.2 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

• 


