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ABSTRACT

One of the fundamental components of a steel connection moment-rotation
behavior is the load-deformation behavior associated with high strength bolts. In the
particular connections being investigated by the writer the behavior of these bolts can be
approximated by the behavior of a simple lap plate connection. The lap plate connection
consists of two plates held together by a bolt. The load must pass from one plate through
the bolt and into the next plate. Local deformations occur in the bolt and in the plates as
the load is increased.

The study presented in this report isolates the local load-deformation behavior
associated with the plate and develops a method for approximating this behavior. The
more general load-deformation behavior associated with the lap plate connection is the

subject of a subsequent report

ix



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. The bolt load-deformation behavior can be approximated by the load-
deformation behavior of a simple single bolt lap plate connection. The lap plate
connection behavior is highly influenced by the load-deformation behavior of each plate in
the connection. The basic relationship between the single plate, lap plate connection, and

the full steel connection is shown in Figure |

Full Steel Connection
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Figure 1 Relation of Single Plate Single Bolt Tests to Full Steel Connection




This report presents the development of a method to predict the load-deformation
behavior of a single plate bearing against a single bolt. A combination of experimental and

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

1.1 Literature

No literature is known to be available that deals with predicting the complete load-
deformation behavior of a single plate bearing against a single bolt. However, there is
literature that deals with certain aspects of this behavior such as the initial stiffness and the
nominal strength. A formal literature review is not presented in this part of the report.
Instead, applicable literature is presented along with the development of the particular

aspect of plate behavior with which the literature deals.

1.2 Focus and Objective

The focus of this report is the load-deformation behavior of a single plate bearing
against a single bolt. The objective of this report is to develop a method that predicts this
behavior with suitable accuracy

Both expenmental and finite element studies were conducted to provide a basis for
development and verification of a method to predict the load-deformation behavior. The
experimental investigation consisted of 46 single plate tests. The primary purpose of these
tests was to determine the initial stiffness of the load-deformation response. However,
when possible, the tests were continued until failure of the plate occurred. The specimens
loaded to failure provided additional data on the basic shape of the load-deformation
behavior and the upper limit of the load capacity. The finite element study consisted of
over 150 finite element models of a single plate bearing against a single bolt. These
models were used to consider the effect of a large range of geometric and material
parameters on the initial stiffness of the load-deformation response.

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

initial stiffness and the load capacity. These two characteristics are discussed and analyzed




and existing literature dealing with them is presented and evaluated. Methods for
determining each of these characteristics are then developed and / or recommended.

The load-deformation behavior of a single plate bearing against a single bolt is
highly non-linear. Because of this non-linearity the behavior must be represented by either
a combination of piece-wise linear segments or by a continuous non-linear analytical
expression. The analytical expression used here in.

There are a variety of non-linear analytical expressions available One such
expression is the Richard Equation (Richard and Elsalti, 1991). This equation is presented
in Figure 2 along with a graphical interpretation of each parameter in the equation. Each
parameter of the equation represents a physical aspect of the load-deformation behavior,

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

AR __] A
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R = Force
R, A = Deformation
K = Initial (Elastic) Stiffness
K, = Plastic Stffness
K=K -K,
R, = Reference Load
n = Curvature Parameter
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[ [ AK, J] "
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A
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Figure 2 The Richard Equation

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

method to predict the load-deformation behavior of a single plate bearing against a single




bolt. First, a description of experimental work conducted at Virginia Tech (VT) is
presented. This work provides the fundamental basis for development and verification of
the method. Next, methods are developed and / or recommended for predicting the initial
stiffness and load capacity. This is followed by an analysis of the basic load-deformation
behavior shape and the development of proper parameters for use in the Richard Equation.
Finally, the complete method for approximating the load-deformation behavior is

summarized and evaluated against the experimental data.

2. Experimental Work Conducted At VT

An experimental study was conducted to provide data for the development and
verification of a method for approximating the load-deformation behavior of a single plate

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

study.

2.1 Test Specimens

A schematic of the typical single plate specimen is shown in Figure 3. The
specimens were fabricated from two types of steel. Test specimens for Tests 1 to 28 were
fabricated from 9-in. wide steel plate that had been in storage at Virginia Tech. The
particular grade of this steel is unknown. Specimen widths of 3.5-in,, 4.5-in, and 5.4-in.
were cut from the 9-in. wide plate. The remaining tests were fabricated from 5-in. wide
hot-rolled grade A36 steel plate.

All holes in the test specimens were drilled to standard sizes (dy plus 1/16-in.).
One end of the specimen had three holes to fit into the test setup. The test end had one

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

cut.
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2.2 Parameters Considered

The parameters that were systematically varied included the end distance (L.),
plate thickness (t;), bolt diameter (dy), edge condition (sheared or sawed), and plate width.
Because of an effort to use existing materials rather than purchasing all new material the
steel properties also varied among the test specimens. A summary of these parameters is
presented in Table 1. A comparison of F, and F, values in Table |1 shows a wide vanation
in steel properties. The steel properties of the steel used for test specimens 1 to 28 are not
typical of steels used in normal construction today. The steel used for test specimens 1 to
28 will be referred to as “high strength” and the steel used for the remaining test

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

it

Figure 3 Test Specimen

tensile tests which are presented in Appendix A.




Table 1 Test Specimen Parameters

Bolt Plate Plate | End Edge Fy Fu
Test | Dinmeter | Thickness | Width | Distance | Condition
(in.) (in.) (in.) {in.) (ksi) (ks)
i I 025 4.5 I Sawed 60 100
2 1 0.25 45 | Sawed 60 100
3 1 0.25 4.5 1.5 Sawed 60 100
4 1 025 45 1.5 Sawed 60 100
b I 0.25 45 2 Sawed 60 100
6 1 025 45 2 Sawed 60 100
7 1 0.25 4.5 2.5 Sawed 735 109
8 1 0.25 45 25 Suwed 56.5 95
9 1 0.25 4.5 3 Sawed 60 100
10 ) D2s 45 3 Sawed 60 100
11 1 0.25 4.5 | Sheared 59 96.5
12 1 025 45 | Sheared 59 96.5
13 I 025 4.5 2 Sheared 59 96.5
14 1 0.25 4.5 2 Sheared 59 96.5
17 | 0.25 54 2 Sawed 735 109
I8 1 0.25 54 2 Sewed 735 109
v 1 025 s 2 Sawed 735 109
20 I 025 is 2 Suwed 735 109
21 0.875 025 4.5 2 Sawed 56.5 95
22 0.875 025 45 2 Sawed 56.5 95
23 0.75 025 4.5 2 Sawed 56.5 95
24 0.75 025 45 2 Sawed 56.5 95
25 0.875 0.25 45 1.75 Sawed 56.5 95
26 0.RB75 0.25 4.5 1.75 Sawed 56.5 95
27 0.7s 025 4.5 1.5 Sawed 56.5 05
28 0.75 025 4.5 1.5 Sawed 60 100
29 | 0375 5 1.5 Sheared 437 63.7
30 | 0375 5 1.5 Sheared 437 63.7
il | 05 5 IS Sawed 533 748
32 1 0.5 5 1.5 Sawed 51.5 74.5
33 I 0.625 5 13 Sawed 437 63.3
34 | 0.625 5 2 Suwed 43.7 633
35 1 0.75 5 2 Sawed 45 678
36 1 0.75 5 2 Sawed 445 678
37 | 0375 5 1.75 Sheared 434 639
38 1 05 5 1.5 Sawed 51.5 74.5
39 1 025 5 1.5 Sawed 44.5 65.5
40 1 025 5 1.5 Sawed 44.5 65.5
41 | 025 5 1.5 Sawed 4.5 65.5
42 1 025 5 | Sawed 445 655
43 1 025 5 | Sawed 445 65.5
44 0.875 025 3 | Sawed 445 65.5
45 0.875 025 3 1 Sawed 445 65.5
46 0875 025 5 1.3125 Sawed 445 65.5
47 0.875 025 5 13125 Sawed 445 65.5
48 1 025 5 1 Sawed 445 65.5



2.3 Instrumentation

Two linear calipers were used to measure deformation on each side of the plate as
shown schematically in Figure 4 The calipers have markings at each 0001-in. By
interpolating between these marks the deformations were read to the nearest 0.0001-in.
+/- 0.00025-in. This instrumentation was chosen over electronic instrumentation in an
attempt to improve the accuracy of displacement measurement. The accuracy of the
electronic potentiometers varied from instrument to instrument but on average they were
accurate to the nearest 0.001-in. +/- 0.0015-in. This resolution was believed to be

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

typically very small.
= ITE . 1 et P
Lincar
Calipers
Clamping Clamping
Point Point
.
-
A325 Bolt A325 Bolt
Front of Test Plate Back of Test Plate

Figure 4 Displacement Instrumentation

As illustrated in Figure 4 the calipers were attached to the test plate with a small
C-clamp. This fixed one edge of the caliper while the other edge was positioned so that it
rested against the bottom of the bolt. The deformations determined by this setup included
both elastic deformations in the plate as well as plate bearing deformations below the bolt.




Load values were based on the load cell readings taken from the universal testing machine

used to test the specimens.

2.4 Test Setup

The test setup used is shown schematically in Figure 5. The top of the test plate
was bolted to the test rig with two or three 1-in. diameter bolts. Spacing plates were used
to center the plate in the test rig. The top and bottom of the test rig were placed in the
upper and lower heads of a universal testing machine which was used to apply the load for
the test. A single A325 bolt was placed through the hole in the test end of the specimen
and through two holes in the bottom test rig. The 2-in. gap in the bottom test rig provided

sufficient room for the plate and linear calipers.

Top of Test Rig

Spacing Plates

Connection Plate
A325 Bolt

Bottom of Test Rig

Figure 5 Test Setup




2.5 Test Procedure

Test specimens were loaded to 1 kip at a rate of 0_1-in./minute. The calipers were
then checked to ensure they were bearing on the bottom of the bolt. The plates were then
either loaded at a load rate of 2 kips/minute or at a displacement rate of 0.005-in./minute.
The displacement controlled loading was used in lieu of the load controlled loading in the
latter test specimens because it was found to provide better control over the test. Once
the load deformation behavior started to soften the specimen was loaded at a rate of 0.04-
in /minute. The initial deformation reading was taken when the load was between 2 and 3
kips. Subsequent deformation readings were initially taken at approximately every 2.5
kips After the behavior started to soften load readings were taken at approximately every

0. 05-in. of deformation.

Specimens were loaded until either the specimen failed or the limits of the test
setup were reached. The primary characteristic of the plate load-deformation behavior
that prompted these tests was the initial stiffness. As a result, the test setup was not
designed to test all specimens to failure. Consequently, many specimens were not tested

to failure but instead only initial stiffness data was obtained.

2.6 Results

Test summaries for each test specimen are presented in Appendix D. These test
summaries consist of two pages. On the first page there is a summary of the geometric
and material properties, a summary of the primary test results and test comments, and a
plot showing the load deformation behavior for the specimen. On the second page the
load-deformation data and a plot of the data used for determining the initial stiffness is
presented.

The following sections describe the types of failure modes observed, adjustments
that were made to the raw data, and the effect that plate width had on the load-
deformation behavior. Aside from these topics, additional discussion of results is not

presented here. Rather, the remaining results are presented and discussed in the later




sections of the report as appropriate. This will allow the reader to focus on one particular
charactenistic of the load-deformation behavior at a time without having to constantly refer

back to this results section.

2.6.1 Types of failures

As previously discussed, the maximum load that could be applied to the test
specimen was limited by the test setup. In many cases this load limit was reached before
any form of plate failure occurred. In some cases, however, plate failure occurred before
the test setup limit was reached. In these tests there were four plate failure modes

observed. These failure modes are shown schematically in Figure 6.

>

7
/

Bearing Tearout Splitting Curling

W

—

Figure 6 Typical Plate Failures
These failure modes are described as follows

e Bearing: Plate deformations exceeded 0.5-in. without any substantial loss in load

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

of the specimens fabricated from high strength steel

10




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

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

e Splitting: A split along the free end of the plate initiates and starts propagating toward
the bolt hole. This occurred in all plates with sheared edges. Load capacity is usually
not affected by the split until it propagates near the bolt hole. The rate at which the
split propagates depends on the load stage. If the split occurs in the early load stages
then the split propagates slowly;, however, if the split occurs in the later load stages

then it typically propagated quickly leading to fairly rapid failure.

e Curling: The plate below the bolt buckles out of the original plane of the plate. This
occurred in almost all Y-in. plates that had end distances greater than or equal to two-
. A loss in stiffness and eventually a loss in load capacity was associated with the
plate buckling. Tests were typically stopped when the plate had deformed far enough

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

2.6.2 Adjustments to data

Before the raw data could be used for the development and verification of load-
deformation behavior prediction models there were typically three and in some cases four
types of adjustments made to the data. First, estimates of elastic plate deformations and
bolt deformations were removed from the raw data. Next, the new data was used to
determine the initial stiffness of the specimen. The data was then shifted based on the
initial stiffness such that the initial response passed through a point of zero load and zero
deformation. Finally, in tests where excessive curling of the specimen occurred it was
sometimes necessary to remove one of the linear calipers to prevent it from being

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

2.6.2.1 Removing Elastic Plate Deformations From Data

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

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




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

plate deformations so that they could be removed.

Based on the initial caliper reading and the bolt hole diameter the distance between
the top of the bolt hole and the clamping point for the calipers was determined. The stress
in the plate was then calculated as the plate load divided by gross area of the plate. The
stress was then converted to strain assuming a modulus of elasticity of 29,000 ksi. The
strain was multiplied by the distance between the top of the bolt hole and the clamping
point for the calipers to estimate the elastic deformations over this length. Any
deformation along the side of the bolt hole has been ignored and consequently has been

lumped into the bearing deformations.

2.6.2.2 Estimating Bolt Deformations

The bolt that the test plate was bearing against had to span approximately 2-in.
between the plates of the bottom test rig. Consequently it is assumed that as the test plate
was loaded the load on the bolt would cause the bolt to bend. The calipers used to
measure deformations rested against the bottom of the bolt at a small distance from the
faces of the test plate. The vertical bolt deformation that occurs between the center of the
test plate and the point where the calipers rest against the bolt would be included in the
caliper measurement. This situation along with the model used for estimating the bolt

deformation are shown schematically in Figure 7.
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Figure 7 Vertical Bolt Deformations

Both shear and flexural deformations were included because the height to length ratio of
the bolt deformation model is as high as one-half Based on the model assumed, the

change in deformation can be expressed as:

55:5[.L(Li_a—J+ ka} (Eq 1)

2| Eb
Where:
k = Shear deformation shape correction factor, 4/3 for a circle
L = Distance from the center of the plate to the face of the test rig, 1-in.

a = Distance from center of plate to the caliper, 0.215-in. + /2

These deformations were calculated and then subtracted from the caliper measurements

2.6.2.3 Shifting Data Based on Initial Stiffness

Once estimated elastic plate and bolt deformations were removed from the raw
data, the first few data points were used to establish the initial stiffness of the load

deformation response. Based on a best fit line through these data points and the



corresponding load intercept, a fictitious caliper reading for zero load was determined
(fictitious because no caliper reading was taken at zero load). The data was then shifted
by subtracting the fictitious caliper reading from the actual readings. This shifts the data

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

2.6.2.4 Adjusting Data for Missing Caliper

If plate curling was observed one of the calipers would be removed from the plate
to prevent it from being damaged before the test was over. Prior to the caliper being
removed the deformation was assumed to be the average deformation from the two caliper
readings. The caliper readings from the remaining caliper needed to be adjusted so that
they would be consistent with the average caliper readings that were previously used.
This was done by determining the typical difference between the average reading and the
reading of the remaining caliper. This difference was then assumed to be constant for the
remaining readings. These deformation readings based on the remaining caliper were then

adjusted by this difference to estimate the deformation.

2.6.3 Effect of Plate Width on Load-Deformation Behavior

The effect of plate width on the load-deformation behavior was investigated by
comparing the results from tests 5, 6, 17, 18, 19, and 20. The only variable changed in
this group of tests was the plate width. Unfortunately, all the tests from this group except
Test #5 failed because of plate curling. This premature failure mode prevented the tests
from developing the full strength and / or deformation capacity. The load-deformation

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

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

e Up to about 25 kips there is little if any difference between the tests

e Beyond 25 kips the tests split into two groups. Tests 5, 19, and 20 start to soften
compared to Tests 6, 17, and 18.

e Out of the group that softened Tests 19 and 20 soon become unstable and curling
failure ends the test while Test 5 continues and develops the full strength and
deformation capacity.

o All the other tests developed the full load but then became unstable and curling failure
ended the tests before they could develop the full deformation capacity

e The deformation at the end of the tests were between 0.15-in. and 0.25-in. for the tests
that failed by curling.

The affect of plate width on the initial stiffness cannot be seen in Figure 8 because
of the scale. The initial stiffness values for the test group are given in Table 2. As can be
seen in Table 2 the differences between initial stiffness values are less than 5%. This



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

each pair of tests is 9%.

Table 2 Effect of Plate Width On Initial Stiffness

Plate Average Initial
Test Width Stiffness
(in.) (kips/in.)
19 & 20 329 1515
5&6 45 1525
17 & 18 54 1590

Based on the above observations the following conclusions may be made about the
effect of plate width.
e The width of the plate may have some effect on the load capacity before the plate

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

e The width of the plate has a negligible effect on the initial stiffness.
These conclusions are based on only six tests and the minimum plate width was 3.5-in. so
they should be regarded as preliminary at best.

If the plate width is less than 3.5-in. it is expected that the elastic stretching of the
plate alongside the bolt hole will start to effect the initial stiffness value. In addition, as
the plate width decreases the mode of failure would change from bearing type failure to a

net section tension rupture.

3. Initial Stiffness

The initial stiffness of the load-deformation behavior is one of the two most
important quantities needed to provide reliable predictions of this behavior.
Unfortunately, it is also the hardest quantity to predict and measure. Because of the
difficulty in measuring experimental initial stiffness values, it was decided that a
combination of experimental and finite element work would be used to develop and

evaluate predictive models.
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The following sections describe how experimental and finite element values for
initial stiffness were determined. Existing models for predicting the initial stiffness are
presented and a new model is developed. These models are then evaluated against the
experimental and finite element results. In addition, the effect of edge condition on the

initial stiffness is discussed.

3.1 Data For Evaluation of Models

There are two sources of initial stiffness data used to evaluate and develop an
initial stiffness prediction model. First, experimental values of the initial stiffness were
determined from the experimental work previously described. Second, a finite element
model was constructed and verified against the experimental data. The finite element

model was then used to conduct a parameter study.

3.1.1 Initial Stiffness Values Based on Experimental Work

This section presents a discussion and summary of the initial stiffness values
determined from the experimental work previously. First, the basic method for
determining the initial stiffness from the test data is described. Next, the sensitivity of the
initial stiffness values to the effects of loading and unloading are discussed. This 1§
followed by a discussion of how sensitive the initial stiffness values are to the accuracy of
load and deformation measurement. Finally, a summary of the imtial stiffness values along

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

3.1.1.1 How Initial Stiffness Values Were Determined

There appears to be no indisputable method for determining the mitial stiffness of
test data. Each set of data has to be evaluated individually and some judgment must be
used to determine which data points are appropriate for measuring the initial stiffness. For
this reason it is not possible to give exact details on how the initial stiffness values were
determined. However, in general the following procedure was used to determine the

initial stiffness.
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After subtracting elastic plate and bolt deformations from the raw experimental
data the first few data points were evaluated. The initial stiffness was defined as the
maximum slope of a best fit line through at least two measured data points. The data
points used to determine the slope were not necessarily the first two data points. This is
particularly true for the thicker plates where the stiffness appeared to increase and then
decrease as load was increased. A plot showing data points chosen and the best fit line

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

3.1.1.2 Effect of Unloading and Reloading

Because of various problems with the universal testing machine used, the first
measured load for some test specimens far exceeded the load range desired for
determining the initial stiffness. These specimens were unloaded and the test was started
again. Consequently, the initial data recorded came from the second loading of the
specimen.

To determine what if any effect this loading and unloading might have on the imitial
stiffness three test specimens were intentionally loaded two times. Deformation data was
recorded for both the first and second load sequences. The stiffness was then determined

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

Table 3 Effect of Unloading and Reloading on Initial Stiffness

Test First Stiffness Second Stiffness
(kips/in.) (kips/in.)
25 1611 2441
26 1189 2054
28 669 1438

As can be seen in Table 3 the stiffness determined from the second load sequence
was larger that that determined in the first load sequence for each test. The average
increase was 821 kips/in. This represents a significant increase compared to the first

stiffness. The intent of the experimental work was to determine the initial stiffness of a




previously unloaded specimen. Consequently the initial stiffness values based on test data
from specimens that were unintentionally loaded, unloaded, and reloaded are not

considered in the remaining discussion and evaluation of results.

3.1.1.3 Sensitivity of Initial Stiffness to Instrumentation

To determine the sensitivity of the measured initial stiffness to the accuracy of the
instrumentation the accuracy of the instrumentation must first be determined. The
deformations were measured with linear calipers that are marked at every 0.001-in. By
interpolating between the marks, measurements were made to an accuracy of 0.0001-in
+/- 0.00025. Load was measured using the load cell in the universal testing machine. The
accuracy of this load cell for the typical loads associated with the initial stiffness data was
assumed to be +/- 100 Ibs.

The first and last data points included for determining the initial stiffness were used
to determine the upper and lower bounds for the initial stiffness. The variation in load and
deformation was added and subtracted from the data point values. This created a box of
possible load-deformation points that could have been read for each point. Upper and
lower bounds on the initial stiffness were based on slopes passing from the edges of these

boxes as shown in Figure 9.
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Figure 9 Upper and Lower Bounds For K,
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3.1.1.4 Test Parameters and Experimental Initial Stiffness

A summary of the test parameters that were varied and the values of the initial
stiffness are presented in Table 4. Note that test specimens which were unintentionally
loaded, unloaded, and reloaded have been omitted. The initial stiffness based on the best

fit of the data as well as the upper and lower bounds on this stiffness are included.




Table 4 Summary of Initial Stiffness and Test Parameters

Bolt Plate Plate End Edge Fy Fu K1 Ki Ki
Test | Diameter| Thickness | Width | Distance | Condition Best Fit | Upper | Lower
(in) (in ) (in) | (in) (ksi) | (ksi) | (Kin) | (Kin) ] (Kin)
1 1 0.25 4.5 1 Sawed 60 100 1138 16 824
2 1 025 45 1 Sawed 60 100 1278 1958 906
3 1 025 45 1.5 Sawed 60 100 1511 1765 1336
5 | 025 4.5 2 Sawed 60 100 1477 1866 1217
6 1 025 4.5 2 Suwed 60 100 1572 1999 1277
8 | 025 45 2.5 Sawed 36.5 95 1643 2089 1332
9 | 025 4.5 3 Sawed 60 100 1601 2038 1303
10 1 025 45 3 Sawed 60 100 2137 2946 1646
11 | 025 45 1 Sheared 59 96.5 1258 1864 910
12 | 025 45 1 Sheared 59 96.5 1631 2995 1055
13 | 0.25 4.5 2 Sheared 59 96.5 1542 1927 1261
14 l 025 45 2 Sheared 59 96.5 2057 2783 1604
17 | 025 54 2 Sawed 735 109 1M 2337 1416
18 1 025 54 2 Sawed 75 109 1403 1743 1157
19 I 0.25 35 2 Sawed 735 109 1573 1988 1281
20 1 0.25 35 2 Suwed 735 109 1457 1821 1199
21 0.875 0.25 435 2 Sawed 56.5 95 1124 1336 958
22 | 0875 0.25 45 2 Sawed 56.5 95 1172 1421 996
23 075 025 45 2 Sawed 56.5 95 1098 1306 941
24 0.75 025 45 2 Sawed 56.5 95 935 1087 K13
25 0.875 0.25 4.5 1.75 Sawed 56.5 95 1611 2038 1314
26 0.875 025 45 1.75 Sawed 56.5 95 1189 1451 1005
28 0.75 0.25 45 1.5 Sawed 56.5 95 669 753 597
29 | 0.375 5 1.5 Sheared 437 63.7 1393 1701 1164
30 1 0.375 5 1.5 Sheared | 437 637 1724 2220 1375
31 1 0.5 5 1.5 Sawed 533 748 1670 1917 1494
32 | 0.5 5 1.5 Suwed 51.5 4.5 2 4165 2044
i3 1 0.625 5 13 Sawed 437 633 2265 3096 1757
M | 0.625 5 2 Sawed 437 633 2295 2852 1920
35 | 075 5 2 Sawed a5 678 3590 U 2152
36 | 0.75 5 2 Suwed a5 678 3531 4861 2717
37 | 0.375 5 175 Sheared | 434 639 1778 2335 1425
8 | 0.5 - 1.5 Sawed 515 745 1865 2390 1512
41 1 025 5 1.5 Sawed 445 65.5 1522 2894 963
42 | 0.25 5 1 Sawed M5 65.5 561 667 462
43 1 025 5 1 Sawed M8 65.5 113 1484 R60
4 | 0875 025 5 1 Sawed 4.5 65.5 902 1128 760
45 | 0875 0.25 - | Sawed 45 65.5 1056 1646 745
0.875 025 5 1.3125 Sawed 5 65.5 797 897 698
47 | 0875 0.25 5 1.3125 Sawed 45 65.5 856 1099 695
48 | 025 5 1 Suwed 445 65.5 388 431 9

A summary of the average, minimum, maximum, and coefficient of vanation of the
best fit K| is presented in Table 5 with the tests grouped by parameters. The maximum

upper bound and minimum lower bound values for the test group are also given.




