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Summary
This paper presents the results of a
research program recently con-
ducted at the University of Califor-
nia. The objective of the program
was to study the actual behavior of
single plate shear connections
under realistic shear and rotation
combinations. Five full-size
specimens were subjected to
realistic shear-rotations in the
laboratory until failure occurred.
Based on the analysis of the be-
havior and failure modes, new
design procedures were developed
that are presented in the paper.
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NEW CONCEPTS IN DESIGN OF

SINGLE PLATE SHEAR CONNECTIONS

by

A. Astaneh
University of California at Berkeley

INTRODUCTION

The single plate shear connection, often called a shear tab, is
primarily used to transfer the shear reaction of a beam. In a
simply supported beam, in addition to considerable shear force,
the connection is subjected to rotations due to the end rotation
of the beam. Recently, a research project was conducted at the
University of California at Berkeley to study the behavior of
single plate shear connections (3,4, and 7). The objectives of
the research program were:

1. To subject a number of single plate shear connections to
realistic combinations of shear and rotation in order to
study the actual behavior of these connections.

2. To analyze the test results to establish failure modes and
the shear strength associated with each failure mode.

3. To use the experimental and analytical results to develop
comprehensive yet simple design procedures.

A BRIEF SUMMARY OF THE RESEARCH PROJECT

The experimental phase of the project consisted of conducting
five tests using realistic specimens with 3, 5 and 7 bolts.
Properties of the test specimens are given in Table 1. Figure 1
shows a typical test specimen which consisted of a beam, a short
column and a single plate connection. By using two actuators, the
connection in each specimen was subjected to the shear-rotation
variation given in Figure 2. The inelastic analyses of a large
number of simply supported steel beams subjected to uniform loads
indicated that the shear-rotation relationship of Figure 2
represents a realistic variation of the shear reactions and end
rotations in an actual simply supported beam (1,2).

Figures 3 (a) shows typical failure of bolts that occurred in
Specimens 1,2,3 and 4. Figure 3(b) shows shear yielding, bearing
yielding, bolt failure and weld failure which occurred in
Specimen 5. Figures 4 and 5 show moment-rotation and shear-
rotation curves recorded during the tests.
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TABLE 1- Properties of Test Specimens

TEST

NO.

1

2

3

4
5

NO. OF

BOLTS

7

5
3

5
3

DIA. OF

BOLTS

(in)

3/4

3/4

3/4

3/4

3/4

TYPE OF

BOLTS *

A325-N

A325-N

A325-N

A490-N

A490-N

PLATE

DIMENSIONS

(in x in x in)

21x 3/8x 4-1/4

15x 3/8x 4-1/4

9x 3/8x 4-1/4

14-1/4x 3/8x 3-7/8

8-1/4x 3/8x 3-7/8

EDGE

DISTANCE

(in)

1-1/2

1-1/2

1-1/2

1-1/8
1-1/8

ACTUAL

WELD

SIZE

(in)

1/4

1/4

1/4

7/32

7/32

BEAM

MATERIAL

A36

A36

A36

Gr. 50

Gr. 50

PLATE

MATERIAL

A36

A36

A36

A36

A36

* All bolts were tightened to 70% of proof load. In all specimens diameter of bolt hole was

1/16 inch larger than nominal diameter of bolt. "N" indicates that in all specimens

threads were included in shear plane.

† Size of all welds was specified as 1/4 inch.

Based on the behavior of test specimens, the following failure
modes were established:

1. Yielding of the plate in shear
2. Yielding of the bolt holes in bearing
3. Fracture of the edge distance of the plate
4. Fracture of the net section of the plate
5. Fracture of the bolts
6. Fracture of the weld lines

DEVELOPMENT OF DESIGN PROCEDURES

The first step in developing the proposed design procedure was to
establish failure modes. This was done by conducting the above-
mentioned tests and by analyzing the experimental results. In
establishing failure modes, the experimental results from two
parallel research projects on tee framing and double-angle
framing connections (1,5,6 and 10) were also considered.

The second step was to study interaction of these failure modes
to establish their dependency. It was found that all failure
modes are almost independent with the exception of fracture of
the net section of the plate which usually will occur after
substantial shear and bending yielding of the plate.

The third step was to prioritize the failure modes with respect
to their desirability. It was decided that ductile failure modes
that involve extensive yielding of steel, such as shear yielding
of plate, be given higher priority and relatively brittle failure
modes such as bolt or weld fracture be given lower priority.
During the experiments, it was observed that weld failures
resulted in complete loss of support for the beam whereas when
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bolts failed the beam dropped about one inch down and the bottom
of the top flange of the beam rested on the top of the shear tab
which then acted as a bearing support as shown in Figure 3 (a).
In this case complete collapse of the beam was avoided.

