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BEHAVIOR AND DESIGN OF STEEL TEE FRAMING SHEAR CONNECTIONS
by A. Astaneh and M. Nader
ABSTRACT

The behavior of tee framing connections was studied by
testing nine full size beam to column assemblages. The specimens
were subjected to realistic conditions that will occur under
gravity loading of a bean. The effects consisted of shear and
corresponding rotation. The relationship between shear and
roatation was established by using inelastic program SHEAROT.
The specimens were subjected to shear and roatation until failure
occurred. Limit states that were established were bolt fracture,
weld fracture, yielding of tee stem, fracture of net area of tee
stem, and bearing yielding of bolt holes. Prior to strength
tests, a ductility test was conducted on each specimen to measure
its moment-rotation characteristics and ductility.

The behavior of test specimens and experimental results were
analyzed and design procedures were developed and proposed. The
procedures are in LRFD and ASD format and can be used with
service loads or factored loads.

The predictions of the proposed methods were compared to
experimental results and were shown to be close and slightly
conservative. All experimental data, including variations of
strength, stiffness and ductility were reported.

i



ACKNOWLEDGMENTS

The research project reported here was sponsored by the
American Institute of Steel Construction (AISC) under dgrant
number UCB-Eng-6571. The support received from Nestor Iwankiw,
Director of Research and Codes at AISC, is sincerely appreciated.
Also, encouragements and technical advise provided by Ted
Winneberger, vice-president of engineering at W & W Steel Company
and Kenneth B. Wiesner of LeMessurier Consultants were very
valuable during the course of these studies.

The experimental data used in developing this report were
collected by the second author as his CE299 report. The views and
recommendations presented in this report are those of the
authors, and do not necessarily represent the opinions of the
University of California or the sponsor.

The experiments reported here were conducted at the civil
Engineering Laboratories of the University of cCalifornia,
_Berkeley. The authors would like to thank labeoratory staff
particularly Mike Pitrola for their dedicated and professional
assistance throughout the project. The material for the test
specimens was provided by the Steel Committee of California
through Northern California Regional Office of AISC. The efforts

of Rodulph Hoffer in this respect is appreciated.

iji



ABSTRACT .. . . . . .
ACKNOWLEDGEMENTS . . .
TABLE OF CONTENTS . . .
LIST OF TABLES . . . .
LIST OF FIGURES . . . .
CHAPTER ONE: INTRODUCTIO

1.1. Background .

TABLE

- . -

N

1.2. Literature Review

OF CONTENTS

1.3. Scope of the Research . . . . .

CHAPTER TWO: EXPERIMENTAL PROGRAM

2.1. General . .
2.2. Parameters of
2.3. Test Specimens

2.4. Test Set-up

Study

2.5. Loading History . .

2.6. Instrumentation . .

2.7. Test Procedure

CHAPTER THREE: EXPERIMENTAL

3.1. General . . .

S L) -

. . - - - .

RESULTS

. - - - - .

3.2. Behavior of Test Specimens . .

3.2.1., Test Number Che . . . .

3.2.2. Test Number Two . . .

3.2.3. Test Number Three. . . .

iii

ii
jiii
vi

vii

10

13

14

16

16

16

17

18



3.3

CHAPTER FOUR:

4.1

4.2

3.2.4. Test Number Four . . . . .
3.2.5. Test Number Five . . . . .
3.2.6. Test Number Six . . .

3.2.7. Test Number Seven. . . . .
3.2.8. Test Number Eight . . . .
3.2.9. Test Number Nine . . . . .
Experimental Data . . . . . . . .

General

ANALYSIS OF RESULTS AND

- . - - L] - - - . - .

Shear Strength of Tee Connections .

4.2.1. Shear Yielding of Tee Flange .

4.2.2.

4.2.3.

4.2.4.

4.2.5.

4,2.6.

4.2.7.

Yielding of Gross Area of Stem

Fracture of Net Area of Tee Stem

Bearing Failure of Tee Sten
Bearing Failure of Beam Web
Shear Failure of Bolts . .

Weld Failure e e e e e s

-

4.3 Evaluating Proposed Design Methods .

4.3.1.
4.3.2.
4.3.3.
4.3.4.

Ductili

Analysis of Plots Relating Different Variables

4.5.1.

4.5.2’

Shear Failure of Bolts .
Fracture of Welds s e s

Shear Fracture of Tee Sten

Bearing Failure of Tee Stem

ty of Tee-Connections . .

Results of Ductility Phase

Results of Strength Phase

iv

-

.

19

i9

20

20

20

21

21

22

24

24

26

27

28

30

30

32

33

34

35

36

37

37

39

39

40



CEAPTER FIVE: CONCLUSIONS

5.1 General « . « « « o+ o o s o o + s o 4 o e s s e+ . 42

5.2 CONCLUSIONE + v « « o « o o o » o = o« + o « « « » « 42
REFERENCES. . + 4 o o o o s o o s 2 s « 2 s & & s & = 3+ & « =« 45
TABLES + « « + o o o o 2 » o = s s 2 s s = + « s s s & 2 s 47
FIGURES . +« + o« « « o o o 2 s s s s %+ » s o s + 2 o o = = = & 55
APPENDIX A: EXPERIMENTAL DATA . . . .« + &+ + « ¢ o s o o ¢ o = 72
APPENDIX B: MATERIAL TESTE . . .+ « ¢ o &+ o s o = s o o =« = = 134
APPERDIX C: BAMPLES OF COMPUTER OUTPUT . . . + <« + &+ « « o+ =« 136

APPENDIX D: BUMMARY OF TEST DATA . . . .+ =« + & s+ = & = o & 160



LIST OF TRBLES

Table 1.1.- Limits of Geometric Parameters

Table 2.1.- Properties of Test Specimens

Table 3.1.- Maximum Shear Forces and Rotations

Table 4.1.- Comparison of Predicted Shear Strength and Test
Results

Table 4.2.- Prediction of Shear Failure of Bolts

Table 4.3.- Prediction of Shear Failure of Welds

Table 4.4.- Prediction of Tee Stem Failure

Table 4.5.- Contribution of Tee Flange Rotation to Ductility of

Tee Connection

vi



LIST OF FIGURES

Figure 1.1. Common Types of Tee Framing Connections
Figure 1.2. Applications of Tee-Framing Connections
Figure 1.3. Double Angle and Tee~Framing Connection
Figure 1.4. Shear End Plate and Tee Framing Connection
Figure 1.5. Geometric Parameters Varied in the Investigation
Figure 2.1. Typical Test Specimen
Figure 2.2. Cantilever Test Set-ups Used in the Past
Figure 2.3. Test Set-up to Measure Direct Shear
Figure 2.4. Realistic Loading of Beams
Figure 2.5. Test Set-up Used in the Investigation
Figure 2.6. End Shear vs. End Rotation in Simply Supported Beans
Figure 2.7. End Rotation vs. Midspan Strain
Figure 2.8. Shear-Rotation Relationship applied to Specimens
Figure 2.9. Instrumentation
Figure 3.1. Failure of Specimen One
Figure 3.2. Failure of Specimen Two
Figure 3.3. (a) Specimen Three Before Fracturej
(b) Specimen Three After Net Area Fracture
Figure 3.4. Fracture of Weld in Specimen Four
Figure 3.5. Shear Yielding of Stem in Specimen Six
Figure 3.6. Bolt Fracture in Specimen Seven
Figure 3.7. Specimen Eight During Ductility Cycle

Figure 4.1. Limit State of Shear Yielding of Gross Area of Tee Stem

wvii



List of figures continued:

Figure
Figure
Figure
Figure
Figure

Figure

Limit State of Fracture of Net Area of Tee Stem
Limit State of Bearing of Tese Stem

Limit State of Weld Fracture

Moment versus Rotation of Connection

Shear versus Vertical Displacement

Movement of Location of Neutral Axis During Strength

Test

viii



CHAPTER CNE

INTRODUCTION

1.1 Background

Tee-framing connections are one of the shear connections
suggested in the AISC Manuals of Steel Construction (8,9). Tee
framing connections can be welded or bolted as shown in Figure
1.1. This study is concerned with type "a" connection in the
figure where tee is welded to the column flange and bolted to the
beam web. Figure 1.2 shows typical applications of tee
connection in beam-to-beam, beam-to-column, and beam-to-wall
joints. This type of connection is normally categorized as a
shear connection and is designed to transfer only the end shear
reaction of the beam to the support. Like any shear connection,
these connections should be designed to satisfy dual criteria of
strength and ductility. The connection must have sufficient
strength to transfer the end reaction and should have enough
rotational ductility to accommodate the end rotation demand of
the beam.

currently, designers assume that tee framing connections
behave similar to double angle connections shown in Figure 1.3,

and apply procedures that are for double angles to design



tee framing connections. It is assumed that tee connections
behave as double angles; however, the validity of this assumption
is not fully established. Differences do exist between double-
angles and tee-connections. One major difference is that in tee
connections flange of the tee is continuous whereas in double
angle connections two outstanding legs are separate. The
significance of the flange continuity is that the top portions of
tee connection can develop large membrane forces relative to
double angles. Also, continuous flange of tee-connections
provide significant strength in in-plane bending that is not
available in double-angle connections. Another difference is
that when using double angles, the sum of the thicknesses of the
two back-to-back legs multiplied by depth provide the area that
resist shear. This area in double angles can be substantially
larger than the comparable area in tee framing connections. The
implication of this difference is that shear and bearing stresses
in tee connections can be relatively larger than double angle
connections. Alsoc, in tee connections, bolts connecting tee
stem to beam web are subjected to single shear whereas in double
angles bolts are subjected to double shear.

Finally, the ductility behavior of tee connections has not
been fully studied and moment-rotation characteristics can be
different. Limited tests conducted on tee framing connections in
the past indicates that there are differences between tee framing
and double angle framing connections. To obtain more information
on actual behavior of tee framing connections and to develop
design procedures and recommendations, the investigation reported

here was conducted. The study consisted of conducting nine full



scale tests of tee framing connections with various geometric
parameters and analyzing experimental results in order to develop
design procedures. The design procedures are realistically
based on actual behavior and failure modes of tee framing
connections that were tested. The main emphasis of this research
was on studying shear strength and ductility of tee connections.
Shear connections in beams not only should be capable of
transferring shear force but also should be ductile enough to
rotate and accommodate the rotation demand of beam end. In order
to test connections under more realistic conditions, a special
test set-up was developed (1,2) that permits rotation of
connections as shear load is applied.

In order to apply realistic shear-rotation combinations to
the connections, a computer program was used (2) to analyze large
number of beams. The beams were loaded up to collapse stage, to
establish the shear-rotation relationship in shear connections.

The established shear-rotation relationship was simulated in
the laboratory and connections were subjected to established
shear-rotation combinations until failure occurred. Test results
were recorded, processed and analyzed and design recommendations

were formulated.

1.2 Literature Review

A survey of literature indicated that the information on the
strength and ductility of this type of connection is very
limited. In particular, experimental investigations of the con-
nection behavior under realistic loading conditions are almost

non-existent.



White (7) conducted four tests to study behavior of tee-
framing connections in beam-to-column joints. The emphasis of
the study was placed on the behavior of supporting tube columns
and not the tee-connection. However, valuable information in the
forms of moment-rotation curves that resulted from this study,
indicated that tee framing connections may be considered flexible
and designed following rules developed for double angle
connections. Kennedy and Hafez studied behavior of shear end
plate connections (4) shown in Figure 1.4. The study is
indirectly related to present research since flange of the tee in
a tee framing connections is expected to behave similar to a
shear end plate. In their study, Kennedy and Hafez developed a
mathematical model of moment-rotation curve that includes
kinematic hardening of the plate due to membrane action under
large displacements. The end plates that they studied were
bolﬁed to the column and welded to the beam which can be
considered to act similar to tee connections shown as type "d" in
Figure 1.1. However, the methodology that they used can be
adapted to other cases as well. Further search of the literature
revealed few papers relevant to this topic. These sources are

given in References 3, 4, 5 and 7.

1.3 B8cope of the Research

The purpose of this study was to develop design procedures
for tee-framing connections. More specifically, the objectives
were:

1. To provide design methods to calculate required geometry

of tee element to resist a given shear force.



2. To provide methods for design of bolts connecting tee

framing to the beam web.

3. To obtain experimental moment-rotation relationship for

tee framing connections.

4. To provide methods that can be used to calpulate

capacity of a given tee framing connection.

Objectives 1 and 2 above are related to shear strength of
connections and will provide information for design of connection
to carry a specified shear. Objective 3 is related to rotational
stiffness and ductility of connections. Objective 4 is related
to analysis of a given tee framing connection.

The objectives of the study were accomplished by developing
tee-connection shear and strength prediction, weld and bolt force
prediction equations, and information on stiffness and ductility
of connection.

Nine full scale tests of tee-connection configurations were
conducted to develop and verify these analytical predictions and
proposed design procedures. Figure 1.5 presents the various
parameters that define the tee framing connection geometry.
These geometric parameters were varied within the limits shown in
Table 1.1 to develop the experimental test matrix.

In addition to design procedures, moment-rotation and shear
rotation curves for all nine cohnections tested are reported.
The information can be used to develop empirical or analytical
models of rotational stiffness of connections. The models are

needed in refined analysis of frames utilizing tee framing

connections.



CHAPTER TWO

EXPERIMENTAL PROGRAM

2.1 General

A total of nine specimens were tested. The experiments
consisted of subjecting tee~framing beamth—column connections to
a combination of shear forces, moments and rotations that would
prevail in a realistic simply supported beam. The following
sections explain parameters of study, test specimens, loading
history and test procedures. Test results are given in Chapter
4.
2.2 Parameters of Study

The main parameters influencing the shear strength and
rotational behavior were recognized to be the b/t ratio of the
flange, the thickness of the tee stem, number of bolts, bolt type
and length of weld. The ranges of variation of these parameters
that are shown in Figure 1.5, are given in Table 1.1. The
selection of parameters were done such that with the limited
number of tests conducted, the most possible amount of useful
data could be obtained. In addition, the parameters were select-

ed to ensure proper presentation of real cases.



2.3 Test Specimens

A typical test specimen is shown in Figure 2.1. The speci-
men consisted of a W 18x35 beam connected to a W 10x77 column
with tee~framing connections. Properties of tee-framing connec-
tions are given in Table 2.1. The tees used in test specimens
were saw cut and welded in the laboratory.

Two types of bolts were used in the connections cof test
specimens. In test specimens 1 through 7, the bolts used were
A325. In tests 8 and 9, the bolts used were A490. The nominal
diameter in all bolts in all specimens was 7/8 inch. The bolt
spacing for all specimens was 3 inches center-to-center of bolts.
The edge distance of the bolts for all specimens was 1.25 inches
from the top and bottom. The spacing and edge distance satisfy
the requirements of current AISC Specifications (8,9).

Welds connecting tee flange to the column in all specimens
were done using E7018 electrodes resulting in a nominal strength
of 70 ksi for welds. The weld size was 3/16 inch for specimens 1
and 4 and 1/4 inch for all other specimens.

The column used was W 10x77 and the beam was W 18x35. These
sections were selected to ensure that they will remain almost
elastic during experiments and will not influence the behavior of
connection as major parameters of the study. Also, 3/8" doubler
plate was welded to the web of the beam so as to ensure that the
web of the beam will remain elastic during the tests. The
observations during the tests confirmed that indeed the column
and the beam did not experience noticeable inelasticity. An
exception to this was test number 7 as will be discussed later in

Chapter Three.



To prevent web buckling of the beam, sufficient stiffeners
were added along the line of application of concentrated loads.
lateral braces were provided at the end of the beam to prevent

instability in out-of-plane direction.

2.4 Test Bet-up

In a Type II connection, moment and shear are coupled. This
is due to the fact that in the connections, only one element such
as shear tab or tee is responsible to carry shear as well as
moment. Also, added to the complexity of the problem is the
presence of relatively large rotation in the connection area that
causes significant inelastic strain hardening and geometric non-
linearities. Therefore, even experimental study of the behavior
of flexible connections through testing is a complex task. Due
to high flexibility of connection, even small moments cannot be
tolerated by the connection. Yet large shear forces are to be
applied. These large shear forces with very small eccentricities
tend to develop large enough moments to cause large unrealistic
rotations.

The Type II connections must satisfy a dual criteria. The
connections must have enough ductility in rotation to accommodate
end rotation of the beam and, at the same time, the connection
must have sufficient shear strength to transfer beam shear reac-
tion to the support.

In order to perform a realistic test of connection, one
needs to simulate the actual shear, moment and rotation values of
a loaded beam as closely as possible during the experiments.

Some researchers have used a typical cantilever beam specimen as



shown in Figure 2.2. Although this test set-up provides valuable
information on moment-rotation characteristics, it fails to
measure strength of connection in shear. In this case, due to
high flexibility of connection, upon application of very small
shear, unrealistically large rotations take place and connection
fails in bending. The results of the cantilever test specimen
can only be used as a measure of bending ductility of Type II
connections and not as a measure of strength.

To measure shear strength of the connection, test set-up of
Figure 2.3 or similar set-ups are used by researchers. Usually
in these tests, in order to fail connection before beam fails,
short span beams are used. The use of short span beam in these
test set-ups results in very small end rotation o©of the beanm.
Therefore, the rotation experienced by the connection during the
tests will be unrealistically smaller than rotations in actual
peam in a building. Consequently, since the realistic rotations
are not imposed on connections, the measured shear strength at
the best is an upper bound of strength and not actual strength.
Particularly in welded framing connections, the rotation of
connection generates large strains in the welds resulting in
local cracks that can reduce direct shear strength capacity of
the connection significantly.

To perform more realistic tests and to simulate combined
effects of shear, moment and rotation in a Type II connection,
one approach can be to fabricate an actual beam specimen with end
connections as shown in Figure 2.4, and load it until failure
occurs and study the behavior of connections during the testing.

In this case the cost of fabricating the specimens and testing



will be high; therefore, limiting the number of tests that can be
performed.

To mitigate the above-mentioned difficulties, and based on
extensive analytical simulations, the test set-up shown in Figure
2.5 was developed by Astaneh (1,2) which is used in this proiject
to test tee framing connections. The set-up in Figure 2.5 can be
used to test any flexible or semi-rigid connection.

The main components of the test set-up are a permanent short
beam, a short column, two actuators, and support blocks. The
beam which is instrumented is a W 18x35. Actuator S, which is
close to the support, is force controlled and provides the bulk
of shear force in the connection. Actuator R, which is
displacement controlled, controls and provides the rotation of
the connection. Therefore, by adjusting these two actuators, one
can develop desired shear and rotation in the connection. The
support blocks are concrete and steel dead weights, pre-stressed
to the floor of the laboratory.

To provide lateral stability for the beam during the experi-

ments, lateral supports are provided at the beam ends.

2.5 Loading History

As mentioned earlier, the objective in conducting the tests
was to subject the tee connection to a combination of shear and
rotation similar to those that prevail in a flexible connection
of a beam when subjected to gravity loading. In order to obtain
such variations, A. Astaneh (1) developed and used ENDROT program
and further modified it to become SHEAROT program.

The program simulates loading of beam supported by flexible

10



connections until it collapses. buring loading end shear and
rotations are measured. Samples of results are given in Appendix
C.

By using SHEAROT program, it was found that, regardless of
beam size or span, the ratio of end rotation at failure to rota-
tion at yield is almost constant.

The computer program was used to analyze all cross sections
from W16 to W33 that are listed in the AISC Manuals (8,9). In
the analysis spans of 10, 30 and 50 feet were considered for all
beams. The analyses indicated that variations of end shear vs.
end rotation for these beams and spans are very stable and
changes slightly with change of shape factor f, where f is equal
to z,/s,. Figure 2.6 shows a plot of shear vs. rotation at the
end of beams that were analyzed. As can be seen in the plot,
shear vs. rotation follows an elastic path until yielding starts
at midspan of the beam. At this point, rate of increase of
rotation increases rapidly, causing large rotations for
relatively small load increase.