Table 5 Summary of Initial Stiffness Statistics

Tests | Average | Max Min cov Upper | Lower

Bound | Bound

(&n) | (Kin) (k/in. ) (Kin.) (Kfin)
iy 1208 1278 1138 8% 1958 824
3 1511 - - - 1765 1336
5.6 1525 1572 1477 4% 1999 1217
8 1643 - - - 2089 1332
9,10 1869 2137 1601 20% 2946 1303
11,12 1445 1631 1258 18% 2995 910
13,14 1799 2057 1542 20% 2783 1261
17,18 1590 1 1403 17% 2337 1157
19,20 1515 1573 1457 5% 1988 1199
21,22 1148 1172 1124 3% 1421 958
23,24 1016 1098 935 11% 1306 B13
25,26 1400 1611 1189 21% 2038 1005
28 669 = g - 753 597
29, 30 1558 1724 1393 15% 2220 1164
37 1778 - - - 2335 1425
3l 1670 - - - 1917 1494
3238 2322 2719 1865 28% 4165 1512
33,34 2280 2295 2265 1% 3096 1757
35, 36 3560 3590 3531 1% 4934 2717
4] 1522 - - - 2894 963
42 43,48 687 1113 i88 55% 1484 349
44 45 979 1056 902 11% 1646 745
46, 47 826 856 797 5% 1099 695

3.1.2 Initial Stiffness Data Based on Finite Element Models

The initial stiffness for a limited number and range of plate and bolt parameters
were investigated experimentally. Additional data is needed to develop and / or verify a
model for predicting initial stiffness. Finite element models of the single plate bearing
against the single bolt were developed for this purpose. The finite element program
ANSYS was used to analyze the models. The finite element model was initially verified
against the experimental data. Next, the finite element model was used to carry out a

parametric study.
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3.1.2.1 Finite Element Mesh and Elements

Plate bearing against a bolt first appears to be a problem that can be modeled in
two dimensions. However, the initial stiffness values obtained from preliminary two
dimensional finite element models were in general much higher than the values determined
experimentally. This was true even with very fine meshes. Consequently, a three
dimensional model was constructed. As discussed later, this model compared much better

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

||

|
1

TN L | bl
X \- Loading Surfac
Plane of symmetry

Front of Bolt Hole

Figure 10 Typical Finite Element Mesh

ANSYS Solid 45 elements were used which are 8 node 24 dof elements.
Depending on the thickness of the plate being modeled the mesh is one to four elements
deep. ANSYS Contact 49 elements were used to model the contact occurring between
the bolt face and the front of the bolt hole. Boundary conditions were applied to the bolt
face such that it acted almost as a rigid surface. Attempts to refine the mesh density and /
or use higher order elements resulted in very little if any change in initial stiffness values.

The three-dimensional plate is doubly symmetric with planes of symmetry lying
parallel to the length of the plate. One plane passes through the plate mid-thickness and 1s
parallel to the face of the plate while the other plane passes through the center of the bolt
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hole and is perpendicular to the face of the plate (the second plane is shown in Figure 10).
Because of the symmetry, only half the thickness and half the width of the plate was

actually modeled.

3.1.2.2 Stress-Strain Relationship

Piece-wise linear representations of the steel stress-strain behavior were used in the
finite element models for the elements in the steel plate. The stress-strain behavior was
based on tensile test data of the steel used to fabricate the experimental test plates and a
statistical study of mild steel stress-strain behavior (Rex and Easterling, 1996(a)). All the
stress-strain relationships used for verifying the finite element results are given in Table 6.
In addition, data for a typical stress-strain plot is given. This typical behavior depends
only on values of F, and F,. A set of example data for Fy, and F, of 50 and 70 ksi

respectively is also given

Table 6 Stress-Strain Relations Used For Finite Element Model

SC12 sC22 SC44 SC45 SC46
E [+] E a 15 a £ o E a
(i) {psa) {m./mn.) (ps1) (i) (pst) {in./in.) (pst) (i) (ps1)
0.0 776 51500 0.0015 43500 0.001534 44500 0.001379 40000 0001379 40000
0.02 51500 0.02 43500 0,02 44500 0.003 S8000 0.002 50000
0.05 63325 0.05 54145 0.05 57630 0.02 TRO00 0.007 60000
0.1 70775 0.1 60515 0.1 64410 0.05 92000 0.05 85000
0.2 74500 02 63700 02 67800 0.1 100000 0.15 95000
1 74500 1 63700 | 67800 0.15 100000 1 95000
1 100000
SCa8 SC51 Typical Fy = 50 Fu=70
8 o [+ E o 19 a
(mn.'in.) (psi) (inn.) (ps1) (inin.) (psi) (n.n.) (psi)
0.00207 60000 0.001534 44500 FyE Fy 0.001724 50000
0.003 74000 0.02 44500 0.02 Fy 0.02 50000
0.006 74000 0.05 55675 0.08 0.85 Fu 0.05 59500
0.04 100000 0.1 62225 0.1 0.95 Fu 0.1 66500
0.15 109000 02 63500 0.2 Fu 02 70000
1 109000 1 65500 1 Fu 1 70000




The stress-strain values in Table 6 are engineering (Lagrangian) stress-strain
values. These values were converted to true stress and true or natural strain before being
used in the finite element models. The definitions of true and engineering stresses and

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

O = P/Ay (Eq 2)
Otwe = P/Ai = Geng (1 + Ecng) (Eq 3)
Een = AL/Lo (Eq4)
Ee = In ( Liflo ) =In (1 + £.p) (Eq5)

Where P is the tensile test load, Ly and Ly are the initial and final lengths of the tensile test
specimen, and A, and A, are the initial and true cross-sectional areas of the tensile test
specimen respectively. The conversions were given by the ANSYS User’s Manual (1992).

The MISO option in the ANSYS finite element program was used for entering the
piece-wise linear stress-strain behavior. This option uses von Mises yield criterion, an

associative flow rule, and 1sotropic work hardening.

3.1.2.3 Analysis Procedure and Determination of Results

The finite element model was loaded by giving the loading surface (Figure 10) a
fixed displacement of 0.005-in. in the positive X direction. This displacement was chosen
because it was about the average deformation associated with the last data point used to
determine the initial stiffness for the experimental tests. Forces developed through the
contact between the bolt hole and bolt face. Displacement was defined as the hole
elongation which was determined by evaluating the X displacement of the nodes on the
back face of the bolt hole

The total displacement of 0.005-in. was typically broken up into five or more
steps. At each of these steps the contact forces and the displacement were determined.
These force and displacement points were then plotted and a best-fit line was passed
through the data to determine the initial stiffness.
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3.1.2.4 Verification of Finite Element Model

Twenty finite element models were used for verification against the experimental

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

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

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

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

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

graphical summary of the results is presented in Figure 11. Note that the experimental test

results in Figure 11 have error bars representing the upper and lower bounds on the initial

stiffness.

Table 7 Summary of Finite Element Verification Model Parameters and Results

Steel Cuupmr Upper | Lower
Model Bolt Plate Plate End c-% Model MCorespondin | Avg Test| Bound Bound
Diameter | Thickness| Width | Distance | Approx. Ki Test No. Ki Ki Ki
{in) fn ) {in) (in)_ (kipsin. ) (kips/in.) | (kips/in ) § (kips/in)
VOIM3D | 0.25 45 1 SCas 1175 1,2 1208 1958 %24
VoM3ID 1 025 3 1 SCs1 1081 41,4348 6X7 1454 149
Vo3M3D I 0325 45 L5 SCas 1597 3 151 1765 1336
Vo4M3D I 0.25 5 1.5 SC51 1221 41 1522 894 963
VosSM3ID 1 0.25 45 2 SC45 1714 56 1528 1999 1217
VoosM3AD | 0.25 45 5 SC46 1662 L] 1643 20%9 1332
VaT™3D I 0.25 45 3 SC48 1641 92,10 1869 2946 1303
VOsMAD | 025 5.5 2 SC4ax 1947 17,18 1590 2337 1157
VooMaD 1 025 35 2 SC4a8 1X26 19,20 1515 19K% 1199
VIiOM3D 1 0375 5 L5 SC25* 1860 2930 1558 2220 1164
VIIM3D I 0.375 5 1.75 SC22 1878 £y 1778 2335 1425
Vi2MaD 1 0.5 5 1.5 sCI12 3032 12.3% 31 4163 1512
VI3M3aD 1 0.625 5 13 SC43* 3305 3334 2280 3096 1757
Vi4M3D I 0.75 - 2 SC44 4424 3536 1560 4934 217
VISM3D 0.875 025 Kl 2 SC46 1533 2L 1148 1421 958
VIeM3D 0.875 028 4 1.75 SC40 1517 25,26 1400 2038 1005
VITM3D 0.875 025§ 5 | SCS1 1071 44 45 979 1646 745
VISM3D 0,875 025 5 13125 §C51 112 46,47 K26 1099 695
VIOM3D 075 02S A 2 SC46 1422 23,24 1016 1306 K13
VIOM3D 0.75 025 4 (] SC46 1403 28 669 753 597

*SC25 and SCA43 about same as SC22 so SC22 used instead
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Figure 11 Finite Element Model K, Vs. Experimental K,

Comparison of the finite element results to the experimental test results in Figure
11 shows that all but four of the finite element results fell within the upper and lower
bounds for the experimental test results. Sources of difference between finite element
model and experimental test results include:
e Difference between the nominal and actual geometry
e Difficulty in experimentally measuring initial stiffness
e Variations between the actual and modeled stress-strain behavior
Overall, the agreement between the finite element results and the test results is deemed

satisfactory.

3.1.2.5 Parameter Finite Element Models

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

changing parameters. The parameters included were




Bolt Diameter 3/4-in., 7/8-in., and 1-in.

Plate Thickness: 1/8-in. to 1-in. in increments of 1/8-in.
Edge Distance: 1-in. to 3-in. in increments of 1/4-in.
Yield Stress: 35 ksi to 60 ksi in increments of 5 ksi
Ultimate Stress: 50 ksi to 100 ksi in increments of 10 ksi

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

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

26.2.

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

models.

At large end distances:

End distance had no effect

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

K; was not affected by changes in the ultimate stress of the steel plate. The ultimate
stress had little influence simply because the strains associated with determining the
initial stiffness were typically smaller than the strains associated with significant strain
hardening.

The ratios between K, of different bolt diameters were approximately constant. The
ratio of K, for 1-in. diameter bolts over 3/4-in. diameter bolts was on average 1.23
with other parameters constant. The ratio of 7/8-in. diameter bolts over 3/4-in.
diameter bolts was on average 1.13 with other parameters constant.

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

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

values based on finite element models for a 1/4-in. plate with a yield stress of 45 ksi and

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

Review of this Figure 12 shows the effect which reducing the end distance has on the
initial stiffness for different bolt diameters. For the Ya-in. bolt there is little to no effect on
the initial stiffness for end distances as little as 1-in. For l-in. diameter and 7/8-in.
diameter bolts the end distance has an effect on the initial stiffness starting at end distances
of 1.75-in. and 1.5-in. respectively.

A relationship between end distance and F, also exists. Finite element models for
Va-in. plates and 1-in. diameter bolts with varying end distance and F, are plotted in Figure
13. The imtial stiffness values have been normalized by the initial stiffness determined at
large end distances which is termed the bearing stiffness Ki.. Review of Figure 13 shows

that as F, increases the effect of decreasing end distance becomes larger
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Figure 13 Relation Between Yield Stress, End Distance & K;

3.2 Existing Prediction Models

Three models for predicting the initial stiffness of bolted joints, in which bolts are
not fully tightened, were reviewed from the literature. These are described in the
following paragraphs.

The first of these was given in Eurocode 3 Annex J (1994). This was developed
for the purpose of determining the initial stiffness of the moment-rotation behavior of
bolted joints where the bolts are in shear and not fully tightened. This initial stiffness is
given by:

Ki=24k ki dy F, (Eq 6)
Where:
ks = Minimum (L./ (4dy) + .5 0or S/ (4dy) + 375) < 1.25
kk=15t/dme 2.5
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dmis = Nominal diameter of a M16 bolt (16mm)

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

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

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

deformation constants associated with bolt shear (Cy,), bolt bending (Cy,), bolt bearing

(Cyir), and plate bearing (Cp).

Ky = 2/( C|,. +Chh +C|ﬂsf +Cp|,)

Where:
t+2t'
C 3 —
ST T
o Bt4l6ttt 481t + 00
Cw =
192Els
(t+21)
bbby =
Ett'
| 2
Cphr S e— e —
tE tE

t” = Thickness of lap plates
t = Thickness of main plates

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

Ki=tpE

(Eq7)

(Eq 8)

(Eq 9)

(Eq 10)

(Eq 11)

(Eq 12)

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

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

deformations in the bolt and an approximation of bearing deformations in the plates.
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A copy of Vogt's paper was not obtained, consequently it is unclear what part of the
expression deals with bearing deformations of the plates. Vogt's expression will not be

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

3.3 Proposed Model

Based on the results from the finite elements models and the experimental tests it
appears that the initial stiffness depends on three primary stiffness values in the plate. The
stiffness associated with bending, shearing, and bearing combine to determine the final
initial stiffness. The bending and shearing occurs in the portion of the plate between the
bolt and the free edge of the plate. Bearing occurs at the contact between the bolt and the
plate. The model that accounts for these three stiffness values is simply three springs in
series. The final stiffness is given by

K = ﬁ (Eq 14)
ke K5 Kr
Where
Ky = Bearing stiffness
K, = Bending stiffness
K, = Shearing stiffness
This simple model is consistent with the observations made from the finite element results.
At large end distances the bending and shearing stiffness values would be large compared
to the bearing stiffness. This means only parameters affecting the bearing stiffness would
have an affect on the final stiffness. As the end distance becomes shorter the bending and
shearing stiffness values start to become more comparable with the bearing stiffness and

consequently start to have an affect on the final stiffness.
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The three stiffness values, K, Ks, and K, should be related to the material and
geometry of the plate and bolt. The following two sections develop analytical expressions

to predict these stiffness values.

3.3.1 Bearing Stiffness

At large end distances the initial stiffness is primarily controlled by bearing
deformations. The physical reality of a bolt bearing on the side of a bolt hole is really a
complex three dimensional problem involving material non-linearity. Some simplifications
of the real problem have to be made to develop a model that relates the plate geometry
and material to the bearing stiffness. Two assumptions were made to simplify the
problem. First, the problem is assumed to be two dimensional, and second, the steel in
contact with the bolt is assumed to be at its yield stress. With these two assumptions the
basic problem becomes one of geometry.

The bolt and the bolt hole are modeled as two circles of different radii. The bolt
has a radius of R, and the hole has a radius of R,. Note that R; is always larger than R,.
Bearing deformations are represented by the portion of the bolt circle that lies outside the

bolt hole circle. This basic geometry is shown in Figure 14,
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Figure 14 Bearing Stiffness Model

The bearing length will be defined as the portion of the bolt circumference that is in
contact with the bolt hole. The bearing area is then defined as the bearing length times the
plate thickness. Finally, the bearing force is given by the bearing area times the yield stress
of the plate.

Initially (i.e. prior to load being applied), the bearing area would be zero. As load
is applied the bearing area has to increase in proportion to the load. The deformation
required to cause the appropriate increase in bearing area is proportional to the radii of the
bolt and the bolt hole. Based on the geometric definitions given in Figure 14 the following

relationships can be derived.

Bearing Area=2 o, R t, (Eq 15)
And
e B < (Eq 16)
o e 2R A 4

34




The derivation of o is given in Appendix B. Note that A in Equation 16 is the vertical
distance between the center of the bolt and the center of the hole which is equal to the
maximum bearing deformation plus the difference between the bolt radius and hole radius.

The bearing force for a given bearing deformation can be determined with
Equations 15 and 16. The stiffness can then be approximated as the force divided the
maximum bearing deformation.

For standard holes the hole radius is 1/32-in. larger than the bolt radius. Assuming
standard holes and a assuming a bearing deformation of 0.004-in. the initial stiffness based
on the above model is given as

Kie =120 t, F, dy (Eq 17)
The assumed bearing deformation of 0.004-in. was based on comparisons between the
resulting value of Ky, and the results of the finite element models.

Because of the simplifying assumptions made to derive Equation 17 there are some
discrepancies between initial stiffness values determined using the equation and the values
determined from the finite element models. Comparisons to the finite element results
suggested that the relation between bolt diameter and initial stiffness was not exactly
linear. To account for this difference one modification is made to Equation 17 to yield the
final equation for determining the bearing stiffness.

Ki = 120t, F, dy”* (Eq 18)

3.3.2 Bending And Shearing Stiffness

The bending and shearing stiffness values are similar to the bearing stiffness in that
they are in reality a complex three-dimensional problem with some material non-linearity
A very simplified model of the real problem is assumed to develop an analytical expression
to determine the bending and shearing stiffness. The steel in front of the bolt is modeled
as an elastic fixed end beam of length L and height h. This basic concept is shown
schematically in Figure 15.
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Figure 15 Bending And Shear Stiffness Model

Before bending and shearing stiffness equations can be derived for the fixed end
beam the distribution of load on the beam must be assumed. In addition, the relationship
between the slenderness of the beam (L/h) and the geometry of the plate must be
determined. Three load distributions were considered: point load at the middle of the
beam, a triangular load with the apex of the triangle at the middle of the beam, and a
uniform load. Three measures of slenderness were also considered.

Shearing and bending stiffness equations were determined for each load
distribution and slenderness measure. These stiffness values were then compared to the
finite element model results. Based on this comparison, a uniform load distribution was
chosen and the best slenderness measure was chosen. The expressions for the bending

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

Ky =32 Et, (WL)' (Eq 19)
K,=6.67Gt, (WL) (Eq 20)
WL =LJdy - 12 (Eq21)

Equations 19 and 20 are derived in Appendix B. The value of the slenderness basically
assumes the beam has a length of d;, and a height of L. - dy/2 which is a reasonable value

based on the geometry shown in Figure 15.
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3.4 Evaluation of Existing And Proposed Models

The proposed initial stiffness model as well as the existing models given by EC3
Annex J (1994) and Tate and Rosenfeld (1946) were evaluated against the experimental
and finite element data. Initial stiffness values were determined using each of the models.
The test and finite element initial stiffness values were then divided by the predicted

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

Table 8 Evaluation of K, Models

Model: Proposed EC3 Annex J Tate & Rosenfeld
Experimental Results
Average 0.88 1.15 0.17
cov 23% 24% 30%
Finite Element Results
Average 1.02 1.48 0.17
cov 5% 16% 14%

The model by Tate and Rosenfeld (1946) did not compare favorably with test or
finite element initial stiffness values. This was expected based the simplicity and lack of
parameters in the predictive model. Considering the experimental stiffness results the
proposed model and the model in EC3 Annex J (1994) were comparable. The proposed
model tended to over predict the stiffness and the model in EC3 Annex J (1994) tended to
under predict the stiffness. Both models had similar vanation around the mean. With
regard to the finite element results the proposed model compared much more favorably
than the model in EC3 Annex J (1994).

The following observations are based on a qualitative comparison of the proposed
model and the model given in EC3 Annex J (1994)

e When the end distance is reduced to 0.5 d, the proposed model gives a zero stiffness
while the model given in EC3 Annex J (1994) does not. In reality, when the end
distance is reduced to 0.5 dy there would only be a small sliver of steel between the
edge of the bolt and the free edge of the plate. For this condition a zero stiffness

seems appropriate.
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e Both the proposed model and the model given in EC3 Annex J (1994) are linearly
related to the plate thickness. The model given in EC3 Annex J (1994) indicates that
this linear relationship ends when t, = 1.05-in. and that subsequent increases in t, will
not increase the stiffness. The experimental and finite element results do not include
any plates above l-in. in thickness. Consequently, this particular aspect cannot be
evaluated in a definitive manner, however, it is hard to believe that the initial stiffness
would not increase at all with increasing plate thickness.

e Both models do account for reductions in stiffness as the end distance is reduced.

e The proposed model is linearly related to F, while the model given in EC3 Annex J
(1994) is linearly related to F, The results from the finite element models clearly
showed a relation to the F, and not F,,

e Neither the modulus of elasticity or the shear modulus are parameters in the model
given by EC3 Annex J (1994) while they are both parameters in the proposed model.
However, EC3 (1993) is for steel structures and the general assumption would be that
the given model is applicable only to steel.

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

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

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

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

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

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

3.5 Effect of Plate Edge Condition

Some of the experimental tests were designed to determine the effect the plate
edge condition may have on the initial stiffness. The measured initial stiffness values for
these tests are presented in Table 9. The only difference between the tests in Table 9 was
the end distance and edge condition. Based on these results it appears that the edge

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

End Edge First Initial Average Initial
Test Distance Condition Stiffness Stiffness
(in.) (kips/in.) (kips/in.)
1 ] Sawed 1132 1201
2 1 Sawed 1270 -
11 ] Sheared 1250 1435
12 1 Sheared 1619 -
5 2 Sawed 1467 1514
6 2 Sawed 1560 -
13 2 Sheared 1530 1530
3.6 Summary

Initial stiffness values based on the experimental tests were determined. In
addition, finite element models were developed and used to analytically determine the
initial stiffness for a wide range of variables. Based on the experimental and finite element
results a model was developed that can be used to predict K;. This model along with
existing models were evaluated against the experimental and finite element results. In
general, the proposed model compared well with these results and is consequently
recommended for use.

The proposed model is based on very fundamental mechanics. However, there are
four aspects of the proposed model that were based on comparisons to the experimental
and finite element data. These include
e The bearing deformation of 0.004-in. used to determine the 120 constant for the

bearing stiffness.
e The 0.8 power on the bolt diameter for the bearing stiffness.
e Using a uniform load distribution for the development of the bending and shearing
stiffness.
e Using L./dy -1/2 as a measure of the slenderness for bending and shearing stiffness.
Because these aspects of the model were somewhat dependent on the experimental and
finite element results it is not recommended that the model be used outside of the range of

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

This section considers the nominal strength of the plate in front of single bolt in a
standard hole (dy + 1/16-in.). The nominal strength represents the upper boundary on the
load-deformation behavior and will be limited by one of three failure modes; bearing,
tearout, or splitting. Note that the curling failure mode is not considered here because it is
not a common failure mode seen in typical steel connections. These failure modes were
described in Section 2.6.1 of this report.

Data on the nominal strength from two experimental investigations is presented.
This data is used to evaluate four existing strength models. Based on this evaluation one

strength model is recommended.

4.1 Experimental Data For Evaluation of Models

There are two sources of experimental data. The first source of data is the
experimental work that was conducted at VT and described in Section 2 of this report.
The second source of data is the experimental work conducted at Oklahoma State

University (OSU) by Lewis (1994)

4.1.1 Experimental Work Conducted at VT

As described in Section 2 of this report, 46 single bolt single plate tests were
conducted. Out of those tests 20 failed by either bearing, tearout, or splitting. The results

of these 20 tests are summarized in Table 10 along with the important plate parameters.
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Table 10 Summary of Nominal Strength Parameters and Results

Test tp Le Fu db Rult Af@ Rult | R @ 025" | % Increase | % Increase | Failure
(m.) (m.) (ks) (.} (kips) (mn.) (kips) inR mA Mode
1 025 1 100 | 243 02374 243 [ - Beanng
2 025 1 100 I 23 02498 23 0% 0" Tearout
3 025 S 100 1 M2 04171 LR} 3% 67% Splitung
4 0.25 1.5 100 1 338 03857 330 2% 54% Beanng
5 025 2 100 | 432 0.3291 421 % 32% Beaning
11 025 1 96.5 1 238 02017 237 0% . Splitung
12 025 1 96.5 I 22.) 0.2261 219 1% - Spliming
29 0375 1.5 63.7 I 32.5 0.1557 - - - Spliting
30 0375 1.5 637 1 30.7 0.2205 0.6 0% - Splitting
37 0.375 1.75 639 1 354 02115 54 0" . Splitung
19 025 1.5 655 1 255 0.5068 239 T 103% Beanng
40 025 1.5 655 I 259 0.5072 24.1 T 103% Beanng
41 025 1.5 655 | 257 0.4996 24.1 T 1007 Beanng
42 025 1 655 | 16.3 03338 16.0 2% 3% Beanng
43 0.25 1 65.5 I 16.3 0.3807 156 4% 52% Heanng
RS 025 1 65.5 0875 16.1 0.3833 IS8 2% 53% Beanng
45 025 1 655 0875 16.0 0.3210 158 1% 28% Beanng
46 025 13125 655 0.875 ns 04472 21.5 by T% Beanng
47 025 13125 65.5 0.875 26 0.4486 21.6 4% 79% Beanng
48 0.25 1 65.5 | 173 03734 169 2% 49% Beanng

In Table 10, Ry is taken as the maximum test load measured before the test ended,
and, A @ Ry is the deformation at this maximum load. If two or more load-deformation
points had the same maximum load value then the first of these points was used

Bearing failure in Table 10 means the bolt hole elongation reached 0.5-in. and the
test was stopped. For later evaluation the load at 0.25-in. of hole elongation is also
included in Table 10. The percentage increase of R, compared to R @ 0.25-in. and the

percentage increase in A (@ R, compared to 0.25-in. is also included for later evaluation

4.1.2 Experimental Work Conducted at OSU

Lewis (1994) conducted 48 single plate single bolt tests. Variables considered in
the test program included the clear distance (L.) which was varied from 0.125 to 2.75-in,,
the plate thickness which varied from .25 to 75-in., and the bolt diameter which varied
from .625 to 1-in. The plates were all 4-in. wide with standard holes and were fabricated
from A36 steel. The clear distance is the distance from the front edge of the bolt hole to
the free edge of the test plate. A summary of the variables and test results is presented in
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Table 11. For comparison purposes the end distance (L.) was calculated and is also
included in Table 11.