The six failure modes are listed above in the order of their
desirability where shear yielding is the most desirable and weld
failure is the least desirable failure modes. The mechanics of
failure for each mode is well known and extensive information
about each failure mode is available in the literature. In
addition, reliable design procedures are available for each
individual failure mode in the current design manuals (14,15,16).

Figure 6 shows failure modes as they are prioritized from left to
right. As loading increases, it is desirable that one or both
yield failure modes are reached first, followed by one or more
fracture modes. The bold lines in Figures 7(a) and 7(b) show the
failure modes that were observed during the tests. In Specimens
1 through 4, pronounced shear yielding and bearing yielding were
followed by almost sudden failure of bolts. Whereas, in Specimen
5 the shear and bearing yielding was followed by almost
simultaneous failure of bolts and welds.

After failure modes were established and prioritized, the
proposed design procedure was developed with the following con-
straints in mind:

1. Yielding of the plate, primarily due to the shear, should be
reached before any fracture occurs.

2. Limited amount of bearing yielding around the bolt holes can
be tolerated and should be facilitated. In fact,
gradual shear and bearing yielding results in substantial
reduction of bending moment in the connection helping it to
act similar to a pin connection.

3. The connection should have sufficient rotational ductility
to rotate and supply the end rotation demand of the beam
until the beam approaches its plastic collapse.

4. Welds are recommended to be designed to develop at least the
strength of the plate regardless of the magnitudes of the
applied loads.

5. Static equilibrium should always be satisfied for the
connection and for all its elements.

PROPOSED DESIGN PROCEDURES

1. Loads Applied to the Connection

The main force transferred by a single plate shear connection is
shear which is usually accompanied by a relatively small moment.
In some cases other components of force such as axial load are
also transferred through a shear tab. The following discussion
applies to cases where only shear and moment are present.
Furthermore, it is assumed that the moment is approximately equal
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to the shear force multiplied by the distance of the point of
inflection of the beam from the support. The plane passing
through the weld lines is considered the support plane.

During the tests, the distance of the point of inflection of the
beam (point of M=0) from the weld lines was measured and recorded
continuously. Figure 8 shows the location of the point of
inflection versus shear force in the test specimens. As shear
increased, after early rapid movement, the point of inflection
remained almost stationary. At failure, the distance of the
point of inflection from the weld lines was about n-1 inches.
The points corresponding to eccentricity of n-1 inches are shown
by square marks in Figure 8. As the figure indicates, these
points are almost identical to the failure point at each test.

Using the experimental data, the following empirical equations
were developed to define the eccentricity of the point of
inflection of the beam from the weld line and bolt line.
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Further, to facilitate early yielding of the plate, material of
the plate needs to be A36 steel.

To facilitate bearing yielding of bolt holes, it is recommended
that the thickness of the plate be equal to or less than

In the above equations, a minimum value of eccentricity equal to
a is imposed on eccentricities. This is done to ensure that the
equations are also applicable to cases where the support is
rotationally flexible and the point of inflection can move
further towards the weld line. The condition occurs when shear
tab is welded to a rotationally flexible girder or column web.
Figures 9(a) and 9(b) show the above equations along with the
tests results.

2. Design of Plate

The plate is designed to yield under direct shear. This is done
to encourage timely yielding of the plate. Actually, the plate
will yield under the combined effects of a large shear and a
relatively very small bending moment.

The proposed design equation in allowable stress design format
is:

In order to introduce extra safety in design of welds, ew was
increased one inch and the following equation was proposed to be
used as eccentricity of shear force from the weld line.
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(db/2)+l/16". The recommendation is based on the findings of a
research project on tee framing connection reported in Reference
6 as well as an earlier research reported in Reference 12.

To avoid edge distance failures, the horizontal and vertical edge
distances should be equal to or greater than 1.5db. Also, it is
recommended that the vertical edge distance should not be less
than 1.5 inches. In the five tests that were the basis of the
proposed design procedures, the bolt spacing was equal to 3
inches and the maximum number of bolts was 7. Therefore, until
more research is conducted on different bolt spacings and bolt
numbers in excess of 7, it is recommended that the proposed
design procedure be used only with bolt spacings of 3 inches and
number of bolts less than or equal to 7.

One possible failure mode in the plate is shear fracture of the
net section. Research reported in Reference 6 indicated that
shear fracture of the net section occurs along a vertical plane
close to the edge of the bolt holes (and not along the bolt
centerline). It is shown in Reference (6) that the following
equation can be used to predict allowable shear capacity of the
net sections.