In order to establish a loading history, values of end rota-
tion when a simply supported beam approaches plastic collapse
were studied. Figure 2.7 shows a plot of end rotation versus
midspan maximum strain for beams that were analyzed when moment
at midspan reaches 0.99 Mp, 0.999 Mp, 0.9999 Mp and 0.9999% Mp.
In the analysis, the strain at midspan also was calculated. It
was discovered that when midspan moment reaches 0.9999 Mp, strain
at extreme fiber of midspan section reaches about 100 times yield
strain which represents ultimate fracture strains for most

structural shapes. Therefore reaching a moment equal to 0.999 Mp

11



constituted failure. The end rotation corresponding to this
midspan moment was consistently equal to about 2.5 yield rotation
for all the beams that were analyzed. Therefore, it was decided
that in order to test connections under realistic conditions,
shear and rotations should be applied such that at failure of
connections, the rotation be egual to 2.5 8y where 8y is end
rotation of a simply supported beam when midspan moment reaches
yield moment.

To establish value of 8y that can be used in testing, the
results of computer analysis also indicated that this peoint is
alsc very stable. End rotation corresponding to yielding at
midspan was about 0.012 radians. Therefore, a value of 8 egual
to 2.5 6y resulting in 0.03 radians was selected to be targeted
during the tests.

A predicted shear failure load was calculated using AISC-
LRFD procedures and actual behavior of connection, considering
all possible modes of failure when subjecting the tee framing
connection to pure shear. Such calculations are presented and
discussed in Chapter Four. Then, this value of shear strength
and a rotation of 0.03 radians constituted failure point on shear
vs. rotation curve. Therefore, the above two values were chosen
as a target point on the shear vs. rotation graph. During
strength tests, connections were subjected to monotonic shear and
rotation such that the slope of shear-rotation curve was
V,41¢/0-03 radians as shown in Figure 2.8. For each specimen, a
ductility cycle preceded strength tests. In ductility tests the
specimens were subjected to rotation only by disconnecting

actuator S in Figure 2.5.

12



To summarize, each specimen was subjected to two phases of
loading. First, a ductility test was conducted by applying
rotations up to 0.07 radians to the connection using a cantilever
test set-up. Second, a realistic shear strength test was
conducted by applying shear as well as corresponding rotation
following a linear shear-rotation relationship. The load

application continued until failure occurred.

2.6 Instrumentation

The instrumentation used in this series of tests is shown in
Figure 2.9. The instrumentation consisted of Linear Variable
Displacement Transducers (LVDT) and three Linear Potentiometers.
LVDT number one was placed at the top of tee connection and was
used to measure the separation between the tee flange and the
column. LVDT’s number 2, 3, 4 and 5 were mounted two on the top
flange and two on the bottom flange of the beam. These were used
to calculate the rotation of the connection. Calculation of
rotation was done using the following formula:

(LVDT2 + LVDT3 + LVDT4 + IVDTEY /2

Rotation = (2.1)
(18 5/16" + 2 X 4.5")

The denominator in above equation is the distance from cen-
ter to center of LVDT’s on top and bottom flanges.

Linear potentiometer 1 was used to measure end deflections
under actuator R in Figure 2.5, and linear potentiometer 2 was
used to measure deflections under actuator S. Linear
potentiometer 3 was used to measure the shear deformations of the

tee connection in the direction of applied shear. Note <that

13



linear potentiometers 1 and 2 can be used as a backup system to
calculate rotation at the connection as follows:
Lin.P,(1)-Lin Pg(2)

Rotation = - (elastic deflections of
54" beam in between)

(2.2)

Actuator R was used to control rotation at the connection
and actuator S was used to control shear. Data acquisition
system for the experiments consisted of an IBM-PC based system
with capability of real-time recording and processing. Another
IBM~PC was connected to the first PC and was used to plot shear
vs. rotation to enable test conductors to monitor and follow
shear-rotation history during the tests. Slides and photographs

were taken to record qualitative aspects of the research.

2.7 Test Procedures

The following steps were taken in conducting each test:

1. The specimen was prepared for testing. Necessary weld-
ing of tee flange to column was done.

2. The specimen was assembled by connecting the beam to
column using the type of bolts specified for the speci-
men. Bolts were snug tight.

3. Instrumentation was added and specimen was whitewashed.
The whitewashing was done to enable the investigators
to detect yielded areas.

4. The calibration of the instrumentation was checked. If
a particular instrument was not exact in its reading,

it was recalibrated.

14



The proper operation of the instrumentation and data
acquisition systems was checked by applying a very
small rotation.

First phase of experiments which was ductility phase
began by applying rotation gradually, until rotation
reached 0.07 radians. During this phase, actuator "S"
in Figure 2.5 was set to neutral and only activé actua-
tor was "R" which was applying force to the end of beam
as a cantilever specimen.

During the test, data was collected at discrete points
and significant events were noted, recorded and photo-
graphed.

After rotation reached 0.07 during ductility test,
specimen was unloaded and rotation was reversed until
rotation came back to zero. This stage was the end of
ductility test.

After completion of ductility test as in Steps 6, 7 and
8 above, second phase of experiment which was strength
phase started. During this phase, by using both actua-
tors "R" and "SY, rotations and shear forces corres-
ponding to points on lecad path were generated. Load
path is shown in Figure 2.8. The shear-rotation loading

continued until specimen failed.
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CHAPTER THREE

EXPERIMENTAL RESULTS

3.1 General

This Chapter presents the quantitative and qualitative data
that were collected during the experimental studies. A summary
of behavior of each specimen is presented. The relevant plots of
the experimental data for each specimen are given in Appendix A.

A summary sheet for each test is provided in Appendix D.

3.2 Behavior of Test Specimens

As mentioned earlier, each test consisted of two phases.
Phase one was a ductility cycle which consisted of rotating con-
nection up to 0.07 radians, phase two was a strength cycle in
which the shear forces coupled with proportional rotations were
applied. The shears and rotations were monitored to be able to

follow the realistic loading path suggested in Section 2.5.

3.2.1. Test Number One

Test specimen one had three bolts. The tee was WIT4Xx7.5 with
a stem thickness of 9/32 inch which is considered relatively
thin.

Behavior of this specimen during ductility cycle was quite

1le



ductile with some minor inelasticity. When rotation reached 0.05
radians, yielding was observed adjacent to fillets at the top of
the tee. When rotation reached 0.07 radians, the weld return at
the top of the tee showed a hair crack. Also at this point minor
yield lines were observed on the tee flange. 1In addition, bolt
slip occurred.

buring strength test, when shear reached 53 Kkips, yield
lines were observed at bolt spacing areas of tee stem. At 76.6
kips shear, severe yielding of net area was apparent. Also,
widespread yvielding could be observed near the fillets of flange.
The load could not be increased further beyond 76.6 Kips. There-
fore, the capacity was considered to be 76.6 kips shear. At
maximum load, rotation of connection was 0.034 which is very
close to failure target rotation of 0.03 radians.
The failure made assigned to this specimen was excessive shear
yielding of net area of tee stem adjacent to bolt line connecting
tee stem to beam web. Figure 3.1 shows specimen One at the end of
the test. Notice severe deformation of bolt holes due to shear

yielding of tee stem.

3.2.2. Test Number Two

Test specimen two had five bolts and a WI7x19 was used.
Thickness of stem was 3/8. During ductility cycle when rotation
reached 0.045 radians, top portion of tee yielded near weld re-
turns and adjacent to tee fillets. When rotation reached 0.065
radians, weld returns cracked. Connection was rotated until a
rotation of 0.069 radians was achieved with no further signifi-

cant observations.
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During strength cycle, when shear reached 116 kips, signifi-
cant yielding occurred in tee stem. The nominal shear yield
strength of this specimen was equal to 113 kKips. At shear egqual
to 174 kips, failure occurred due to excessive yielding of tee
stem followed by fracture of net area of tee stem. The welds or
bolts did not show any sign of visible distress or yielding.

Figure 3.2 shows tee portion of the specimen after it is
separated from column. The shear fracture line can be observed

extending over four bolt spacing from the bottom of connection.

3.2.3. Test Number Three

Test specimen three had three Dbolts. The tee was WI7x19.
During ductility cycle this specimen showed considerable
flexibility with almost no yielding visible. When rotation
approached 0.07 radians, minor yielding of top of the flange near
weld return was observed. During strength test, when shear
approached 45 kips, weld returns cracked. At 70 kips shear areas
of flange adjacent to weld return showed more signs of yielding.
At 93 kips shear, net area of tee stress showed signs of vielding
and continued to yield as load was increasing. At shear equal to
107 kips, weld and stem fractured almost simultaneocusly.

Figure 3.3(a) shows Specimen Three at the conclusion of the
test. Figure 3.3(b) shows same specimen after beam and column
have been removed. Notice significant shear yielding and
deformation of bolt holes. Also, shear fracture line, at the

left region of the deformed bolt holes can be seen.
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3.2.4. Test Number Four

Specimen in test number four was similar to test one but
with five bolts. 1In this specimen, unlike all other specimens,
unlike all other specimens, bolts were not snug tight but were
tightened to develop 70% of proof load as specified in the AISC
Manuals (8,9). Generally specimen showed less flexibility in
rotation than all other specimens. During ductility test, at
0.025 radian rotations, yielding of flange near weld returns and
close to fillets was visible. At 0.045 radians, yield lines were
visible throughout the tee flange. When rotation reached 0.06
radians, weld returns cracked and immediately was followed by
fracture of weld over its full length. Due to fracture of weld
during ductility cycle, no strength test was conducted.

Figure 3.4 shows Specimen Four at the end of test.

3.2.5. Test Number Five

The specimen for this test had five bolts and consisted of
WI4x20.

During ductility test, 1limited yielding occurred in tee.
When rotation reached 0.05 radians yielding was visible near weld
returns. At 0.06 radian rotation, weld returns cracked and yield
lines occurred on the middle portion of tee flange. During
strength test, when shear reached 170 kips, most of the flange
showed sign of yielding. At shear equal to 183 kips, fracture of
net area of tee stem occurred. The bolts in this specimen were
bent after the test, indicating yielding of bolts. The
appearance of test specimen after conclusion of the test was

similar to Specimen Two as shown in Figure 3.2.
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3.2.6. Test Number 8ix

The specimen for this test was similar to test five but had
three bolt. During ductility test, at 0.04 radians, bolt slip
occurred. At 0.07 radians rotation, minor bolt bearing yielding
of the stem was observed. During strength test, when shear
reached 50 kips weld returns cracked and significant yielding
could be observed on tee sten. At 110 kips shear, net area of
tee stem fractured. Figure 3.5 shows specimen six during

strength cycle.

3.2.7. Test Number Seven

The specimen for test number seven was built-up specimen
fabricated by welding a 1/2 inch thick stem to a flange plate cut
from WI7x19. The specimen had five bolts. The objective was to
study welded tees and their behavior. During ductility cycle,
specimen showed considerable ductility. At 0.05 radians
rotation, tee flange showed some sign of yielding near weld
returns and welds connecting stem to flange. During strength
test, when shear reached 200 kips, column flange bending could be
observed on tee flange. When shear force reached 232 kips, lower
bolt fractured. Continued loading caused fracture of all bolts
when load reached 238 kips. Figure 3.6 shows Specimen Seven
after bolits that were sheared off have been removed and placed

next to the connection.

3.2.8. Test Number Eight
The specimen for this test was a built-up specimen fabri-

cated by welding 1/2 inch thick plate to a flange plate cut from
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WI4x20. The specimen had three bolts. During ductility
cycle, when rotation reached 0.07 radians, some minor yielding
was observed on tee flange and tee stem under lower bolt. Figure
3.7 shows Specimen Eight at the end of ductility cycle with very
minor yielding observed.

During strength cycle, at shear force equal to 70 kips, tee
stem yielding could be observed. At shear force of 80 kips,
widespread yielding was visible on tee flange. At shear force of
104 kips, weld returns cracked. Finally, when shear force
reached 141 kips, weld lines connecting tee flange to the column

fractured in a brittle manner.

3.2.9. Test Number Nine

The specimen for this test was built-up by welding 1/2 inch
thick plate to a flange plate cut from WT4x20. The specimen had
five bolts. During ductility cycle, at rotation of 0.0475
radians, tee stem compression yield 1lines were observed.
During strength cycle, when shear load reached 113 kips, severe
yielding occurred at bolt spacing. When shear force reached 209
kips, suddenly and in a brittle manner, all bolts fractured in

shear similar to Specimen Seven as shown in Figure 3.6.

3.3 Experimental Data

Test results obtained from experiments are presented in the
form of plots showing variation of two parameters. The variables
that are plotted are shear, moment, rotation, shear displacement

and location of neutral axis. The plots are given in Appendix A.
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CEAPTER FOUR

ANALYSIS OF REBULTS AND DESIGN PROCEDURES

4.1 General

Failure of tee framing connections can occur due to
attaining several limit states. The following failure modes were
observed during the investigation. The failure modes appear to
be major modes if not all possible modes of failure. Failure

modes are:

1) Yielding of gross area of stem of tee.

2) Fracture of net area of stem.

3) Bearing failure of beam web as well as tee stem.

4) Fracture of welds connecting tee flange to the column.

For each failure mode, appropriate design equations and
procedures were developed and proposed to be used in predicting
strength of connection or in design. The predicted values based
on proposed methods were compared to corresponding values
obtained from the experiments. The comparison indicated that for
specimens that were tested, proposed method predicts capacities
with reasonable accuracy and the deviation is on the conservative
side.

Design procedures that are proposed are in two formats: one
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is Load and Resistance Factor Design (LRFD) format and the other
is Allowable Stress Design (ASD) format.

In order to develop a true reliability based procedures, one
needs to accumulate a large number of statistical data on random
variables involved. Due to complexity of the tee framing
connection behavior and large number of variables involved, very
large number of experiments should be conducted to establish
characteristics and distributions of random variables. This
approach is successfully used in developing LRFD equations for
several major structural elements such as beams, columns, and
tension members (10). In these cases relatively large number of
experimental data was available. In many other cases, such as
connections, the methodology in developing design equations in
1RFD format has been to adapt an equation that closely relates to
case under consideration. In this approach sufficient number of
experiments are conducted in order to gain insight to the
behavior of the elements and to establish 1limit states of
failure. After limit states are identified, they are related to
l1imit states that are already well known and well established.
Then safety indices and reduction factors of the known 1limit
states are adapted for the case under development. In this
investigation the second approach is adapted.

As the number of experimental results increases in the
future and reaches a level that can be considered statistically
significant, then the reduction factors recommended here can be
checked, refined and the extra margin of safety that currently
exists can be removed. It is believed that by following the

above-mentioned approach the Kknowledge and experience that is
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accumulated on the well known limit states are extended to the
design of tee framing connections. Therefore, experiments
conducted on tee framings are used to understand actual behavior
of tee sections, to identify limit states and to check closeness
of predictions of the proposed design procedures to actual
experimental results.

Based on experimental results, it appears that the 1limit
states of failure in tee framing connections are well defined and
can be related to well known limit states of steel components.
These include shear fracture of bolts, shear yielding of gross
area of steel , shear fracture of net area of steel and shear
fracture of welds.

The proposed LRFD and ASD procedures are given in the
following sections and the predictions of these procedures are

compared to experimental results in the subsequent sections.

4.2 Shear sStrength of Tee Connections

This section provides proposed design equations for tee
framing connections. Load and Resistance Factor Design as well
as Allowable Stress Design philosophies are considered. In the
proposed methods, reduction factors and factors of safety are
selected to be consistent with corresponding values in AISC-LRFD

Specifications (9) and AISC ASD Specifications (8).

4.2.1. B8hear Yielding of Gross Area of Tee Flange
This 1limit state refer to a failure mode that is shown in
Figure 4.1. In ordinary tee framing connections, where tees cut

from wide flange shapes are used, it is unlikely that this limit
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state will be reached before other limit states. However, it is
possible that in welded tees, a designer designs a welded tee
with thin flange with relatively thick stem. In this case this
limit state can be governing.

To prevent this limit state from governing one needs to
ensure that tee flange thickness is equal or greater than 1/2 of
the thickness of tee stem. All test specimens satisfied this
rule and the shear failure of flange did not occur. By following
this rule, tee stem will yield in shear before tee flange yields.
Yielding of tee stem is discussed in the following subsection.
Nevertheless, if one desires to check limit state of tee flange

shear yielding, the following eguations are suggested.

A. In LRFD Format:

# Rny 2Z ¥4 ops (4.1)
where,

@ = 0.90

Rpy = 0.60 Fy Aygs

Ayge =2t¢ Lt

Fy = Specified minimum yield stress of tee flange.

te

Thickness of tee flange.
Ly = Length of tee.

z ¥ Qni= Governing factored reaction of the beamn.

9
g

|

8D Format:

(4.2)

Fh

A

vy
<

where,

fy = R/ Aygs
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F

v = 0.40 F

Y
Aygrs —2tg Iy

R= Governing service load reaction of the beam.

4.2.2. B8hear Yielding of Gross Area of SBtem

The experiments that were conducted, particularly tests
number 1,2,3,5,6, and 8, where significant shear vielding
occurred, indicated that tee stems are subjected to almost pure
shear. It was observed that due to shear yielding, rotational
stiffness of tee stem decreases rapidly resulting in connection
moments being transferred to midspan with very small moment left
in the connection to be transferred to the support. Figure 4.2
shows yielding of tee stem when this limit state is reached.

It is recommended that, in design, this limit state be the
governing limit state resulting in tee stem acting as a short
shear 1link. The recommendation, if followed, 1is expected to
result in ductile and desirable behavior of connection. Due to
shear yielding of tee stem, connection moments will be shed to
midspan and connection will approach true simple connection.
Also, due to large amounts of inelastic shear deformations in the
connection, ample warning of imminent failure will be observed.

The suggested design equations for the limit state of

yielding of gross area are:

A. In LRFD Format:

2 R, > =¥ Qpy (4.3)
where,
@ = 0.90
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Ry, = 0.60 Fy Ayg

Ayg = by Lt

FY = Specified minimum yield stress of tee stem.
t, = Thickness of tee stem.

L, = Length of tee.

Yj Qnj= Governing factored reaction of the beam.

v v (4.4)
where,

f, = R / Avg

F, = 0.40 Fy

R= Governing service load reaction of the bean.

4.2.3. Fracture of Net Area of Tee Stem

This limit state if reached, will result in almost total
separation of beam from its support. Figure 4.3 shows typical
fracture of net area in tee framing connections. Unlike fracture
of net area in tension members which is brittle, shear fracture
of net area was relatively ductile. In test specimens that
failed due to fracture of net area, significant yielding and
inelastic deformations took place before initiation and
propagation of fracture crack.

In all specimens that failed due to fracture of net area, a
vertical crack developed along bolt spacing midway between the
centerline of the bolts and edge of the bolt holes.

The design equations for the limit state of fracture of net

area are:
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@ Rn > ¥ Qnj (4.5)

where,
@ = 0.75
Ry = 0.60 F,; Apq

Apg = ty [Ly - N (dp)]

F, = Specified minimum ultimate strength of material of tee stem.
t, = Thickness of tee stem.
Ly = Length of tee.

dy, = Diameter of bolt hole parallel to applied shear.
N = Number of bolts.

T ¥i Q. ;= Governing factored reaction of the beam.

(4.6)

h

A

vy
<
c

where,

fyu = R/ BApg

F

]

vu = 0-30 Fy

R= Governing service load reaction of the beam.

It must be mentioned that if a flange of connected beam is
coped, it is possible that beam web will reach linit state of
block shear failure. The reader is referred to AISC LRFD

Specification for treatment of this limit state.