Table 11 Test Data Reported By Lewis (1994)

Test tp Le Le Fu | BoltDm Rult Fuathure
No {m) (m) (m) (ksi) (n) {kaps) Mode
\ 026 0678 0m 09 075 13 Tearout
2 0.253 n6mn 0.266 n? 071s na Tearout
3 03253 1175 0769 TET 075 an Tearout
4 0254 1.638 1132 717 078 298 Tearout
5 0252 1.8%4 1478 721 075 3345 Teurout
6 074 0706 n3 63.7 0.75 3295 Tearout
7 0.746 0888 0482 637 078 47 Tearout
¥ 0753 1120 | 0714 637 075 5713 Tearout
9 0746 1.536 (BE] 6317 075 7128 Teurout
10 0252 0735 0204 n7 1 115 Tearout
n 02s 1231 07s n? 1 2305 T earout
12 0252 176 1.245 727 1 1212 Tearout
13 D251 1800 2269 v A ) 1 an7m Tearout
4 074 o™ 0247 | 637 1 nn Tearouwt
15 0744 1.2%5 0754 637 1 614 Tearout
16 0742 1 ™5 1254 637 1 WS T earout
17 0743 0814 0283 624 1 3625 Tearout
11 0744 1 296 1 768 624 1 68 s Tearout
19 0743 1.767 1.236 624 | 90 Tearout
20 0.252 0™ 0256 7009 | 1328 Tearout
Fi n2s 1.297 0 766 me 1 Fi % Tenrout
=2 025 1 760 129 09 1 e Tearout
2 0252 ims 2264 mne | 4225 Tearowt
1] 0.25 D 789 0.25% 09 1 14 Tearout
23 025 1192 0 786 09 07s 2278 Tearout
26 0252 1662 1256 00 075 30.75 Tearout
i g 0252 1.904 I 49% 09 075 3395 Tearout
] 0742 055 | 019 624 07s 2665 Tearout
29 0744 073 0467 624 07s 49 Tearout
30 0742 1207 0 %01 624 0.7% 6275 Tearout
3 0742 1417 Lon 614 075 T4 Tearout

2 0.745 0479 | 0073 624 075 121 Tewrout
13 0251 0.646 0302 09 0625 13 Heating
Er] 0251 1.380 1.036 07 0625 19 Heanng
35 0251 2085 1751 07 0625 b ] Bearng
36 0249 | 2994 265 709 0.625 305 Beaning
37 025 2 2496 707 075 L Bearng
£ 0 498 2906 15 663 0.75 0 Beanng
w 05 2946 254 05 075 695 Beaning
40 0748 0.¥94 0 4%% 627 07s 42 Beaning
41 0742 1124 omns 27 075 6 Bearng
42 0748 | 197 1.57 627 0.7% $1.5 Bearng
i) 074 2 1917 627 075 20 Bearmng
4 074 1.063 0.532 637 1 502 Beanng
45 0.745 121 0742 617 | 60.2 Bearmg
46 0.751 2032 150 627 1 %6.2 Bearing
47 0745 Ioae | 2938 637 1 103 Bearing
4" 0.746 1061 9 627 1 1065 Bearing
LE ] 0251 0646 | 0302 09 0.625 13 Tearout
3ap 0251 13m0 1 036 w7 0625 B30 Tearouwt
5B 0251 2 1.751 07 0.625 3155 Tearout
B 0249 2994 265 09 0625 un Tearout
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Bearing failure in Table 11 means the bolt hole elongation reached 0.25-in. and the
test was stopped. This definition of bearing failure is different from that used for the tests
conducted at VT. The definition of bearing failure at 0.25-in. of hole elongation is based

on the recommendation of Frank and Yura (1981).

4.1.3 Evaluation of Experimental Results

The following presents a discussion and comparison between the two sets of
experimental results. The particular topics of discussion and comparison are based on
conclusions made by Lewis (1994).

Lewis concluded that extreme deformations were required to cause tearout failure.
The only test conducted at VT that failled by tearout was Test 2. Test 2 failed at a
deformation of approximately 0.25-in. This deformation is not extreme, however, F, was
100 ksi for steel used to fabricate Test 2. In addition, the percent elongation was only
18% which is low when compared to a more typical value of 30% for mild steel. These
are the most likely reasons for the low deformation at tearout failure associated with Test
2. No other tests conducted at VT failed by tearout because the tests were ended at a hole
elongation of 0.5-in. The eventual mode of failure for many of these tests would have
been tearout if the tests were continued. Consequently, the tests conducted at VT do
agree with the conclusion by Lewis.

Lewis concluded that increases in the clear end distance beyond 1 6-in. did not
increase the strength of the test specimen significantly. The largest clear end distance
associated with the tests conducted at VT which did not fail prematurely by plate curling
was |.5-in. Consequently, no agreement or disagreement with the conclusion by Lewis
can be determined.

Lewis concluded if the upper limit for plate strength is set at the load when the bolt
hole has reached 0.25-in. of elongation then the upper limit for the bearing stress for 5/8-
in., 3/4-in., and 1-in.bolts was 3.0 F, 2.6 F,, and 2.2 F, respectively. Again, no agreement
or disagreement with this conclusion can be made based on the tests conducted at VT

because of the premature plate curling failures which occurred in the plates with large end
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distances. However, it is believed that the source of this conclusion is simply the fact that
it takes more deformation for a larger bolt to come into full contact with the bolt hole
which can be shown from simple geometry.

Lewis concluded that if the bolt holes were allowed to excessively elongate then
there was an average increase in load capacity of 5% compared to the load capacity at a
hole elongation of 0.25-in. The following conclusions were found for the tests conducted
at VT. For tests fabricated from high strength steel the average increase in load capacity
was 1.3% for an average increase in hole elongation of 21%. For tests fabricated from
mild steel the average increase in load capacity was 3.4% for an average increase in hole
elongation of 57%. These results tend to confirm the more basic conclusion that there is
little to no load increase for a hole elongation beyond 0.25-in. However, the only tests
included in this analysis are those that did not fail by plate curling which typically occurred
at larger end distances. A comparison of tests 39 through 43 and test 48 conducted at VT
shows that there is a trend for higher percentage increases in strength as the end distance
becomes larger. Consequently, a general conclusion that the increase in load capacity for
a hole elongation beyond 0.25-in. is small is probably unwarranted and probably ignores

the behavior of larger bolts at large end distances.

4.2 Existing Prediction Models

All existing strength models treat bearing and tearout modes as one limit state.
When the bolt is close to the end of the plate either a tearout failure will occur and as the
bolt gets farther away from the end of the plate tearout only occurs after excessive bearing
deformations (bearing failure) so an upper limit representing bearing failure is applied to
each model.

The upper limit imposed on all the bearing/tearout prediction equations represents
one of two things. First, it can represent a true upper limit on the bearing strength
meaning that increases in the end distance do not result in increases in the strength.

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

The most common strength model for predicting tearout failure was developed by
Fisher and Struik (1974). They used a simple plate shearing model (as shown in Figure 16)

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

. Az
6 AE. 30k

o .
T

Figure 16 Bolt Tearout Model

The nominal strength R, is assumed to be the strength developed by two shearing planes
which radiate from the edges of the bolt to the end of the plate at an angle . A lower
bound on this strength is given by assuming « is zero and that the shear planes start at the
point of the bolt hole closet to the end of the plate. With these assumptions the strength

can be derived as follows

ds
Ro=1'2t, [L. o ?] (Eq 22)
Where

1.’ = Shear strength of the plate (assumed as 0.70 F,)

Substituting and rearranging results in

Fu"
R, = 1.40F dit, [I - ;} (Eq 23)

The bearing stress, F, is defined as the bearing tearout strength divided by the bearing

area and is given as
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= A e (k l)
Fo= < = 14F| -7/ s30F, (Eq 24)

According to Fisher and Struik (1974) the upper limit of 3.0 F, is associated with a change
from a tearout failure mode to a failure mode associated with large bolt hole deformations.
Although not explicitly stated, the data used for verifying Equation 26 did indicate that the
upper limit of 3.0 F, was also an upper limit on the bearing strength and that additional
increases in end distance did not increase the strength.

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

expression.

Fu

Ls
F. =<3.0F, (Eq 25)

b

Equation 25 was adopted by the AISC Specification (Load and, 1993). The
specification states that for a single bolt in the line of force the bearing/tearout strength is

given as

L.
Fv = Fu E‘ <24F, (Eq 26)

b
The only difference between Equation 25 and 26 is that the upper limit for bearing stress is
24 F, rather than 3.0 F,. The reduced upper limit was adopted to limit bearing
deformations as suggested by Perry (1981), however, the specification does state that an
upper limit of 3.0 F, can be used instead for situations where bolt hole deformation is not
a concern.

Recently, there has been a proposed change in the AISC Specification for
Structural Joints Using ASTM A325 or A490 Bolts (Minutes, 1994). The proposed
equation is based on the same development used by Fisher and Struik (1974) with two
exceptions. First, rather than assuming the length of the shear plane is L. - dy/2 the length
of the shear plane is assumed to be the clear distance (L.) from the edge of the bolt hole to

the end of the plate. Second, rather than assuming a shear strength of 0.7 F, the shear
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strength is assumed as 0.6 F, which is more consistent with all other shear faillure models

in the AISC Specification (Load and, 1993). The proposed expression is given as

Le
F» = 1.2F. % <24F, (Eq 27)

b
Again, the upper limit of 2.4 F, is applied to limit bolt hole deformations.
EC3 (1993) has a slightly different expression for the tearout strength
F,=25aF, (Eq 28)
Where
o = minimum of
LJ/3dy
Fu/F,
1
Considering that the bolt strength (for the most commonly used A325 and A490 grade
bolts) i1s greater than all plate strengths that are allowed to be used in design under the
AISC Specification (Load and, 1993), the second value for & can be ignored and the

equation can be rewritten as

25
3

n

F. —<25F, (Eq 29)

iy
IA

Fy =

4.3 Evaluation of Existing Models
This section evaluates the four strength models presented in Section 4.2 by
comparing them to the experimental test data. Both statistical and graphical comparisons

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

experimental strength Ry is divided by the predicted value R, The average and

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

Model: | AISC (1993) | Fisher & Struik |  Proposed | EC 3

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

To make a graphical comparison of the models it is convenient to plot the test data
and prediction models in terms of normalized bearing stress vs. L/d,. Bearing stress was
defined in Equation 26 and it is normalized by F, for the steel.

It should be noted that AISC (1993) and the Fisher and Struik model can be
plotted strictly as a function of the normalized variables. However, to plot the newly
proposed model and the EC 3 model a couple of assumptions had to be made. First, so
that the newly proposed model could be plotted an average d, was assumed as 0.87-in..
This model is fairly insensitive to small changes in this value so using the average value
seems justifiable. Second, so that the EC 3 model could be plotted an average value of
LJ/dy vs. LJ/dy was determined as 0.93. Again, small variations in this ratio have little
effect on the graphical results so using the average seems justifiable. The models along

with the normalized data are presented in Figure 17
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Figure 17 Normalized Bearing Stress Vs. Normalized End Distance

Review of both Table 12 and Figure 17 leads to the following observations:
For L/d, greater than | AISC (93) is the most accurate of all the models considered
At LJdy of 0.5 the normalized strength predicted by AISC (93) and EC3 is
approximately 0.5 while the strength predicted by the newly proposed model and
Fisher and Struik is zero. The later strength is more appropriate because there would
be only a sliver of steel between the edge of the bolt and the edge of the plate for this
end distance. However, if the suggested edge distances given by the AISC
Specification (Load and, 1993) are followed then the ratio of L/d, would never be
below a value of one which would preclude using erroneous strength values.
Both EC3 and the proposed model are conservative and do not represent the basic
trend in the experimental data.
The Fisher and Struik model is conservative for low values of L./d, (less than 2) and
non-conservative for high values of L./d, (greater than 2.5) and also does not

represent the basic trend of the experimental data.
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e Tests with low values of L./dy and that failed by splitting agreed well with the AISC
(1993) model. However, tests with higher values of L/d, (approximately 1.5 and
above) and failed by splitting had test strengths below the AISC (1993) model. It is
questionable whether any of the current strength models properly predict splitting

failure strengths.

4.4 Effect of Edge Condition

Plates and angles are typically either saw cut or sheared. The cut edge of a plate
or angle that is saw cut is much squarer and smoother than when it is sheared. The
sheared edge typically comes to a very sharp point and there are usually a number of small
flaws along this edge. Sawed edges also have flaws but they usually smaller and not as
severe as those found at sheared edges.

The steel between the bolt hole and the cut edge of the plate acts very much like a
short deep beam. The bottom of this beam is the cut edge of the plate and in a typical
loading configuration this edge is in high tension as a result of bending stresses. The small
flaws along the cut edge of the plate tend to become stress risers. The increased stress at
the tips of these flaws causes them to enlarge and eventually develop into a split in the
steel that propagates toward the bolt hole.

The effect of the increased size and number of flaws associated with sheared edges
compared to saw cut edges is not currently understood. Some of the experimental tests

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

Test | L. ty F. Ran A @ Ran Edge Failure Mode
(in) | (in) | (ksi) | (Kips) (in.) Condition
1 ] 0.25 100 243 0.24 Saw Bearing
2 1 0.25 100 223 0.25 Saw Tearout
11 I 025 | 965 238 0.20 Sheared Splitting
12 ] 025 | 965 22.1 023 Sheared Splitting
5 2 0.25 100 432 0.33 Saw Bearing
6 2 0.25 100 456 0.27 Saw Curling
13 2 0.25 96.5 414 0.19 Sheared Curling
14 2 025 | 96.5 429 018 Sheared Curling
29 1.5 | 0375 ]| 63.7 325 0.16 Sheared Splitting
30 1.5 0375 ] 63.7 307 0.22 Sheared Splitting
39 1.5 | 025 | 655 255 0.51 Saw Bearing
40 15 | 025 | 655 259 0.51 Saw Bearing
4] 1S | 025 | 65S 27.7 0.50 Saw Bearing
37 1.75 | 0375 | 639 354 0.21 Sheared Splitting

Two general observations are made based on Table 3.

e Of the tests shown in Table 10 all splitting failures were associated with sheared edges.

Although this statistic is not included in Table 10, these splitting failures stared at an
average deformation of 0.086-in. It should be noted that Test 3 which had a saw cut
edge did fail by splitting but only after developing over 0.46-in. of deformation

All tests with sheared edges reached their maximum load at deformations less than
0.25-in.

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

test

parameters.

Tests 1, 2, 11, and 12 were fabricated from high strength steel and had 1-in. end
distances. A comparison within this group of tests shows little difference between Ra
and only a slight decrease in the deformation at Ry associated with the tests that had
sheared edges.

Tests S, 6, 12, and 13 were fabricated from high strength steel and had 2-in. end
distances. A comparison within this group of tests shows a reduction in both Ry, and
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the deformation at Rult for the tests with sheared edges. However, this observation is
not conclusive because tests 6, 12, and 13 failed by curling rather than by bearing or
splitting.

Tests 29 and 30 were fabricated from mild steel and had a 1.5-in end distance. There
are no directly comparable tests;, however, tests 39-41 differed only by plate thickness.
A comparison between these two sets of tests can be made by dividing Ry by t, and
F.. A comparison of the resulting values shows a reduction in load capacity and a
severe reduction (approximately 60%) in the deformation at maximum load.
However, this observation is also not conclusive because of the differing plate

thickness.

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

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

additional testing would provide the following conclusions.

If the plate edges are shear cut rather than saw cut there is a much higher probability
that splitting failure will occur.

The effect of edge condition is negligible at short end distances. This is essentially
because the load that will cause a splitting failure and the load that will cause a bearing
or tearout failure will be similar for short edge distances.

As the end distance is increased the effect of the edge condition becomes more
pronounced and the full bearing or tearout strength cannot be developed because a
splitting failure will develop first. In addition, the deformation at failure will be
reduced and there will be no plastic plateau of the load-deformation curve.

Once the end distance becomes large the effect of edge condition will again become

negligible because of the small bending stresses induced along the edge of the plate.

4.5 Summary

Experimental strength values from two independent testing programs were

summarized. Four existing strength models were also summarized and discussed. Based
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on a comparison of existing strength models to the experimental data, the model given in
the AISC Specification (Load and, 1993) best represents the experimental strength values.

Although not conclusive at this time, shearing rather than sawing plates does
appear to have a negative effect on the nominal strength. Existing models do not account
for this effect nor do they account for splitting failure strengths. Consequently, until
further research can be done it is recommended that critical edges of plates be sawed

rather than sheared.

5. Richard Equation Parameters

While analytical models for determining the initial stiffness and the nominal load
capacity of a single plate bearing on a single bolt have been determined, the relationship
between these quantities and the four parameters that define the Richard Equation are still
not known. To determine these relationships an analysis of the experimental load-
deformation data was performed.

The data from each test that failed by bearing, tearout, or splitting was normalized
by the maximum load for the test. Each set of data was then plotted against each other to
determine if there were any noticeable differences in the basic shape of the load-
deformation behavior. Any differences were then evaluated against the plate and bolt
parameters to determine if there were consistent parametric relationships. Three such
relationships were determined.

The first relationship determined was that as the end distance increased the load-
deformation behavior softened. As illustrated in Figure 18 this trend is very subtle but can

be seen by comparing Tests | through 5.
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Figure 18 Effect of End Distance on Load-Deformation Behavior

Increased bearing deformation is believed to be the primary cause of the softening
effect. As the end distance increases the load capacity increases until the maximum
bearing capacity is reached. However, as the end distance increases the bearing
deformation associated with a given load does not decrease. Consequently, when the test
data with larger end distances is normalized it appears softer than the test data with
shorter end distances. For example, if 12 kips is 50% of the load capacity for a 1-in. end
distance then it would only be 25% of the load capacity for a 2-in. end distance however
the bearing deformations would remain the same.

A variety of methods to normalize the displacement were considered in an attempt
to eliminate this softening effect. The method that was finally chosen was to normalize the
displacement by the ratio of the load capacity over the initial stiffness. The resulting

normalized load-deformation behavior is much more consistent and is plotted in Figure 19.
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Once the effect of end distance was removed a second trend was noticed in the
load-deformation behavior. The normalized load-deformation behavior for the tests that
were fabricated from the higher strength steel was stiffer compared to similar tests
fabricated from mild steel. This relationship can be seen by comparing Tests | and 2 to
Tests 42, 43, and 48 in Figure 19,
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Figure 19 Effect of Steel Ductility

The cause of the difference in the load-deformation behavior between the two
steels is the difference in the stress-strain behaviors for the two steels. Higher strength
steels tend to reach the ultimate stress at lower strains compared to lower strength steels.
A good measure of this relationship is the percent elongation of the steel. The high
strength steel used in the experimental investigation had an average percent elongation of
16% while the mild steel had a percent elongation of around 30%. The difference in
percent elongation is the reason for the softer behavior associated with the mild steel

compared to the high strength steel. This effect can be removed by multiplying the
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deformations by the ratio of the percent elongation. Because mild steel is more commonly
used it was decided to normalize the percent elongation with respect to mild steel. The
ratio of the two percent elongation’s is then 1.875. The load-deformation data for the
high strength steels was multiplied by this factor. The resulting load-deformation
behaviors are plotted in Figure 20.

After the effect of end distance and the effect of steel behavior had been removed
the third trend in the load-deformation behavior was seen. The load-deformation data for

all the tests except 29, 30, and 37 laid right on top of each other as shown in Figure 20
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Figure 20 Effect of Edge Condition

The effect of edge condition on the nominal strength was discussed in Section 4.4.
Tests 29, 30, and 37 failed by splitting failures and did not develop plastic plateaus that
were typical for other tests. Each of these tests had sheared edges. If the splitting failure
had not occurred, it is believed that all three of these tests would have developed higher
loads and plastic plateaus. Because these tests were normalized by the individual

maximum test loads they appear stiffer than the tests that developed the full bearing or




tearout strength. To correct this Tests 29, 30 and 37 were re-normalized by the their
respective nominal strength determined using the AISC Specification (Load and, 1993)
strength prediction model. The resulting behavior is still slightly stiffer but much more in

line with the other tests as illustrated in Figure 21.
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Figure 21 All Parameter Effects Removed

After all the parameter effects were removed from the normalized load-
deformation data non-linear regression was used to determine appropriate values of the
parameters for the Richard Equation. The non-linear regression was done using the

program Sigma Plot. The resulting values are given as

K= 1731
K, = -0.009
R,=1.74
n=05
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By determining the load normalizing factor and the deformation normalizing factor these
four parameters can be used to approximate the load-deformation behavior of the single
plate bearing against the single bolt. In the above analysis the load-normalizing factor was
the maximum tests load (except for Tests 29, 20, and 37). The maximum test load is
approximated by the nominal strength determined in Section 4. The deformation

normalizing factor was the nominal strength divided by the initial stiffness and the ratio of

the percent elongations.

6. Proposed Behavior Model

The key pieces required to approximate the load-deformation behavior of a single
plate bearing against a single bolt were developed in Sections 3, 4, and 5. The following
section relates these key pieces and summarizes a complete method for approximating the
load-deformation behavior. This method is then evaluated against the experimental

results

6.1 Model

The Richard Equation will be used to approximate the load-deformation behavior.
In Section 5 normalized values for the four parameters that define the Richard Equation
were determined. Substituting these values into the Richard Equation results in

R __LM8 0.009 A (Eq 30)
R« (1+ A_‘”): '

Where
R = Plate load
R, = Nominal strength = L. t, F, < 2.4 dy t, F, (Load and, 1993)
A = Normalized deformation = A B K/R,
A = Hole elongation
B = Steel correction factor = 30% / %Elongation (for typical steels taken as 1)

K; = Initial stiffness given by
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1 " 1 1
ai— —_— e —
Kb: Kh K\'

Ki =

Where
Ky = Bearing stiffness = 120 F, t, d,"* (units are kips and inches)
Ky = Bending stiffness = 32 E t, (L/d, - 0.5)°
K. = Shearing stiffness = 6.67 G t, (L/d, - 0.5)

6.2 Evaluation of Model

The proposed model was used to determine load-deformation behavior for all the
expenimental tests described in Section 2. These predicted responses are plotted along
with the experimental load-deformation data for each test summary included in Appendix
D. Visual comparisons of the test data to the predicted behavior shows good correlation
with tests that did not fail by curling. A more quantitative evaluation was also performed

The load for each experimental load-deformation point was calculated using the
predicted behavior. This was done for each test that did not fail by curling. Tests that
only had two or three data points were also excluded. The ratio of the test load over the

predicted load was then determined. The results are presented in Table 14

Table 14 Ratio of Test Load Over Model Load

Statistic | High Strength | Mild | Combined I Tests 42, 43, 48
Average 0.88 1.06 1.006 1.02
cov 12% 19% 19% 19%
No. of Points 129 323 452 48

The results are broken into three categories: the ratio for the high strength steel
specimens, mild steel specimens, and all the specimens combined. In addition, for
comparison purposes, non-linear regression was used to determine the best coefficients of
the Richard Equation for the test data of Tests 42, 43, and 48. These tests had identical
parameters. The comparison of the resulting best fit Richard Equation load values to the

test load values is included in Table 14. As can be seen in Table 14, the varation
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associated with the model compared to the test data is the same as the variation associated
with three identical tests. Overall, this evaluation indicates an excellent correlation

between test and predicted values.

7. Summary, Conclusions, and Recommendations

7.1 Summary

The objective of this study was to develop a method for approximating the load-
deformation behavior of a single plate bearing against a single bolt. This behavior has a
significant influence on the behavior of single bolt lap plate connection. The lap plate
connection load-deformation behavior is believed to be a good approximation to the load-
deformation behavior of bolts in full steel connections. This behavior is needed to
evaluate the moment-rotation behavior of steel and composite partially restrained
connections.

A combination of experimental and finite element results were used to develop and
/ or verfy analytical models that predict the initial stiffness and nominal strength
associated with the single plate single bolt load-deformation behavior. A qualitative
analysis of the basic shape of the load-deformation behavior was conducted to determine
appropriate relationships between the initial stiffness, nominal strength, steel behavior, and
the four parameters required to define the Richard Equation. Normalized values for the
Richard Equation parameters were then determined.

The complete proposed method for approximating the load-deformation behavior
of a single plate bearing against a single bolt was summarized in Section 6.1. Evaluation

of the proposed method showed good agreement with the experimental test data.

7.2 Conclusions

e The model for plate bearing stiffness given in EC 3 Annex J (1994) under predicted
both experimental and finite element initial stiffness values by 15% and 48%

respectively on average.

60




The proposed initial stiffness model over predicted the experimental values by 12% on
average and under predicted the finite element values by 2% on average.

Based on the finite element results the initial plate stiffness is linearly related to F, and
not F,.

There are four basic failure modes associated with single plates bearing on single bolts.
These include bearing, tearout, splitting, and curling.

Curling failures resulted in test strengths much lower than predicted and in general
should be avoided.

Large deformations are required to develop tearout failures in mild steel This
conclusion was also given by Lewis (1994).

Shearing plates greatly increases the chance of splitting failure occurring rather than
tearout or bearing failures.

The current strength model given in the AISC Specification (Load and, 1993) is based
on a physical model for the tearout failure with an upper limit imposed for the bearing
failure. The specification model does an excellent job of predicting the strength
associated with these two failure modes

At small end distances the strength associated with splitting failure is similar to the
strength associated with tearout failure. Consequently, the AISC Specification (Load
and, 1993) strength model also does a good job of predicting the strength associated
with splitting failures when the end distance is small.

At larger end distances the strength associated with splitting failures appears to be less
than that associated with tearout failures. Consequently, the AISC Specification (Load
and, 1993) strength model also does not do a good job of predicting the strength
associated with splitting failures when the end distance is larger.