3. Design of Bolts:

The bolts are designed to resist the combined effects of the
applied shear force and the bending moment that exist along the
bolt line. The shear force is equal to the reaction of the beam.
The moment can be obtained from:

(7)

The value of eb is given by Equation (2). To design the bolts
for the combined effects of shear and moment, the methods
described in References 8, 14 and 16 can be used.

4. Design of Welds

The welds can be designed for the combined effect of shear and
bending moment acting on them. The shear force is equal to the
beam reaction and the bending moment is given by:

(8)

The value of ew is given by Equation (3).

However, to avoid brittle failure, welds can be designed to
develop the strength of the plate. In shear tab connections, the
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However, the current AISC Specifications (14) recommends the use
of the following more conservative equation:
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welds as well as the plates and bolts are subjected to a shear
force and a small moment. In order to ensure that the plate
will yield before welds yield, the shear-moment interaction curve
of the plate should lie inside the M-V interaction curve for the
welds.

The M-V interaction curve (yield surface) for rectangular cross
sections such as shear tabs can be approximated by a circle given
by:

To establish interaction equation for welds, the values given in
Table XVIII of the AISC-LRFD Manual (15) can be used. The values
in the table corresponding to k equal to zero should be
considered. Using the table, one can assume an eccentricity and
calculate V and M and plot the M-V interaction curves for weld
failure. This is done and the results indicate that the
interaction curve can be approximated, conservatively, by a
circle.

In order to cause the plate to yield before the weld, V obtained
from Equation 16 should be greater than V calculated by using

3-8

(9)

where,

(10)

(11)

Combining Equations (8), (9), (10) and (11) and using L equal to
(3")(n), result in:

(12)

Therefore,

(13)

where;

(14)

(15)

In Equations (14) and (15), a value of is used as the
yield strength of the welds.

By combining Equations (13), (14) and (15), the value of shear
that will cause yielding of the welds is obtained:

(16)
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Equation 12. Therefore;

(17)

By using ksi and , Equation 17 is further
simplified to:

(18)

If Equation (18) is satisfied, the design will result in a
"matching" weld where plate yielding will occur before weld
yielding.

5. Design of Beam Web

Beam web should be designed (or checked) to be able to transfer
the shear. Particular attention should be paid to coped beams.

SUMMARY AND CONCLUSIONS

A new design procedure for design of shear tab connections was
presented in the paper. The procedure is based on several new
concepts formulated by recognizing the actual mechanical behavior
and failure modes of the connection and its elements.

The design procedure recognizes six failure modes and treats each
failure mode by using well established physical theory models.
The failure modes and their corresponding design equations are
given in Figure 10.

NOTATION

Weld size.
Classification strength of weld metal.
Specified minimum tensile strength of steel.
Specified yield stress of steel.
Length of plate.
Applied moment.
Plastic moment capacity of cross section.
Plastic moment capacity weld throat section.
Allowable shear capacity.
Applied shear force.
Yield capacity of weld line in shear.
Yield capacity of plate in shear.
Distance from bolt line to weld line.
Diameter of bolt.
Eccentricity of point of inflection from weld line.
Eccentricity of point of inflection from bolt line.
Eccentricity of point of inflection from weld line.
Number of bolts.
Thickness of plate, in.
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Figure l. Typical Test Specimen

Figure 2. Shear-Rotation Relationship Applied to Specimens
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Figure 3. (a) Bolt Failure in Specimens 1,2,3 and 4

(b) Plate Yielding, Bearing, Bolt and Weld Failure in

Specimen 5

Figure 4. Shear-Rotation Relationship for Test Specimens

(a) (b)

© 2003 by American Institute of Steel Construction, Inc. All rights reserved.
This publication or any part thereof must not be reproduced in any form without permission of the publisher.



Figure 5. Moment-Rotation Relationship for Test Specimens

Figure 6. Priorities and Relationships Among Failure Modes
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Figure 7. (a) Failure Path in Specimens 1, 2, 3 and 4

(b) Failure Path in Specimen 5
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Figure 8. Location of Point of Inflection in Test Specimens

Figure 9. (a) Eccentricity of Point of Inflection From Weld

(b) Eccentricity of Point of Inflection From Bolts
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Figure 10. Failure Modes and Design Equations

3-17

FAILURE MODE 1.
PLATE YIELDING

FAILURE MODE 2.
BEARING YIELDING

FAILURE MODE 3.
EDGE DISTANCE FAILURE

FAILURE MODE 4.
NET—SECTION FRACTURE

FAILURE MODE 5.
BOLT FRACTURE

FAILURE MODE 6.
WELD FRACTURE
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