4.2.4. Bearing ¥Failure of Tee Stem
The bearing failure of tee stem can occur when bolts tear
through the edge distance or bolt spacing. This failure mode is

depicted in Figure 4.4. However, some bearing yielding around
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the bolt holes will occur and can be tolerated. Based on test
results, it is recommended that thickness and edge distance of
tee stem be limited such that bearing failure will not be a
governing limit state, yet, limited bearing yielding will occur.
It is recommended that thickness of the tee stem be less than or
equal to 1/2 of bolt diameter. The analysis indicated that this
1imit for bolt diameters of 3/4, 7/8 and 1 inch, will result in
bearing yielding before brittle fracture of bolts occur. Also,
it is recommended that vertical and horizontal edge distance of
bolt holes on tee stem, be more than or egual to 2 times the
diameter of bolt. The requirement is expected to prevent
fracture of edge distance zone before the strength of connection
is developed.

However, the following eguations can be used to check

limit state of bearing of tee stem.

A. In LRFD Format:

The following equations apply to standard or short slotted

holes.

2 Rng 2 Z¥ Qnj (4.7)
where,

@ =0.75

Ryy = 3.0d t Fy N

d = Nominal diameter of bolt parallel to applied shear.
t = Thickness of connected part

N = Number of bolts

v Yi Qni= Governing factored reaction of the bean.
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In the above equation defining value of R,,, coefficient 3.0
is used. This is due to the fact that in tee framing connections
that were tested elongation of bolt hole due to bearing yielding
did not affect the strength but helped to increase ductility.
Therefore, according to provisions of IRFD specifications (9) a
value of 3.0 was adapted. For long slotted holes the reader is
referred to AISC LRFD Specifications (9). In test specimens,
delibrately minimum vertical edge distances were selected. The
objective was to investigate current provisions regarding bearing
capacity as related to edge distance. 1In all specimens, with the
exception of 7,8 and 9 which had thick stem, the bottom edge
distance showed sign of inelastic deformations and bending.
Therefore, in calculating bearing capacity, the provisions of
current AISC-LRFD specification(9), specifically Section J3 were

followed.

4.2.5. Bearing Failure of Beam Web

In tee framing connections where bolts are used to transfer
shear from beam to tee stem, it is possible that limit state of
bearing failure of beam web is reached.

The design eguations for this limit state are similar to
case 4.2.4. above but web thicknesses should be used instead of

tee stem thicknesses.

4.2.6. Bhear Failure of Bolts
Specimens 7 and 9 failed in bolt shear failure mode. In
both cases, bolts suddenly and in relatively brittle manner

reached their limit state and fractured. Study of behavior of
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specimens indicated that due to significant yielding in
connection, location of point of inflection of beams had moved
very élose to the face of column flange. A conservative location
for point of inflection is suggested to be at the bolt 1line.
This assumption will result in bolts being subjected to pure
shear and weld lines being subjected to shear and a small moment
due to eccentricity of shear from weld line.

The design equations for the 1limit state of bolt shear

failure are:

A. In LRFD Format:

The following equations apply to bolts designed as bearing

bolts and not as slip resistant bolts.

# Rpg 2 ¥ Qnj (4.8)
where,

@ = To be selected from Table J3.2 of AISC-LRFD

Specification, (9)

Rpg = Ay Fp N
A, = Nominal area of one bolt.
F, = Nominal strength of bolt given in Table J3.2 of AISC-
LRFD Specification (9).
N = Number of boclts
=4 Qni~ Governing factored reaction of the beam.
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In ASD Format
where,
f, =R/ (N Ap)
Fyp = Allowable shear stress for bolts given in AISC

ASD Specifications (8).

R= Governing service load reaction of the beam.

4.2.7. Weld Failure

Weld failure in tee framing connections 1is the most
unidesirable failure mode. Figure 4.4 shows this failure mode. In
test specimen 4 when weld failure occurred, it was relatively
brittle resulting in sudden fracture and loss of strength and
stiffness of connection. In tee framing connections that were
tested, when shear load increased, due to shear vielding of tee
stem, connection stiffness was decreased resulting in decrease of
connection moments. When ultimate strength of connections
was reached, the point of inflection was between bolt line and
weld line resulting in an eccentricity of less than 2.5 inches.
It must be mentioned that in these experimental studies, bolts in
all specimens other than one were snug tight. In fully tightened
bolts, it is expected that point of inflection will be slightly
further from weld line.

For tee connections with seven or less bolts an eccentricity
equal to distance from centerline of bolts to weld line is
recommended to be used. Using the eccentricity, one can
calculate bending moment applied to the welds and welds be

designed for the combined effects of bending moment and shear.
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After shear and moment acting on the welds are established,
it is recommended that inelastic design procedures based on the
concept of "Instantaneous Center of Rotation " be used to design
the welds. Tables developed based on this concept are available
in AISC LRFD Manual (9) and AISC ASD Manual (8}.

If column or beam, which is supporting the tee connections,
is flexible then point of inflection of beam will move easily
towards the welds and can be located very close to the weld line.
In these cases, the welds will be subjected to almost pure shear.
However, bolts will be subjected to direct shear and a small
moment due to eccentricity of shear force from point of
inflection of beam which is almost on the weld line. To consider
this extra moment, one can design bolts for combined effects of
direct shear and bending moment. Appropriate tables are provided
in the AISC MAnuals (8,9) for this purpose. The tables have been
developed based on the concept of "Instantaneous Center of

Rotation"®.

4.3 Evaluating Propésed Design Methods

To verify validity of the proposed design methods, the
strengths of connection specimens were calculated using the
proposed procedures and were compared to test results. In these
comparative studies, the nominal strength predicted by the
proposed LRFD methods were considered. In all cases the
predictions of the proposed LRFD methods were very close to test
results and the deviations were on the conservative side.

The governing shear strength of each test specimen based on

the proposed LRFD procedures was calculated and is 1listed in

33



Table 4.1. In calculating shear strengths, actual yield stress
and ultimate strength of steel obtained from coupon tests were
used.

Notice that application of load did not stop during testing
when yielding occurred. But, loading continued until a fracture
occurred. In such cases the fracture of net area always followed
yielding after a very small increase of load.

From experimental studies, the following four failure modes
were identified. The failure modes of beam web and supporting
member (column or girder) are not included in the list.

1. Shear fracture of bolts

2. Fracture of welds

3. Shear failure of tee stem

4. Bearing failure of tee sten.

The following sections compare test results to the shear
strength predicted by the proposed methods with regard to each

limit state.

4.3.1. Shear Fracture of Bolts

The predicted shear strengths of specimens are given in
Table 4.2 along with governing limit states. For test specimens
7 and 9 limit state of bolt shear failure was predicted by the
proposed methods to be governing. In both tests, the bolts failed
as predicted. In LRFD methods, the ratio of test results to
predicted nominal strength were 1.10 and 1.03 for tests 7 and 9

respectively.
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4.3.2. Fracture of Welds.

Weld fracture occurred in Specimens 3 and 8. In both cases
the predicted nominal capacity, using the proposed procedures for
welds, was less than the capacity at failure of welds in test
specimens. The difference is mainly due to the fact that in the
proposed method the combined effect of shear and moment in the
connection is considered. Notice that in the proposed methods it
was suggested that an eccentricity egual to distance between weld
line and bolt line be considered in design of welds resulting in
a moment acting on the weld in addition to shear. In actual
testing, significant shear yielding took place in the stem before
connection failed. Due to shear yielding, the connection looses
a major part of its stiffness and very small elastic area of the
section is left to provide rotational stiffness. This can result
in reduction of rotaticnal stiffness which in turn results in
decrease of moment in the connection. Thus, the shear is
transferred to the welds with very small moment.

Table 4.3 summarizes the weld capacities predicted using
proposed LRFD methods along with experimental results. The weld
capacities based on eccentrically loaded welds are given in
columns 2 and capacities calculated based on direct shear are
given in columns 3.

By studying the results, it is evident that the nominal
capacity of welds predicted based on assuming only direct shear,
is much closer to measured values than calculating the capacity
of welds based on eccentric shear parallel to the axis of welds.
Note that capacity of welds is based on size of weld which in

turn is not always exact due to workmanship. Therefore, the
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variation in predictions in test number 3 which had a 3/16" weld

may have been due to variation in mechanical properties of weld.

4.3.3. Bhear Failure of Tee Stem

Tests 1, 2, 3, 5, and 6 failed due to stem failure. In all
cases it was noticed that the predicted nominal capacity by
propesed LRFD methods is less than the actual capacity at failure
of stem. studying test specimen after failure it was noticed
that the actual line of fracture of the stem was not passing
through the net area, but almost always was passing between b .+

and b (Refer to Figures 3.2 and 3.3b). An average value of

gross

bret and bgross was selected and used to calculate fracture
capacity of net area of stem listed in Table 4.4.

Table 4.4 summarizes the nominal shear capacities predicted
for tee stem using proposed LRFD procedures along with
experimental resuits. Column one is the capacity of tee stem
based on fracture of net area using:

R, = 0.6F, t, Ly (4.10)

Column two is capacity based on refined method using

following equation.

(Ppet * bgross)
R, = 0.6F, ty " (4.11)

Column three is test results at failure.

Studying the results indicated that the shear capacity of
tee stem based on b+ is conservative by a factor of about 1.5.
Also, it always is governing mode of failure, whereas in actual
tests it was not. Conversely, the web capacity based on an

average value of "b" gave closer results to actual capacity of
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specimens at failure.

4.3.4. Bearing Failure of Tee Sten

Significant bearing yielding was observed in Specimens
1,2,3,5,6 and 8. The yielding occurred in bolt hole walls
resulting in bolt hole elongations. However, due to sufficiency
of bolt spacings and edge distances, actual bearing failure did

not occur.

4.4 Ductility of Tee-Connections

As mentioned earlier, during each test a ductility cycle
preceded the strength cycle to measure rotational ductility of
tee framing connection. Large rotations would be demanded from
the connection when a structure is subjected to lateral loads in
addition to already existing gravity locad or when the connected
beam approaches its collapse condition under gravity loads.

The moment-rotation and other test results obtained during
ductility cycle are given in Appendix A for all test specimens.
With reference to the plots of moment versus rotaticn of beam and
moment versus rotation due to bending of tee flange, given in
Appendix A, it is evident that the bending of the flange is
contributing considerably to the total rotation of the
connection. This contribution is a function of two factors.
First, which is more important, is the width to thickness
(bg/2t¢) ratio of the flange and second is depth of connection.
The importance of bg/2te ratio is due to the fact that the flange
is bending in out of plane direction, thus the flexibility is a

function of the bg/2ty ratio. Therefore, the out of plane

37



deflection of the upper part of tee-connection is a function of
be/2te. Another factor is the length of the connection. The

effect can be seen in the following eguation:

out of plane deflection
(4.12)

e =
fla .
nge Length of connection

Since the out of plane deflection is independent of length,
the total flange rotation is a function of length of connection.
Table 4.5 shows comparison of the ratio of tee-flange rotation to
(bg/2tg) ratio for a constant length of specimen. For a length
of 8.5 inches, (3-bolt connections) the contribution of the tee-~
flange rotation is about 15% of the total connection rotation.
Also, this contribution is independent of (bg/2tg) ratio. One
exception to this is test number one in which the contribution of
tee flange rotation was 36%. The reason for that may be that in
the first test the bolts were not snug tight as all others but
were tightened as required by AISC‘specifications (8,9). Bolts
being tightened prevented slippage of bolts in their holes, thus
demanding the flange to rotate more. For a length of 14.5 inches
(5-bolt connections) the contribution of the tee-flange rotation
increases with increasing (bg/2tg) ratio. For bg/2tg = 7.22, the
contribution of tee- flange rotation is about 40%, while for
bg/2tg = 6.55, the .contribution of tee-flange rotation is about
33%. Test number 4 is an exception to this, and in this test the
connection failed, unexpectedly, during the ductility cycle. 1In
this test bg/2te ratio of flange was 6.3 which is close to bg/2te¢

ratio of other tests that survived the large rotations imposed on
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them during ductility cycle. A likely reason for premature

failure of specimen 4 could be the variation in strength of weld.

4.5 Analysis of Experimental Plots Relating Different Variables
Each experiment had two phases. The ductility phase and the
ultimate shear strength phase. For each phase, seven plots were
made. In the following, the results of ductility phase will be
discussed first and then the discussion of the strength phase

will follow.

4.5.1. Results of Ductility Phase

In the shear versus rotation plots, it is noticed that for a
tee-connection with 3-bolts the shear required to rotate the
connection to 0.07 radians of rotation is about half that re-
gquired for the same tee-connection with 5-bolts. As number of
bolts increase, the stiffness of the tee connection increases.

Considering shear force versus shear deflection under bolt
line, it can be concluded that the beam and tee stem remain
elastic during ductility tests and very minor yielding takes
place due to bearing of bolts. The shear displacement that was
recorded was equal to 1/32" in most tests. This displacement is
equal to the clearance of the bolt hole.

The plots of moment versus rotation obtained during
ductility cycle are given in Figure 4.5. It can be noticed that
in these curves first the bolts slip thus allowing rotation with
emall increase in the moment, then elastic deformations take
place followed by inelastic deformations, where increase in

rotation causes very small increase in moment resistance.

39



Studying plots of moment at weld versus rotation of tee-
flange provided indication of how the contribution of tee-flange
rotation is affected by bg/2t¢ ratio and number of bolts.

in the moment at bolt versus shear plot and moment at weld
versus shear plots given in Appendix A, it can be seen that in
ductility cycle there is a linear relatioenship due to determinacy
of test set-up resulting in constant moment to shear ratio.

The plots of neutral axis position versus rotation shows
that in the 3-bolt connection the neutral axis converges from
infinity to the center line of the connection. While in the 5-
bolt connections the neutral axis position converges to a posi-

tion about 1 inch below the centroidal axis.

4.5.2. Results of Strength Phase

During strength tests, the shear versus rotation
relationship suggested in Figure 2.8 was followed. It is noticed
that in all specimens the ultimate capacity for shear, at 0.03
radian rotation or more, was greater than the values predicted
for the connection under pure shear. This suggests that the
procedure proposed to calculate the capacity of tee-connections
ie conservative and works well for the connection in actual
loading condition where shear is coupled with rotation.

The plots of shear versus deflection under bolt line for all
specimens are given in Figure 4.6. The plots indicate that the
web of tee-connection undergoes significant shear plastic
yielding.

In the plots of moment versus rotation of beam and moment

versus rotation of tee-flange given in Appendix A, there are two

40



items to note. The first is that the rotation in the tee-flange
is larger than the total rotation of the beam. The vertical
displacement of the bolts will reduce the total rotation of
connection while it does not affect the tee-flange rotation.
From the plots of moment versus tee-flange rotation one can see
that the tee-flange has sufficient ductility. The second

observation is sign of moments at bolt line and at weld line and

their wvalues. In a perfectly simple support the moment at
support is zero. But in actual connection there is some
resisting moment to rotation. This moment will be positive

according to sign convention used in this report. As the loading
increases inelasticity will develop and the end moments will be
released to midspan. As a result of release of end moments point
of inflection of the beam will move toward support. This
movement of point of inflection can be observed in plots of
moment at bolt line versus rotation of the beam given in Appendix
A. In these plots, moment at the bolt line changes sign from
positive to negative. The moment at the weld line alsc is
affected by the movement of the point of inflection and decreases
in value and sometimes approaches zero.

In the plots of neutral axis position versus rotation, it is
observed that for 3-bolt connections the neutral axis converges
faster from infinity to a position about 1.5 inches below center
line of specimen, while in 5- bolt connections, neutral axis
converges to a position about 3 inches below the center line of

specimen as shown in Figure 4.7.
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CHAPTER FIVE

CONCLUBIONS

5.1 General

The main objective of this research was to investigate the
pehavior of tee-framing connections and to develop design proce-
dures. The specific findings and results have been presented in
previous chapters. In this Chapter, general conclusions are
provided. The conclusions are based on tests of nine tee framing
connections as discussed earlier. The tees that were studied

were welded to the column flange and bolted to beam web.

$.2 Conclusions
Based on test results and their analysis, the following
conclusions can be made:
1. The realistic testing of tee connections indicated that
considerable shear yielding occurred in the stem and
flange of the tee prior to failure. The vielding caused
reduction of rotational stiffness which in turn caused
release of end moments to midspan of the beam. To
ensure the desirable yielding, it 1is recommended that
the steel used in tee be 1low yield steel such as A36

with a ©pronounced yield plateau. The existence of
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yield plateau 1is important since it causes free and
considerable shear yielding of the tee stemn.

2. Tee connections that were studied showed some stiffness
at early stages of loading but as stems yvielded, the
connections lost their rotational stiffness and the
connections were flexible enough to be considered type
II (simple) connections in common applications.

3. The 1limit states that were observed during the testing
were: (1) bolt shear fracture, (2) tee stem vielding,
(3) tee stem fracture; and (4) weld fracture. A limit
states that was not observed during the tests, but
can occur if the flange of the tee is too thin, is
limit state of yielding of flange of tee. It
appears that this limit state will be a ductile limit
state and the yielding of flange will assist in
reducing rotational stiffness of the connection.
To avoid this limit state, the thickness of tee flange
should be more than 1/2 of the thickness of tee
stem. The condition is usually satisfied if tees are
cut from wide flange shapes.

4. A design procedure for tee framing connections was
developed and recommended in Chapter 4. The procedure
is based on ensuring that shear yielding of the tee
stem is the governing limit state and the capacity of
connection for other limit states is greater than shear
yield capacity. Following the recommended design
procedure, it is expected that shear yvielding occurs

and rotational stiffness of connection is released thus
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ensuring that connection acts as a simple connection
under large forces.

5. In the proposed procedure, in order to ensure bearing
yielding that will provide additional ductility, it is
recommended that the thickness of the tee stem be less
than or egqual to 1/2 of the bolt diameter.

6. To avoid bearing fracture, the horizontal and vertical
edge distance of bolt holes are recommended to be at
least 2.0 times diameter of bolt. Edge distance here
is defined as actual distance from the edge of the bolt
hole to the edge of stem.

7. For each limit state, design procedures in ASD and LRFD
formats are proposed. Test results indicated that
proposed methods accurately predict the strength of
connections that were tested.

8. Tee-connections that were tested were very ductile and
could accommodate ©0.07 radian rotation with minor
inelastic behavior.

9. The out of plane bending of the tee-flange was one of the
major factors that contribute to high ductility of the
tee-connection. The out of plane bending increases
with increasing bg/2te ratio of tee flange. It is
recommended that bg/2ts ratio of tee flange be greater
than or equal to 6.5 and the material of tee be A36.