Changing the plate width between 3.5 and 5.4-in. had no effect on the initial stiffness
of the test specimens and had an inconclusive effect on the load capacity because of

curling failures.
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7.3 Recommendations

Strength models for curling and splitting failure modes are currently not available.
Curling failures are not generally seen in typical connections. Consequently, there is
probably little need for a strength equation for curling failure. Splitting failures are
seen in typical connections and more work needs done to develop a better
understanding and a strength model for splitting failures. The effect of shearing plates
rather than saw cutting plates should also be considered with respect to the splitting
failures.

The load-deformation behavior for a wider range of parameters should be investigated.
An improved test setup needs to be developed that allow thicker plates and smaller
bolt diameters to be tested to failure. In addition, bolt hole types other than standard
holes should be considered.

The larger goal of this research is to determine the load-deformation behavior of bolts
in full steel connections. Ideally, there would be a direct relationship between plate
width and bolt spacing in the connection. A series of simple tests could be devised to

determine if there is a direct relationship between these two parameters.
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Appendix A

Material Properties

The tensile test results from tensile coupons of the plates used in the experimental work
are presented in Table A-1. The coupon designation is used in the data packs to relate the
plate used in the test to a tensile coupon. The first part of the designation is the plate
number and the second part is the coupon number for that plate. There were typically two

coupons from each plate.
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1-1
1-2
2-1

3-1
3-2
5-1
5.2
6-1
6-2
7-1
1-2
8-1
B-2
9-1
9-2
10-1
10-2
11-1
112
12-1
12-2
13-1
132
15-1
15-2
16-1
16-2
17-1
17-2
18-1
18-2
19-1
19-2
20-1
20-2
21-1
212
22-]
22-2
23-1
23-2
24-1
24-2
25-1

25-2

1.4%0
1.490
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1490
1.490
1.498
1.497
1.497
1.500
1.500
1.490
1.500
1.500
1.497
1498
1.490
1.499
).490
1.490
1.500
1.490
1.500
1.500
1.500
1.500

Table A-1 Steel Properties

Thickness (in )] Elongation

0.251 31%
0.251 3%
0.250 30%
0.250 31%
0.625 29%
0.625 30%
0.995 30%
0.996 29%
0.998 30%
0.999 3%
0.750 29%
0,750 30%
0.750 3%
0.750 30%
0.750 29%
0.750 30%
0375 32%
0375 3%
0.500 29%
0.500 30%
0.500 3%
0.500 30%
0.625 29%
0.625 3%
0.121 32%
0.120 31%
0.121 29%
019 29%
0.120 29%
0.120 2%
0.249 29%
0.248 29%
0.246 29%
0.249 29%
0248 28%
0.250 3%
0.367 29%
0.370 29%
0.367 30%
0.370 29%
0.367 29%
0.370 29%
0369 29%
0.367 29%
0371 30%
0.368 30%
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Fy (ksi)
450

460
460
455
44.0
450
439
430
430
440
450
45.0
450
450
455
460
510
510
$2.5
540
51.0
520
470
46.5
428
438
426
43,1
445
438
478
472
47.1
467
459
463
437
431
443
425
441
436
429
437
433

| Average

455
458
445
435
435
450
450

458

468
4i3
429
442
475
469
46.1
434
434
439
433

437

65.0
650
655
655
67.0
68.0
700
700
67.0
67.0
67.0
67.0
68.0
680
69.0
69.0
740
740
745
750
745
745
70.0
70.0
609
618
60.7
615
620
620
669
66.5
668
66.4
664
659
63.7
63.6
638
639
638
638
63.7
636
63.7

44,

67.5

70.0

67.0

67.0

68.0

69.0

740

T4R

745

70.0

614

611

66.6

662

637

63.9

638

63.7

63.7

637



Coupon

Width (in.)

Table A-1 Steel Properties (Cont.)

26-1
26-2
27-1
27-2
27a-1
27a-2
28-1
28-2
29-1
29-2
30-1
30-2
31-1
312
32-1
32-2
33-1
33-2
34-1
34-2
35-1
35-2
40-1
40-2
41-1
41-2
42-1
42-2
43-1
432
44-1
442
45-1
45-2
46-1
46-2
47-1
472
48-1
48-2

50b
S5la
51b

1.490
1.490
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500)
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.490
1.493
1.504
1.500
1496
1497
1475
1.491
1.501
1.501
1.499
1.500

0.500
0.500
0.624
0.622
0.627
0.623
0.749
0.750
0.750
0.749
0997
0,998
1.000
1.000
1.000
1.000
0.491
0.491
0.493
0493
0486
0 486
0.246
0,246
0.247
0248
0496
0495
0627
0.625
(.748
0.742
0248
0.248
0.249
0.250
0248
0.24%
0.249
0249
0493
0498
0246
0.246

Thickness (i) El tion

3%
30%
30%
29%
30%
29%
29%
3%
29%
30%
30%
32%
2%
3%
30%
3%
28%
28%
29%
28%
27%
28%
3%
30%
3%
31%
30%
29%
31%
31%
30%
3%
18%
18%
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401
406
418
425
411
418
52.9
537
514
522
529
524
479
479
476
479
471
465
442
432
442
447
600
60.0
60.0
530
580
600
740
730
448
455
449
4]

| Average | Fu (ksi) | Average

439 643 64 4
644

449 684 68,1
678

454 68.5 684
683

448 68.9 69.0
69.1

447 1.9 704
689

404 663 664
664

422 679 67 R
67.7

415 674 67.6
67.7

533 R 74.0
74.1

518 733 73.9
744

52.7 738 736
734

479 66.6 67.0
673

478 659 683
T0.6

468 711 T0.8
70.5

437 640 633
626

445 677 678
678

60.0 100.0 100.0
100.0

56.5 970 950
930

59.0 980 96.5
95.0

735 111.0 1090
107.0

451 67.1 675
678

445 654 655
655




Appendix B

Derivations
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Derivation of Angle o

R; Sina; - R; Sinat; =0

-R; Cosa; + R, Cosa; = A

2 3
Ry’ =x'+y’

RiZ=x3+(y-A)

R:-Ri’=2Ay-A’
2Ay=R;-R*+A?

R’ + R +A
y 2A
R:? - R -A
y-A= A =R, Cos o,
Ra* - R’ -A°
= Cos”
a °s[ 2AR }
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Derivation of Bending Stiffness

For a fixed end uniformly loaded beam with length L and height h the equation for the real

and virtual moments at any point x along the beam are given by

whx wL?  wx®
M = - >
K} & =3 12 2

m(x) = x/2 - L/8

The virtual moment is based on a unit load placed at the center of the beam Using the
principle of virtual work the deflection at the center of the beam caused by bending is

given by

F i E‘[wLx wl’ WX:J['E E]d
HaL2  ®wB- 2 MK "™

Carrying out the integration yields the well know deflection equation given as

wlL

384 EI

o =

Substituting
w=P/L
I=t,h’/12
Yields

This can be rearranged to give the stiffness as
Ky=32Et, (hWL)’
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Derivation of Shearing Stiffness

For a fixed end uniformly loaded beam with length L and height h the equation for the real
and virtual moments at any point x along the beam are given by
V(x) =wL/2 - wx
v(x) =1
The virtual shear is based on a unit load placed at the center of the beam. Using the

principle of virtual work the deflection at the center of the beam caused by shear is given

by
. 2k 3wl 1)
¢=a k7 -=z)e
Carrying out the integration yields the well know deflection equation given as
. k wL’
I — —
GA 8
Substituting
k = 1.2 for rectangular section (Boresi et al 1993)
w=P/L
A=t h

1.2P (LJ

8Gt \h

This can be rearranged to give the stiffness as
K,=667Gt,(hL)

Yields
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Appendix C

Finite Element Model Results




Table C-1 Finite Element Model Results

Le

1.5
1.5
L5
1.5
1.5
L5
L5
1.5
1.5
1.5
1.5
L5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
L3
1.5
15
1.5

Model db tp
{in) (in) |

D6TIEIW9 ] 075 0.125
D6TZEIW9 | 075 025
D6TIEIW9 | 075 0375
D6T4EIW9 | 0.75 0.5
D6TSEIWY 075 0.625
DETGEIWS | 075 0.75
D6TTEIWS | 075 0.875
D6TREIW9 | 075 1
DITIEIW9 ]| 0875 0.125
DIT2EIW9 | 0.875 0.25
DTTIEIW9 | 0875 0.375
DTT4EIW9 | 0.875 0.5
DITSEIW9 | 0875 0.625
DITGEIW9 | 0875 0.75
DTT7EIW9 [ 0.875 0.875
DTTREIW9 | 0.875 1
DETIEIWY 1 0.125
DETZEIW9 1 025
DETIEIW9 | 0.375
DRT4EIWY 1 0.5
DETSEIWY 1 0.625
DETGEIWY 1 0.75
DETTEIW9 | 0875
DSTREIWY 1 1
D6TIE3AW9 | 075 0.125
D6TIEIW9 075 025
D6TIEIWS 0.75 0375
D6T4EIWS 0.75 0.5
D6TSE3W9 0.75 0.625
DETGE3IWO | 075 0.75
DETTEIW9 | 075 0.875
D6TRE3WY 0.75 |
DTTIE3W9 | 0.875 0.125
DIT2E3W9 | 0875 025
DITIE3IW9 | 0875 0375
DTT4E3W9 | 0.875 05
D7TSE3W9 | 0875 0.625
DIT6E3W9 | 0875 075
DTT7TE3W9 | 0875 0.875
DTTRE3W9 | 0.875 1
DETIE3IWY 1 0.125
DRTZE3IWY 1 0.25
DSTIE3IWO 1 0.375
DST4EIWY | 0.5
DETSE3W9 | 0.625
DETGEIWY 1 0.75
DRTTEIWY 1 0.875
DSTRE3IW9 1 1

.

!II'I.-I

Plate Width

O\O\Q‘G\QG\Q\QQGOQ\?QOQ?DDQ‘Q‘D‘G‘G‘O003993\0090@099999990500%
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Fy Fu Ki
(ksi) (ksi) (kin)
45 70 518
45 70 1051
45 70 1568
45 70 2193
45 70 2493
45 70 3106
45 70 3712
45 70 4296
45 70 549
45 70 1084
45 70 1717
45 70 2363
45 70 3015
45 70 3418
45 70 4020
45 70 4465
45 70 570
45 70 1098
45 70 1640
45 70 2193
45 70 2812
45 T0 3392
45 70 3750
45 70 4287
45 70 536
45 70 1038
45 70 1638
45 70 2311
45 70 2634
45 70 3280
45 70 3816
45 70 4441
45 70 604
45 70 1152
45 70 1831
45 70 2548
45 70 3344
45 70 3611
45 70 4343
45 70 4900
45 70 667
45 70 1265
45 70 1946
45 70 2681
45 70 3490
45 70 4352
45 70 4607
45 70 5317




Table C-1 Finite Element Model Results (cont.)

Model db tp Le | Plate Width| Fy Fu Ki
Ln) (n) (in) (n) (ksi) (ksi) (kin)
D6T2E2W9 | 075 025 125 6 45 70 1041
D6T2ZEAW9 | 0.75 025 1.75 6 45 70 1034
D6TZESW9| 075 0.25 2 6 45 70 1033
D6T2E6W9 | 075 0.25 225 6 45 70 1029
D6T2ZETW9 | 0.75 0.25 2.5 6 45 70 1027
D6TZESW9 | 075 025 2.75 6 45 70 1024
D6T2E9W9 ] 075 028 - 6 45 70 1024
D6T4E2W9 ] 075 0.5 125 6 45 70 2307
D6T4EAW9 | 0.75 0.5 1.75 6 45 70 2304
D6T4ESW9 | 0.75 0.5 2 6 45 70 2298
D6T4EEWS |  0.75 0.5 225 6 45 70 2292
D6T4ETW9 | 075 0.5 25 6 45 70 2286
DITZE2W9 ] 0875 0.25 125 6 45 70 1o
D7T2E4W9 | 0875 025 175 6 45 70 1151
DTT2ESW9| 0873 0.25 2 6 45 70 1150
DTTZE6W9 | 0875 025 225 6 45 70 1147
DIT2ZETWY | 0875 025 3.3 6 45 70 1145
DTT4E2W9 | 0875 0.5 125 6 45 70 2467
DTT4E4W9 | 0875 0.5 1.75 6 45 70 2565
DTTAESW9 ] 0875 0s 2 6 45 70 2568
DTT4E6W9 | 0875 0.5 225 6 45 70 2564
D7T4ETW9 | 0.875 0.5 23 6 45 70 2560
DST2E2W9 1 025 125 6 45 70 1223
DRT2E4W9 1 025 1.75 6 45 70 1280
DET2ESW9 1 025 2 6 45 70 1286
DST2E6W9 1 0.25 225 6 45 70 1287
DST2ZETW9Y I 023 2.5 6 45 70 1287
DST4E2W9 1 0.5 125 6 45 70 2637
DST4E4AWY 1 05 1.75 6 45 70 2754
DET4ESWO 1 0s 2 6 45 70 2760
DET4E6W9 1 0.5 225 6 45 70 2776
DST4ETWO 1 05 25 6 45 70 mm
D6T2EIFS | 075 025 1 6 50 70 151
D6T2EIF6 | 075 025 | 6 55 70 1246
D6T2EIFT 0.75 025 1 6 60 70 1335
D6T2E3FS | 075 0.25 15 6 50 70 1159
D6T2E3F6 | 0.75 0.25 1.5 6 55 70 1274
D6T2E3F7 | 075 025 15 6 60 70 1376
D6T2ESF5 | 075 025 2 6 50 70 1150
D6T2ESF6 | 075 025 2 6 55 70 12712
D6T2ESF7 | 075 0.25 2 6 60 70 1386
DTT2EIFS | 0875 0.25 ! 6 50 70 1203
DTT2EIF6 | 0875 025 | 6 55 70 1293
DTTZEIFT | 0.875 0.25 | 6 60 70 1363
D7T2E3F5 | 0875 028 1.5 6 50 70 1274
DTT2E3F6 | 0875 0.25 1.5 6 55 70 13
DTT2E3F7 | 0875 025 1.5 6 60 70 1482
D7T2ESF5 | 0875 025 2 6 50 70 1281
DTT2ESF6 | 0875 025 2 6 55 70 1403
DTT2ESF7 | 0875 025 2 6 60 70 1518
DST2ZEIFS I 025 1 6 50 70 nmn
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Table C-1 Finite Element Model Results (cont.)

Model db P
{in.) {in)
DST2E1F6 1 0.25
DET2EIF7 1 0.25
DBT2E3F5 1 0.25
DST2E3F6 1 025
DST2E3F7 1 025
D8T2ESFS 1 0.25
DST2ESF6 1 025
DST2ESF7 1 0.25
POIM3D ] 0.25
PO2M3D 1 0.25
PO3M3D 1 0.25
PO4AM3D 1 0.25
POSM3D 1 025
PO6M3D | 025
POTM3D 1 0.25
POSM3D | 025
PO9M3D 1 0.25
P10M3D 1 0.25
P1IM3D 1 0.25
D7T2ESFS | 0875 025
DTT2E9F6 | 0.875 0.25
DTT2E9FT | 0.875 0.25
DET2E9FS I 0.25
DST2E9F6 1 0.25
DST2E9F7 1 0.25
D6T2E2F7 0.75 0.25
DTT2E2FS | 0.875 0.25
DTT2E2F6 0.875 0.25
DTT2E2F7 | 0875 0.25
DST2E2FS 1 025
DBT2E2F6 1 0.25
DST2E2F7 1 0.25
DST2EAFS 1 0.25
DBT2EAF6 I 025
DST2E4F7 1 025
DTT6E9F4 | 0.875 0.75
DTTGE9FS | 0.875 0.75
D7T8E9F4 | 0.875 1
D7TSE9FS | 0.875 1
DST6E9F4 1 0.75
DETGE9SFS 1 0.75
DETSE9F4 1 1

Le Plate Width Fy
(in.) _(in) (ksi)
1 6 55
1 6 60
LS 6 50
1.5 6 55
B 6 60
2 6 50
2 6 55
y 4 6 60
1.5 4.5 35
1.5 4.5 40
1.5 45 45
L5 45 50
1.5 45 55
1.5 45 60
1.5 45 i5
1.5 45 35
1.5 4.5 5
1.5 4.5 38
.3 45 35
3 6 50
3 6 55
3 6 60
3 6 50
3 6 55
3 6 60
1.25 6 60
1.25 6 50
1.25 6 55
125 6 60
1.25 6 50
125 6 55
1.25 6 60
1.75 6 50
1.75 6 55
1.75 6 60
3 6 45
3 6 50
3 6 45
3 6 50
3 b 45
3 6 50
3 6 45
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Fu

70

8823

2333

70
70
70
70
70

70
70

70
70
70
70

70
70

70

Ki
(k/in.)
1259
1312
1375
1481
1587
1411
1529
1639
953
1113
1230
1364
1480
1586
038
947
957
961
963
1273
1406
1529
1430
1558
1685
1350
1235
1354
1467
1327
1436
1519
1399
1512
1615
3612
4040
4942
5477
4548
4988
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Appendix D

Data Packs
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Test No, 1

Recorder: COR SUMMARY SHEET

Test Designation: SBSP-1 Date: 1271795
GEON " AN
BOLT
Type: A32S Diameter (in): |
Bolt Hole: Std Shear Plane. X
PLATES
No.  Width (in) Thickness (in) Le (in) S(in) Edge Condition Coupon No,
. 45 025 1 . Sawed 45
[EST RESULTS
Deformation (in.) Load (kips)
Limit State: Beanng Maximum 02374 2427
Ki 1138 (kips/m ) Failure - -
Other 0250 2425
COMMENTS
OAD YV -(RM NC

z
2
=
3 ¢ Test Data
= Prediction
b
0 - . . . - . $ . . .
0.00 005 010 015 020 02§ 030 D.3s 040 D45 0.50

Deformation (in.)
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=

Test No. 1
Recorder: COR

DATA
Data Load
Pomg (kips)
000
1 170
2 s07
i 162
4 10.06
5 12.50
6 1506
7 17.50
| 1996
a PIRk ]
10 347
1" U113
12 2427
13 2420
(L] 24.00
15 re iy |
16 240
17 nmn
INITIAL SLOPE
6 .
5 H
4 -
S
;3
=
=
2 4
| i
o ) -
4.0095

Front

40119
4.0147
40179
4.0225
40293
4.0392
4.0520
40727
41028
41478
4.2000
42510
4291
43500
43950
44513
4.301%

4.0081 40100
40101 40124
40129 40154
40174 4.0200
40239 40266
40333 40363
4 0460 40490
4 0665 4 0696
4 099 40999
AL 4 1446
ERL 4197
42482 42481
42914 42943
4 3440 43470
43924 43957
4 4459 4 4486
4 496 44991
40105

0 0004
0.0007
00010
00013
0.0017
00020
0.0023
0.0027
0.0029
00031
00032
00033
00032
00032
0.0032
00031
01 0030

Adused For  Adised For
40078 0.0000 0 0000
4009 00022 00022
40117 0.0043 0.0043
40144 0 0069 00069
40186 0011 00111
40249 00175 00173
40342 00268 00268
40467 00392 00392
4 0669 00595 00395
4 0969 00894 0 0n94
41413 0.1340 01340
41938 01863 01863
42448 02374 02174
42911 02836 02836
43438 03363 03363
43028 0 3850 0 3850
444598 04380 04380
4 4960 04883 04885

y=1138.2x - 4561.3

R'=1
40115 40120

40110
Average Caliper Reading (in.)



Test No. 2 SINGLE NG . CONN N

Recorder: COR SUMMARY SHEET
Test Designation SBSP-2 Date 12/1/95
BOLT
Type: A325 Dhameter (in) |
Bolt Hole: Std Shear Plane X
PLATES
- 45 0.25 | - Sawed 45
Deformation (in.) Load (kips)
Limit State Tearout Maximum 02498 2232
Ki 1278 (kips/in ) Failure 04034 2100
Other 0.250 223
COMMENTS
\ N N
25
. . g -
L
20
s
£
=
-
Elll ¢ Test Data
w— Predict
'
0 " . + N b fri—————— i
0.00 0.05 010 0.15 030 035 D40 045

20 25
&?m-m?i-.;
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Test No. 2 SINGLE BOLY SINGLE PLATE CONNECTION TEST
Recorder: COR SUMMARY SHEET
DATA
Deflection
Data Load From Back Average Est Boh & Adjsied  Adjusted For Adjusted For
Pomt  (kipy) CaliperGn) Caliper(m) Calperin) Elstcdla)  Data Imtial Slope  Musnng Cabiper
000 40097 0 0000 0 0000
| 269 319985 4 0260 40123 00004 40119 00022 00022
1 509 4 0008 40281 40148 0 0007 40138 00041 00041
3 798 4 0060 40328 401 D00l 40183 0 0086 0 00RD
4 10,13 40093 4 0360 40227 00014 40213 Dol Dol
L] 1249 40186 40448 40017 0.0017 40300 00203 00203
6 15.06 40324 40583 40454 00020 40433 00336 0033
7 1745 40520 4078 4 0650 00023 40627 00530 00330
L} 2008 40945 41200 41073 00027 4 1046 009 0 0M9
2 1160 41518 41T 41648 00029 41819 01522 0152
10 200 42029 42188 4219 0 0030 42129 02032 0.2052
n an 4 249 41734 42628 0 0030 42593 02498 0 2498
12 nwn 42983 412% 431 00030 4 308) 02984 02984
13 2200 43938 43™ 4 1666 0 0630 4 3636 03539 nisw
4 2100 44031 44288 44180 0 0028 LEIR] 04034 04034
INITIAL SLOPE

6

5

‘ -

Load (kips)

y=1278x - §124.4
R'=1

L]

u - — l— . - - - - - -
40118 40120 40122 40124 40126 012 0130 40132 40134 40136 40138
Avw&“w&uﬁlﬁﬂtl
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Test No. 3

Recorder: COR SUMMARY SHEET

Test Designation. SBSP-3 Date: 12/1/95
BOLT
Type A325 Diameter (in): |
Bolt Hole: Std Shear Plane. X
PLATES
. 45 025 1.5 - Sawed 45
TEST RESULTS
Deformation (in.) Load (kips)
Limit State: Splitting Maximum 04171 MR
Ki 1511 (kips/in.) Failure 04649 3418
Other 0.250 333
COMMENTS
Split developed at data point 20
\ M N
40
s . . . ___"'.
¢ Test Data
s Predict
0.00 0.10 020 030 0.40 050 0.60

Deformation (in.)
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Test No. 3
Recorder: COR
DATA
Data  Losd
Pomt  (ups)
0.00
| 160
r 6.78
3 7.50
4 10 10
L .50
. 1500
7 18.00
] 2048
9 30
10 2% %0
" W40
1 2998
13 30 90
4 e
15 nu
16 28
7 3345
1] M
19 M08
20 M5
b1 1100
INITIAL SLOPE
12
10 -
a .
-
s
.
4§ -~
2 "
0

41445 41450 41455 41460 4
Average Caliper

SUMMARY SHEET
Dedl
From Hack Aserage Est Boh&  Adjusted Adjusted For  Adjusted For
Caliper(sn) Caliper(n) Colipgr(m) Hascdin) Daa  InmalSlope  Missng Caliper

41428 ¢ 0000 0 0000
40260 42638 4 1450 00004 4 1446 noois 00018
4 0309 42651 4 1480 0 0009 4 1471 0.0043 00043
40019 4 2660 4 1490 00010 4479 00051 00051
40349 4 2669 41509 no014 41495 0.0067 00067
40386 42708 41547 00017 41530 00102 aol02
40439 4 2760 4 1600 00021 41579 00151 ons
4051 4289 4 1680 0 002 41655 00227 00227
4 0620 42933 4“1 00028 41748 00320 00320
40760 43062 419 00032 41879 00451 00451
40920 43024 42072 0 0033 42037 0 D609 0 0609
41233 43531 42383 00039 41344 00916 00916
4 4m 43768 42623 0 0041 42581 01153 01153
41699 43992 4 2846 0 D043 4 2803 01378 01374
41920 44208 4 3064 0 (44 4 3020 01592 o1
4219 4 4327 0 0044 43229 01801 LRl
42500 44790 LR ] 0004 4 3600 0217Mn2 on
42989 4 3180 44138 0 046 4 408K 0 2660 0 2660
43990 46273 45133 00047 4 5085 03658 03658
44501 4672 4 5647 00047 45599 04171 oam
44978 amm 46125 00047 46077 04649 04649
4355 4 TReR 46721 0 0046 46675 03247 035247

82

y = 1511 14x - 626034

R =099

1465 41470 41475 4 1480 4 1485 41490 41495 41500
Reading (in.)