10. Neutral axis in the connection is not at mid-height of
the connection. The neutral axis was located at 1.5 and
3.0 inches below centerline for 3-bolt and 5-beolt

connections respectively.
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Table 1.1.~-Limits of Geometric Parameters

Parameters Low High
br 3-15/16" 8-1/8"
tr 5/18" g/10"
tw 9/32" 172"
dp /8" 7/8"
¢ of bolts 3 5
type of bolt & 325 A 490
weld size 3/16" 174"
weld length B.s" 14.5"
weld type AWS ETOXX AWS ET0XX
e=-¢ spacing 3" 3"
of bolts
edge distance 1.25" 1.25"

& Steel is A-36.
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table 4.2.- Prediction of

Shear Failure of Bolts

Test # Bolt shear Test Test Result Actual Mode
capacity Result Bolt Capacity of Failure
1 130k 76.6K 0.59 Stem Failure
2 216k 174.0K 0.81 Stem Failure
3 130k 106.8k c.82 Weld Failure
4 216k - - Ductility
Failure
5 216k 183.1K 0.85 Stem Failure
6 130k 110.0k 0.85 Stem Failure
7 216k 238.2K 1.10¢ Bolt Failure &
Partial Failure
of Stem
8 162k 141.3k 0.87 Weld Failure
9 203X 209.0k 1.03® Bolt Failure

% Expected to fail in bolt shear
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Table 4.3.- Prediction of B8hear Failure of Welds

Test ¢ Weld Weld Test Test result Test result Actual mode
capacity capacity | results {weld capacity | weld capacity | of failure
with {direct with ez2.5" based on
e=2,5" shear) direct shear
1 6u4.5K 94, 6k 76.6k 1.18% 0.81 stem failure
2 183.4k 215.3K 174.0K 0.95 0.81 stem failure
3 85.6k 126.2K 106.8k 1.258% 0.84 weld crack &
stem failure
i 137.6K 161.4K -- - -- ductility
failure
5 183.4k 215.3K 183.1k 1.00% 0.85 stem failure
6 85.9k 126.2K 110.8k 1.20¢% 0.88 stem failure
7 183.4k 215.3K 238.2k 1.30% 1.11% bolt failure
& partial
fail. of stem
8 85.9k 126.2K 141,.3k 1.65¢% 1.11% weld failure
9 183.4k 215.3k 209.0kK 1,148 0.97 bolt failure

® Expected to fail in weld fracture.
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Table 4.4.~ Prediction of Tee Stem Failure

Test # Stem Stem Test Test result Test result Actual mode
Capacity Capacity Results Stem capacity Stem capacity of failure
with based on based on based on
bret baverage bret baverage
1 64.1¥ 79.9k 76.8Kk 1.208 0.96% stem failure
2 140, 4K 173.9K 174.0K 1.24% 1.00¢® stem failure
3 81.4K 101.5K 106.8kK 1.31% 1.05¢% stem fracture
& web., fail.
H 110.6 137.0 - - - ductility
failure
5 140. 4K 173.9K 183.1k 1.308 1 1.05% stem failure
6 81.4K 101.5K 110.8K 1.36% 1.09¢ stem failure
7 187.3K 232.0K 238.2k 1.278 1.03¢ bolt shear
8 108, 5K 135.3K 141,33k 1.30Fs 1.04% weld fracture
9 187.3K 232.0K 209.0K 1.12% 0.90 bolt shear

fExpected to fail in web failure
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TABLE 4.5 — CONTRIBUTION OF TEE-FLANGE ROTATIOR

TO DOCTILITY OF TEE-COENECTION

Test Length of bf/2tf Rotation of Rotation of Ratio

# Specimen Tee=Flange Tee-Connection @ Flange

@ Connection

1 8.5 6.30 0.025 0.069 0.36

2 14.5 6.56 0.019 0.069 0.28

3 8.5 6.56 0.012 0.069 0.17
Le 14.5 6.30 0.036 0.060 0.60

5 14.5 T.22 0.026 G.070 0.37

6 8.5 7.22 0.011 0.068 0.16

7 14.5 6.56 0.025 0.070 0.36

B 8.5 T.22 0.010 0.070 0.14

9 14,.5" 7.22 0.028 0.07C 0.40

# Failed in ductility cycle at 0.06 rad of rotation
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Figure 1.1. Common Types of Tee Framing Connections
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Figure 1.2. Applications of Tee-Framing Connections
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Figure 1.3. Double Angle and Tee-Framing Connection

Figure 1.4. Shear End Plate and Tee Framing Connection
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Figure 3.2. Failure of Specimen Two and Three
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Figure 3.3. (a) Specimen Three Before Fracture;

(b) Specimen Three After Net Area Fracture
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Figure 3.5. Shear Yielding of Stem in Specimen Six
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Figure 4.1. Limit State of Shear Yielding of Gross Area of Tee Stem

Figure 4.2. Limit State of Fracture of Net Area of Tee Stem
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Figure 4.3. Limit State of Bearing of Tee Stem

Figure 4.4. Limit State of Weld Fracture
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APPENDIX R

EXPERIMENTAL DATA

As indicated earlier each test had two phases, ductility and
strength phases. For each phase of each test, seven plots were
made. The plots for all nine tests are given in this appendix.
The plots relate several parameter such as shear, moment,
rotation and displacements to each other. The sign convention
used in these plots is indicated in Figure Al.

The first plot is shear at connection versus rotation of the
beam end. The second plot is shear at connection versus the
vertical displacement of beam at bolt line. The third plot is
the moment at bolt line versus rotation of connection. The fourth
plot is the moment at weld line versus the rotation due to the
flange bending of tee-connection. The fifth plot is the moment
at weld line versus shear at connection. The sixth plot is moment
at bolt line versus shear at connection. Finally, last plot of
this series is location of the neutral axis relative to the

center line of connection versus rotation of the connection.,
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AISC TEE—TEST #1
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SHEAR OF BEAM (KIPS)

SHEAR AT BOLT (KIPS)

AISC TEE-TEST # 9
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NA RELATIVE TO CONNECTION CL (IN)

AISC TEE—TEST # 9

DUCTILITY CYCLE: NEUTRAL AXIS LOCATION
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APPENDIX B

MATERIAL TESTS

The material ordered for tee elements was A36 steel. In
order to establish actual properties of material standard coupon
tests were conducted. The coupons were fabricated according to
ASTM Standard E8 with an eight inches long coupon that had four
inches of gage length. The results of these tests are reported in
this appendix. In Table Bl that follows test results regarding
yield and ultimate strength of coupons are reported.

In summary, coupon tests indicated that material is A36
steel with yield point from 43.42 to 53.91 ksi and ultimate
strength of 56.46 to 67.30 ksi. The degree of variation was

attributed to hardening during rolling and fabrication processes.
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Tabhle Bl. Results of Material Tests

Test Designation Coupon Area F F Ultima;e
(xEiy  (Rsi)

Nunber Number (in2) Strain
1 D-W 1 0.530 44,34 65.80 0.256
2 D-W 4 0.528 47.35 66.66 0.207
3 A-F 5 0.503 43.73 56.46 0.241
4 A-F 6 D.468 45.94 61.96 0.241
5 AW 7 0.371 53.91 66.30 0.185
& A~-W 8 0.376 54.52 67.30 0.184
7 D-F S 0.844 43.83 65.40 0.224
8 D-F 10 0.829 43.42 65.37 0.227

* Strain when maximum ultimate strength F, reached.

summary:

F,,=44.77 ksi and F,= 63.61 ksi for plates thicker than 0.3%

F.,=54.22 ksi and F,= 66.80 ksi for plates thinner than 0.3¥%
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APPENDIZ C

SAMPLES OF COMPUTER OUTPUT

In order to establish rotation demand of beam end, a
computer program was developed (1,2). This appendix provides
samples of output of the progranm.

The program was developed to study the interaction of shear
and rotation in simple connections of a simply supported beanm
subjected to uniform load. The program applies an increasing
uniformly distributed load to the beam and measures end rotation
and end reaction in addition to other parameters. The program is
inelastic, therefore, it continues loading until beam reaches its
collapse load and collapses due to formation of a plastic
mechanism. The analyses were conducted for all beams listed in
the AISC Manual (9), however, only a sample of results is given

in this appendix.
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Abolhassan Astaneh University of California, Berkeley

RESULTS OF ANALYSIS OF BEAM END MOMENT ROTATION RELATIONSHIP

Program: SHEAROT PRINTING DATE: 01-18-1988 TIME: 12:06:17

BEAM: W 16X 50 SPAN= 10 ft Fy~ 36 ksi My= 243.0 k-ft Mp= 276.0 k-ft
Teta Yield= 0.00610 rad Vyweb= 222.4 kips Myfle 252.8 k~ft Qp= 22.080 kK/ft
Zx/8x=f=1.136 gy= 1%.440 k/ft Strainy=Fy/E=0.0012414

Ve /Vy Teta Teta Vconn. Span Strain Mcl Beam Elastic
oY = m====  eees—s eceeee seesee ---  Condition Core
g/qy Tetay {rad) Vyweb Delta strainy Mp

1.00000 0.98598% 0.00£10 0.437 516.13 0.999 0.88043 Elastic 1.000
1.02716 1.0278 0.00627 0.449 501.93 1.033 0.90435 Fl yield 0.968
1.05432 1.0634 0.00649 0.461 483.20 1.125 0.928B26 Web yld., 0.889%
1.08148 1.1345 0.00692 0.473 444.89 1.378 0.95217 Web yld. 0.725
1.12444 1.4603 0.00881 0.4%1 319.15 3.015 G.59000 web yid. 0.332
1.13467 1.9734 0.01204 0.4956 215.94 9.533 0.938800 Web yld. 0.105
1.1356% 2.5209 0.01539 0.496 159.14 30.142 0.99990 Web yld. 0.033
1.13879 3.5460 0.02164 0.496 106.28 94.968 0.59995% Web yld. 0.011

BEAM: W 16X 50 SpaN= 30 ft Fy= 36 ksi My= 243.0 k-ft Mp= 276.0 k-ft

Teta Yield= 0.01831 rad Vyweb= 222.4 Kips Myfl= 252.8 k-ft Qp= 2.453 k/ft

Zx/Sx=f=1,136 oy= 2.160 K/t Strainy=Fy/E=0.0012414

vec/Vy Teta Teta Vconn. Span Strain Mcl Beam Elastic
or = mmew- m-seew smeees eccwee ---  Condition Cere
a/qy Tetay (rad) Vyweb Delta Strainy Hp

1.00000 ©£.9999 0.01831 0.146 172.04 0.989% 0.88043 Elastic 1.0006
1.02716 1.0278 0.01882 0.150 187.31 1.033 0.90435 Fl yield 0.968
1.05432 1.0634 0.01947 0.154 161.07 1.125 0.92826 Wed yld. 0.889
1.08148 1.1345 0.02077 0.158 148.30 1.378 0.85217 Web yid. 0.725
1.12444 1.4603 0.02674 0.164 106.38 3.015 0.99000 wWeb yld. ©.332
1.13467 1.9734 0.03613 0.185 71.98 9.533 £.99900 Web yid. 0.105
1.13%869 2.5207 0.04615 0.165 53.05 30.126 0.99990 Web y1ld. ©.033
1.13579 3.538B6 0.06475 0.165 35.51 94.478 0.99999 Web yld. 0.011

BEAM: W 18X 50 SPAN= 50 ft Fy= 36 ksi My= 243.0 k-~ft Mp= 276.0 k-ft

Teta Yield= 0.03052 rad . Vyweb= 222.4 kips Myfl= 252.8 k-ft Qp= 0.883 k/ft
Zx/Sx=£f=1.136 qy= 0.778 k/ft Strainy=Fy/E=0.0012414

vc/Vy Teta Teta Vconn. Span Strain Mcl Beam Elastic
or @ me—ee— e e see——— ==~ Condition Core
q/qy Tetay ({rad) Vywek Delta  Strain¥Y Mp

1.00000 0.9999 0.03051 0.087 103.23 6.999 0.88043 Elastic 1.000
1.02716 1.06278 0.03137 0.090 100.3% 1.033 0.90435 Fl yield 0.9s8
1.05432 1.0634 0.03245 0.092 96.64 1.125 0.32826 Web yid. 0.88BS
1.08148 1.1345 0.03462 0.085 88.98 1.378 0.85217 Web yld. 0.725
1.12444 1.4603 0.04456 0.058 £3.83 3.015 0.985000 Web yld. 0.332
1.13467 1.8735 0.06022 0.099 43.19 9.533 0.95900 Web yld. 0.105
1.13589 2.5207 0.07682 0.09%9 31.83 30.126 0.8999¢0 Web yld. 0.032
1.13579 3.5460 0.10821 ©.099 21.26 94.968 0.995%9 Web yld. 0.011
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Abolhassan Astaneh University of California, Berkeley

RESULTS OF AKNALYSIS OF BEAM END MOMENT ROTATION RELATIONSHIP

Program: SHEAROT PRINTIRG DATE: 01-18-1%88 TIME: 12:11:36

BEAM: W 16X 36 SPAN= 10 ft Fy= 36 ksi My= 169.5 k-ft Mp= 192.0 k-ft
Teta Yield= 0.00626 rad Vyweb= 168.4 kips Myfi= 174.5 k-ft Qp= 15.360
Zx/Sx=f=31.133 gy= 13.560 k/ft Strainy=Fy/E=0.,0012414

k/ft

Ve/Vy  Teta Teta Vconn. Span Strain Mcl Beam Ela
oy ===--  mrmwoo- Sssss soeees -—— Condition
q/qy Tetay {rad) Vyweb Delta Strainy Mp

1.00000 0.95%89 0.00626 0.403 503.03 1.000 0.88281 Elastic 1.

1.02655 1.0276 0.00644 0.413 48%.20 1.036 0.50625 Fl yield ©

1.08310 1.0705 0.00670 0.424 466.07 1.172 0.92969 Web yld. O.
1.07965 1.1477 ¢.00719 0.435 426.32 1.436 0.85312 Web yld. O.

1.12142 1.4822 6.00928 0.451 304.85 3.109 0.99000 Web yid. ©O

1.13161 2.0115 0.01260 0.456 205.59 9.831 0.98900 Web yld. 0.
1.13263 2.5758 0.016313 0.456 151.24 31.080 0.98980 Web yld. 0.
1.13273 3.6377 0.02278 0.456 100.66 9B.316 0.9%999 Web yld. O.

stic
Core

BEAM: W 16X 36 SPAN= 30 £t Fy= 36 ksi My= 169.5 k-ft Mp= 192.0 k-ft
Teta Yield= 0.01879 rad Vyweb= 168.4 kips Myfl= 174.5 k~ft Qp= 1.707
Zx/Sx=f=1.133 gy= 1.507 k/ft  Strainy=Fy/E=0.0012414

k/ft

Vc/Vy  Teta Teta Vconn. Span Strain Mel Beam Ela
or 2 wme=m— meeses ssses eee-—ee -— Condition
q/qy Tetay (rad) Vyweb Delta Strainy Mp

1.00000 ©.9999 0.01879 0.134 167.68 1.000 0.88281 Elastic 1
1.02655 1.0276 0.019831 0.138 1623.07 1.036 0.90625 Fl yleld o
1.05310 1.0705 0.02011 0.141 155.36 1.172 0.92969 Web yld. 0
1.07865 1.1477 0.02156 0.145 142.11 1.436 0.95313 Web yid. 0O
1.12142 1.4822 0.02785 0.150 101.65 3.109 0.593000 Web yid. ©

1.13161 2.0115 0.03779 0.152 68.53 $.831 0.99%900 Web yld. 0.

1.13263 2.5758 0.04839 0.152 50.41 31.050 0.99930 Web yld. 0

1.13273 3.6299 0.06820 0.152 33.64 97.803 0.999%9 Web yld. 0.

stic
Core

BEAM: W 16X 36 SPAN= 50 ft Fy= 36 ksi My= 169.5 k~ft Mp= 192.0 k-ft
Teta Yield= 0.03131 rad Vyweb= 168.4 kips Myfl= 174.5 k-ft Qp= 0.614
Zn/Sx=£f=1,133 qy= 0.542 k/ft Strainy=¥y/E=0.0012414

k/ft

ve/Vy | Teta Teta Veonn. Span Strain Mcl Beanm Ela
or = m====  moweea  —oeee - - Condition
a/qy Tetay (rad) Vyweb Delta  StrainY HMp

- = T o o 7 T T T T S VR T e e e e R S T M T 7 o e o o e e A L L o T T T T e i e o e i Sl e i s i e 7

1.00000 0©.99%9 0.03131 0.081 100.81 1.000 ¢.88281 Elastic 1.

1.02655 1.0276 0.03218 0.083 97.84 1.036 0.90625 Fl yield ¢
1.05310 1.0705 0.033582 0.085 93.21 1.172 0.92%69 Web yld. 0O
1.07965 1.1477 0.03594 0.087 85.26 1.436 0.95313 Web yld. ©
i.12142 1.4822 0.04641 0.090 60.59 3.109 0.8%000 Web ylid. ©
1.13161 2.0115 0.06298 0.091 41.12 9.831 0.899060 Web yid. ¢©
1.13263 2.5758 0.08065 0.091 30.25 31.090 0.899%90 Web yld. ©
1.13273 3.629% 0.11366 0.0921 20.18 97.803 0.99999 Web yld. 0
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Abolhassan Astaneh

RESULTS OF ANALYSIS OF BEAM END MOMENT ROTATION RELATIONSHIF

01-18-1988 TIME:

Program: SHEAROT

PRINTING DATE:

University of California, Berkeley

11:31:2¢6

BEAM: W 16X 100

SPAN= 10 ft Fy= 36 ksi

My= 525.0 k-ft Mp= 554.0 k-ft

Teta Yield= 0.00583 rad Vyweb= 357.4 kips Myfl= 556.9 k-ft Qp= 47.520 k/ft
Zx/Sx=£f=1.131 gy= 42.000 kK/ft Strainy=Fy/E=0.0012414
ve/Vy Teta Teta Veonn Span Strain Mcl Beam FElastic
or @ m=——— mwesss o-csoe sssees ——— Condition Core
o/ qy Tetay {rad) Vyweb belta Strainy Mp
1.00000 0.999% 0.00583 0.588 540.14 0.597 0.88384 Elastic 1.000
1.02628 1.0266 0.0059%9 0.603 525,95 1.026 0.80707 Fl yield 0.%74
1.05257 1.0559 0.00616 0.618 510.7¢ 1.070 0.93030 ¥l yield 0.934
1.07886 1.1006 0.00642 0.634 485.85 1.231 0.95354 Web yld. 0.812
1.12¢11 1.3704 0.00799 0.658 362.38 2.654 0.9%000 Web yld. 0.377
1.13030 :.8211 0.01062 0.664 248,93 8.3%2 0.99900 Web yld. 0.119
1.13132 2.3043 0.01344 0.665 184.80 26.538 0.99990 Web yld. 0.038
1.13142 3.2132 0.01874 0.665 124.08 B3.8B76 0.9959% Web yvld. 0.012

BEAM: W 16X 100
Teta Yield= 0.01750 rad Vyweb= 357.4 kips

Zx/8x=f=1.131

SPAN= 30 ft Fy= 36 ksi My= 525,

qy= 4.667 k/ft

Myfl=

0 k-ft Mp= 594.0 k-ft

556.9 k-ft Qp=

Strainy=Fy/E=0.0012414

5.280 k/ft

Ve/Vy Teta Teta Veonn. Span Strain Mcl Beam Elastic
or = we=—— ew—eess seees | sseeee - Condition Core
g/ qy Tetay {rad) Vyweb belta Strainy Mp

1.00000 0.99%99 0.01749 0.196 180.05 0,997 0.88384 Elastic 1.000
1.02629 1.0266 0.01796 0.201 175.32 1.026 0.90707 Fl yield 0.974
1.05257 1.055% 0.01847 0.206 170.23 1.070 0.93030 Fl yield 0.934
1.07886 1.1006 0.01926 0.211 1s61.%88 1.231 0.95354 Web yld. ©.812
1.12011 1.3704 0.02398 0.219 120.79 2.654 0.39000 Web yid. 0.377
1.13030 1.8211 0.03186 0.221 82.98 8.391 0.999500 Web yld. 0©0.119
1.133132 2.3042 0.04031 0.222 61.60 26.538 ¢.9%930 wWeb yld. 0.038
1.133142 3.2066 0.05610 0.222 41.46 83.438 0.99999 Web yld. 0.012

BEAM: W 18X 100 SPaN= 50 ft Fy= 36 ksi My= 525.0 k-ft Mp= 5%4.0 k-ft

Teta Yield= 0.02916 rad Vyweb= 357.4 kips

2x/8x=f=1.131

gy= 1.680 k/ft

Myfl=

556.9 k-ft Op=

Strainy=Fy/E=0.0012414

1.901 k/ft

1.00000
1.02629
1.05257
1.07886
1.12011
1.13030
1.13132
1.13142

Teta

0.02916
0.029%4
0.03079
0.03209
0.03996
¢.05310
0.06719
0.09370

Veeonn.
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Span

24.82

Strain

-

Strainy

Mcl

0.88384
0.90707
0.83030
0.95354
0.9%000
0.99900
0.99990
6.99999

Beam Elastic

Condition

Elastic
Fl yielg
Fl yielad
wWeb yld.
Web yild.
Web vld.
Web yld.
Web yld.
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Abolhassan Astaneh University of california, Berkeley