Test No. 4

Recorder: COR SUMMARY SHEET

ES > N N

Test Designation: SBSP4 Date. 12/1/95
BOLT
Type: A325 Diameter (in) |
Bolt Hole: Std Shear Plane: X
PLATES
- 45 025 1.5 - Sawed 45
Deformation (i ) Load (kips)
Limit State  Bearing Maximum 03857 33 80
Ki 1675 (kipsfin.) Failure .
Other 0250 330
COMMENTS
T'est was loaded then unloaded and reloaded at start because of test machine difficulties
OAD V: b N
40
® Y - - . »
e Test Data
w— Predict
000 0.05 010 015 020 02s 030 035 0 40 045 0.50
Deformation (in.)
83




Test No. 4 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
Deflection
Dsts  Load From Back Average Est Bolt&  Adusted Adjusted For  Adyusted For
Pomt  (ops) Cabper(n) Caliper(m) Calper(in) ElasticAGn) Dt Imtial Slope  Mussing Calipr
000 46572 0.0000 0 0000
1 200 45110 4 8066 4 6588 00003 4 6589 0.0013 00013
2 $20 45123 4 5094 4 6609 00008 4 6600 00029 00029
1 79 45142 48123 46613 00012 46620 0.0048 0 0048
4 1004 4 5168 48151 4 6660 0.0015 4 6644 0.0072 00072
5 1261 4 5202 48187 46698 0.0019 46678 00103 00103
0 1595 45278 4 8267 46771 00025 46746 00175 00178
7 17.55 45321 45312 46817 0.0027 46789 00218 00218
] 2006 45413 4 8407 46910 0.0031 46879 00307 00307
9 1257 455 48533 4700 0.003% 46999 00427 00427
10 25.00 45691 4 8692 471N 0.0039 47153 0.0581 00581
" 2750 45934 4 8936 47434 0.0042 47193 00821 00821
12 2998 46324 4030 47829 0 0046 47783 01211 01211
13 30 68 46518 49510 48013 0.0047 47968 0.1393 01393
14 20 46991 49996 48494 0 0049 4 8444 0.1872 01872
15 nmn 4 7490 $ 0499 4 8998 00051 4 8044 02im 02372
16 33 50 4 7R68 1202 49538 00052 4.9483 02912 02912
17 1370 4 BSRS 51718 50150 00052 50098 03526 03526
I 3180 48918 5.2043 50481 00052 §.0428 03857 03857
19 1370 4 9483 5 2606 5 1045 00052 5 0993 04421 04421
20 3330 5 0003 53130 51567 00081 51515 04943 04943
INITIAL SLOPE
9
R
7 +
6 -
7
- vy = 1674.63x - 7799.05
34 R =099
3 .
2 .
1 .
0 —— — e
46580 46585 46590 46595 46600 46605 46610 46615 46620 46625
Average Caliper Reading (in.)
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Test No. 5 . : 5
Recorder: COR SUMA

s SIGN N

Test Designation: SBSP-5

Date: 127295

ME “AND A
BOLT
Type: A325 Diameter (in): |
Bolt Hole: Sud Shear Plane: X
PLATES
No.  Width (in) Thickness (in) Le (i) S.(n) Edge Condition Coupon No,
- 45 025 2 - Sawed 45
TEST RESULTS
Deformation (in.) Load (kips)
Limat State: Bearing Maximum 0.329] 4324
Ki 1477 (kips/in.) Falure - -
Other 0.250 421
COMMENTS
Plate started curling in front of bolt around data point 20
Tearout planes were just forrming when test was ended
OAD Y FORM, N O
. . - *
e Test Data
w— Predict
000 0.05 010 015 020 025 030 035 040 045

Deformation (in.)
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Test No. § SINGLE BOLY SINGLE PLATE CONNECTION TEST

DATA
=
Data Load From Back Average Est Boh&  Adjusted  Adjusted For  Adjusted For
Pomt  (ups) Calper(in) Calper(n) Cabper(n) Elascd(n)  Data Inural Slops  Mussing Caliper
000 41879 0 0000 0 0000
] pa ] AN 4 08%) 41903 0 D004 4189 0 0020 0020
2 50 42932 4 0908 41920 00007 41913 00034 00034
3 764 42951 40913 412 ool 4191 00052 0 0052
4 1003 42973 40961 41967 0.0014 4199 00074 00074
s 1248 42999 40984 4 1m 00017 419 00093 0 0093
6 1512 43002 41019 42026 00021 42004 00128 00128
7 1757 43067 4 10%6 4 2062 00023 42037 00158 0015
- 2018 43109 a2 a2 o028 42082 00203 0020)
9 2% 413160 411%0 42155 00031 42124 00244 00244
10 25 06 43240 41 422% 00038 42201 o0x1 00321
1 742 4w 4130 42338 00038 4229 00417 00417
12 30 00 43480 4 424% 0 0042 42434 0054 00554
13 3250 43658 4 1652 4 2653 00048 42010 Do730 00730
1 3500 43843 41840 42842 009 4279 00913 00913
8 nao 44239 42228 anM 00082 FRITT 0 1302 0 1M2
16 4000 a2 41D 431 00056 43667 017 o017
17 47 45242 4323 14240 00058 44181 02302 0232
18 Qn 45749 43741 a4 00060 4 4685 0 2806 02806
19 an 46236 44224 450 0 D060 45170 03291 03291
20 4300 46748 44744 45750 00060 4 4689 023810 03810
2 an 47240 451 16212 00059 46173 04294 042N
INITIAL SLOPE
8
7 -+
6 $
§ 4
E y = 1477.44x - 6187.40
4 R =100
-
2 -
| -
' S — IR — e = s
4 1895 41900 4.1905 41910 41915 41920 41925 41930 4.1935
Average Caliper Reading (in.)
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Test No. 6

Recorder: COR SUMMARY SHEET

YJESIGN N

Test Designation: SBSP-6

BOLT
Type: A325 Diameter (in): |
Bolt Hole: Std Shear Plane: X
PLATES
No.  Width (in) Thickness (1n) Le (m) S0n)
- 45 0.25 2 -
[EST RESULTS
Lamit State: Curling Maximum
Ki 1572 (kips/in ) Failure
Other
COMMENTS

Plate started curling in front of bolt around data point 18
Test was stopped to prevent damage to calipers by the plate curling

S0
45

40

L~

Lot

_(.Hrull

Load

ra
=

000 0.05 010 D15
Deformation (in.)

87

Date 127295

Sawed

Deformation (mn )
0.2721

0.250

o Test Data
e Predict

025

45

Load (kips)
45 60

454

030




Test No. 6
Recorder: COR
DATA
Dsts  Load
Pomt  (lups)
000
I 2%
2 508
3 756
4 1010
L 1260
b 1509
7 1755
5 1994
9 2%
10 23 6)
1] 2760
12 30 00
13 1250
4 sm
I3 7%
16 4000
17 4255
I8 “n
19 4330
20 45 60
INITIAL SLOPE
L}
7 +
6 -
5 -
%‘ |
3 +
2+
1 -
0. —
4.0440

SUMMARY SHEET
i
Froat Hack Average Est Bolt&  Adjsted  Adjusted For  Adjused For
Cabpern) Calper(n) Celiperin) Elsucdim) Das Imual Slope  Mussang Cabper

40426 00000 0 0000
40517 400M 40447 0 0004 4 0443 00017 o007
40537 40198 40466 00007 40459 00033 00033
40587 40411 40484 00010 40474 0 0048 0 604K
40579 4043 40508 00014 40494 00068 0 0068
40601 40456 4059 00017 40511 00088 0 00KS
40629 40481 40855 0 0020 40838 00109 00109
40659 40509 40584 00024 4 0560 001M [k
40692 40841 410617 00027 405% 00164 00164
40739 40597 40668 0oa3i 40637 00211 ool
40T A0041 40718 00038 4 D63 ons? 00257
40849 4 069% 40012 00057 40738 00309 00309
40934 4077% 4 0888 0.004) 40814 00388 00388
410%0 40889 40970 00044 40926 00%00 0.0%00
41202 4 1040 ann 0 0047 4107 00648 00648
407 41240 41324 00051 4273 00847 00847
416M 4151 4 1595 0 00%4 4 1541 o1ns oS
42065 41910 41988 00058 41930 01504 0 1504
42501 22 440 00060 42362 01936 01936
42962 4 21801 42882 00061 4 IR0 02394 023
43288 43129 41209 00062 43147 02121 02721

4.0445

40450

4 0455 4 (460
Average Caliper Reading (in.)
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y = 1571.65x - 6353.55
R = 1.00

40465

el —

40470

40475



Test No.7 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
TEST DESIGNATION
Test Designation: SBSP-7 Date: 127295
GEOMETRIC AND MATERIAL PROPERTIES
BOLT
Type: A328 Diameter (in) |
Bolt Hole: Sud Shear Plane: X
PLATES
No.  Width (in) Thickness (in) L (n) Sn) Edge Condition Coupon No,
- 45 025 25 . Sawed 48
TEST RESULTS
Deformation (in.) Load (kips)
Limit State: Curling Maximum 0.1598 4167
Ki 2N (kips/in.) Falure - -
Other 0.250 39.1
Test was loaded then unloaded and reloaded at start because of test machine difficulties
Plate started curling in front of bolt around data point 14
Removed caliper on back of plate to prevent it from being damaged
0 & . — . SmE=—t -
0.00 0.05 010 015 020 025 030
Deformation (in.)

89




Test No. 7
Recorder: COR
DATA
Data  Load
Pont  (kips)
000
1 250
2 5.05
3 750
3 1010
. 1260
o 1500
? 17
1 2000
9 30
[i] 2508
" 768
12 3007
(5] 250
1 M0
18 1750
16 4000
1”7 4167
i 4008
9 38 80
INITIAL SLOPE
8
7
ﬁ .
5 .
:
g‘ |
3 -
-
] .
0
35550

Dheflestion
Front Hack Average Est Bol&  Adjusted  Adjusted For  Adjusted For
Calper(m) Calperim) Calpstin) Elascdlng Daa Inmal Slops  Mussing Caliper

15843 0 0000 0 0000
35840 15270 15887 00003 355854 00011 00011
35859 jnn 15571 00006 35564 00022 00022
358758 34294 15588 0 0009 18476 00033 00031
35899 15310 1 5608 00012 35592 00050 00050
34928 15331 14628 00014 38613 00070 00070
34954 35348 3 %656 00018 3 %638 00094 00094
35993 35391 15692 0002} 15671 00128 00128
36028 35424 15726 00024 35702 00159 00159
3 6089 3 480 14788 00028 15757 00214 00
316130 15519 1.5K28 00030 15794 00252 00252
16199 3 4388 35992 00033 3 5859 00316 00316
36280 3 3661 199m 00036 39938 00193 0039Y
36388 1510 16078 00039 36038 0 0496 01049
36528 315911 16220 00042 16178 00633 00638
36720 16108 16413 00045 36367 0 0828 00828
16981 16368 16671 0 D048 36625 01082 0 1082
37494 3 6888 317191 00050 37141 01598 0 1598
318019 18019 00048 317971 0242 02128
3 8490 18490 00047 18443 02901 02998

y=2270.97x - 8071.63
R = 1.00
35555 3.5560 3 5568 15570 35575 3 5580
Average Caliper Reading (in.)




Test No. 8

Recorder: COR SUMMARY SHEET

TEST DESIGNATION
Test Designation SBSP-8
BOLT
Type: A325 Diameter (in) |
Bolt Hole: Sid Shear Plane. X
PLATES

No,. Width(in)  Thickpess(n) Le(in)  S(n)

- 45 025

Limit State: Curling
Ki 1643 (kips/in )

5 -

Maximum
Falure
(Other

Plate started curling in front of bolt around data point 17
Removed caliper on back of plate to prevent it from bemng damaged

0.00 0.05

0.10 015
Deformation (in.)

91

Edge Cond
Sawed

Deformation (in.)
01583

¢ Test Data
s Predict

020

46

Load (kips)
218

025




TestNo. 8 SINGLE BOLT SINGLE PLATE CONNECTION TEST
Recorder: COR SUMMARY SHEET
DATA
Deflection
Data  Load From Hack Average Est Bol &  Adjusted  Adjusted For  Adjusted For
Pomt  (kips) Caliper(n) Caliper(md Caliper(n) Elsicd(n) Daa Imual Slope  Mussing Calipsr
000 14848 00000 00000
1 261 34421 35307 34864 0.0003 34861 0.0016 00016
2 $31 14439 15 14883 0.0006 14877 00032 00032
3 1.56 34457 34341 34900 00009 14891 00046 0 0046
4 1003 1479 3 5361 34920 00012 34908 00063 0.0063
4 1270 34508 15389 14947 00018 14922 0.0087 00087
o 1500 14532 15411 j4m 00018 34954 00109 00109
7 1759 14575 14519 3 5047 00021 15026 00181 00181
- 2030 34597 15351 15074 00024 15080 00208 0.0208
v nn 34619 35542 ) 5081 00028 35052 00208 00208
10 2518 34648 15580 35114 00030 3 5084 00239 0039
1" 2760 34708 15641 15178 00013 15142 00297 00297
[} 3000 34789 157121 35298 00034 35220 00378 00378
1 260 148% 15833 35366 00038 3538 00483 00483
" 35.00 15043 1977 14510 00041 3 5469 00624 00624
15 18,06 15281 16211 35746 00043 15701 00836 0 0834
1 4000 35484 ALY 1E] 3 3949 00047 3 5901 0 10%6 01056
17 4218 16011 TLTE 16478 0 00%0 36428 0158 01583
I8 0% 36511 16511 0.0048 16461 01618 02085
INITIAL SLOPE
]
7 >
b -
§ -
-4
-
i
3 4
2 «
|
0-— I — -— - ——— - —
3 4860 3 4865 34870 34875 3 4880 3 4885 3489 3 4895
Average Caliper Reading (in.)

92




Test No, 9
Recorder: COR SUM

LS N N

Test Designation. SBSP-9

ME] “AND M
BOLT
Type: A325 Diameter (in) |
Bolt Hole. Std Shear Plane: X
PLATES
No.  Width (in) Thickness (in) Le (in) S(n
- 45 025 3 -
TEST RESULTS
Limit State: Curling Maximum
Ki 1601 (kips/in ) Failure
Other
COMMENTS

Plate started curling in front of bolt around data point 17
Removed caliper on front of plate to prevent it from being damaged

OUAD Y 2 A N

70

i)

S0

40

Load (kips)

30

10

0

Deformation (in.)

93

0.00 0.02 0.04 0.06 008 010

Date: 12/2/95

Sawed 45
Deformation (mn.) Load (kips)
01065 41.73

¢ Test Data
— Predict

012 014 0.16




Test No. 9 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
1 il
Data Load Front Back Average Est Bolt & Adjusted  Adjusted For Adjusted For
Pomt  (ps) Caliper(n) Caliper(in) Cabiper(in) ElasticAln) Daw lmutial Slope  Mussing Caliper
0.00 30286 00000 0.0000
{ 262 30271 3.0340 30306 00003 30303 00017 00017
2 505 30282 30362 30322 0 0005 30317 00031 00031
3 750 3.0293 30389 30341 0.0008 30333 0.0047 00047
4 1010 30309 30412 30361 00011 13,0350 0.0064 0.0064
s 1250 30328 30435 30380 00013 30367 0.008) 00081
6 1510 30347 3.0460 3 0404 00016 30388 0.0102 00102
7 1757 30369 30500 30438 00018 30416 00130 00130
d 2017 30399 30519 30459 00021 30438 00152 00152
" 27 30429 3.0550 30490 00624 3.0466 0.0180 00180
10 2505 3 0466 30580 10523 00026 30497 00211 0.0211
" 2760 30512 30631 30572 00029 30543 00257 00257
12 3000 30564 30683 3.0624 00031 30592 00306 00306
13 3250 30681 30750 30716 00034 3.0682 0039 0039
14 3510 30679 3 0805 30742 0.0037 30708 00420 00420
15 3750 30782 10910 30846 0.0039 30807 00521 00521
16 4000 30959 31080 3.1020 0.0042 30978 0.0692 00692
17 an 31338 3 1450 3 1394 00043 31351 0 1063 0 1063
I8 4080 11880 31880 0.0042 31838 0.1552 0149
INITIAL SLOPE
a .
v 5
6 -1
5§ -
Z
2
o4
s
3 -
2 L3
i -
0 . & — S —
3.0300 3.0305 3.0310 30315 30320 3.0325 3.0330 30335

Average Caliper Reading (in.)

94




Test No. 10 SING N ONN N

Recorder: COR SUMMARY SHEET
S E N ON
Test Designation: SBSP-10 Date: 12/295
A ‘AN
BOLT
Type A325 Diameter (in): |
Bolt Hole: Sid Shear Plane. X
PLATES
. 45 025 i - Sawed 45
TEST RESULTS
Deformation (in.) Load (kips)
Limit State. Curling Maximum 01237 40.50
Ki 2137 (kips/in ) Failure . -
Other . .
COMMENTS

Plate started curling in front of bolt around data point |5
Removed caliper on back of plate to prevent it from being damaged

\ hY N
70
60
50
40
£
-
: e Test Data
-0 .
— Predict
20
10
0 : ' A ‘ :
0.00 002 0.04 0.06 008 010 0.12 014 016 018

Deformation (in.)

95




Test No. 10 SINGLE BOLY SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
Deflection

Data Load Fromt Hack Average Est Bol & Adpusted  Adjusted For Adyasted For
Pom (kps) Calbiperin) Calbperin) Calperin) Elascdtn) Das  IntialSlops  Missing Calipsr

o000 30213 (1 0000 0 0000
1 168 10381 10106 10229 00003 10226 00013 00013
2 507 10349 10018 j0242 0 0005 30237 00024 00024
3 T49 30389 10 102% 0.0008 30248 00038 000as
4 1012 jpan 1013 310278 o001l 10264 00051 00051
: 1368 10442 10161 J o2 onole Jos? 00074 00074
6 1554 Iase 101m 1008 onole 1 0300 0 00RY 0 00RT
7 19 JoagT 10199 JoMa 00019 IO ool ooin
L 2020 jo0s1 jo02 30367 00021 J0M6 00132 omin
9 267 10549 1mw 3 oa0d 00024 3 0380 0016y 00167
n 2508 10584 3102 1w 00026 IMia 0.0200 0.0200
" ok 30635 JoM1 10488 0.0029 10459 002406 0 0246
12 30 06 310688 3 0400 10544 00031 10513 0 0300 00300
) e iom Jam2 30622 00034 3 05E% 00375 00378
14 o7 I 0863 10568 jon? 0 0036 3 D680 00467 0 0467
14 na 309 1 0hE9 1 0842 00039 30803 0oss9 0 0S89
16 4000 31291 J0951 illog 0 0042 31059 0 0846 0 O848
17 40 50 11642 31642 00042 1 1600 01387 01237
1] 940 32093 12093 00041 32052 018 0 1689

y = 2137.13x - 6456.94
R = 1.00

g+ S—

3.0225 30230 30235 30240 30245 30250
Average Caliper Reading (in.)

96




Test No. 11

Recorder: COR SUMMARY SHEET

TEST DESIGNATION
Test Designation: SBSP-11 Date: 12/1/95
ME “AND A
BOLT
Type: A325 Diameter (in) |
Bolt Hole: Std Shear Plane X
PLATES
No  Width (in) Thickness (in) Le (in) S(n) Edge Condition Coupon No.
- 45 0.25 I - Sheared 47
[EST RESULTS
Deformation (in.) Load (kips)
Limut State: Splitting Maximum 02017 23.78
Ki 1258 (kips/in.) Falure 0.0948 2220
Other 0250 37
COMMENTS
Splittng along free edge of plate noticed around data point 9
Sphtting propogated toward bolt hole
Test stopped when load started dropping
2%
- - e
20
.
-
E
&
E o Test Data
“10 = Predict
5
0
0.00 005 0.10 015 020 02§ 0.30 035 040
Deformation (in.)

97




Test No. 11
Recorder: COR

000
pE
500
755
1058
12 350
15.06
1755
1996
220
340
275

TR T3 -
]

13 40
" nmn
IS 1840

D4
4 0055

SUMMARY SHEET
Deflection

Fromt Back Average Est Bo&  Adusied Adjusted For  Adjusted For

Calper () Caliperim) Cabper{in) Elsucdin) D Ininal Slope  Mussing Caliper
40036 0 0000 00000
40071 40048 40060 0.0003 40056 0.0020 0.0020
40081 4 0083 4 0083 00007 40076 00040 00040
4.0102 40121 40112 0.0010 40101 00045 00065
40151 40186 40169 00014 40154 00118 00118
40200 40242 40221 00017 40204 00168 00168
40288 40334 403 00020 40291 002%4 00254
adil 4 0468 4 0440 00024 40416 00380 0.0380
40609 4 0663 40636 00027 40609 00573 00573
40984 41045 41013 00030 40985 00948 00948
& 14%0 41597 41524 00031 4 un 0 1456 01456
420%0 42121 42086 0.0032 42054 02017 02017
I 42467 Qs 0.0032 42500 02464 02464
429% 4 3060 43028 00031 4294 02957 02987
43497 43561 43529 00030 449 03462 03462
4 4008 4 4067 4 4008 00028 44013 0.397% 03976
4 0060 4 0065 40070 40075 4 0080

Average Caliper Reading (in.)

98



Test No. 12 SIN s
Recorder: COR SUMMARY SHEET

ST e N

Test Designation  SBSP-12 Date: 12195
BOLT
Type. A325 Diameter (in). |
Bolt Hole: Std Shear Plane. X
PLATES
- 45 025 I . Sheared 47
[EST RESULTS
Deformation (in ) Load (kips)
Limit State: Splitting Maximum 02261 2212
K1 1631 (kips/in.) Failure 0.1300 2138
Other 0.250 219
COMMENTS
Splitting along free edge of plate noticed around data point 9
Spluting propogated toward bolt hole
Test stopped when load started dropping
Ll \ hS N
25
¥ -
-
20
=13
-
=
- .
-4 o Test Data
~10 — Predict
5
0 . - + -
0.00 0.05 010 015 0.20 025 0.30 035 040

Deformation (in.)

99




Test No. 12 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
Dellection
Data  Load Froat Back Average Est Bolt &  Adjusted  Adjusted For  Adjusted For
Pomt  (aps) Caliper(in) Caliper(n) Calpe(n) Elasucd(n) Date Instd Slope  Mussang Caliper
0.00 19934 00000 00000
1 286 39720 40191 19956 0.0004 39952 00017 00017
2 507 39738 4.0209 19972 00007 39965 00031 00031
3 152 31977 40245 40008 00010 19998 00064 00064
1 1040 39846 40319 4 0083 Bo0I4 40069 00134 00134
B 125 19928 4039 40161 00017 40144 00210 00210
3 1498 40049 410412 40281 00020 40260 00326 00326
7 1745 40236 40698 40467 0.0023 40444 00509 00509
1 1999 40573 4 1060 40817 00027 40790 00836 00836
9 2138 41020 41506 41263 00029 4124 0 1300 0 1300
10 2195 41479 41978 41729 00029 41699 017638 01768
1" nnp 41980 42469 42228 00030 42198 02261 02261
2 2170 4249% $m 4u 00029 42708 0m 02
1 21 10 43021 43504 41263 0 D028 annu 0 3300 03300
14 1250 43509 439% 41750 00017 43733 03799 0.3799
INITIAL SLOPE
6
5 .
4 4
£
;3
3‘ y = 1631.49x - 6515.23
- R =100
2 .
1 e
0 A —— — —— - - -
39950 3.9052 39954 39956 3 9958 39960 39962 3 9964 3 9966

Average Caliper Reading (in.)

100




Test No, 13 G 4 NN N

Recorder: COR SUMMARY SHEET
ST SMIGN N
Test Designation: SBSP-13 Date: 12/2/95
BOLT
Type A325 Diameter (in): |
Bolt Hole Std Shear Plane: X
FLATES
. 45 025 2 - Sheared 47
TEST RESULTS
Deformation (in.) Load (kips)
Limit State. Curling Maximum 0.1872 4] .38
Ki. 1542 (kips/in.) Failure - .
Other 0250 396
COMMENTS
Plate started curling in front of bolt around data pomnt 16
Removed caliper on back of plate to prevent it from being damaged
Sheared specimen may have started curling earlier than equivilent sawed specimen
because of additional curvature induced into the plate during the shearing process
OADY h N
50
* .
* Test Data
s Predict
0 — — . ——
0.00 0.05 010 015 020 025 030 035

Deformation (in.)

101




Test No. 13 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
Deflection
Duta Load From Hack Average Est Boh & Adjusted  Adyumted For Adpusted For
Pout  (kps) Cabper(in) Caliper(m) Caliper(n) ElasicdGn) Daa Inal Slops  Massng Calipsr
000 40157 0 0000 0 0000
[ 259 40172 40181 40177 00003 40173 00016 00016
2 45 40198 40191 40195 0 0006 40188 00031 0003
i 156 4022 40209 40216 00010 40205 0 0048 00048
4 10.16 40250 40229 40240 00014 40226 0 0069 0 0069
5 1285 40m 40247 4 0260 00017 40203 0 0086 0 0086
2 16.01 40311 40280 4029 00022 4027 00117 00117
7 1899 40349 40311 40330 00626 4 0304 00148 00148
] 2015 40363 4 0360 40362 00027 403 oom ool
9 nn 40403 40164 40384 0003} 40193 001% 0019%
10 2558 40454 40411 40433 0 0034 40398 00241 00241
1 2760 40501 4 Dde0 4 0481 00037 40443 00286 0 0286
12 30,00 40577 40838 40856 0 0040 40516 00359 00339
13 32 %0 40661 40631 4064 0 0044 40602 00448 00445
14 3500 40801 40173 40787 00047 40740 0 0583 00583
15 37 50 40990 40963 40977 0 0030 40926 00769 00769
16 4000 4.1300 $1213 41287 00054 41233 01076 0 1076
17 4115 4159 41580 4159 00053 41534 0137 01377
I8 4138 42098 42098 00056 42009 0 1882 01872
19 40 00 42532 42512 00054 42478 02321 02311
20 39 10 43000 4 3000 0 0053 42947 02790 02780
2 3438 41379 4 00052 435 0370 03160
INITIAL SLOPE
8
7
6 -
3
-4
] v = 1541.58x - 6190.52
i" | R =099
3
2
I
0 3 ——— - — — - S — - - -
40170 40175 40180 40185 4019 40195 40200 40208 40210
Average Caliper Reading (in.)

102




Test No. 14

Recorder: COR SUMMARY SHEET

ESIGN

Test Designation: SBSP-14

SOME "AND MAT P
BOLT
Type: A325 Diameter (in): |
Bolt Hole: Sid Shear Plane. X
PLATES
No, Width (in) Thickness (in) Le (in) 3 (in)
- 45 025 2 -
Limit State: Curling Maximum
Ki 2057 (kips/in.) Falure
Other
COMMENTS

Plate started curling in front of bolt around data point 16
Removed caliper on back of plate to prevent it from being damaged

LOAD Vs, DEFORMATION CHART

50

000 0.0 010 D15
Deformation (in.)

Date. 12/2/95

Edge Cond . N

Sheared 47
Deformation (in.) Load (kips)

0.1792 4290

o Test Data
w— Predict

020 025




Test No. 14
Recorder: COR
DATA
Dma  Load
Pt (kips)
000
1 158
2 57
3 749
4 10.12
5 1259
6 1512
7 1760
] 2014
9 2324
10 25.00
1" 2758
12 30 00
13 s
14 1500
15 1750
1] 40 00
17 4250
1] 4250
19 4170
INITIAL SLOPE
8
7T 4
6 .
&
§
g‘ |
3 -
] .
|
0 "
4 0465

SUMMARY SHEET
Deflection
Front Back Average Est Boh & Adpusted  Adyumed For Adyused For
Cabper () Caliper(n) Calper{in) ElstcA(m)  Daw [mitial Slope  Mussing Caliper

40456 00000 00000
40345 40899 40472 00003 40469 00013 00013
40362 4.062) 40492 0.0008 40484 00028 00028
40374 40631 40503 00010 40492 00036 0.0036
40398 4 0649 40522 06014 4 0508 00052 00052
40415 40672 40444 00017 40526 00071 0.007)
40443 40691 40567 0.0020 40547 00091 0.009]
40473 40718 1059 00024 40572 00116 00116
4.0%09 407%0 40630 00027 40602 00146 0.0146
40549 4 0808 40677 00031 40646 0019 001%
40581 4 OR2K 40705 0003 40671 00218 00218
4.0640 4 0B85 40763 00037 40728 00269 00269
40711 40959 40838 00041 40794 00339 00339
40819 4 1062 40041 0.0044 40897 00441 00441
40952 4119 41074 00047 41027 00871 00871
ERITH] 41381 41262 00051 4121 00788 00758
4412 41654 4155 00054 41479 0.1023 01023
41730 41730 00057 41673 01217 01338
42185 42188 0 00SK 4217 01671 01
42678 42675 0.00%6 42619 02163 02284

y = 2057.03x - 8321.90
R = 1.00
40470 40475 4 0480 4.0485 4.0490 40495
Average Caliper Reading (in.)

104



Test No. 17

Recorder: COR SUMMARY SHEET

TEST DESIGNATION

Test Designation. SBSP-17

h
BOLT
Type A325 Diameter (in) |
Bolt Hole: Std Shear Plane: X
PLATES

- 54 0.25 2

Limit State: Curling
Ki 1777 (kips/in.)

COMMENTS

Plate started curling in front of bolt around data point 17
Removed caliper on back of plate to prevent it from being damaged

50

-

I.nlq:gbpﬂl

20

10

0.00 0.05 0.10

Date: 12/3/95

S(n) Edge Condition Coupon No,
- Sawed 48
Deformation (in.) Load (kips)
Maximum 0.1934 42.70
Fatlure - -
Other
® .
¢ Test Data
= Predict
0.15 020 025

Deformation (in.)

105




Test No. 17 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
Deflection
Data  Load From Back Average Est Bolt &  Adjusied  Adjusted For  Adjusted For
Pomt  (ups) Caliper{n) Caliper(in) CaliperGn) ElasticA(ing  Data Imtial Slope  Missing Caliper
000 s 00,0000 0 0000
I 166 3 4480 Jo2e61 31237 00063 3268 aools 00013
2 506 314501 30269 32388 00008 32380 00028 00028
1 748 EREyal 3 02K 12402 00007 12398 0 0042 00042
4 10.10 34549 30298 3N 00010 3413 00061 00061
: 132 J4581 103 12451 00013 32438 0008 0 00Rs
L] 15.06 34603 j03w 12471 00015 32456 00104 00104
7 1751 Id639 10569 32504 G001E 3 2486 001 0oiM
[ 2000 14672 3 0398 32538 00020 12515 00163 00163
9 2309 34723 30442 32583 00023 32560 00207 00207
10 2500 34763 3 0480 32622 00028 32597 00244 00244
1 1755 34802 10846 12689 00027 32662 0 0309 0 0309
12 30.00 14919 3 0629 i2m 00030 i 00397 00392
k] 3250 35038 30741 312888 00032 3285 0 0303 0.0%03
4 500 35188 30891 33040 0 03s 33005 00682 00652
15 3753 15388 31092 33240 00037 13200 0 0R%0 0 0830
16 40 00 3 5060 31371 13516 0 D040 JuTe 01123 01123
7 4211 16053 i 11913 00042 bR i 01518 01518
I8 4270 1 6469 36469 00042 Ia27 04074 019%
19 4210 36981 16981 00042 36939 04587 0 2446
INITIAL SLOPE
8
7
b -
5 -
:g' y = 1776.68x - 5747.99
= R'=1.00
5
3 -
2 -
1
o e e & — p———— — “
32365 312370 32378 32380 32388 32390 12398

Average Caliper Reading (in.)

106



Test No. 18 N N N

Recorder: COR SUMMARY SHEET
TEST DESIGNATION
Test Designation: SBSP-18 Date: 12/4/95
GEOMETRIC AND MATERIAL PROPERTIES
BOLT
Type A325 Diameter (in). |
Bolt Hole: Std Shear Plane X
PLATES
No, Wi Thickness (in) Le (in) S0n) Edge Condition Coupon No,
- 54 025 2 - Sawed 48
TEST RESULTS
Deformation (m.) Load (kips)
Limit Swate: Curling Maximum 02216 4.10
Ki 1403 (kips/in.) Failure - -
Other 0250 436
COMMENTS
Plate started curling in front of bolt around data point 16
Removed caliper on back of plate to prevent it from bemng damaged
60
50
. -
40 -
5
;3{]
s o Test Data
- — Predict
20
10 -
0 - - - - po
0.00 005 0.10 015 020 025 0.30

Deformation (in.)

107



Test No. I8
Recorder: COR

DATA
Data Load
Pomt  (hips)
000
1 27
2 510
3 753
4 1010
L 127
6 1517
7 1762
] 2000
9 p+L |
10 2507
" 2754
12 29 55
13 ns
" 3500
15 3745
6 40 10
17 425
s 4150
9 4410
20 43 %0
INITIAL SLOPE
a "
7 -
6 .
&
5
1|
3 -
2
| .
o -
34445

SINGLE BOLY SINGLE PLATE CONNECTION TEST
SUMMARY SHEET
it
Fromt Hack Average Est Bo &  Admusted  Adjusted For  Adjusted For
Calper(n) Cabperim) Calperim) Elasticdin) Data Inital Slope  Muissing Caliper

34429 0 0000 00000
34513 34389 34481 00003 3 4448 00020 00020
1450 34410 4471 0 0005 3 4465 00037 00037
14551 14429 1449 0 0008 R 00054 0 00s4
j45m 14449 14511 00011 3 4500 00072 00072
3 4600 jamn 34336 00013 3453 0.00%4 0 0094
14638 14 14569 0 oote 34553 00124 00124
34659 14530 14598 00018 1457% 00147 00147
J46%4 34563 14629 00021 3 4608 00179 Do
14738 3 doq 14671 00024 14647 00219 00219
34789 34644 14T 00026 3 4696 00267 00267
14858 am 14790 0 0029 34761 00332 0032
14929 34791 14860 00031 3 4829 0 0401 0 0401
35061 34 14991 00034 34957 00528 Dos2s
352 150Mm 35142 00037 3 5108 00677 00677
35402 15262 35333 0 0039 3529 0 OR6S 0 OR6S
35688 35548 15615 00042 15573 01144 D114
36076 15999 3 6008 00044 3 5963 0I5y 015
Jedls 16181 16248 0 0046 36202 0T 01T
16748 16758 0.0046 16712 0228 02216
37109 17109 0 0046 17063 026238 02568

34450 3 4455 3 4460 3 4468 34470 34475
Average Caliper Reading (in.)

108

v = 1402.53x - 4828.71

|
|
\
s 3




Test No. 19 SING SIN £ CONNECTION

Recorder: COR SUMMARY SHEET
TEST DESIGNATION
Test Designation  SBSP-19 Date: 12/3/95
GEOMETRIC AND MATERIAL PROPERTIES
BOLT
Type A325 Diameter (in). |
Bolt Hole: Std Shear Plane: X
PLATES
No.  Width in) Thickness (in) Le (in) S(m) Edge Condition Coupon No,
- 3s 025 2 - Sawed 48
TEST RESULTS
Deformation (in ) Load (kips)
Limit State. Curling Maximum 0.1585 3790
Ki 1573 (kips/in.) Failure - .
Other - .
COMMENTS
Plate started curling in front of bolt around data pownt 15
Removed caliper on back of plate to prevent it from beng damaged
60
S0
40
H
;30
g * Test Data
. = Predict
20 -
10
U — . - -—
0.00 005 010 0.15 020 025

Deformation (in.)

109




Test No. 19 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
=
Data Load From Back Average Est Hoh & Adjusted  Adjusted For Adyusted For
Pout  (kips) CabperGn) Cabper(m) Caper(n) ElstcA(n) Do Imnal Slope  Mussing Caliper

000 3.7904 0.0000 0 0000
] 278 3 5050 4 D802 37926 0 DO 327922 00017 oo
2 5.09 3.5069 40821 37945 0.0008 3.7937 00033 0.0033
3 167 3.5091 40838 17968 00012 317953 00048 00048
4 1010 s 40889 3 7988 00015 37973 00068 00068
§ 12.64 ESIL) 4 OBRS 18017 00019 397 00093 00093
6 1516 315 40918 3 ROSO 00023 3n0z27 00122 om22
? 1758 15220 4 0951 1 8086 00027 1 8059 001s4 001%4
8 2017 35269 40999 EETRT] 00031 18103 00199 00199
9 244 3 5308 41047 I 0.0034 Inisg 00239 00239
10 2498 35394 an 18258 00038 18220 00316 00316
i 75 3 5498 4128 18361 00042 EN &l D44 0414
12 30 00 3.5629 4 1351 189 00045 1 B4as 00540 0 0340
13 3250 3 5810 4150 A R6TI 00049 I B621 00Ty 00717
" 15,00 3.6068 41787 18928 0.0053 38875 00970 00970
15 3750 36498 42216 19387 0 0087 19300 0139 0 139
13 7% 3 6688 4 2406 19847 0 0087 1 9490 0 1583 0 1588
17 3740 17095 3 7098 00057 3038 £ D866 0 1993
8 36 40 37455 37458 00038 3 400 ) 0504 02354

0 ' - "

37920 3.7925 3.7930 3.7935 37940 31,7945 3.7950 37953
Average Caliper Reading (in.)

110




Test No, 20

Recorder: COR SUMMARY SHEET

ST DESIGN N
Test Designation: SBSP-20

GEOMETRIC AND MATERIAL PROPERTIES

BOLT
Type: A325 Diameter (in). |
Bolt Hole: Std Shear Plane X
PLATES
- 35 025 2
TEST RESU
Limit State: Curling
Ki 1457 (kips/in.)
MMENTS

Test was loaded then unloaded and reloaded at start because of test machine difficulties

Plate started curling i front of bolt around data point 14
Removed caliper on front of plate to prevent it from being damaged

Ol

50

40
&
b |
.‘é’]ﬂ
S .
- -

*
20 - .
10
0 ’ ; :
0.00 002 0.04 006 008

S(in)

Maximum
Failure
Other

0.10

Deformation (in.)

111

Date 12/3/95

Sawed

Deformation (in.)
0.1471

e Test Data
w— Predict

014

48

Load (kips)
35.70

018




Test No, 20
Recorder: COR
DATA
Data Load
Pomt  (kipd)
000
1 165
2 07
3 748
4 a9
5 1257
b 1512
7 1765
L] 2000
9 2
1o 1506
I" 2760
12 3000
13 2a
14 35 00
1% 5T
16 3550
INITIAL SLOPE
L
7
6
5 .
g
=
1
—
1
2
'
u -
38305

N SIN CONNECTION
SUMMARY SHEET
2

Front Back Average Ext Bot &  Adjusted  Adjusted For Jyusted ot
g% {1 0000 0 D000
16435 40189 18312 0 0004 3 R308 a00Is 0001k
JoaM 4 0209 L 8k 7 0 0008 3824 00034 0 0034
16476 40229 I8 0001 IR 0 0082 0 0052
16490 40254 1RIT6 oooLs 38361 00071 00071
jssnm 4 0284 18407 00019 Ins7 0 009R 0 0098
14552 40319 1M 00023 IsMS 00126 00126
1659% 40358 ium 0 0027 s 00160 00160
36639 4 D400 Jasdo 000N 1 8489 0019 noLee
isT01 4 D46S 1R 0 0oL EF L8 L] 002%9 00299
ieTH® 40%%1 18670 0 0038 3 8632 00342 00M2
16901 4 D647 18784 00042 i 00452 00482
37042 4 0807 33928 0 0046 JEETe 0 0589 0 osee
37248 4 19 in»e 0 00%0 1 We ooTey 00T
3 7609 4 139 1 9489 0 00s4 I 01146 01148
4 1698 4 1693 000ss 4 1640 01351 01471
4 1% 415 0 DO 4189 03601 0172

y = 1457.45x - 5580.51
R'=1.00

38310 38315 38320 38325 38330 38335 38340 38348

Average Caliper Reading (in.)



Test No. 21 N NG ONN N

Recorder: COR SUMMARY SHEET
Test Designation. SBSP-21
BOLT
Type: A325 Diameter (in). 0.875
Bolt Hole: Sud Shear Plane: X
PLATES
No, W Thickness (in) Le (i) 3(in)
- 45 028 2 -
Limit State: Test Setup Limit Maximum
Ki 1124 (kips/in ) Failure
Other
COMMENTS

Test setup limited by bolt bending

10

Load (kips)

000 0.00 0.00 0.00 0.00

Deformation (in.)
113

Date: 12/4/95

Sawed

Deformation (m. )
00068

o Test Data
w— Predict

001 001

46

Load (kips)
760

001




Test No. 21 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
.-
Data Load Front Back Average Est Bohk  Adested Adjusted For  Adjusted For
Pt (kips) Caliper(n) Cabper(m) Calper(m) Elasticd(n) Dt Inmial Stope  Mussing Caliper
000 34836 0 0000 0 DOOO
| 166 3 5608 34119 I 4Ro4 0 0004 3 4860 00024 00024
3 S 35628 14149 3 4KK9 0 0007 314881 00045 0.0045
L) 760 3 5651 14178 14915 00011 14904 00068 0 0068
INITIAL SLOPE
8
7
t’ .
:1 '
% y = 1123.85x - 3915.06
E-I | R = 100
3
]
] .
0 - ———— - - —— - -
34855 34860 34865 34870 34875 34880 34885 34890 34895 34900 34905

Average Caliper Reading (in.)

114



Test No. 22 if N ‘ N

Recorder: COR SUMMARY SHEET
JTEST DESIGNATION
Test Designation. SBSP-22 Date: 12/4/95
GEOMETRIC AND MATERIAL PROPERTIES
BOLT
Type: A325 Diameter (in): 0.875
Bolt Hole: Std Shear Plane: X
PLATES
. 45 025 2 - Sawed 46
TEST RESULTS
Deformation (in ) Load (kips)
Limut State: Test Setup Limit Maximum 0.0064 743
Ki 1172 (kips/in.) Fatlure - -
Other - -
Test setup limited by bolt bending

10

L]
z
2 3
5 6 o Test Data
5 - — Predict
4
> ]
0 - - - .
0.00 0.00 0.00 0.00 0.00 0.01 0.01 om

Deformation (in.)

115




Test No. 22 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
rL‘
Data Load Fromt Back Average Est. Boht & Adjusted  Adjusted For ~ Adjusted For
Pomt  (kips) Caliper(n) Cabper(n) Cabpern) Elaspcdin)  Data imtal Slope  Mussing Caliper
000 34638 0 0000 0 D000
I 163 3sio 14020 14663 01 D004 14661 00023 00023
2 504 15331 34041 34686 00007 34679 00041 0.0041
i T43 15358 3 4067 34713 0001l 34702 0 0064 0 0064
INITIAL SLOPE
8
7
6 -
5
% y-lm;m-m_u
ot R =099
S
-
] .
2.
] -
0« e ——— - — — - i t—— il
34660 314665 34670 34675 34680 34685 34690 34695 314700 34705

Average Caliper Reading (in.)

116




Test No. 23 SIN SN
Recorder: COR SUMMARY SHEET
Test Designation: SBSP-23
EON " AN
BOLT
Type A325 Diameter (in). 0.75
Bolt Hole: Sid Shear Plane: X
PLATES

NN

No,  Width (in) Thickness (in) Le (i) S.0n)
- 4 0.25 2 .

5 2
TEST RESULTS

Limit State: Test Setup Limit
Ki 1098 (Kips/in.)

Test setup limited by bolt bending

10

Load (kips)
(-

(]

0
0.00 0.00 0.00

0.00
Deformation (in.)

117

Maxtmum
Failure
Other

0.00

Date: 12/4/95

Edge Cond
Sawed

Deformation (in )
0 0069

o Test Data
w— Predict

0.01

Load (kips)
755

0.01




Test No. 23 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
Dieflection
Dista Load Froms Mack Average Est Hoh & Ad; d Ad d For Ad d Fow
Powt  (hips) Cabper(m) Caliperim) Caliper(w) Elasticdln) Data Inal Slope  Mussing Caliper
000 32282 0 0000 00000
I 262 36037 28508 an 0 0008 3.2266 0.0028 00023
2 $13 36061 18531 12296 0 000Y jam 00045 00043
i 7.58 3609( T RS5K 31328 a0ais 32311 0 0069 0 0069
INITIAL SLOPE
8
]
[
_‘ /]
E y = 1097.75x - 3539.33
2, . R = 1.00
-
2
} -
2
|
0 - e . + S - - - -
32265 32270 32275 32280 32285 32200 32295 32300 32305 32310 32315
Average Caliper Reading (in.)

118




Test No. 24 SINGLE ) ]
Recorder: COR SUMMARY SHEET

TEST DESIGNATION
Test Designation: SHSP-24 Date: 12/4/95
GEOMETRIC AND MATERIAL PROPERTIES
BOLT
Type A325 Diameter (in): 0.75
Bolt Hole: Std Shear Plane X
PLATES
- 45 028 2 - Sawed 46
Deformation (in ) Load (kips)
Limit State: Test Setup Limit Maximum 00082 762
Ki 935 (kips/in ) Failure - -
Other - =
COMMENTS

Test setup limited by bolt bending

OAD YV M N
14
12
10
£
2
-
36
o Test Data
. —Prl.‘dtl:l
4
Ll
2
n - - - - -
000 0.00 0.00 0.00 000 00l 001 0.01 0.01 001

Deformation (in.)

119




Test No. 24 SING N NN 10N

Recorder: COR SUMMARY SHEET
DATA
=
Data Load Front Back Average Est Boh & Adjusted  Adjusted For Adyusted For
000 3 1900 0 0000 0 D000
| 168 1519 2575 3190 0 0005 31929 0.0029 00029
F 506 35N 2 8603 3 1963 0 0009 31954 0 0054 0 0054
1 762 ESELL) 2 B636 3199 00013 31982 0 0082 0 D0R2
INITIAL SLOFE
8
7
b .
5 1}
z ¥ = 935.23x - 2983.42
2, R =100
-
=
8
3

rJ

31,1980 3.1990

0 - ‘ PR— o T

31920 31930 31940 31950 3.1960 31970
Average Caliper Reading (in.)

120



Test No. 28

Recorder: COR SUMMARY SHEET

Test Designation. SBSP-25

BOLT

Type: A325 Diameter (in). 0 875

Bolt Hole: Std Shear Plane. X

PLATES

No.  Width (in) Thickness (in) Le (i} S {in.)

- 45 025 1.75 -
1EST RESULTS
Limit State. Test Setup Limit Maximum

Ki(l) 1611 (kips/in ) Failure

Ki(2) 2441 (kips/m.) Other
COMMENTS

Test setup limited by bolt bending
Ran imual stiffness twice to determine the effect of loading and unloading

Load (kips)

L

0

000 0.00 0.00 0.00 0.00 000 0.00
Deformation (in.)

Date 12/4/95
Edge Condition Coupon No,
Sawed 46
Deformation (in.) Load (kips)
0.0047 7.62

e Test Data
— Predict

0.00 0.00 0.00 001




Test No, 28 SING N N

Recorder: COR SUMMARY SHEET
DATA
l\ n
Data Load From Back Average Ewt Boh & Adjusted  Adjusted For Adjusted For
0.00 34358 0.0000 0.0000
| 263 34421 34338 34378 00004 34374 00016 00016
2 5.03 3 4438 14359 14397 0 0007 34390 0.0032 00032
i 7162 Jaa8 34380 Jadle Do 14408 00047 00047
000 14378 34378 0 0000
i 182 34444 34M1 14393 0.0004 34189 00011 0.0011
2 508 34450 14361 14406 00007 314398 0.0020 0.0020
] 743 3 4460 54379 3 4420 0oojo 34400 00031 0001}
INITIAL SLOPE
8
7
¢ y=1611.33x - 8536.25
R'=1.00
$ 4
Z
2,
k1
S
-
3 - y=244] 14x - 8392.24

R =100

L]

0 - = — =

34370 34375 34380 3 4385 34390 34395 3 4400 3 4405 Ja410
Average Caliper Reading (in.)

122




Test No. 26

Recorder: COR SUMMARY SHEET

N N

Test Designation. SBSP-26

BOLT

Type A325 Diameter (in) 0875

Bolt Hole: Std Shear Plane. X

PLATES

No.  Wdth (in) Thickness (in) Le (in) Siin)

- 45 02§ 1.75 -
TEST RESULTS
Limit State: Test Setup Limit Maximum
Ki(l) 1189 (kips/in.) Failure
Ki(2) 2054 (kips/in.) Other

Test setup limited by bolt bending
Ran initial stiffness twice to determine the effect of loading and unloading

10

Load (kips)
o

L]

0.00 0.00 0.00 0.00 0.00
Deformation (in.)

Date 12495

Edee Cond - N

Sawed 46
Deformation (in.) Load (kips)

0.0062 746

e Test Data
w— Predict

0.01 001 0.01




Test No. 26 SING SIN NN 10N

Recorder: COR SUMMARY SHEET
DATA
Deflection
Data  Load Front Hack Average Est Boh&  Adjusted Adjusted For  Adjusted For
Pomt  (kips) Caliper(in) Cabper(in) Cabper(mn) ElasicA{in)  Dam Imtial Slope  Missing Caliper
0.00 15073 0.0000 0.0000
1 276 34691 3.5508 35100 0.0004 35096 0.0022 00022
2 5.14 14720 35531 35126 0.0007 35118 0.0045 00045
3 746 34741 35550 35146 0.0011 35138 0.0062 0.0062
0.00 35102 00000
| 267 34706 15533 3.5120 0.0004 15116 0.0013 00013
2 508 34722 35545 315134 0.0007 315126 0 0024 00024
3 744 34740 15559 15150 0.0011 35139 00037 0.0037
INITIAL SLOPE
8
"! .
6+ y = 1188.65x - 4168.98
R =099
5 "
v
T
;4
=
(-]
-
- y=205391x - 7209.69
R'=1.00
2 L

0 B S —

35095 35100 3.5105 35110 35115 35120 35125 35130 35135 35140
Average Caliper Reading (in.)

124



Test No. 27
Recorder: COR

A) SIGN N

Test Designation: SBSP-27

0N N
BOLT
Type: A325 Diameter (in): 0.75
Bolt Hole: Std Shear Plane. X
FLATES
No.  Width (in) Thickness (in) Le (in) S(n)
- 45 025 L5 -
TEST RESULTS
Limut State: Test Setup Limit Maximum
Ki 2160 (kips/in.) Failure
Other
COMMENTS

Test was loaded then unloaded and reloaded at stant because of test machine difficulties
T'est setup himited by bolt bending

on

Load (kips)

(]

0.00 001 0ol 0.01 0.01
Deformation (in.)

125

Date: 12/4/95

dee Cond
Sawed 46

Deformation (in. ) Load (kips)
0.0184 17.50

0.01 0.02 0.02 0.02




Test No. 27 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
o
Data Load Front Back Average Est Boh&  Adjusted  Adjusted For  Adjusted For
Pomt  (laps) Caliper(n] Caliper(n) Caliper(in) ElasucAlin) Daa Inwsal Slope  Mussing Caliper
0.00 1.5007 0 0000 00000
1 286 34943 315108 35026 00005 35020 00013 00013
2 5.00 34957 15121 35039 0.0009 35030 0.0023 00023
3 7.57 3497 35139 35056 00014 35042 00035 0.0035%
4 1000 3.5002 35167 3 5085 0.0019 3 5066 00059 00059
5 12.60 3 5040 35201 15121 00023 35097 0 0090 0.0090
6 15.00 35083 15240 15162 00028 EETEY] 00127 00127
7 17.50 35148 15298 15223 00032 35191 00184 00184
INITIAL SLOPE
B
7
6 +
s +-
% y = 2159.69x - 7560.38
- 1-
<4 1 R* =100
-
9
3 -
2 +
l .
Y ————— - e}
3.5020 3.5025 3.5030 3.5035 35040 3.5045
Average Caliper Reading (in.)