RESULTS OF ANALYSIS OF BEAM END MOMENT RCTATION RELATIONSHIP

Program: SHEAROT PRINTING DATE: 01~17-1988 TIME: 17:06:35

BEAM: W 24X 104 SPAN= 10 ft Fy= 36 ksi My= 774.0 k-ft HMp= B67.0 k-ft
Teta Yield= 0.00413 rad Vyweb= 433.1 kips Myfl= 799.1 k~ft Qp= 69.360 kK/ft
Zx/Sx=£f=1,120 gqy= 61.920 k/ft Strainy=Fy/E=0.0012414

Vo /vy Teta Teta Vconn. Span Strain Mcl Beam Elastic
or 00 mme—-— == wmaa = — ---  Condition Core
a/qy Tetay {rad) vyweb Delta Strainy Mp

1.00000 0.95%99 0.00413 0.715 762.26 1.001 0.89273 Elastic 0.998
1.02403  1.0247 0.00423 0.732 743.58 1.032 0.91419 Fl yield 0.969
1.04806 1.0591 ©.00438 0.749 715.81 1.140 0.93564 Web yld. 0.877
1.07209  1.l1281 0.00466 D.766 659.8B4 1.396 0.85709 Web yld. 0.71ié

1.108%5 1.4175 0.00586 0.793 487.71 2.892 4.9%000 Web yld. 0.346
1.11903 1.9089 0.00789 0.800 330.98 9.14¢6 0.89900 Web yld. 0.109
1.12004 2.4331 0.01006 0.801 244.32 28B.919 0.99990 Web yild. ©.035
1.12014 3.4125 0.01410 0.801 163.53 90.968 {.989999 Web yld. 0.011
BEAM: W 24X 104 SPAN= 30 ft Fy= 36 kKsi My= 774.0 k-~ft Mp= 867.0 k-ft
Teta Yield= 0.01240 rad Vyweb= 433.1 kips Myfie= 799.1 k-ft Qp= 7.707 k/ft
Zx/Sx=f=1.120 qy= 6.880 k/ft Strainy=Fy/E=0.0012414
Ve/Vy Teta Teta Veonn. Span Strain Mcl Beam Elastic
or =mee—-  —memes e ————— —— Condition Core
q/qay Tetay (rad) Vyweb Delta StrainY Mp

1.00000 0.9893%9 0.01240 0.238 254.0% 1.001 0.89273 Elastic 0.999
1.02403 1.0247 0.01270 0.244 247.86 1.032 0.91419 Fl vield 0.96%9
1.04806 1.0591 0.01313 £.250 238.60 1.140 0.93564 Web yld. 0.877
1.07209 1.1281 0.01399 0.255 219.85 1.396 0.9570% Web vld. 0.71¢6
1.1085%% 1.4175 0.01757 0.264 162.57 2.892 0.99%000 Web yld. 0.346
1.11903 1.908% 0.02367 0.267 110.33 9.146 0.99900 Web yld. 0.109%9
1.12004 2.4328 0.0301% 0.267 81.45 28.804 0.99990 ¥Web yld. 0.035
1.12014 3.4125 ©.04231 0.267 54.51 90.9%68 0.99959 Web vld. 0.011

BEAM: W 24X 104 SPAN= 50 ft Fy= 36 ksi My= 774.0 k-ft Mp= B67.0 k-ft
Teta Yield= 0.02066 rad Vyweb= 433.1 kips Myfl=  799.1 k-ft Qp= 2.774 k/ft
Zx/Sx=£=1.120 qy= -2.477 k/ft Strainy=Fy/E=0.0012414

Ve /Vy Teta Teta Vconn. Span Strain Mcl Beam Elastic
or = sw==-  ==mss=s seoce eesses --=-  Condition Core
q/qy Tetay (rad) vyweb Delta StrainY HMp

1.00000 ©.95%9% 0.02066 0.143 152.45 1.001 0.B9273 Elastic 0.999
1.02403 1.0247 0.02117 0.146 148.72 1.032 0.9141% Fl yield 0.969
1.048086 1.0581 0.02188 0.150 143.16 1.140 0.93564 Web yld. 90.877
1.07209 1.1281 0.02231 0.153 131.87 1.396 0.95708 Web yld. 0.716
1.10885 1.4175 0.02929 0.159 97.54 2.892 0.988000 Web yld. 0.346
1.11903 1.9089 G.03944 0.160 66.20 9.146 0.89500 Web yld. 0.109
1.12004 2.4328 0.05027 0.160 48.87 28.%804 0.993990 Web yld. 0.035
1.12014 3.4125 0.07051 0.160 32.71 80.968 0.998%9 Web yild. 0.011
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Abolhassan Astaneh

RESULTS OF ANALYSIS OF BEAM END MOMENT ROTATION RELATIONSHIP

Program: SHEAROT

University of California, Berkeley

PRINTING DATE: O

1-18-1%88 TIME:

11:27:57

BEAM: W 18X 40
Teta Yield= 0.00555 rad Vyweb= 203

SPAN= 10 It

Fy= 36 ksi My= 205.2

.0 kips Myfl=

k-ft Hp= 235.2 k-ft

211.4 k~-ft Qp= 18.816 k/ft

Z#/Sx=f=1.146 gy= 16.416 k/ft Strainy=Fy/E=0.0012414

ve/Vy  Teta Teta Veconn. Span Strain  Mcl Beam Elastic
or = mwe=- messss seoes T —— ——— Condition Core
q/ay Tetay {rad) Vyweb Delta sStrainy Mp

1.00000 ©.99989 0.00855 0.404 567.62 1.000 0.87245 Elastic 1.000
1.02%24 1.0304 0.00572 0.416 B50.45 1.040 0.89796 Fl yield 0.961
1.05848 1.0780 0.005898 D.428 521.79 1.184 0.92347 web yld. 0.844
1.08772 1.1609 0.00644 0.440 474.97 1.450 0.94858 Web yld. 0.68%5
1.13474 1.5350 0.00852 0.459 330.29 3.276 0.99000 Web yld. ©0.305
1.14505 2.0837 0.01162 0.463 221.75 10,360 0.99900 Web yid. 0.097
1.14608 2.6882 0.0149%2 0.463 162.82 32.755 0.95920 Web yld. 0.031
1.14619 3.B003 0.02109 0.463 108.40 103.152 .,99999 Web yld. 0.010

BEAM: W 18X 40

SPAN= 30 £t Fy= 36 Kksi

My= 205.2 k=-ft Mp= 235.2 k-ft

Teta Yield= 0.01665 rad Vyweb= 203.0 kips Myfl= 211.4 k-ft Qp= 2.081 k/ft
Zx/Sx=f=1.146 qy= 1.824 k/ft Strainy=Fy/E=0.0012414
Ve VY Teta Teta Vconn Span Strain Mcl Beam Elastic
or = wmm——  mem—=s ses=s mEET - - Condition Core
qa/gy Tetay {rad) Vyweb Delta StrainY Mp
1.00000 0.999%9 0.01665 0.135 18%.21 1.000 0.87245 Elastic 1.000
1.02924 1.0304 0.01716 0.139 183.48 1.040 0.89796 Fl yield 0.961
1.05848 1.0780 0.01785 0.143 173.93 1.184 0.92347 Web yid. G.B44
1.08772 1.1609 0.01933 0.147 158.32 1.450 0.94888 Web yld. ©.68%
1.13474 1.5350 0,.02556 0.153 110.10 3.276 0.99000 Web yld. 0.305
1.14505 2.0937 0.03486 0.154 73.92 10.360 0.99900 Web yld. 0.087
1.14608 2.€879 0.04475 0.154 54.28 32.738 0.99980 Web yld. 0.031
3.14612 3.8003 0.06327 0.154 36.13 103.152 0.99999 Web yld. ©0.010

BEAM: W 18X 40

SPAN= 50 ft Fy= 36 ksi

My= 205.2 k-ft Mp= 235.2 k-ft

Teta Yield= 0.02775 rad Vyweb= 203.0 kips HMyfl= 211.4 k-ft Qp= 0.753 k/ft
2x/Sx=f=1.146 qy= 0.657 k/ft Strainy=Fy/E=0.0012414
ve/Vy Teta Teta Vconn. Span Strain Hcl Beam Elastic
or = emmm—— mmmeme— meess e ——— e Condition Core
q/qy Tetay {rad) vyweb Delta StrainY Mp
1.00000 0.9959 0.02775 0.081 113.52 1.000 0.87245 Elastic 1.000
1.02924 1.0304 0.02859 0.083 110.09 1.040 0.89796 Fl yield 0.861
1.05848 11,0780 0.029%991 0.086 104.36 1.184 0.92347 Web yld. 0.844
1.08772 1.160%8 ¢.03221 g.088 94.99 1.450 0.948398 Web yld. 0.689
1.13474 1.5350 ¢.04259 0.092 66.06 3.276 0.99000 Web yld. 0.305
1.14505 2.0938 0.05810 0.093 44.35 10,361 0.99900 Web yld. 0.097
1.14608 2.6B85 0.07460 0.093 32.56 22.772 0.99990 Web yid. 0.031
1.14619 3.8166 0.10591 0.083 21.57 104.232 0.99999 Web yld. 0.010
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Program: SHEAROT PRINTIRG DATE: 01-18-1988 TIHME: 11:20:51

BEAM: W 18X 60 SPAN= 10 ft Fy= 36 ksi My= 324.0 k-ft Mp= 365.0 k-ft
Teta Yield= 0.00545 rad Vyweb= 272.5 kips Myfl=  337.1 k-ft Qp= 25.520 k/ft
2x/Su=£f=1.139 gy= 25.920 k/ft Strainy=Fy/E=0.0012414

Ve/vy Teta Teta Vconn. Span Strain Mcl Bear Elastic
or = ===--  esswew eccces sseses —-——— Condition Core
/gy Tetay {rad) Vyweb belta Strainy ¥p

1.00000 0.9959 0. 00545 0.476 578.01 1.001 0.B7805 Elastic 0.989%
1.02778 1.0285 C.00561 0.485 561.72 1.035 0.90244 Fl yield 0.966
1.05556 1.0654 0.00581 0.502 539.95 1.132 0.92683 Web yld. 0.884
1.08333 1.1380 C.00620 0.515 496.47 1.386 0.95122 Web yld. 0.721
1.12750 1.4731 6.00803 0.536 353.72 3.061 0.99000 Web yld. 0.327
1.13775 1.8936 c.01087 0.541 239.03 9.682 0.99900 Web yld. 0.103
1.13878 2.5489 0.01389 0.542 176.04 30.621 2.9%990 Web yld. 0.033
1.13888 3.5900 0.01957 0.542 117.44 96.578 0.99599 Web yld. 0.010

BEAM: W 18X 60 SPAN= 30 ft Fy= 36 ksi My= 324.0 k-ft Mp= 369.0 k-ft
Teta Yield= 0.01635 rad Vyweb= 272.5 kips Myfl= 337.1 k-ft Qp= 3.280 k/It
Zx/Sx=f=1.139 gy= 2.880 k/ft Strainy=Fy/E=0.0012414

ve/Vy Teta Teta Veonn.  Span Strain HMcl Beam Elastic
or = w=es-=-  mome—s ssses ssoses ~--  Condition Core
q/ay Tetay {rad) Vyweb Delta Strainy Mp

1.0C0000 0.9999 0.01635 0.159 1%92.67 1.001 C.B7805 Elastic 0.959
1.02778 1.0285 0.01682 0.163 187.24 1,035 0.%0244 Fl yield 0.966
1.05556 1.0654 0.01742 0.3167 179.98 1.132 C.92683 Web yid. 0.884
1.08333 1.1380 0.01861 0.172 165.4%9 1l.386 0.95122 Web ylé. 0.721
1.12750 1.4731 6.02408 0.179 117.91 3.061 0.99000 Web yld. 0©.327
1.13775 1.9836 0.03260 G.180 79.68 g.682 0.99900 Web yid. 0.103
1.13878 2.5492 6.04168 0.181 58.67 30.837 0.99990 Web yid. 0.033
1.13888 3.5900 Cc.05870 0.1B81 39.1% 96.578 0.5999%5 Web yld. 0.010

BEAM: W 18X 60 SPAN= 50 ft Fy= 36 ksi My= 324.0 k-ft Mp= 369.0 k-ft

Teta Yield= 0.0272% rad Vyweb= 272.5 kips HMyfl= 337.1 k~ft Qp= 1.181 k/ft
Z2x/Sx=f=1,139 qgy= 1.037 k/ft Strainy=Fy/E=0.0012414

Ve/Vy Teta Teta Veonn. Span Strain Mcl Beam Elastic
or = ====--  esemee so-es ooceee --~  Condition Core
q/qy Tetay {rad) Vyweb  Delta  StrainY Mp

1.00000 ©0.93999 0.02725 0.095 115.60 1.001 0.B7805 Elastic 0.999
1.02778 1.0285 0.02803 0.098 112.34 1.035 0.90244 Fl yield 0.966
1.05556 1.0654 0.02903 ¢.100 107.99 1.132 0.92683 Web yld. 0.8B4
1.08333 1.138¢ 0.03101 0.103 99.29 1.386 ©.85122 Web yld. 0.721
1.12750 1.4731 0.04014 0.107 70.74 3.061 0.89000 Web yld. 0.327
1.13775 1.9936 0.05433 0.108 47.81 9.682 0.99300 Web yld. 0.103
1.13878 2.5489 0.06946 0.108 35.21 30.621 0.99390 Web yld. ©0.033
1.13888 3.6054 0.0%8825 0.108 23.37 97.600 0.993%9%9 Web yid. 0.010
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Program: SHEARDT

PRINTING DATE:

01-18~1988

TIHME:

11:10:0%

BEAM: W 18X 106 SPAN= 10 ft Fy= 36 ksi My= 612.0 k-ft Mp= 690.0 k-ft
Teta Yield= 0.00530 rad Vyweb= 3987.8 kips HMyfl= 643.4 k-ft QOp= 55.200 k/ft
Zx/Sx=f=3.127 qy= 48.960 k/ft Straziny=Fy/E=0.0012414
Ve /Ny Teta Teta Vconn. Span Strain HMcl Beam Elastic
or = mmme mmm——— o mmm— -—— Condition Core
q/qy Tetay {rad) Vyweb belta Strainy Mp
1.00000 0.99589 ¢.00530 0.615%5 593.97 1.000 0.88696 Elastic 1.000
1.02549 1.0259 0.00544 0.631 578.79 1.030 0.90957 Fl yield 0.971
1.05098 1.0548 0.00559 0.647 562.04 1.077 0.93217 Fl yield 0.929
1.07647 1.1081 G.00588 0.662 52B.46 1.288 0.95478 Web yld. ©.776
1.11618 1.3850 0.00735 0.687 392.46 2.739 G.95000 Web yld. 0.365
1.12632 1.8500 0.00%81 0.693 268B.29 B.662 6.99300 Web yid. 0.1135
1.12734 2.3468 C.01245 0.694 198.77 27.388 0,98950 Web yld. 0.037
1.12744 3.2794 0.01739 0.694 133.30 86.426 0.995899 Web yid. ©0.012

BEAM: W 18X 106

SPAN= 30 ft Fy= 36 ksi My= 612.

0 k~ft Mp= 690.0 k-ft

Teta Yield= 0.01%91 rad Vyweb= 337.8 kips Myfls 643.4 k~-ft Qp= 6.133 k/ft
Z2%/Sx=£f=1.127 qy= 5.440 k/ft Strainy=Fy/E=0.0012414
Ve/Vy Teta Teta Vconn. Span Strain Mcl Beam Elastic
or = ——w== mmemme scsene —soses — Condition Core
a/qy Tetay {rad) Vyweb Delta Strainy ¥p
1.00000 ©€.9999 ¢.01591 0.205 1%97.99 1.000 0.886896 Elastic 1.000
1.02349 1.06259 0.01632 0.210 192.93 1.030 0.80957 Fl yield 0.971
1.0508%8 1.0548 0.01678 0.216 1B7.35 1.077 0.93217 Fl yield 0.925
1.07647 1.1081 0.01763 0.221 176.15 1.288 0.95478 wWeb yld. 0.776
1.11618 1.3850 0.02204 0.229 130.82 2.739 0.99000 Web yld. 0.365
1.12632 1.850CC 0.029423 0.231 89.43 B.&662 0.99500 Web yld. D0.115
1.12734 2.3468 0.03734 0.231 §6.26 27.388 0.999390 Web yld. 0.037
1.22744 3.2863 0.05229 0.231 44.33 86.885 0.988%9 Web yid., 0.012

BEAM: W 18X 106 SPAN= 50 ft Fy= 36 ksi My= €12.0 k-ft Mp= 690.0 k-ft

Teta Yield= 0.02652 rad Vyweb= 397.8 kips Myfl= 643.4 k~ft Qp= 2.208 k/ft
Zx/5x=f=1.127 gqy= 1.958 k/ft Strainy=Fy/E=0.0012414
vc/Vy Teta Teta vconn. Span Strain Mcl Beam Elastic
or 0 we=—— e - mmme— =mee—— —— condition Core
a/qy Tetay {rad) Vyweb Delta StrainY Mp
1.00000 0.9999 0.02651 0.123 118.79 1.000 0.8BK96 Elastic 1.000
1.02549 1.0258 0.02720 0.126 115.76 1.030 0.80957 Fl yield 0.971
1.05088 1.0548 0.02797 0.129 112.41 1.077 0.93217 Fl yield 0.928%
1.07647 1.1081 £.02939% £0.132 105.69 1.288 0.95478 Web yid. 0.77¢
1.11618 1.3850 0.03673 0.137 TB.49 2.739 0.99000 Web yld. 0.365
1.12632 1.8500 0.04506 6.139 53,66 8.662 ©.995%00 Web yld. 0.115
1.12734 2.3468 0.06223 0.139 39.75 27.388 0.99990 Web yld. 0.037
1.12744 3.2794 0.086%96 0.139 26.66 865.426 0.99999 Web yid. 0.012
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Program: SHEAROT PRINTING DATE: 01-17-1988 TIME: 19:10:59

BEAM: W 21X 122 SPAN= 10 ft Fy= 36 ksi My= B815.0 k-ft Mp= 921.0 k-ft
Teta Yield= 0.00458 rad Vyweb= 468.3 kips Myfl= 856.8 k~ft Qp= 73.680 k/ft
Zx/Sx=f=1.125 qgy= 65.520 k/ft Strainy=Fy/E=0.0012414

Vec/Vy Teta Teta Vconn. Span Strain Mcl Beam Elastic
or = w-=wee. mo=ss= —=ee-e eemeee ~w=  Condition Core
a/qy Tetay {rad) Vyweb Delta Strainy Mp

1.00000 0.9%9% 0.00458 0.700 687.84 1.000 0.88925 Elastic 1.000
1.024%1 1.0253 0.00470 0.717 670.61 1.02% 0.91140 Fl yield 0.972
1.04%82 1.0535 0.00482 0.724 651.74 1.673 0.93355 Web yld. 0.932
1.07473  1.1117 0.0050% 0.752 608.69 1.314 0.95570 Web yld. 0.761
1.131330 1.3902 0.00637 0.779 451.92 2.766 0.990060 ¥Web yld. 0.362
1.12342 1.8594 0.00852 0.786 308,57 8.747 0.99300 Web vld. 0.114
1.12443 2.3613 0.01081 0.787 228.42 27.652 0.89950 Web yld. 0.036
31.12453 3.3019 0.01512 0.787 153.15 B87.166 0.9999¢% Web yid. 0.011