126



Test No. 28

Recorder: COR SUMMARY SHEET

Test Designation: SBSP-28

BOLT

Type: A32S Diameter (in): 0.75

Bolt Hole: Std Shear Plane: X

PLATES

No,  Width (in) Thickness (in) Le (i) S{in)

: 45 025 1.5 -
Lemit State: Test Setup Limit Maximum

Ki(l) 669 (kips/m.) Failure

Ki(2) 1438 (Kips/in. ) Other
COMMENTS

Test setup limited by bolt bending
Ran initial stiffness twice to determine the effect of loading and unloading

Load (kips)

000 0.00 000 001
Deformation (in.)

0.01

Date: 12/4/95

Sawed

Deformation (in )
00113

— Predict

00l

¢ Test Data

46

Load (kips)
7.60

0.01




Test No., 28 SING sIN N N

Recorder: COR SUMMARY SHEET
DATA
Deflection
Data  Load Front Back Average Est Bot&  Adjusted Adjusted For  Adjusted For
Pot  (kips) Caliper(in) Cabper(m) CabperGn) ElasticAln)  Daa Iniual Slope  Mussing Caliper
0.00 15452 0.0000 00000
1 269 15522 35471 15497 00005 3.549] 00040 00040
2 519 35569 3 5511 3.5540 0.0010 3.5530 00079 0.0079
3 7,60 3.5609 35549 3.5579 0.0014 35565 00113 00113
0.00 355158 0 0000
| 266 35566 35511 35539 0.0005 15534 00019 00019
1 512 35588 15530 14559 0.0010 15549 0 0035 0.0035
3 7.54 35601 35552 3.5582 00014 35567 0.0053 0.0053
INITIAL SLOPE
8
7
6 y = 668.97x - 237160
R =1.00
5 4
5
;4
=
-
-
3 .
y= 1437 75x - 5106 10
2 R =100
] .
U  — —— ———— — — f— _—

3.5490 3.5500 3.5510 35520 3.5530 3.5540 3 5550 3.5560 3.5570
Average Caliper Reading (in.)

128



Test No. 29
Recorder: COR

) sNATION

Test Designation. SBSP-29

0N ND N
BOLT
Type: A325 Diameter (i) |
Bolt Hole: Std Shear Plane X
PLATES
No  Width (in) Thickness (in) Le (in) S(in)
S26 S 0375 1.5 -
Limit State: Sphitting Maximum
Ki 1393 (kips/in ) Fatlure
Other

COMMENTS

Splitting along free edge of plate noticed around data point 12
Splitting propogated toward bolt hole

Test stopped when load started dropping

0.00 0.05 0.10

015
Deformation (in.)

129

Edge Condition
She

Deformation (mn.)
01557
0106

o Test Data
s Predict

0.20

Date: 12/5/95

25

Load (kips)
32.53
30,00

025



Test No. 29 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
Deflection
Data Load Front Back Average Est. Bolt & Adjusted  Adjusted For Adjusted For
Pont  (kips) Cabper(n) Cabperin) Cabper(m) ElasicA(n) Dam Iniual Slope  Mussing Caliper
000 35356 0.0000 0.0000
| 288 34980 35762 3537 0.0003 3.5368 0.0012 0.0012
2 5.12 3.5009 3.5786 35398 00008 31539 00037 0.0037
3 759 3.5034 3 5802 35418 0.0008 315410 00055 0.005%
4 1025 3.5058 35821 3 5440 00010 35429 00073 0.0073
5 1271 3 5089 15849 35469 00013 35456 0.0100 00100
6 15.25 35131 15886 3 5509 00018 35493 00137 00137
1 17.52 35195 35947 35571 00018 35553 00198 0.0198
8 1997 35291 36039 3.5665 00020 3 5645 00289 0.028%
9 22.51 35411 36156 35784 00023 15761 00408 0.04058
10 25.00 35562 36308 35934 00025 35908 0.0553 0.0553
1 27.46 35768 36503 16136 0.0028 36108 00752 0.0752
2 30.00 36081 16812 3 6447 0 0030 Iodle 01061 0106
13 32.53 36580 3731 366 00033 36913 01557 01557
14 31.70 37269 37998 17634 00032 3 7602 02246 02246
NITL
12
10 +
g -
3
3
=07
g y = 1392.77x - 4924.24
=t R'=1.00
4 |
2+
o —— —

35390 35395 35400  3.5405 35410 35415 35420  3.5425 3.5430
Average Caliper Reading (in.)

130



Test No. 30

Recorder: COR SUMMARY SHEET
S SIGN N

Test Designation. SBSP-30

EON “AND M
BOLT
Type: A32S Diameter (in) )
Bolt Hole: Std Shear Plane: X
PLATES
No  Width (in) Thickness (in) Le (i) Sim)
§27 5 0375 1.5 =
Limut State: Splitting Maximum
K1 1724 (kips/in ) Faslure
Other
COMMENTS

Splitting along free edge of plate noticed around data point 9
Splitting propogated toward bolt hole
T'est stopped when load started dropping

OAD V. FORMATION CH,

5

0.00 0.05 010 015
Deformation {in.)

020

Date: 12/5/95

- doe Condi i N
Sheared 25
Deformation () Load (kips)
02205 30.70
0.045 23.00
0250 30.6

e Test Data
w— Predict




Test No. 30 SINGLE BOLT SINGLE PLATE CONNECTION TEST
Recorder: COR SUMMARY SHEET
DATA
Deflection
Lrats Load From Back Average Eat Boll & Adk 4
Pomt (kps) Caliper(in) Cobiper(m) Caliper(in) Elasticd(in)
000 3 5088 0 0000
I 278 35569 14645 15107 00003 35104 00017
1 5m I55Mm 34067 3135126 0 0006 35120 00032
3 758 35599 1408} 15040 0 0008 15132 00045
i 1019 35623 14706 15165 00010 15154 00067
5 1258 3 5650 4™ 15191 00013 35T 0.0091
L] 1507 15686 34768 ise 00015 35110 00123
7 1752 1574 14820 15281 00018 35263 00178
L 1993 isan 3 4900 3 5362 00020 315342 00254
9 2300 16023 1 5004 35459 00023 15536 00448
10 2506 16163 15238 1 5700 000258 15678 00587
" 2152 sl 3 5483 3 5951 00028 35925 00835
12 X4 1680] 35869 16335 00029 36306 01218
13 3044 3173% 6413 1 6881 0 0030 3 6852 01764
14 Jo70 T2 } 6855 3734 00031 171293 02205
18 30 50 3838 17448 17914 00031 37884 0.279%
INITIAL SLOPE
]
7
h -
§ 4
‘a y = 1723.83x - 6048.51
=, R =099
-
-
=
3 A
z H
I
) ey ——— - -
35100 35105 isino 35115 35120 35125 35130
Average Caliper Reading (in.)

132

00017
0.06032
D.004s
D 0067
00091
0.0123
00173
00254
0 0448
00587
00835
DI121N
01764
02205
021

35135




Test No. 31

Recorder: COR SUMN ‘S
TEST DESIGNATION

Test Designation: SBSP-31

BOLT
Type: A325 Diameter (in). |
Bolt Hole: Std Shear Plane: X
PLATES
S40 5 05 1.5 -
Limit State: Test Setup Limit Maximum
Ki 1670 {kips/in.) Fallure

Other

COMMENTS
Test setup lirmted by bolt bending

LOAD Vs. DEFORM! N CHY

40

0.00 0.01 002 003 0.04
Deformation (in.)

133

Date. 12/595
Edge Condition Coupon No,
Sawed 11
Deformation (in.) Load (kips)

0.0680

w— Predict

0.05

¢ Test Data

3995

0.06 007




Test No. 31 SINGLE BOLY SINGLE PLATE CONNECTION TEST

DATA
s
Data Load Front Back Average Est Boh &  Adjusted  Adjusted For  Adjusted For
Pout  (lops) Caliperim) Cabper{n) Cabper(in) Easicd(n) Dan Imnal Slope  Mussmg Caliper
000 15310 0 0000 0 D000
| 169 35499 15181 34325 00003 isn 00012 00012
F | 600 155 1517 s 0 D006 35348 0003 0003
3 mm 15542 1508 15364 0 000K 3 53% 0 0046 00046
4 e 38560 15201 1538 00010 As5iT0 00061 00081
] 1157 35578 15219 35399 00013 35386 00076 00076
6 1506 J55% 1523 IMS 0001s 15399 0 0089 0 0oRe
7 1790 315620 197 Uy 00018 3 8420 ool oL
] 038 35648 15280 3544 00621 15443 00134 001
9 261 315670 3 4300 35485 00023 3 5462 00152 00152
mn 2508 1571 1533 15528 0 002s 315499 0DIse 0o
1" 2788 35775 15395 34588 0.0028 38857 0.0247 00247
12 30.06 34838 315451 35645 00030 15614 00304 00304
13 ns ERL ] 15509 15T D 0033 15691 0038 oo
14 1508 386018 3624 35820 00636 35784 00474 00474
4] 760 AN I 15919 00038 3 SK8I oosT nosT
1 998 316229 15832 16031 00041 3 4990 0 0680 0 06RO
INITIAL SLOPE

16 -

14

12 +

10 -
$ y = 1670.33x - 5897.90
<! R = 1.00
L

o -

4 4

2 .

FU REEEE - — S S ——— . o

315340 3 53%0 315360 35370 3 5380 35390 3.5400

Average Caliper Reading (in.)

134




Test No. 32 SINGLE SING "ONN
Recorder: COR SUMMARY SHEET
TEST DESIGNATION
Test Designation SBSP-32
GEOMETRIC AND MATERIAL PROPERTIES
BOLT
Type: A325 Diameter (in) 1
Bolt Hole: Sud Shear Plane: X
PLATES
No,  Width (in) Thickness (in) Le (in) S (i)
S41 5 05 1.5 -
TES
Limit State: Test Setup Limut Maximum
Ki 2119 (kips/in ) Falure
Other
COMMENTS

Test setup limited by bolt bending

OAD Y L A N C
45

40

0.00 001 002 003
Deformation (in.)

Date: 12/5/95

Edge Condition Coupon No,
Sawed 12
Deformation (in ) Load (kips)
00597 4003

L

e Test Data
w— Predict

0.05 0.06




SINGLE BOLT SINGLE PLATE CONNECTION TEST

SUMMARY SHEET
Deflection
Front Back Average Est. Bot&  Adjusted  Adjusted For  Adjusted For
Caliper in) Caliper(n) Cohper(n) ElasticA{n] Daw Imtial Slope  Mussing Caliper

34521 0 0000 0 0000
34T 34279 34528 00003 Jasn 00002 0.0002
34789 14299 34544 0.0008 34539 00018 00018
14799 34311 34555 00008 Jase 0.0027 00027
34810 1434 34567 00010 34587 0.0036 00036
34822 14339 JA4581 00013 34568 0.0047 00047
34838 34352 3 4595 00015 34580 00059 0.0059
34859 34375 14617 00018 34599 00078 0.007%
34876 14391 34634 00020 J4013 00093 00093
34899 Ja415 34657 0.0023 J4634 0014 nol4
34936 34452 146W4 0 0025 34669 00148 00148
3 4990 34509 34750 00028 s 00201 00201
3.5041 34560 34801 0.0030 3470 0.0250 00250
35109 34629 34869 00033 4836 00316 00316
3519 34709 34950 0.0035 3o 003%4 00394
35289 34809 3 5049 00038 ison 00491 00491
35w 14918 15158 0 0040 sn? 00597 00597

¥ =2778.92x - 9593.02
R = 1.00

Test No. 32
Recorder: COR
DATA
Data Load
Pont  (kips)
0.00
I 259
2 506
3 750
4 10.06
L 1258
[ 15.06
i | 1793
L 2015
9 2258
10 2515
11 2801
12 30.09
13 ns
14 3498
15 3755
16 4003
INITIAL SLOPE
12
10 -
£ -
3
36+
2
e
4 -
2+
0 -

34538 34540 34542 34544 34546 34548 34550 34552 34554 34556 34558

Average Caliper Reading (in.)

136



Test No. 33
Recorder: COR

Test Designation. SBSP-33

:EOME N 1
BOLT
Type: A32S Diameter (iny. |
Bolt Hole: Std Shear Plane: X
PLATES
No.  Width (in) Thickness (in) Le (in) S(in)
549 5 0.625 1.3 F
Limit State: Test Setup Limit Maximum
Ki 2265 (kips/in ) Failure
Other

COMMENTS
Test setup limited by bolt bending

35

0e —— . +

0.00 0.01 0.02 0.03 004 0.05

Deformation (in.)

Date: 12/5/95

Edee Cond

Deformation (in.) Load (kips)
00778 40.01

¢ Test Data
w— Predict

0.06 0.07 0.08



Test No. 33 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
P
Data  Load Front Back Average  Est Bolt&  Adjusted Adjusted For  Adjusted For
Pomt  (kips) Caliper(in) Calbper(in) Caliper(m) ElasncA(in) Data  ImmalSlope  Missing Caliper
000 3.5563 0.0000 0 0000
| 269 35909 35188 3.5549 0.0003 315546 00018 H0018
2 506 35939 35214 35577 00005 3.5571 0.0008 00008
3 75 35961 35236 35599 0 0008 3.5590 00027 0.0027
4 10.10 35981 35253 35617 00011 3.5606 0.0043 00043
5 12.56 35994 35271 15633 00014 35619 0.0056 0.0056
6 15.08 1.6006 3.5286 3.5646 0.0016 35630 0.0066 0.0066
7 17.75 36019 35303 35661 00019 15642 00078 00078
8 2033 36034 35326 3 5680 00022 35658 0.009% 0.0095
9 2284 36069 3.5365 3sm 0.0025 35692 00129 00129
10 25.10 36099 15399 35749 0.0027 15122 00159 00159
1] 27.80 36161 15467 15814 0 0030 35784 00221 0.0221
12 3003 16228 315535 3 5882 00032 15849 00286 00286
13 1n 316335 3.5642 35989 00036 35953 00389 00389
14 35.04 36411 s 36067 00038 36029 00465 0 0465
15 3748 16532 35842 316187 0.0040 36147 00583 00583
16 4001 36780 35989 16385 00043 36341 00778 00778
INITIAL SLOPE
18
16 +
14 4
12 +
E.l y = 2265.00x - B055.11
0+ 1
3 R = I.(Iﬂ
=
s 8-
6 +
&=
2+
0+ + — =
35615 3.5620 3.5625 3.5630 3.5635 35640 3.5645
Average Caliper Reading (in.)

138



Test No. 34 SIN SIN N N
Recorder: COR SUMMARY SHEET
TEST DESIGNATION
Test Designation: SBSP-34
GEOMETRIC AND MATERIAL PROPERTIES
BOLT
Type A325 Diameter (in): |
Bolt Hole: Sid Shear Plane: X
FLATES
S53 § 0625 2 -
TEST RESULTS
Limut State: Test Setup Limat Maximum
Ki 2295 (kips/in. ) Faulure
Other

Test setup limited by bolt bending

Date: 12/5/95

EdgeCondiion = Coupon No,

Sawed

Deformation (i)
00322

43

Load (kips)

401

000 0.01 001 002 0.02
Deformation (in.)
139

0.03 0.03

2

004



Test No. 34 SIN N NN N
Recorder: COR SUMMARY SHEET
DATA
=

Data  Load Front Hack Average Est Boi&  Adjusted  Adjusted For  Adjusted For
Pout  (ups) Caliper(in) Caliper(n) Calipetln) ElsucAlind  Dats Inial Slope  Missing Caliper

0.00 3.507% 01,0000 0.0000

[ 264 35038 19112 35084 00003 35081 00004 00003

2 509 3 5080 15156 35103 0.000% 3.5008 00022 00022

1 753 3 5060 151m 3516 0.0008 35108 00033 0.0033

4 10.02 35071 15189 19130 0.0011 35119 0 0044 0 0044

s 1258 3 5083 15204 38144 00013 35130 00058 00088

1] 1508 35097 35219 1515 00016 ERIE S 0 0067 00067

7 17.80 35112 1837 19178 00019 315158 0.0080 00080

i 20 10 35130 15250 15190 00022 35168 00093 00093

9 227 35151 inmn 3 00024 15188 00112 0.0112

[1] 2502 isim 15293 192 00027 1520 00131 ooiN

i 78 35204 35321 15263 00030 335233 00ls? Dois?

12 3163 35249 3 5364 1 5307 00034 36amn 00197 0.0197

13 3268 15261 15378 15320 00038 19 00209 0.0209

4 35.06 35292 3 5409 19351 0 0038 35313 00238 00238

i 3757 315329 3 5443 19186 0 0040 35346 6 0270 0.0270

16 40.12 3 5382 15499 15441 00043 34397 0032 00322

INITIAL SLOPE
14

12
10 -
28
-
- y = 2295.12x - 8050.21
- R = 1.00
4
4
0 -+ — = " Fr— ‘-
3 5095 315100 35108 35110 35115 35120 35125 35130 315138
Average Caliper Reading (in.)

140




Test No. 35 NGLE N N

Recorder: COR SUMMARY SHEET
TEST DESIGNATION
Test Designation: SBSP-35
GEOMETRIC AND MATERIAL PROPERTIES
BOLT
Type: A325 Diameter (in): |
Bolt Hole: Std Shear Plane: X
PLATES
No  Width (in) Thickness (in) Le (in) S(n)
§70 5 075 2 -
Limit State: Test Setup Limit Maximum
Ki 3590 (kips/in.) Failure

Other

Test setup limited by bolt bending

)

Load (ki

0 = - —_— - -— -

0.00 0.00 000 0ol 0ol 0.01
Deformation (in.)

141

Deformation (in.)



Test No. 358
Recorder: COR

DATA
Data  Load
Point  (kaps)
000
1 279
2 54
3 15
4 1019
B 1262
“ 15.13
7 1810
5 2020
9 2266
10 31
] 2767
12 3009
13 nsn
4 3508
15 ns
6 40 D&
INITIAL SLOPE
16
14 -
12 -
10 -
H
;g 8
-
6 .
4 -
2 .
0 ———
3.5280

SUMMARY SHEET
Deflection
From Back Average Ext Holl & Adjusted  Adjusted For Adjusted For

Caliperin) Caliper(n) Cabiper(m) ElasbcdOn) Data  InitialSlope  Missing Calper

35380
1592
3 5400
3 5408
315413
s
lsa
35441
35451
35464
3 5480
3
15815
33535
15597
ism

35285

15141
15162
15178
ismm
15204
ian
35
35241
15284
ism
15286
3 5301
14320
15339
15356
153

315261
ism
1529
1 5300
15309
1559
151
ARLL)
15353
35367
3 5383
1599
Is418
33
15457
15478

00003
0 0606
00009
000
00015
0o0is
00021
00024

00029
00032
00038
00038
00041
00044
00047

18259
15287
15271
35280
35288
1529
3 5m
15310
s
15326
15m
153151
35364
35380
153%
1M1
35428

y = 3589.69x - 1265691

R = 1.00
35290 3 5295
Average Caliper Reading (in.)

142

0.0000
<0 0002
00012
00021
00029
00035
0.0042
00051
00058
00067
00079
00092
nolos
00121
00137
0014
00169

35300

0 0000
0 0002
00012
00021

00033
0 0042
00051
0.00S
0 0067

0 0092
o010
00
001
noise
00169

35305



Test No. 36 NG NN
Recorder: COR SUMMARY SHEET
) N N
Test Designation: SBSP-36
BOLT
Type: A325 Diameter (in): |
Bolt Hole: Std Shear Plane: X
PLATES
No,  Width (in) Thickness (in) Le {in) Sfin)
57 5 075 2 -
TEST RESULTS
Limut State: Test Setup Limut Maximum
Ki 3531 (kips/in.) Fatlure
Other

COMMENTS
Test setup limited by bolt bending

v ‘ORN NC

0.00 0.01

0.01

0.02

Deformation (in.)

143

Date 12/6/95

Sawed

Deformation (in.)
0.0209

0.02

44

Load (kips)
4006

0.03




Test No. 36

Recorder: COR
DATA
Data Load
Bomnt  (kips)
000
{ 281
2 509
3 7.58
4 1014
5 1257
6 1514
7 17.59
L] 20002
9 2256
o 2518
1 2800
12 3018
13 3265
4 3504
15 56
It 40 06
INITIAL SLOPE
e
12 -
10 +
£
2
-
=
=6
&
24
3.5105

SIN

34975
34980
34989
34999
35009
15023
35038
35052
3 5070
15089
s
35
35151
35175
35200
358

0 ——m—— s

35110

3523
3 5250
15261
as2n
35281
isnm
35308
35320
35338
3 5351
35371
35390
3 5409
315428
3 5450
1s4m2

isior
3515
15128
35135
350145
15158
isim
35186
15203
35220
s
35261
15280
35302
35325
35350

0.0003 35 0.0009
0.0006 15109 00014
0.0009 isle 00021
0.0012 35123 00028
0.0015 35130 00036
00018 35140 00045
0.0020 35151 0.00%6
00023 35163 00068
00026 15176 0.0082
00029 ismm 0.009%6
00033 35208 0oi4
00035 35225 0.0131
00038 ise o147
0.0041 35261 D 0166
00044 35281 00187
00047 315303 0.0209

R’ =1.00
35115 35120 35125
Average Caliper Reading (in.)

144

y = 3530.99x - 12391.91

35130

0.0082

ool
00131
00147
00166
00187
0.0209

35138




Test No. 37 SIN sIN JONN N
Recorder: COR SUMMARY SHEET
TEST DESIGNATION
Test Designation: SBSP-37
CON N . "
BOLT
Type A325 Diameter (in): |
Bolt Hole: Sud Shear Plane. X
PLATES
No.  Width (in) Thickness (in} Le (n) S(m)
- 5 0.375 1.75 .
TEST RESULTS
Limiat State Sphitting Maximum
Ki 1778 (Kips/in ) Fanlure
Other
COMMENTS

Sphitting along free edge of plate noticed around data point 11
Sphitting propogated toward bolt hole
Test stopped when load started dropping

40

0 : eSS s .

000 005 0.10 D15 020
Deformation (in.)

145

Date: 12/6/95

Edge Condition ~ Coupon No,

Sheared

Deformation (in.)
02115
0.0546
0250

e Test Data
w— Predict

02§

030

22

Load (kips)
3540
27.54
354

035




Test No. 37
Recorder: COR

DATA
Data  Load
Pomt  (kips)
0.00
I an
2 508
3 756
‘ 10.13
s 1257
6 1507
7 17.55
L 1995
9 248
1o 2500
n s
1z 0
13 29
M MO
15 3540
16 3540
17 Me0
INITIAL SLOPE
K

T +

b -

g .

SUMMARY SHEET
Deflection
From Back Average Est Bolt &  Adjusted  Adjusted For  Adjusied For
Caliper(m) Caliperim) Calper(in) Elasucdim) Dan Instial Slops  Mussing Calipsr

s 0.0000 0 0000
36091 14489 15290 0 0003 Jan 0.0016 00016
16103 1 4505 15304 0 0005 34299 00027 00027
36120 34524 asn 0,0008 318314 0.0043 0 0043
16143 34549 1506 00010 153% 00064 0 0004
36169 14570 15370 00013 35387 00088 0.008S
16200 1 4600 3 00 oo001s 15385 0oLl 0o
16241 34639 1 3440 00018 s aoist nois
36289 14681 15488 00020 38465 00193 00193
16364 34788 15561 00023 15538 00267 00267
I64TS iam 1873 00023 35648 0037 00
36648 5 soa3 35840 00028 Jsai 00%46 00546
16890 15281 16086 00030 36055 00784 0084
1M1 1 5601 16408 00033 316375 O 1104 01104
37707 3 6099 3 6903 00038 3 6868 01897 01597
318229 16615 Y42 00036 37386 02118 02118
18702 37093 1708 0 0036 1 7R62 0.25% 02590
19210 1 7600 18408 00038 18370 0 3099 0309

y = 1777.72x - 627028

R’ =1.00

3.5290 35298 3.5300 35305 35310 155

Average Caliper Reading (in.)
146




Test No. 38

Recorder: COR SUMMARY SHEET

TES saing N

Test Designation. SBSP-38

M N
BOLT
Type: A325 Diameter (in) 1
Bolt Hole: Std Shear Plane X
PLATES
No,  Width (in) Thickness (in) Le (in)
$37 5 05 T

Limt State: Test Setup Limnt
Ki 1865 (kips/in.)

COMMENTS
Test setup limited by bolt bending

LOAD V. M NC

Date: 12/6/95
- Sawed 12
Deformation (in ) Load (kips)
Maximum D D587 4012
Failure - -
Other . .
.

0.00 om 0.02 003

0.04 005 0.06

Deformation (in.)

147




Test No. 38 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
Deflection
Data Load Front Back Average Est Bolt&  Adjusted Adjusted For  Adjusted For
Pomt  (kips) Caliper(n) Calper(m) Calper(n) ElasticAtinl  Data Initial Slope ~ Mussing Caliper
000 35164 00000 0.0000
1 imn 15031 1524 15163 00003 35160 <0 0004 -0 0004
2 5.70 3 5060 315325 15193 0.0006 35187 00023 00023
i T49 35074 35340 iszon 0 0008 LRIl 0.0036 0.0036
4 1024 35092 15363 35228 00010 3san 00054 00054
5 1258 15107 35381 35244 00013 s 00068 00068
6 1511 isne 3 5400 15260 a0als 35244 00081 00081
7 1800 15133 isan 152719 00018 3 5260 00097 00097
] 20 46 15150 3 5447 315299 00021 15278 nol4 0ol14
9 23.00 5m 35471 15321 00023 15298 00134 00134
10 2483 35185 3 5486 15336 00025 35310 0.0147 00147
1 27153 315229 15532 15381 00028 15183 00189 00189
12 30.00 33285 35501 35438 00030 3 5408 00244 00244
13 3250 35350 15658 315504 00033 3san 00308 00308
14 3510 35432 3151 35587 00036 3555 00387 00387
15 3155 1551 35837 35680 00038 35642 00478 00478
16 4012 315635 35948 3sm 00041 1575 00587 0.0587
INITIAL SLOPE
20
18 -
16 +
14 -
212 1
%
=10 + y = 1865.12x - 6558.43
3 R = 1.00
-
s H
6 +
4 +
3 1
0 i ———— e ——— —
3.5230 3.5235 35240 3.5245 3.5250 35255 3.5260 3.5265
Average Caliper Reading (in.)

148



Test No. 39 SIN JONN 10N

Recorder: COR SUMMARY SHEET
S N N
Test Designation: SBSP-39 Date: 2/9/96
GEOMETRIC AND MATERIAL PROPERTIES
BOLT
Type: A325 Drameter (in) |
Bolt Hole: Std Shear Plane: X
PLATES
No.  Width (in) Thickness (in) Le (in) S(in) Edge Condition Coupon No,
5 0.25 1.5 - Sawed 51
TEST RESULTS
Deformation (in.) Load (kips)
Limit State: Bearing Maximum 0.5068 2552
Ki 1522 (kips/in.) Failure - -
Other 0.250 239

Had to restart test after SATEC ran to almost 10 kips in mitial loading
Data pomnts 1, 2 and 3 come from a second loading and are not considered for imitial slope
Data has been adjusted to test 41 (@ data point 4

30

- L
- . =
Z
2
E o Test Data
i = Predict
030 040 0.50 0.60
Deformation (in.)

149




Test No. 39 ING N

Recorder: COR SUMMARY SHEET
DATA
Deflection
Data Load Fromt Back Average Est Bolt&  Adjusted Adjusted For  Adjusted For

0.00 29260 0 0000 0 0000
1 285 ions 28572 29345 00003 29342 0 0082 00082
2 52 30130 2 8581 29356 00005 29351 00091 00091
3 768 30141 28593 29367 0.0007 29360 0.0100 0.0100
4 10.26 30158 2 8608 219383 00010 29I 0.0113 00113
5 12.62 30250 28708 219479 00012 29467 0.0207 00207
6 1538 30462 28925 2969 00015 29679 00419 00419
7 1752 3.0658 29123 29891 0om7 29874 00614 00614
] 1998 31050 29521 30286 00019 10266 0.1006 01006
9 20 31601 30079 3 0840 0.0021 10819 0.1559 01559
10 3N 32152 3 0630 1139 0.0022 31369 02109 02109
I 24 32629 it ENE 00023 31847 0.2587 02587
12 45 33100 31580 3 2340 00023 iaan 03087 03057
13 23 13628 iz 3 2869 00024 1.2845 03585 01585
14 2526 14263 32740 31502 00024 1M 04217 04217
15 254 14639 1S 313882 00024 33858 04598 04598
16 25.52 3.5109 313596 14353 00024 14328 0 5068 0 5068

150




Test No. 40 N

Recorder: COR SUMMARY SHEET

TEST DESIGNATION
Test Designation: SBSP-40 Date. 29/96
BOLT
Type: A325 Diameter (in): |
Bolt Hole: Sud Shear Planc: X
PLATES
5 025 1.5 - Sawed 51
TEST RESULTS
Deformation (in. ) Load (kips)
Limst State. Beanng Maximum 05072 2590
Ki 1522 (kips/in.) Failure - -
Other 0250 241
COMMENTS
SATEC shot from data point | to data point 2 out of control
Insufficient data for determining imtial slope
Data has been adjusted to test 41
1 v M NC
30
- -
. > ~
£
2
§ o Test Data
- = Predict
0.00 010 0.20 030 040 0.50 0.60
Deformation (in.)

151




Test No. 40 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
et
Data Load Front Back Average Est Bolt&  Admusted  Adjusted For  Adjusted For
Pont  (kips) Caliper(in) Caliper(n) Caliper(n) ElasticA(in) Data Imtial Slope  Mussng Caliper

0.00 10261 0 0000 0 0000
1 an 30178 30390 30284 0.0003 30281 00020 0.0020
2 988 30281 30492 30387 0.0010 30377 00115 00115
3 12.5 10m 30580 1.0476 00012 3 0463 0.0202 0.0202
4 1498 3.0540 30753 30647 00015 310632 00370 00370
5 17.54 30801 Jon 10906 00017 30889 00627 00627
6 20 31186 31390 31288 00020 31268 0 1007 a 1oa7
7 2216 J7s 31941 31838 00022 31816 01555 0 1555
] 2334 inn 32429 312326 00023 110 0.2042 02042
9 4224 32741 32949 32845 00024 12821 02560 02560
10 248 13199 3 3400 33300 00024 33275 03014 03014
] 254 13743 33949 33846 00025 33821 0 3560 03560
12 2552 34180 14379 314280 00025 14254 03993 03993
13 2576 34740 3 4942 34841 00025 34816 04554 04554
14 259 3.5259 35459 15359 00025 353 0.5072 05072

152



Test No. 41

Recorder: COR SUMMARY SHEET

ES NATION
Test Designation. SBSP-41 Date: 2/9/96
GE " AND X 5
BOLT
Type: A325 Diameter (in) |
Bolt Hole: Std Shear Plane X
PLATES
No.  Width () Thickness (in) Le (in) S(m) Edge Condition Coupon No,
s 025 1.5 . Sawed 51
SULT
Deformation (in.) Load (kips)
Limut State: Bearing Maximum 0.4996 25.74
Ki 1522 (kips/in.) Fatlure . -
Other 0.250 24.1
COMMENTS
JOAD Vs DEFORM! NC
30
25 * ™ L - .
20
£
-~ 15
'E o Test Data
- = Predict
10 -
5. .
0 —

0.00 0.05 010 015 020 0.25 0.30 035 040 045 0.50
Deformation (in.)

153




Test No. 41 N N N

Recorder: COR SUMMARY SHEET
DATA
Deflection

Data  Load Front Hack Average  Est Bot&  Adjusted Adjusted For  Adjusted For
Pomt (kips) Caliperiin) Caliperim) Cabiper(n) ElasticAdln) Data Intial Slope ~ Mussing Caliper

000 10130 0.0000 0 0000

I 2032 29611 3 0680 3046 00002 30144 00013 00013

2 402 29631 3 690 1061 0 0004 ims 00026 00026

3 602 2 9658 oo 30184 0 0006 0T 0 0048 0 DO4R

4 803 29689 30740 10218 00008 3007 00076 00076

S 10003 29725 10 10249 00010 30239 00109 0moe

[ 1251 29812 1 0860 30336 00012 30324 00194 00194

T 15.02 29991 11038 30515 000Ss 30500 00370 00370

B 1753 10240 31287 30764 00017 i074 0066 00616

9 2001 10610 11658 31134 00020 ERIRL] 00984 00084

10 20 LBkl 12170 31646 0 0022 11624 0 14%4 01494

] 233 31625 12679 32152 0 0023 32129 01999 01999

12 Ml 3N 13178 32649 00024 312628 02495 02495

13 M7 32640 33701 iam 00024 ERIETY 03018 0306

14 500 33 14182 33646 00024 32 0349} 0 3491

15 254 13621 14678 14150 00028 34125 0 3998 03998

13 59 14129 15185 3 4657 00025 34632 0 4502 04502

17 25.74 3 4622 3 So81 15182 0 0025 35126 0 4990 04996

INITIAL SLOPE
b
4 4

Load (kips)

(]

y = 1522.28x - 4586.66

R = 1L00
l .
0 - il — - ———— - - —— - — —
jol42 30144 30146 30148 30150 lo0is2 30154 30156 30158
Average Caliper Reading (in.)

154




Test No. 42

Recorder: COR SUM! ‘S
TEST s IGN N
Test Designation: SBSP-42 Date: 2/9/96
GEOME " AN AL PR LRT
BOLT
Type A325 Diameter (). |

Bolt Hole: Std Shear Plane X

PLATES

‘0 Width (in) Thickness (in) Le (in) S(in) Edge Condition Coupon No,
5 | 51

025 . Sawed

Deformation (in.) Load (kips)
Limit State Beanng Maximum 03338 16.32
Ki 561 (kips‘in.) Failure - -
Other 0250 16.0
COMMENTS
LOAD Vs DEFORMATION CHART
I8
. hd - - .
£
&
3 o Test Data
— == Predict
0.00 005 010 015 020 0.25 0.30 035 0.40 045 0.50

Deformation (in.)

155




Test No. 42 IN N . ]
Recorder: COR SUMMARY SHEET
DATA
__Deflection
Data  Load Front Back Average  Est Bolt&  Adjusted Adjusted For  Adjusted For
Pomt  (kips) Calipr(n) Cabper(n)} Cabper(in) Elasucd(n)  Daia Imtial Slope  Missing Caliper
000 30289 00000 0 0000
1 1325 30278 3.0349 30314 00001 30312 00023 00023
2 2 30298 310360 3.0329 0.0002 1.0327 0.0038 0.0038
3 305 30313 30381 30347 0.0003 30344 0.0055 0.0055
4 408 30333 30399 3.0366 0.0004 310362 00073 00071
§ 762 30473 10550 3.0512 00007 30504 00215 00215
6 909 30582 3 0661 3.0622 0.0009 30613 00323 00323
1 10 3.0670 30750 30710 00010 30700 0.0411 00411
B 12.52 3.1020 11098 31059 00012 31047 00757 00757
9 1435 31520 31602 31561 00014 11547 01257 01257
10 1532 32030 32112 3.20M 00015 3 2056 01767 0.1767
1 1584 32512 3.2600 3.2556 00016 32540 02251 02251
12 16.17 3.3057 33141 33099 0.0016 33083 02794 027
13 1632 3 3600 33686 313643 00016 33627 03338 03338
14 1629 34148 34240 14194 00016 34178 0 3889 03889
15 162 34680 14761 3ani 00016 14705 04415 04415
16 16 15161 315245 3.5203 00016 35187 0 4898 0 4898
INITIAL SLOPE
g -
44
-_— 3 1
-
2
]
- a4 y=561.07x - 1699.45
R =1.00
1 +
0 . y-—3 i— S—
3.0310 30315 3.0320 30325 30330 3.0335 30340 30345 3.0350 3.0355 3.0360 30365
Average Caliper Reading (in.)

156



Test No. 43 SIN N NNEC N

Recorder: COR SUMMARY SHEET

TEST DESIGN N

Test Designation: SBSP-43 Date: 29/96
GEOMETRIC AND MATERIAL PROPERTIES
BOLT
Type: A325 Diameter (in) |
Bolt Hole: Std Shear Plane. X
PLATES
No.  Width (in) Thickness (in) Le (in) S(in) Edge Condition Coupon No,
5 025 | - Sawed 51
TEST RESULTS
Deformation (in.) Load (kips)
Limit State. Bearing Maximum 03807 16.30
Ki 1113 (kips/in.) Failure - -
Other 0250 156
COMMENTS
0 A -FO N

- ™ L - »

£
-
E ¢ Test Data
o = Predict

0 P - - - - B - -

0.00 0.05 010 015 020 025 030 035 040 D45 0.50

Deformation (in.)

157



Test No. 43
Recorder: COR
DATA
Data Load
Pomt  (kips)
0.00
1 1.04
2 201
3 101
4 4.04
5 6.05
6 808
7 10.03
f 1247
9 1432
10 1531
11 1588
2 16.15
13 163
4 1628
15 16,15
INITIAL SLOPE
5
44
o Y
Z
=
-5
1+
0 -
30185

SUMMARY SHEET
Deflection
Front Back Average  Est Bol&  Adjusted  Adjusted For  Adjusted For
Caliper(in) Cabper(mn) Caliperin) ElasticA(n) Data Imtial Slope  Missing Caliper
10179 0 0000 0 0000
10316 3.0064 30190 0.0001 l0189 00010 00010
07 30072 30200 00002 30198 00018 00018
10339 3.0079 31.0209 00003 30206 0.0027 0.0027
30351 3.0089 30220 00004 30216 00037 0.0037
3.0400 10133 30267 0 0006 30261 00081 00081
30534 30270 10402 0 0008 303 0.0215 00215
30702 30439 10571 0.0010 30561 0.0381 00381
3 1050 30788 30919 00012 30907 0.0727 0.0727
31548 31284 ER BN 00014 3 1402 01223 01223
32064 32802 32433 00015 32418 02239 02239
12583 1in 3.2953 0.0015 39N 0.2758 02758
33058 33812 33435 L 33419 03240 0 3240
33625 34379 34002 00016 13986 03807 03807
14120 34870 34495 0.00l6 34479 04300 04300
314780 15535 15158 00016 15142 04962 0 4962
y=1113.30x - 3359.87
R'=1.00
3.0190 30195 3.0200 3.0205 3.0210 3.0215 3.0220
Average Caliper Reading (in.)
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Test No. 44 SIN N NN N

Recorder: COR sU 'S
Test Designation: SBSP-44 Date 2996
BOLT
Type A325 Diameter (in) 0875
Bolt Hole: Sud Shear Plane: X
PLATES
5 025 | - Sawed 51
Deformation (in.) Load (kips)
Limit State: Bearing Maximum 03833 16.05
Ki 902 (kips/mn ) Failure - .
Other 0250 158
COMMENTS
L v A ONC
18
— 2 A
: -
=]
'E o Test Data
& — Predict
U P - - - - —_— — » M
000 005 0.10 0.15 0.20 025 030 035 040 045 0.50

Deformation (in.)
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Test No. 44 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
Deflection

Data Load  From Hack Average  Est Bolt&  Adusted Adjusted For  Adyusted For
Pomt  (kps) Caliperin) Caliperim) Calipering Elasnedin) Data Initial Slope  Missing Caliper

000 i 00000 L]

| |03 30269 1 0400 30338 0.0001 30333 00012 00012

3 2015 30280 T0410 10358 0 0002 JoM) 00021 00021

3 314 30298 30429 10362 0 0004 30358 00037 00037

5 424 30326 30420 107 00003 30368 00046 0 0046

6 462 30331 10425 Joans 0 0008 102 0 0051 00051

7 % 30337 10431 10084 0 0006 i 0.0057 0 00s?

s 556 20381 10450 10401 00007 30394 00072 00072

9 62 30378 30476 30426 0 0008 10418 0009 00097

0 805 30498 10600 1.0349 00010 10839 00218 00218

1 995 306M 10779 1017 00012 30714 0039 00

2 1242 31028 11128 Yiom o0ols 1 1061 00740 00740

13 M2 sy 11629 118% 00017 11589 01237 012m

4 1523 3209 32198 12144 00019 32128 01804 0 1804

IS 1568 32610 s M0 12668 00019 32646 04 02324

6 159 33100 13210 313188 00019 13136 02814 0214

17 1602 3357 13680 33628 00020 1 3608 03284 0128

I8 1605 34116 34252 14174 00020 14154 03833 03833

19 159 34620 34728 34674 00019 34653 04333 04333

0 1556  352%0 15340 3 5285 00019 15266 0 4945 0 4943

INITIAL SLOFE
5

44
— 3 1
2
= ¥ =902.09x - 2735.26
} R’ =099

2 *

0 ——— . — G — +
30330 30335 3030 30345 30350 30355 30360 30365 30370 130378
Average Caliper Reading (in.)
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Test No. 45 | ]
Recorder: COR SUMMARY SHEET

TEST DESIGNATION

Test Designation: SBSP-45 Date: 2/9/96
GEOMETRIC AND MATERIAL PROPERTIES
BOLT
Type: A325 Diameter (in): 0.875
Bolt Hole: Std Shear Plane: X
PLATES
No.  Wadth (in) Thickness (in) Le (in) S(in) Edge Condinon Coupon No.
5 0.25 I - Sawed 51
TES r
Deformation (in.) Load (kips)
Limit State: Bearing Maximum 03210 16.00
Ki 1056 (kips/in.) Failure - -
Other 0250 158
COMMENTS

10

£

.

s e Test Data
- s Predict

0.00 0.05 0.10 015 020 025 030 035 040 045 0.50
Deformation (in.)
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Test No. 45 SINGLE BOLT SINGLE PLATE CONNECTION TEST

DATA
Deflection
Data  Load Front Back Average Est Boh &  Adusied  Adjusted For  Adjusted For
Pomt  (ops) Caliperim) Caliperim) Caliper(n) Elasicdln) Daa Il Slope  Missng Caliper

000 29780 0.0000 00000
| 1.02 30386 20197 29M2 0.0001 29790 00010 00010
2 201 30398 29203 29801 00002 29798 00018 00018
1 3.08 30412 29214 290813 00004 29809 00029 00029
4 404 30428 20229 29829 00005 29824 00044 0 0044
L] 51 30443 20242 29843 0 0006 2983 0.0056 0 0056
o 621 30483 2079 2988) 00007 20874 0 0093 00093
? 805 30607 20399 10003 00010 29993 00213 00213
5 10 30788 2957% J0183 00012 30171 00391 0091
9 128 3141 29931 30536 0.001% 30521 00741 00741
10 1421 11613 1 0401 11007 00017 3 0990 01210 01210
1 150 32219 31007 11613 00018 3 1595 01815 DI81S
12 1569 32640 31428 12033 00019 12004 02234 02234
13 1594 33148 31930 12538 00019 32518 02738 02738
4 16 33619 1.2400 13010 00019 3 2990 03210 03210
I8 16 34128 12912 13520 00019 3 3501 03721 03721
16 159 3 4630 33420 34025 00019 3 4006 04226 04226
1" 157 15195 33991 14593 00019 34574 04794 0470

INITIAL SLOPE
4

y = 1055.72x - 3143.94
R =099

0 i e} Sy A

29790 29792 29794 29796 29798 209800 2002 29804 29806 29R0R 2 9K1D
Average Caliper Reading (in.)
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Test No, 46 INGLE INGLE PL

Recorder: COR SUMMARY SHEET
TES J N
Test Designation: SBSP-46 Date. 2/9/96
GEOM NDM ES
BOLT
Type: A325 Diameter (in): 0.875
Bolt Hole: Sid Shear Plane: X
PLATES
No.  Width (in) Thickness (in) S (in) Edge Condition Coupon No.
5 025 1.3125 . Sawed 51
TES ]
Deformation (in.) Load (kips)
Limit State: Bearing Maximum 04472 2249
Ki 797 (kips/in.) Failure - -
Other 0250 215
COMMENTS
LOAD Vs. DEFORMATION CHART
25
. . . . -
z
2
-
5 ¢ Test Data
= Prodict
l} e— g —— - ——— —— — - -+ — -
0.00 0.05 0.10 015 020 025 030 035 0.40 045 0.50
Deformation (in.)
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Test No. 46
Recorder: COR
DATA
Data Load
Pont  (kips)
0.00
1 1.02
2 2.008
3 34
4 5.005
5 6.09
6 806
7 10.03
8 1249
9 1505
10 17.52
] 1963
12 20.77
13 215
14 2197
15 229
16 2246
17 249
18 24
INITIAL SLOPE
o
6 4
5 .
54
=
i,
S|
{
|
0
30570

SINGLE BOLT SINGLE PLATE CONNECTION TEST
SUMMARY SHEET
Deflection

Front Back Average  Est Bolt&  Adjused  Adjusted For  Adjusted For

30560 00000 0.0000
3.0644 30502 30873 0.0001 10572 00012 0.0012
3.0658 30519 30589 0.0002 30586 00026 00026
30670 30832 3.0601 0.0004 30597 00038 00038
3.0698 30859 3.0629 00006 3.0622 00063 00063
30712 30578 30644 00007 30636 00076 00076
3.0754 310616 30685 00010 3.0675 00115 00115
3.0819 310678 30749 00012 30736 00176 00176
3.0974 30835 30905 00015 30889 00329 00329
11221 11079 31150 0.0018 11132 00572 00572
31585 31443 11514 00022 31492 00933 00933
32138 11998 32068 0.0024 32044 0 1484 01484
32622 12484 32553 0.0026 32527 01968 0.1968
33139 33000 33070 0.0026 13043 02483 02483
33639 33500 13570 00027 13543 02983 02983
34121 13985 3.4083 0.0027 34026 0.3466 0.3466
34616 34475 14546 0.0028 14518 0.3958 03958
315129 34990 3.5060 00028 15032 04472 04472
15641 15508 35573 0.0028 35548 04986 04986

¥=796.78x - 2434.94
R =1.00

3.0580 3.05%0 3.0600 3.0610 3.0620 30630 30640
Average Caliper Reading (in.)
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Test No. 47 IN 5 EP N 10N

Recorder: COR SUMM SH

Test Designation. SBSP-47 Date: 2/9/96
GEOM "AND RIA
BOLT
Type: A325 Diameter (in). 0.875
Bolt Hole: Std Shear Plane: X
PLATES
5 025 1.3125 - Sawed 51
TEST RESULTS
Deformation (in.) Load (kips)
Limit State: Bearing Maximum 0.4486 2255
Ki 856 (kips/in.) Fatlure - =
Other 0250 216
COMMENTS
LOAD Vs, DEFORMATION CHART
25
. . . .

£

2

.E o Test Data

-

w— Predict
0.00 0.10 0.20 030 0.40 0.50 0.60

Deformation (in.)

165




Test No. 47 SINGLE BOLT SINGLE PLATE CONNECTION TEST

Recorder: COR SUMMARY SHEET
DATA
Deflection
Data Load Fromt Back Average Est Boh&  Adjusied Adjusted For  Adjusted For
Pont  (ups) Cabiper(in) Caliper(n) Caliper(n) ElastcA(m)  Data Initial Slope ~ Missing Caliper

000 30692 00000 0.0000
! 1 30615 30798 10707 0.0001 10708 00014 00oj4
2 2092 30627 10809 JoTis 0.0003 10715 0.0024 0.0024
) 3025 30640 10822 30731 0.0004 30 00036 0.0036
4 407 3.0652 10837 10745 0.0005 1079 0 0048 0 0048
5 538 10671 30853 30762 00007 30758 0 0064 0 0064
6 6.031 10684 10865 10775 00007 30767 00075 00075
7 509 30728 3.0903 30816 00010 3 0806 00114 00114
] 1009 30789 10963 310876 0.0012 3 0864 oomn 0072
9 1248 10942 ERRALY 31031 00015 31008 00323 00323
1o 15.03 11186 11359 312m 00019 s 00562 00562
n 17.54 3.1550 31731 31641 00022 31619 00927 00927
12 195 32039 32219 32129 00024 32108 01413 01413
13 2075 3.2570 327157 32664 0.0026 32638 01946 01946
4 21.56 13107 31329 N 0.0027 jaimn 02480 0.2480
15 22,06 33625 313817 33721 00027 33694 03002 0.3002
16 23 3 4040 ja242 14141 00028 J4113 03422 03422
17 2.5 3 4620 34811 14716 00028 3 4088 0 3996 03996
18 2255 isio 315300 3 5208 0.0028 isim 0 4486 0 4486
19 225 3.5640 35835 15738 00028 315710 O 5018 0.5018

INITIAL SLOPE
& o

Load (Kips)

0 " ————
3.0705 3.0710 3.0715 30720 30725 3.0730 3.0735 3.0740
Average Caliper Reading (in.)
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Test No. 48 N 1 N

Recorder: COR SUMMARY SHEET
. N N
Test Designation: SBSP-48 Date: 2/9/96

GEOMETRIC AND MATERIAL PROPERTIES

BOLT
Type: A325 Diameter (in): |
Bolt Hole: Sid Shear Plane X
PLATES
No.  Width (in) Thickness (in) Le (in) S{in) Edge Condition Coupon No,
5 02§ 1 - Sawed 51
TEST RESULTS
Deformation (in.) Load (kips)
Limit State: Bearing Maximum: 03734 17.30
Ki 388 (kips/in ) Faitlure - -
Other 0250 169
COMMENTS
0 v TION CHA
18
. - » . .
¢ Test Data
m— Predict

— - - e ~ - -

0 — . -

0.00 0.05 010 015 020 025 0.30 035 0.40 045 0.50
Deformation (in.)
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Test No. 48
Recorder: COR

DATA
Data  Load
Pomt  (kips)
0.00
| 121
2 2038
3 106
1 409
3 in
6 605
7 803
L 1005
9 125
10 s
n 158
12 16 63
3 1697
(L] L
15 173
16 1712
17 17
INITIAL SLOPE
6
5 .
4+

Load (kips)

L]
"

3 0600

SINGLE BOLT SINGLE PLATE CONNECTION TEST

SUMMARY SHEET
Deflection

Front Back Average Est Boh&  Adsted  Adjusted For  Adpusted For

3 03RS 0 0000 0 0000
30693 10539 10616 00001 30615 0.0030 0.0030
o2 10559 10641 00002 310638 00054 0.0054
10753 310584 3.0669 0.0003 1 0665 0.008) 00081
30782 1 0609 3 0696 0 0004 30691 00107 00107
3oso 3 D63 lom 00008 joms oo 0013
3 0846 3 0667 10787 00006 30751 00166 00166
3.0960 1077 30874 0 0008 1 0866 00281 o0s
ing 10942 1lo2s 00010 11018 00433 Do
31391 31220 11309 00012 3129 a0 00711
31819 3 1655 am 00014 313 01138 01138
3NN 12136 s 00016 32199 01614 01614
32883 1ms 32804 00016 32788 0.2203 on2m
131298 13140 inm 00017 3301 02616 02616
kR p) 13716 1y 00017 aym 03192 o3
s 14262 34236 00017 34319 03ITH 037\
jam 14836 34914 00017 34897 04312 04312
15623 1 5469 35546 00007 315539 04954 0494

y = 387.60x - 1185.47
R'= 100

i — e e - —_—

3.0620 3 0640 0660 D680 30700 30720
Average Cn%n M(L)
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