Teta Yield= 0.01374 rad Vyweb= 468.3 kips Myfl= 856.8 k~-ft Qp= 8.187 X/ft
ZX/Su=£f=1.125 qy= 7.280 k/ft Strainy=Fy/E=0.0012414

Ve/Vy  Teta Teta Vcenn. Span Strain HMel Beam Elastic
or = emeee sssmees eeeee e—eeee —— Condition Core
o/qy Tetay {rad) Vyweb belta Strainy Mp

1.00000 ©0.9999 0.01374 ©0.233 229.28 1.000 0.88825 Elastic 1.000
1.02491 1.0253  0.01409  0.239 223.54 1.029 0.91140 Fl yield 0.872
1.04582 1.0535 0.01447 ©.245 217.25 1.073  0.93355 Web yld. 0.832
1.07473 1.1117 ©0.01527 0.251 202.90 1.314 0.95570 Web yld. 0.761
1.11330 1.3902 0.01%10 0.260 150.64 2.766 0.99000 Web yld. 0.362
1.12342 1.85%4 0.02555 0.262 102.86 B.747 0.99900 Web yld. 0.114
1.12443 2.3614 0.03244 0.262 76.14 27.652 0.999%0 Web yld. 0.036
1.12453 3.301% 0.04537 0.262 51.05 87.166 0.99939 Web yld. 0.011

BEAM: W 21X 122 SPAN= 50 ft Fy= 36 ksi My= 819.0 k-ft Mp= 621.0 k-ft

Teta Yield= 0.02290 rad Vyweb= 468.3 kips Myfl= 856.8 k-ft Qp= 2.947 k/ft
Zx/Sx=f=1.125 qy= 2.621 k/ft Strainy=Fy/E=0.0012414

Ve/Vy Teta Teta Veonn. Span Strain Mel Beam Elastic
or = =-===  ssssse  ssswss sssswe --—  Condition Core
a/ay Tetay {rad) Vyweb  Delta StrainY  Mp

L L T . e T Tk T T M S S NP A O T Y O R T A AT S o T T RS T W A e S Sl . e i i o e i e o i B e o e o B e i

1.00000 0.9998 0.022%0 0.140 137.57 1.000 0.88825 Elastic 1.000
1.02481 1.0253 0.02348 0.143 134.12 1.029 0.51140 Fl yield 0©.9%72
1.04982 1.08535 0.02412 0.147 130.35 1.073 0.83355 Web yld. 0.932
1.07473  1.1117 0.0254¢6 0.150 1231.74 1.314 0.85570 Web yld. 0.761
1.31330 1.3902 0.03183 0.156 20.39 2.766 0.85%000 Web yld. 0.362
1.12342 1.8594 0.04258 0.157 61.71 8.747 0.99300 Web yld. 0.114
1.12443 2.3614 0.05407 0.157 45.68 27.652 0.99830 Web yld. 0.036
1.12453 3.3019 0.07561 0.157 30.63 87.166 0.99999 Web yld. 6.011
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Program: SHEAROT PRINTING DATE: 01-18-1%88 TIME: 12:09:51

BEAM: W 16X 40 SPAN= 10 ft Py= 36 ksi My= 194.1 k-ft Mp= 218.7 k-ft
Teta Yield= 0.00620 rad Vyweb= 175.8 kips HMyfl=  200.4 k-ft Qp= 17.496 k/It
Zx/Sx=£=1.127 gy= 15.528 k/ft Strainy=Fy/E=0.0012414

Ve/Vy | Teta Teta Vconn. Span Strain Mcl Beam Elastic
or = mwes= mmeese soess Seses - ---  Condition Core
a/ay Tetay {rad) Vyweb Delta Strainy Hp

1.00000 0.9999 0.00820 0.442 507.91 1.000 0.88752 Elastic 1.000
1.02535 1.0261 0.00636 0.452 4594.76 1.032 0.81001 Fl yield 0.969
1.05070 1.0640 0.00660 0.464 474.32 1.1351 0.93251 Web yld. 0.86%9
i,07604 1.1360 0.00705 0.475 436.01 1.409 0.95501 Web yld. 0.710
1.11547 1.4476 0.00898 0.493 316.87 2.989 0.89000 Web yld. 0.335
1.12561 1.5561 0.01213 0.457 214.41 9.45] 0.99900 Web yld. ©.106
1.12663 2.4988 0.01550 0.4%8 158.00 29.893 0.999580 Web yld. 0.033
1.12673 3.5162 0.02181 0.498 105.47 94.280 0.9%999 ¥Web yld. 0.011

BEAM: W 16X 40 SPAN= 30 ft Fy= 36 ksi My= 194.1 k-ft Mp= 218.7 k-ft
Teta Yield= 0.01B61 rad Vyweb= 175.8 kips Myfl=  200.4 k-ft Qp= 1.844 k/ft
Zx/Sx=f=1.127 qy= 1.725 k/ft  Strainy=Fy/E=0.0012414

Ve /vy Teta Teta Vconn. Span Strain Mcl Beam Elastic
or = mem=- mmeess semes —————— ~=-  Condition Core
a/qy Tetay (rad} Vyweb Delta Strainy Mp

1.00000 0.8598 0.01860 0.147 1685.30 1.000 0.88752 Elastic 1.000
1.02535 1.0261 0.01809 0.151 164.92 1.032 0.91001 Fl yield 0.96%
1.05070 1.0640 0.01980 0.155 158.11 1.1851 0.93251 Web yld. 0.86%9
1.07604 1.1360 0.02114 0.158 145.34 1.409 0.95501 Web yld. 0.710
1.11547 1.4476 0.02693 0.164 105.62 2.989 ©.99000 Web yld. 0.335
1.12561 1.9561 C.03640 0.166 71.47 G.451 0.993900 Web yid., 0.106
1.12663 2.4988 0.046489 0.16¢ 52.67 29.8%93 0.899530 Web yld. 0.033
1.12673 3.B162 0.06542 0.166 35,16 94.280 0.9999% Web yld. 0.011

BEAM: W 16X 40 SPAN= 50 ft Fy= 36 ksi My= 194.1 k~-ft Mp= 218.7 k-ft
Teta Yield= 0.03101 rad Vywebs 175.8 kips Myfl=  200.4 k-ft Qp= 0.700 k/ft
Zx/Sx=f=1.127 qy= 0.621 k/ft  Strainy=Fy/E=0.0012414

vc/Vy  Teta Teta Vconn. Span Strain Mcl Beam Elastic
or = wm=—-—- = - mee—e e --~  Condition Core
q/gvy Tetay (rad) Vyweb Delta Strainy HMp

--..._-....—-..-.,....-h.--_..-..’....—........-._--.,_....-.-__’_._aa——_-m._—u-a.-.—-___-....-&uu—_—-—,_ama.—a.—._—-m,—m_

1.00000 0.999% 0.03101 0.088 101.58 1.000 0.88752 Elastic 1.000
1.02535 1.0261 0.03182 0.091 S8.95 1.032 0.91001 Fl yvield 0.86%
1.05070 1.0640 0.0329% 0.083 24.86 1.151 0.93251 Web yld. 0.869
1.07604 1.1360 0.03523 0.0985 §7.20 1.409 0.95501 Web yld. 0.710
1.11547 1.4476 0.04489 0.099 63.37 2.989 0.99000 Web yld. 0.335
1.12561 1.9561 0.06066 0.059 42.88 9.451 0.99500 Web yid. 0.106
1.12663 2.4985 0.07748 0.100 31.60 29.877 0.%9990 Web yld. 0.033
1.12673 3.5162 0.10904 0.100 21.09 94.280 0.99959 Web yld. 0.011
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Program: SHEAROT

University of California,

PRINTIRG DATE: 01-18-1888

TIME:

11:35:1¢

Berkeley

BEAM: W 16X 77
Teta Yield= 0.005%% rad Vyweb= 270.6 kips

Zx/Sx=f=1,119

SPAN= 10 ft Fy= 36 ksi

My= 402.0 k-ft Mp= 450.0 k-ft
£21.9% k-ft Qp= 36.000 k/ft

Myfl=

qy= 32.160 k/ft Strainy=Fy/E=0.0012414

1.000C0
1l.02388
1.04776
1.07164
1.10821
1.11828
1.1182%
1.1193%8

Teta Veconn. Span

-~ - ——

0.00599 0.5%4 525.51
0.00614 0.608 512.90
0.00630 0.623 498B.8B7
¢.00659 0.637 471.75
0.00811 0.659 357.12
0.01078 0.665 245.39
0.01364 0.665 182.20
¢.01837 0.665 122.65

Strain

Mcl

0.88333
0.91467
0.93600
0.95733
0.99000
0.89900
0.99550
0.9999%2

Beam Elastic

Condition

Elastic

Fl vield
Fl yield
Web yld.
Web yld.
Web yid.
Web yld.
Web yld.

Core

BEAM: W 16X 77
Teta Yield= 0.01758 rad Vyweb= 270.6 kips

Zx/Sx=f=1.119

SPAN= 30 ft Fy= 36 ksi

My= 402.0 k-ft Mp= 450.0 k-ft

Myfl=

421.9% k-ft Qp=

aqy= 3.573 k/ft Strainy=Fy/E={0.0012414

4.000 k/ft

v /Vy
or

q/qy

Teta Veconn. Span

Strain

Mcl

-

Beam Elastic
Core

Condition

1.00000
1.02388
1.04776
1.07164
1.10821
1.11828
1.11929
1.1393%

0.01798 0.1%8 175.17%
g.01B42 0.203 170.97
0.01891 0.208 166.2%
0.01978 0.212 157.25
0.02434 0.220 119.04
0.03233 0.222 8l.80
0.04080 0.222 60.73
0.05703 0.222 40.78

26.191
82.778

0.89333
0.914€7
0.%3600
0.95733
0.99000
0.858500
0.9%9%0
0.995999

Elastic

Fl vield
Fl yield
Web yld.
Web yld.
Web yld.
Web yld.
Web yld.

BEAM: W 16X 77

SPAN= 50 ft Fy= 36 Kksi

Teta Yield= 0.029%7 rad Vyweb= 270.6 kips

Zx/Sx=f=1.119

My= 402.0 k-ft Mp= 450.0 k-ft

Myfl=

421.9 k-ft Qp=

aqy= 1.286 k/ft Strainy=Fy/E=0.0012414

1.440 k/ft

Ve /Vy
or

1.00000
1.02388
1.04776
1.07164
1.10821
1.11828
1.11%929
1.11939

Teta

Teta veonn. Span

0.02957 C.11% 1085.10
0.03070 6.122 102.58
0.03151 0.125 9%.77
0.032%96 0.127 94.35
0.04057 0.132 71.42
0.05389% 0.133 49.08
0.06817 0.133 36.44
0.09485 G.133 24.53
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Strain

Mcl

0.85333
0.91467
0.93600
0.95732
0.99000
0.98500
0.99990
0.9999%9

Beam Elastic

Condition

Elastic
Fl yield
Fl vield
Web yla.
Web yld.
Web vld.
Web yla.
Web yld.

Core

1.000
0.876
0.934
0.789
0.382
0.121
0.038
0.012



Abolhassan Astaneh University of California, Berkeley

RESULTS OF ANALYSIS OF BEAM END MOMENT ROTATION RELATIONSHIP

Program: SHEAROT PRINTING PATE: 01-18-1988 TIME: 11:22:38

BEAM: W 18X 55 SPAN= 10 ft Fy= 36 Ksi
Teta Yield= 0.00548 rad Vyweb= 254.3 kips

My= 294.9 k-ft Mp= 336.0 k-ft
Myfl= 306.2 k-ft Qp= 26.880 k/ft

Zx/Sx=£=1.139 qy= 23.592 k/ft Strainy=Fy/E=0.0012414
ve/Vy Teta Teta Veconn. Span Strain Mcl Beam Elastic
or 0 m==—ee ssssmes smeee seoeeee —— Condition Core
q/ay Tetay (rad) Vyweb  Delta StrainY Mp
1.00000 0.995%9 0.00548 0.464 574.38 1.000 0.87768 Elastic 1.000
1.02787 1.0287 D.00564 C.477 B5B.05 1.038 0.%0214 ¥l yield 0.966
1.05575% 1.0666 0.00585 0.490 535.67 1.13¢ 0.92661 Web yld. 0.878
1.08362 1.1405 0.00626 0.503 4G61.83 1.385 0.95107 Web yld. 0.717
1.12788 1.47%8 £.00812 0.523 349.47 3.085 0.93000 Web yld. (0.324
1.13823 2.0056 0.01100 0.528 235.87 9.757%7 0.99900 Web yld. 0.102
1.13926 2.5652 0.01407 0.529 173.67 30.834 0.99850 web yld. 0.032
1.13936 3.6084 0.01979 0.529 116.06 56.B49 0.9989% Web vld. 0.010C
BEAM: W 18X 55 SPAN= 30 ft FPy= 36 ksi HMy= 294.9 Kk-ft WMp= 336.0 k-ft
Teta Yield= 0.01645 rad Vyweb= 254.3 kips Hyfl= 306.2 k-ft Qp= 2.987 R/ft

Zx/Sx=f=1.13%8 qy= 2.621 k/ft Strainy=Fy/E=0.0012414
ve/Vy Teta Teta Veconn. Span Strain Mcl Beam Elastic
or = —ememe memmme emeee mem——— --=-  Condition Core
q/qy Tetay {rad) Vyweb Delta Strainy Mp
1.00000 0.999% 0.01645 0.155 191.46 1.000 0.87768 Elastic 1.0600
1.02787 1.06287 0.01693 £.159 186.02 1.036 0.90214 Fl vield 0.966
1.05575 1.0666 0.01755 0.163 178.56 1.138% G.92661 Web yld. 0.878
1.08362 1.1405 0.01877 0.168 163.94 1.395 0.95107 Web yld. 0.717
1.12788 1.4798 0.02435 0.174 116.4% 3.08B5 0.93000 Web yid. 0.324
1.13823 2.0056 0.03300 0.176 78.62 9.757 0.99%00 Web yld. 0.102
1.13%26 2.5652 0.04221 0.17¢6 57.89 30.834 0.99550 Web yld. 0.032
1.13936 3.6161 0.05950 0.176 38.59 87,352 0.99889 Web ylid. 0.010
BEAM: W 18X 55 SPAN= 50 ft Fy= 36 ksi My= 294.9 k-ft Mp= 336.0 k-ft
Teta Yield= 0.02742 rad Vyweb= 254.3 kips Myfl= 306.2 k~ft Qp= 1.075 k/ft
Zx/Sx=£f=1.139 gy= 0.944 k/ft Strainy=Fy/E=0.0012414
ve/Vvy Teta Teta Vconn. Span Strain Hcl Beam Elastic
oy = =—m—== me=ecs— sosses ceceoo- - Condition Core
q/9y Tetay (rad) Vyweb Delta Strainy Mp
1.00000 0.9999 0.02742 0.093 114.88 1.000 0.B7768 Elastic 1.000
1.02787 1.0287 ¢.02821 0.095 111.61 1.036 0.90214 Fl yield 0.966
1.08575 1.0666 0.02925 0.088 107.13 1.139 0.92661 Web yid. 0.878
1.08362 1.1403 ¢.03128 0.101 8B.37 1.385 0.95107 Web yld. 0.717
1.12798 1.4798 G.04058 0.1035 69.89 3.085 0.95000 Web yld. 0.324
1.13823 2.0055 0.05500 0.106 47.17 9.757 0.99900 Web yld. 0.102
1.13926 2.5652 G.07034 0.106 34.73 30.834 0.999%0 Web yid. ©0.032
1.13836 3.6161 0.09916 0.106 23.1i6 97.352 0.99995% Web yld. 0.0i0
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Abolhassan Astaneh University of California, Berkeley
RESULTS OF ANALYSIS OF BEAM END MOMENT ROTATION RELATIONSHIP

Program: SHEAROT PRINTING DATE: 01-18-1988 TIME: 11:11:52

BEAM: W 18X 97 SPAN= 10 ft Fy= 36 ksi My= 564.0 k-ft Hp= 633.0 k-ft

Teta Yield= 0.00533 rad Vyweb= 358.0 Xips Myfl= 551.2 k~ft Qp= 50.8640 k/ft
zx/Sx=f=1.122 gqy= 45.120 k/ft  Strainy=Fy/E=0.0012414
vc/Vy  Teta Teta Veonn. Span Strain  Mcl Beam Elastic
or me——-— momess ssemes ————— =---  Condition core
q/qy Tetay {rad) Vyweb Delta Strainy Mp
1.00000 ©0.9999 0.00533 0.630 5%90.53 $.98% 0.88100 Elastic 1.00¢
1.02447 1.0248 0.00547 0.646 576.02 1.027 0.91280 Fl yield 0.974
1.04894 1.0518 0.00561 0.661 560.61 1.055 0.93460 Web yld. 0.948
1.07340 1.1063 0.00590 0.676 525.94 1.292 0.95640 Web yld. 0.774
1.11112 1.3735 0.00733 0.700 383.96 2.698 0.99000 Web yld. 0.371
1.12122 1.8315 0.00977 0.706 Z269.76 8.533 £.895C0 Web y1dé. 0.117
1.12223 2.3216 0.01238 0.707 199.98 26.976 0.9939%80 Web yld. ©0.037
1.12233 3.23%0 0.01728 0.707 134.32 B84.945 0.89999 Web yld. 0.012
BEAM: W 18X 97 SPAN= 30 ft Fy= 36 ksi My= 564.0 k-ft Mp= 633.0 k-ft
Teta Yield= 0.01600 rad Vyweb= 358.0 kips Myfl= 591.2 k-ft Qp= 35.627 k/ft
Zx/Sx=f=1.122 gy= 5.013 k/ft  Strainy=Fy/E=0.0012414
Vo /Vy Teta Teta vconn. Span Strain Mcl Beam Elastic
oy = mmm—— mesm—— meees | mmsess - Condition Core
g/ay Tetay (rad) Vyweb  Delta StrainyY HMp
1.00000 0.9999 0.01600 0,210 196.84 G.999 0.89100 Elastic 1.600
1.02447 1.0248 0.01640 0.215 1%2.01 1.027 0.81280 Fl yield 0©.974
1.048%4 1.0518 0.01683 0.220 186.87 1.055 0.93460 Web yld. 0©.948
1.07340 1.1063 0.01770 0.225 175.31 1.282 0.95640 Web yld. 0.774
1.11112 1.3735 0.02198 0.233 131.32 2.698 0.93000 Web yid. 0.371
1.12122 1.8315 0.02931 0.235 89.92 8.533 0.99900 Web yld. 0.117
1.12223 2.3216 0.03715 0.236 66.66 26.876 0.95990 Web yld. 0.037
1.12233 3.23%80 0.05183 0.236 44.77 B4.945 0.95999 Web yld. 0.012
BEAM: W 18X 37 SPAN= 50 ft Fy= 36 ksi My= 564.0 k-ft Mp= 633.0 k-ft
reta Yield= 0.02667 rad Vyweb= 358.0 kips Hyfl= 591.2 k-ft Qp= 2.026 k/ft
Zx/Sx=f=1.122 gy= 1.805 k/ft  Strainy=Fy/E=0.0012414
Vve/Vy  Teta Teta Veonn. Span Strain  Mcl Beam Elastic
or = =———— —————— mm—ae = -— -— Condition Core
a/qy Tetay {rad) vyweb  Delta  StrainY Mp
1.00000 ©0.9889 0.02667 ¢.126 118.11 0.999 0.88100 Elastic 1.000
1.02447 1.0248 0.02733 0.129 115.20 1.027 0.91280 Fl yield 0.974
1.04894 1.0518 0.02805 0.132 112.12 1.055 0.93460 Web yld. 0.948
1.07340 1.1063 0.02951 0.13% 105.19 1.292 0.95640 Web yld. 0.774
1.11312 1.3735 0.03663 0.140 78.79 2.698 0.99000 Web yld. ©.371
1.12122 1.8315 0.04885 0.141 £53.95 8.533 ¢.99900 Web yld. 0.117
1.12223 2.3216 0.06192 0.141 40,00 26.976 0.9585%0 Web yid. 0.037
1.12233 3.23%0 0.08639 0.141 26.86 B4.945 0.9999% Web yld. 0.012
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Program: SHEAROT PRINTING DATE: 01-17-1988 TIME: 20:01:17

BEAM: W 21X 57 SPAN= 10 ft Fy= 36 ksi My= 333.0 k-ft Mp= 387.0 k-ft
Teta vield= 0.00471 rad Vyweb= 307.1 kips Myfls  344.95 k-ft Qp= 30.960 k/ft
Zx/Sx=f=1.162 qy= 26.640 k/ft Strainy=Fy/E=0.0012414

ve/Vy  Teta Teta Vconn. Span Strain Mcl Beam Elastic
or = e=m—- mmmmes memes mew — --- Condition Core
q/ay Tetay (rad) Vyweb Delta strainY Mp

1.00000 0.999%9 0.00471 0.434 668.69 0.999 0.86047 Elastic 1.G00
1.03243 1.0339 0.00487 0.448 646.19 1.044 0.88837 ¥l yield ©0.958
1.06486 1.0826 0.00510 0.462 612.62 1.176 0.91628 Web yld. 0.850
1.09736 1.1691 0.00551 0.476 556.19 1.440 0.844319 Web yld. 0.694
1.15054 1.5805 0.00745 0.4%5% 376.50 3.403 0.99000 Web yld. 0.2594
1.16100 2.1616 0.01018 ©.504 252.24 10.761 0.9%900 Web yld. ©0.093
1.162085 2.7800 0.01310 0.504 184.99 34.028 0.99590 Web yld. ©.029
1.16215 3.9312 0.01852 0.504 123.23 106.789 0.99999 Web yld. 0.009

BEAM: W 21X 57 SPAN= 30 ft Fy= 36 ksi My= 333.0 k-ft Mp= 387.0 k-ft
Teta Yield= 0.01413 rad Vyweb= 307.1 kips Myfl= 344.9 k~-ft Qp= 3.440 kK/It
Zx/Sx=f=1.162 ay= 2.960 k/ft Strainy=Fy/E=0.0012414
ve/Vy Teta Teta Vconn. Span Strain Mcl Beam Elastic
or = meee— memesee ssses Ssmmme —_—— Condition Core
q/qy Tetay {rad) Vyweb Delta Strainy Mp

1.00000 0.9999 0.01413 0.145 222.90 0.899 0.86047 Elastic 1.000
1.03243 1.0339 0.01461 0.149% 215.40 1.044 0.88837 Fl yield 0.958
1.064B6 1.0826 0.01530 6.154 204.21 1.176 0.91628 Web yld. 0.850
1.09730 1.1691 0.01652 0.159 185.40 1.440 0.94419 Web yid. 0.654
1.15084 1.5805 0.02234 0.166 125.50 3.403 0.938000 Web ylé. 0.294
1.16100 2.1615 0.03055 0.1¢68 84.08 10.761 £.99500 Web yld. 0.083
1.16205 2.7797 0.03928 0.168 61.67 34.011 0.95980 Web yld. 0.029%9
1.,16215 3.9394 0.05567 0.168 40.98 107.333 0.9599% web yld. 0.00%9

BEAM: W 21X 57 SPAN= 50 ft Fy= 36 ksi My= 333.0 k-ft Mp= 387.0 k-ft
Teta Yield= 0.02355 rad Vyweb= 307.1 kips Hyfl= 344.9 k-ft Qp= 1.238 k/Ift
7x/Sx=f=1.162 gy= 1.066 k/ft  Strainy=Fy/E=0. 0012414

Ve /Vy Teta Teta veonn. Span Strain Mcl Beam Elastic
or = w===-- =" mam—— mm——= ————— --~  Condition Core
g/qy Tetay {rad) Vyweb pPelta Strainy Mp

1.00000 ©0.%999 6.02355 0.087 133.74 0.999 0.86047 Elastic 1.000
1.03243 1.0339 0.02435 0.090 129.24 1.044 0.BBB37 Fl yield 0.558
1.06486 1.08B26 0.02550 0.0%2 122.52 1.176 0.51628 Web yld. 0.850
1.09730 1.1691 0.02754 0.095 111.24 1.440 0.94419 Web yld. 0.694
1.15054 1.5805 0.03723 0.100 75.30 3.403 0.99000 Web yld. 0.2%4
1.16100 2.1616 0.050981 0.101 50.45 10.761 0.99900 Web yld. 0.093
1.16205 2.7800 0.06548 0.101 37.00 34.028 0.89890 Web yld. 0.02%
1.16215 3.9312 0.09260 0.101 24.65 106.789 0.9995%9 Web yld. 0.009
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RESULTS OF ANALYSIS OF BEAM END MOMENT ROTATION RELATIONSHIP

01-17-1988 TIME: 19:52:34

Program: SHEAROT

PRINTING DATE:

BEAM: W 21X 93

Teta Yield= 0.00461 rad Vyweb= 451.4 kips

SPAN= 10 ft Fy=

36 ksi
Myfl=

My= 576.0 k~ft Mp= 663.0 k-ft
600.9 k~ft Qp= 53.040 k/ft

Zx/Sx=f=1.151 qy= 46.080 k/ft Strainy=Fy/E=0.0012414
Ve /Vy Teta Teta Veconn. Span Strain Hel Beam Elastic
or @ wmm—-— mmm—ee meses ommess - Condition Core
g/ay Tetay {rad) Vvyweb  Delta Strainy Mp
1.00000 0.9999 0.00461 0.510 &83.86 1.003 0.86878 Elastic 0.997
1.03021 1.0310 0.00475 0.526 663.07 1.040 0.89502 Fl yield 0.962
1.06042 31.0711 0.00483 0.541 635.33 1.143 0.92127 Web yld. 0.875
1.09063 1.1483 0.00529%9 0.557 581.73 1.3%8% 0.94751 web yld. 0.71b
1.13953 1.5169 0.00693 0.582 404.43 3.206 0.99000C Web yld. 0.312
1.i498% 2.0615 0.00949 0.587 272.34 10.138 0.99500 Web yld. 0.0859
1.15093  2.6421 0.01217 0.587 200.22 32.068 0.99590 Web yld., 0.031
1.15103 3.7306 0.01718 0.587 133.35 101.145 0.9999% Webk yld. 0.010
BEARM: W 21X 93 SPAN= 30 ft Fy= 36 ksi My= 576.0 k~ft Mp= €63.0 k-ft
Teta Yield=— 0.01382 rad Vyweb= 451.4 kips Myfl=  600.9 k-ft Qp= 5.893 k/ft

Zx/85x=f=1.151 qy= 5,120 X/ft Strainy=Fy/E=0.0012414
vc/Vy Teta Teta vconn Span Strain Mcl Beam Elastic
or = mem=—— mm=e=—= eem—e - ~--  Condition Core
a/qy Tetay (rad) Vyweb Dbelta  StrainY Mp
1.00000 ©.9999 0.01382 0.170 227.99 1.003 0.86878 Elastic 0.997
1.03021 1.031¢C 0.01424 0.175 221.02 1.040 0.83502 Fl vield 0.862
1.06042 1.0711 0.01480 0.180 211.78 1.143 0.92127 Web yld. G©.875
1.08062 1.1483 0.01587 0.186 193.91 1,399 0.94751 Web yld. 0.715
1,13953 1.516%9 0.02096 0.1%4 134.81 3.206 0.99000 Web yid. 0.312
1.14989 2.0615 0.02848 0.196 90.78 10.138 0.99900 Web yid. 0.099
1.15093 2.6418 0.03650 0.196 66.75 32.051 0.99390 web yld. 0.031
1.15103 3.7385 0.05166 0.196 44.34 101.670 0.999989 wWeb yid. 0.010
BEAM: W 21X 93 SPAN= 50 ft Fy= 36 ksi My= 576.0 k-ft Mp= 663.0 k-ft
Teta Yield= 0.02303 rad Vyweb= 451.4 kips Myfl= 600.9 k~ft Qp= 2.122 k/ft
Zx/Sx=f=1.151 qy= 1.843 k/ft Strainy=Fy/E=0.0012414
Ve/Vy  Teta Teta Vveonn. Span Strain  ¥el Beam Elastic
or 2 mmem— mmms=e ssses SSosss -—— Condition Core
a/qy Tetay (rad} Vyweb  Delta Strainy Mp
1.00000 0.9999 0.02303 0.102 138.79 1.003 0.86878 Elastic 0.997
1.03021 1.0310 0.02374 0.105 132.61 1.040 0.89502 ¥l yield 0.962
1.06042 1.0711 0.02466 0.108 127.07 1,143 0.92127 Web yld. O0.875
1.09062 1.1483 0.02644 0.1311 116.35 1.399 0.94751 Web yld. 0.715
1.13953 1.5169 0.03492 0.116 80.89 3.206 0.9%000 Web yid, 0.312
1.14989 2.0615 0.04747 0.117 54.47 10.138 0.89300 Web yld. 0©.099
1.15093 2.6418 0.06084 0.117 40.05 32.0561 0.989950 Web yld. ©0.031
1.15103 3.7306 0.08591 0.117 26.67 101.145 0.99999 Web yld. 0.010
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Program: SHEAROT

PRINTING DATE: 01-17-19B8

TIME: 19:07:12

BEAM: W 21X 132

SPAN= 10 ft Fy= 36 ksi

Teta Yield= 0.00455 rad Vyweb= 510.8 kips

Zx/8x=f=1.129%

My= B8B5.0 k-ft Mp= 993.0 k-ft
928.9 k-ft Qp= 79.920 k/ft
gy= 70.800 k/ft Strainy=Fy/E=0.0012414

Ve/Vy Teta
or we=-—

0.8858% Elastic  1.000
0.90871 Fl yield 0.971
0.93153 Web yld. 0.940
0.95435 Web yld. 0.767
0.99000 Web yld. 0.359
0.99900 Web yld. 0.114
©.95950 Web yld. 0.036
0.95993 Web yld. 0.011

1.00000 0.9998
1.02576 1.0262
1.05153 1.0544
1.07729 1.1117
1,11753 1.3973
i.12768 1.8B695
1.12870 2.3748
1.12880 3.3236

Teta Veonn. Span

0.00455 0.693 692.46
0.00467 0.711 674.54
0.00480 0.729 655.84
0.00508 0.747 €13.43
0.00636 0.774 452.47
0.00850C 0.781 308.86
0.01080 0.782 22B.58
0.01512 0.782 153.11

Mol Beam Elastic
—— Conditien Core
Mp

BEAM: W 21X 132

SPAN= 30 ft Fy= 36 ksi

Teta Yield= 0.01365 rad Vyweb= 510.8 kips

Zx/5%=f=1.129

My= 885.0 k-ft Mp= 999.0 k-ft
928.9 k-ft Qp= 8.880 k/ft
gy= 7.867 k/ft  Strainy=Fy/E=0.0012414

0.8B589 Elastic 1.00¢C
0.90871 Fl yield 0.9571
0.93153 Web yld. 0.940
0.95435 Web yld. 0.767
0.95000 Web yld. ©.359
0.99900 Web yld. 0.114
0.85850 Web yld. ©0.036
¢.99999 Web yld. 0©.011

1.00000 0.9999
1.02576 1.0262
1.051583 1.0544
1.07729 1.1117
i,11753 1.3973

1.12768 1.86595

1.12870 2.3748
1.12880 3.3307

Teta Vconn. Span

0.01365 ©.231 230.82
0.01400 0.237 224.85
0.01439 0.243 218.61
0.01517 0.249 204.48
G.01907 0.258 150.82
0.02551 0.260 102.95
0.03241 c.261 76.19
0.04546 0.261 50.91

Mcl Beam Elastic
— Condition Core

BEAM: W 21X 132

SPAN= 50 ft Fy= 36 ksi

Teta Yield= 0.02275 rad Vyweb= 510.8 kips

Zx/Bx=f=1.129

0 k-ft Mp= 999.0 k-ft

$28.9 k-ft Qp= 3.197 kK/ft
gy= 2.832 x/ft Strainy=Fy/E=0.0012414

ve/Vy Teta

0.BB589 Elastic 1.000
0.90871 Fl yield ©.971
0.93153 Web yld. 0.940
0.95435 Web yld. 0.767
0.59000 Web yld. 0.359
0.95900 Web yld. 0.114
0.95990 Web yld. 0.036
0.99999 Web yid. 0.011

1.00000 ©.995889
1.02576 1.0262
1.05153 1.0544
1.07729 1.13117
1.11753 1.3%73

1.12768 1.8635

1,12870 2.3748
1.12880 3.3236

Teta Veonn. Span

0.062274 0.13% 138.49
0.02334 0.142 134.51
0.02398 0.146 131.17
0.02529 0.149 122.69
0.03178 0.185 90.49
0.04252 0.156 61.77
0.05402 0.156 45.72
0.07560 0.156 30.62
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RESULTS OF ANALYSIS OF BEAM END HOMENT ROTATION RELATIONSHIP

Program: SHEAROT PRINTING DATE: 01-17-1988 TIHE 18:4B:49

BEAM: W 24X 76 SPAN= 10 ft Fy= 36 ksi My= 528.0 k-ft HMp= 600.0 k-ft
Teta Yield= 0.00416 rad Vyweb= 378.9 kips Myfl= 540.5 k=-ft Qp= 48.000 k/ft
Zx/Sx=£=1.136 qy= 42.240 k/ft Strainy=Fy/E=0.0012414

vc/Vy  Teta Teta Veonn. Span Strain K¢l Beam Elastic
or = mm==--  messme messs memeee ~-~  Condition Core
g/ qy Tetay {(rad) vVyweb Delta Strainy ¥p

._-..a.—__-.......—_.......__..-..-_.-.....-—.._-......_...a—-...-—.....-.......-..-.__...--..-..--»---.-.——---,m——--u-._——.__._.._._.-..._-——_

1.00000 £.8989 0.00416 0.557 756.95 1.002 0.88000 Elastic 0.998
1.02727 1.0288 G.00428 0.573 735.13 1.048 0.90400 Web yld. ©.9554
1.05455 1.0796 0.00449 0.588 £93.12 1.210 0.92800 Web yid. 0.827
1.08182 1.1626 6.00484 0.603 630.69 1.482 0.55200 Web yld. 0.675
1.12500 1.519%4 0.00632 0.627 445.16 3.246 0.99000 wWeb yld. 0.308
1.13523 2.0718 0.00862 0.633 298,93 10.266 0.99200 Web yld. 0.087
1.13625 2.6598 0.01107 0.633 219.51 32.469 0.989%0 Web yld. 0.031
1.13635 3.7606 0.01565 0.633 146.11 102.300 0.99939 Web yld. 0.010

BEAM: W 24X 76 SPAN= 30 ft Fy~ 36 ksi My= 528.0 k-ft HMp= 600.0 k-It

Teta Yield= 0.01248 rad Vyweb= 378.3% kips Myfl= 540.5 k~ft Qp= 5.333 k/ft
Zx/8x=f=1.136 gy= 4.693 k/ft Strainy=Fy/E=0. 0612414

Vc/Vy  Teta Teta Vconn. Span Strain Mcl Beam Elastic
or 2 m—ew= =wessss meees S —— —-—— Condition Core
a/gy Tetay {(rad) Vyweb Delta Strainy Hp

1.00000 0.998% 0.01248 0.186 252.32 1.002 ¢.8B00O Elastic ©.998
1.02727 1l.0288 0.01284 0.191 245.04 1.048 0.90400 Web yld. 0.954
1.05485 1.079%6 0.01348 0.196 231.04 1.210 0.92800 Web yld. 0.827
3.08182 1.1626 0.01451 0.201 210.23 1.482 0.95200 Web yld. 0.675
1.12500 1.5194 0.01887 0.209 148.39 3.246 0.98000 Web yld. 0.308
1.13523 2.0718 0.02587 0.211 88,65 10,266 0.95900 Web yld. 0.0987
1.13625 2.6598 0.03321 0.211 73.17 32.469 0.999990 wWeb yld. 0.031
1.13635 3.7606 0.04695 0.211 48.70 102.300 0.99999 Web yld. 0.010

BEAM: W 24X 76 SPAN= 50 ft Fy= 36 ksi My= 528.0 k-ft Mp= 600.0 k-ft
Teta Yield= 0.02081 rad Vyweb= 278.% kips Myfl= £40.5 k-ft Qp= 1.920 k/ft
7x/Sx=f=1.136 gy= - 1.6%90 k/ft Stralny—Fy/E =0.0012414

Ve /Vy Teta Teta vconn. Span Strain Mcl Beam Elastic
or 2 mme=—- mme=sss sesse Somess ww=  Condition Core
q/q9y Tetay (rad) Vyweb Delta StrainyY ¥p

1.00000 0.999%9 0.02081 0.111 151.3% 1.002 0.880CO Elastic 0.958
1.02727 1.028B8 0.02141 0.11% 147.03 1.048 0.30400 Web yld. 0.9534
1.05455 1.0796 0.062247 0.118 12B.62 1.210 0.92800 Web yld. 0.827
1.08182 1.1626 0.02419% 6.3121 126.14 1.482 0.95200 Web yld. 0.675
1.12500 1.5184 0.03161 0.12% 89.03 3.24¢6 0.99000 Web yld. 0.308
1.13523 2.0718 c.04311 0.127 58.79 10.266 0.99300 Web yld. 0.097
1.13625 2.6595 0.05534 0.127 43.91 32.452 0.99990 Web yld. 0.031
1.13635 3.7606 0.07825 6.127 29.22 102.300 0.99999 Web yld. 0.010
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Abolhassan Astaneh University of California, Berkeley

RESULTS OF ANALYSIS OF BEAM END MOMENT ROTATION RELATICNSHIP

Program: SHEAROT PRINTING DATE: 01-17-1988B TIME: 18:59:44

BEAM: W 24X 55 SPAN= 10 £t Fy= 36 ksi My= 342.0 Kk-ft HMp= 402.0 k-ft
Teta Yield= 0.00419% rad Vyweb= 335.2 kips Myfl= 349.7 k-ft Qp= 32.160 k/ft
Zx/8x=f=1.175 qQy= 27.360 k/ft Strainy=Fy/E=0.0012414

Vc/Vy  Teta Teta Vconn. Span Strain Hcl Beam Elastic
or 2 =m====  e=mes— ssses eee—— ---  Condition Core
g/qy Tetay (rad) Vyweb Delta  Strainy HMp

. . e e e e R P A o o B 1 . 7 T e e e e A ] - T T T T o o e e ol LA e M W L L L S i i T o S R T .

1.00000 0.9889 0.00419 0.408 751.26 0.985 0.85075 Elastic 1.600
1.03508 1.0390 0.00436 0.422 721.52 1.064 0.88060 Web yld. 0.940
1.07018 1.1025 0.00462 0.437 672.02 1.229 0.91045 Web yld. 0.8B14
1.10526 1.2006 0.00503 0.451 604.34 1.505 0.94030 Web yld. 0©.665
1.16368 1.6697 0.00700 0.475 396.39 3.67¢ 0.99000 Web vidé. 0.272
1.17426 2.3011 0.00965 0.479 264.02 11.626 0.892300 Web yld. 0.0Bs6
1.17532 2.8716 0.01246 0.480 183.11 36.764 0.99950 Web yld. 0.027
1.17543 4.2299 0.01774 0.480 127.97 116.023 0.99399 Web yld. 0.009

BEAM: W 24X 55 SPAN= 30 ft Py= 36 ksi My= 342.0 k-ft Mp= 402.0 k-ft
Teta Yield= 0.01258 rad Vyweb= 335.2 kips Myfl=  348.7 k-ft Qp= 3.573 k/ft
Zx/Sx=f=1.175 gqy= 3.040 k/ft  Strainy=Fy/E=0.0012414

vc/Vy Teta Teta veonn. Span Strain Mcl Bear Elastic
or - womems am—we =emeee ~~~  Condition Core
o/ ay Tetay {rad) Vyweb Delta Strainy ¥Mp

1.00000 ©0.9999 0.01258 0.136 250.42 0.985 0.85075 Elastic 1.000
1.03509 1.03%90 0.01307 0.141 " 240.51 1.064 0.880&0 Web yld. 0.940
1.07018 1.1025 0.01387 0.146 224.01 1.225 0.81045 Web yld. 0.814
1.106526 1.2006 0.01510 0.150 201.45 1.505 0.94030 Web yld. 0.665
1.16368 1.66%7 0.02100 0.158 132.13 3.676 0.99%000 Web yld. 0.272
1.17426 2.3010 0.02B95 0.160 88.01 11.625 0.99300 Web yld. 0.086
1.17532 2.9716 0.03738 0.160 64.37 36.764 0.995990 Web yld. 0.027
1.17543 4.2299 0.05321 0.160 42.66 116.023 0.99589¢% Web yld. 0.009

BEAM: W 24X 55 SPAN= 50 ft Fy= 36 ksi HMy= 342.C k~ft Mp= 402.0 k-ft
Teta Yield= 0.0209%7 rad Vywsb= 335.2 kips Myfl= 349.7 k-£ft Qp= 1.28B6 k/ft
Zx/8x=f=1.175 gy= 1.054 k/ft Strainy=Fy/E=0.0012414

Ve/Vy  Teta Teta Veonn. Span Strain Mcl Beam Flastic
or ,———— mes=ses ssees Ssooes ---  Condition Core
g/ay Tetay {rad) Vyweb belta Strainy Mp

1.00000 0.99%99 0.02096 6.082 150,25 0.%95 0.85075 Elastic 1.000
1.03509 1.0380 0.02178 0.084 144.30 1.064 0.88060 Web yid. 0.940
1.07018 1.1025 0.02312 0.087 1234.40 1.229 0.91045 Web yid. 0.814
1.10526 1.2006 0.02517 0.090 120.87 1.505 0.94030 Web yld. ©0.665
1.1636B 1.6637 0.03501 0.085 79.28 3.876 0.99000 Web yld. ©0.272
1.17426 2.3010 0.04824 0.096 52.81 11.625 0.935%00 Web yld. 0.086&
1.17532 2.9718 0.06230 0.09€ 38.62 136.764 0.59990 Web yld. 0.027
1.17543 4.2212 0.08850 0.0%96 25.65 115.441 0.99599 Web yld. 0.00%
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RESULTS OF ANALYSIS OF BEAM END MOMERT ROTATION RELATIONSHIP
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Program: SHEAROT PRINTING DATE: 01-17-1988 TIME: 17:02:55

BEAM: W 24X 117 SPAN= 10 ft Fy= 36 ksi My= 873.0 k-ft Mp= 981.0 k-ft
Teta Yield= 0.00408 rad Vyweb= 48D.3 kips Myfl= 906.0 k-ft Qp= 78.480 k/ft
Zx/Sx=f=1.124 gy~ 69.840 k/ft Strainy=Fy/E=0.0012414

Ve/Vy  Teta Teta Veonn. Span Strain Mcl Beam Elastic
or = =mee—— mme—ee mr—— —mee—— ~—~  Ceondition Core
Q/qv Tetay (rad} Vyweb Delta StrainY Mp

1.00000 ©.9999%9 0.00408 0.727 771.74 06.937 0.88%91 Elastic 1.600
1.02474 1.0253 0.00419 0.745 752.35 1.028 0.81183 Fl yield 0©.973
1.04%48 1.0573 0.00432 0.763 727.02 1.1314 0.983385 Web yld. 0.897
1.07423 1.1238 0.00459 0.781 672.26 1.365 0.85596 Web yld. 0.733
1.11247 1.4160 0.00578 0.809 494.97 2.864 ¢.98000 Web yld. ©0.349
1.1225% 1.9040 0.00777 0.816 336.37 9.056 0.99900 Web yld. ©0.110
1.12360 2.4251 0.009%0 0.B17 248.43 28.634 0.99990 Web yld. 0.035
1.12370 3.4082 0.01381 0.817 165.84 90.692 0.9999% Web yid. 0.011

BEAM: W 24X 117 SPAN= 30 ft Fy= 36 ksi My= 873.0 k-ft Mp= 981.0 k-ft
Teta Vield= 0.01225 rad Vyweb= 480.3 kips Myfl= 906.0 k-ft Qp= 8.720 k/ft
7x/Sx=f=1.124 gy= 7.760 k/ft  Strainy=Fy/E=0.0012414

vec/Vy Teta Teta Veonn. Span Strain Mcl Beam Elastic
or = eme== - eem e e -— Condition Core
aq/ay Tetay (rad) Vyweb Delta Strainy Mp

1.00000 0.9999 0.01224 0.242 257.25 0.997 ¢.88951 Elastic 1.000
1.02474 1.0253 0.01256 0.248 250.78 1.028 0.91193 Fl yield 0.973
1.04948 1.0573 0.01295 0.254 242.34 1.114 ¢.93385 Web yld. 0.887
1.07423 1.1238 0.01376 6.260 224.09 1.365 0.955396 Web yld. 0.733
1.11247 1.43160 0.01734 0.270 164.99 2.864 0.99%000 Web yld. 0.349
1.12259 1.9040 0.02332 0.272 112.12 9.057 0.98800 Web yld. 0.110
1.12360 2.4254 0.02870 0.272 §2.8B0 28.649 0.89990 Web yld. ©.035
1.12370 3.4009 0.04165 0.272 55.42 90.213 0.%9999 Web yld. 0.011

BEAM: W 24X 117 SPAN= 50 ft Fy= 36 ksi My= B73.0 k-ft Mp= 981.0 k-ft
Teta Yield= 0.02041 rad Vyweb= 480.3 kips Myfl= 906.0 k-ft Qp= 3.139 k/ft
Zx/Sx=f=1.124 qy= 2.794 k/ft  Strainy=Fy/E=0.0012414

Vesvy  Teta Teta Vconn. Span Strain  Mcl Beam Elastic
or =-=---- mmm==s semes ———— ---  Condition Core
q/qy Tetay {rad) Vyweb Delta Strainy Mp

1.00000 ©£.8939% ©.020431 0.145 154.35 0.997 0.88991 Elastic 1.000
1.02474 1.0253 0.02093 0.149 150.47 1.028 0.91193 Fl vield 0.973
1.04948 1.0573 0.02158 0.153 145.40 1.114 0.93394 Web vld. ©.8957
1,07423 1.1238 0.02283 6.156 134.45 1.365 0.95596 Web yld. ©0.733
1.11247 1.4160 0.02890 0.162 98.%9 2.864 0.5%000 Web yld. 0.34%
1.12259% 1.9039 0.03886 0.163 67.28 9.056 0.99%00 Web yld. 0.110
1.12360 2.4248 0.04949 0.163 49.65 2B.61B 0.99990 Web yld. 0.035
1.12370 3.400% 0.06941 0.163 33.25 %0.213 0.99989 Web yld. 0.011
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RESULTS OF ANALYSIS OF BEAM END MOMENT ROTATION RELATIONSHIP

Program: SHEAROT

University of California, Berkeley

PRINTING DATE: (£1-17-198

& TIHE:

16:582:03

BEAM: W 24X 162

SPAN= 10 ft Fy= 36 ksi

My=1242.0 k-ft HMp=1404.0 k-ft

Teta Yield= 0.003%8 rad Vyweb= 634.5 kips Myfi= 1304.5 k-t Qp=112.320 k/ft
Zx/Sx=f=1.130 gy= 99.360 k/ft Strainy=Fy/E=0.0012414
Ve /Vy Teta Teta Vconn. Span Strain Hcl Beam Elastic
or = mme—= mmmmae meewe —aeeww --=-  Condition Core
g/qy Tetay (rad) Vyweb Delta Strainy Mp
1.00000 0.9999 0.00398 0.783 752.213 1.001 0.88462 Elastic 0.99%
1.02609 1.0265 0.00408 0.803 771.48 1.031 0.9076% Fl yield 0.970
1.065217 1.0550 0.00419 0.824 749.80 1.0686 0.83077 Web yid. 0.938
1.07826 1.1128 0.00442 0.844 701.06 1.365 0.95385 Web yld. 0.766
1.119313 1.4025 0.00558 o.876 515.37 2.804 0.93%000 Web yid. 0.357
1.12%30 1.8777 0.00747 0.884 351.60 B.866 G.99900 Web yid. 0.113
1.13032 2.3856 0.00%49 0.885 260.20 28.012 0.98550 Web yld. 0.036
1.13042 3.3347 0.01326 0.885% 174.57 88.120 0.99999 Web yld. 0.011

BEAM: W 24X 162 SPAN= 30 ft ¥y= 36 ksi My=1242.0 K-ft Mp=1404.0 k-ft

Teta Yield= 0.01193 rad Vyweb= 634.5 kips Myfl= 1304.5 k-ft Qp= 12.480 k/ft
Zx/Sx=f=1.130 gy= 11.040 k/ft  Strainy=Fy/E=0.0012414
ve/Vy Teta Teta vcenn. Span Strain Mcl Beam Elastic
or e ———— me—e = e———— o Condition Core
9/ gy Tetay {rad) Vyweb Delta Strainy Mp
1.00000 0.9999 0.01193 0.261 264.08B 1.001 0.8B462 Elastic 0.99%
1.62609 1.0265 0.01225 0.268 257.16 1.031 0.90769 Fl yield 0.970
1.05217 1.0550 ©.01258 0.275 248.87 1.066 0.93077 Web yld. 0.938
1.07826 1.1128 0.01327 0.281 233.69 1.305 0.95385 Web yld. 0.766
1.11913 1.4025 0.016732 0.292 171.79 2.804 0.99000 Web yld. 0.357
1.12930 1.8777 0.02240 0.295 117.20 B.887 0.89500 Web vld, 0.113
1.130632 2.3B56 0.02846 0.295 86.73 28,012 0.899%90 Web yid. 0.036
1.13042 3.3346 0.03978 D.295 58.19%9 88.120 0.9999% Web vid. ©0.011

BEAM: W 24X 162 SPAN= 50 ft Fy= 36 ksi My=1242.0 k~ft HMp=1404.0 k-f%

Teta Yield= 0.01988 rad Vyweb= 634.5 kips Myfl= 1304.5 k-ft Op= 4.493 k/ft
Zx/Sx=£f=1.130 gqy= 3.574 k/ft Strainy=Fy/E=0.0012414
Ve/Vy | Teta Teta Veonn. Span Strain HMcl Beam Elastic
or = me==-  es-=—= seees sessee - Condition Core
q/qy Tetay {rad) Vyweb belta Strainy Mp
1.00000 0.9999 0.01588 0.157 158.45 1.001 0.8B462 Elastic 0,899
1.02609 1.0265 0.02041 0.161 154.30 1.031 0.5%0769 Fl yield 0.970
1.05217 1.0550 0.02097 0.165 149.98 1.066 0.93077 Web yld. 0.938
1.07826 1.1128 0.02212 0.169 140.21 1.305 0.95385 Web yld. 0.766
1.131913 1.4025 0.02788 0.175 103.07 2.804 C.85000 Web: yld. 0.357
1.12930 1.8777 6.03733 0.177 70.32 8.866 0.99900 Web yld. 0.113
1.13032 2.3861 0.04744 0.177 52.03 28B.042 0.99990 Web yld. 0.036
1.13042 3.334¢6 C.06630 0.177 34.91 88.120 0.9955% Web yld. C.011
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RESULTS OF ANALYSIS OF BEAM END MOMENT ROTATION RELATIONSHIP

TIME: 16:47:52

Program: SHEARCT

University of california, Berkeley

PRINTING DATE:

01i-17-1988

BEAM: W 27X 84
Teta Yield= 0.00371 rad Vyweb= 442.3 kips Myfl=

Zx/Sx=f=1.146

SPAN= 10 ft Fy= 36 ksi

qy= 51.120 k/ft

My= 635.0 k-ft Mp= 732.0 k-ft

654.0 k-ft Qp= 58.560 k/ft
Strainy=Fy/E=0.0012414

Vo, /Vy
or

1.00000C
1.02811
1.05822
1.08732
1.13408
1.14439
1.14543
1.14553

Teta

3.8698

Teta

0.00371
0.00383
0.00403
0.00435
0.00577
0.00789
0.01014
0.01436

vconn. Span Strain
Vyweb Delta StrainY
0.578 B848.84 0.998
0.5%5 B822.34 1.048
0.612 773.35 1.210
0.628 701.67 1.482
0.655 486.03 3.342
0.661 2325.68 10.566
G.662 238.88 33.414
158,92 105.174

0.662

Mcl

0.87285
0.85883¢6
0.92377
0.94918
0.93000
0.85900
0.9593%0
0.99839

Beam Elastic

Condition Core
Elastic 1.000
Web yld. ©.954
Web yld. 0.826
Web yld. 0.675
Web yild. 0.288
Web yld. 0.0%5
Web yld. 0.030
Web yld., 0.010

BEAM: W 27X 84
Teta Yield= 0.01113 rad Vyweb= 442.2 Kkips Hyfl=
qy= 5.680 k/ft

Zx/Sx=f=1.146

SPAN= 30 ft Fy= 36 ksi

Strainy=Fy/E=0.0012414

My= 639.0 k-ft Mp= 732.0 k-ft
654.0 k-ft Qp=

6.507 k/ft

ve/Vy
or

. e e S i e T T e e . S i Sl M T T e i e S T T A A S

1.00000
1.02811
1.05822
1.08732
1.13408
1.14439
1.14543
1.14553

Teta

2.7337
3.8781

Teta

0.01113
0.01148
0.01208
0.01304
0.01731
0.02367
0.03043
0.04318

veconn.

Span Strain

52.84 105.721

Mcl

0.87295
0.89836
0.92377
0.94918
0.99000
0.99300
©.99830
0.99859

Beam Elastic
Condition

Web

Core

BEAM: W 27X 84
Teta Yield= 0.01856 rad Vyweb= 442.3 kips |Myfls=

Zx/Sx=f=1.146

SPAN= 50 ft

gy=  2.045 X/ft

Fy= 36 ksi

Strainy=Fy/E=0.0012414

My= 639.0 k-ft Mp= 732.0 k-ft
654.0 k-ft Qp=

2.342 k/ft

1.00000
1.02911
1.06822
1.08732
1.13408
1.14439
1.14543
1.14553

3.8781

Teta

0.01855
0.01513
0.02013
0.02173
0.02885
0.03945
©.05072
0.07196

voonn.

Span Strain

e e B e o

31.71 105.721
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Mcl

0.87295
0.898B36
0.92377
0.94518
0.99000
0.99800
0.99850
0.9599%

Beam Elastic
Condition

Elastic

Web
Web
Web
Web
Web
Web
Web

yld.
yvid.
yid,
yld.
yid.
yvid.
vid.

Core



Abolhassan Astaneh University of California, Berkeley
RESULTS OF ANALYSIS OF BEAM END MOHENT ROTATION RELATIONSHIP

Program: SHEAROT PRINTING DATE: 01-17-1988 TIHE 16:44:25

BEAM: W 27X 102 SPAN= 10 ft Fy= 36 ksi HMy= 801.0 k-ft Mp= 915.0 k-ft
Teta Yield= 0.00366 rad Vyweb= 502.2 kips Hyfl= 826.4 k~ft Qp= 73.200 k/ft
Zx/Sx=f=1.142 qQy= 64.080 k/ft  Strainy=Fy/E=0.0012414

Ve/Vy  Teta Teta Veconn. Span Strain HMcl Beam Elastic
or = wme==- meswwe moess messme »ww  Condition Core
a/qy Tetay {rad} Vyweb Delta Strainy Mp

1.00000 0.9399 0.002366 0.638 860.12 6.999 0.87541 Elastic 1.000
1.02846 1.0295 0.00377 0.656 834.92 1.037 ©.90033 Fl yield 0.964
1.05693 1.0749% 0.00394 0.674 793.53 1.174 0.92525 Web yld. 0.852
1.08538 1.15350 0.00423 0.692 724.16 1.438 0.95016 Web yld. 0.685
1.13080 1.5161 0.00555 0.721 507.89 3.210 0.9%000 Web yid. 0.311
1.14118 2.0638 0.00756 6.728 341.55 10.152 0.99900 Web yld. ©£.09%
1.14221 2.6473 0.008%70 0.729 250.95% 32.108 0.959%0 Web yld. 0.031
1.14231 3.7515 0.01374 0.729 166.52 101.960 0.939599 Web yld. 0.01¢C

BEAM: W 27X lo02 SPAN= 30 £t Fy= 36 ksi My= 801.0 k-ft Mp= 915.0 k-ft
Teta Yield= 0.01099 rad Vyweb= 502.2 kips Myfl= 826.4 k-ft Qp= 8.133 k/ft
Zx/Sx=£f=1.142 gy~ 7.120 k/ft Strainy=Fy/E=0.0012414

Ve/Vy Teta Teta vconn. Span Strain Mcl Beam Elastic
oYy = =em—-—- mmeess ——— ———— --~-  Condition Core
/gy Tetay (rad) Vyweb Delta Strainy Mp

1.00000 ©0.9999 0.01098 0.213 286.71 0.9%99 0.87541 Elastic 1.000
1.02846 1.0295 0.01131 0.219 278.31 1.037 0.90033 Fl yvield 0.964
1.05693 1.0749 0,011iB1 0.225 264.51 1.174 0.22525 Web yld. 0.852
1.08539 1.1550 0.0126% 0.231 241.39 1.438 0.95016 Web yld. 0.695
1.13090 1.5161 ©.01666 0.240 169.30 3.210 0.85000 Web yld. 0.311
1.14118 2.0638 0.02268 0.243 113.85 10.152 0.958900 Web vld. 0.099
1.14221 2.6473 0.02909 0.243 83.65 32.108 0.99%20 Web yld. 0.031
1.14231 3.7438 0.04113 0.243 55.64 101.428 0.99999 Web yld. 0.010

BEAM: W 27X 102 SPAN= 50 ft Fy= 36 ksi Hy= 801.0 k-ft Mp= 915.0 k-ft
Teta Yield= 0.01831 rad Vyweb= 502.2 kips Myfil= 826.4 k-ft Qp= 2.928 k/ft
Zx/Sx=f=1.142 qgy= 2.563 k/ft Strainy=Fy/E=0.0012414

Ve/Vy Teta Teta Vconn. Span Strain Mcl Beam Elastic
or = mmese- === W m———— e ---  Condition Core
q/qy Tetay {rad) vyweb Delta  Strain¥ Mp

1.00000 0.93999 0.01831 0.128 172.02 0.99% 0.87541 Elastic 1.000
1.02846 1.0295 0.01B85 0.131 166.98 1.037 0.920033 Fl yield ©0.964
1.05693 1.0748 ¢.01568 0.135 158.71 1.174 0.92525 Web yld. 0.852
1.0853% 1.15850 0.023115 0.138 144.83 1.438 0.95016 Web yld. ©.6395
1.13090 1.5161 0.02776 0.144 101.58 3.210 0.99000 Web yid. 0.311
1.1411i8 2.0638 0.03779 0.146 68.31 10.152 0.99900 web yld. 0.089
1.14221 2.6469 0.04847 0.146 50.20 32.091 0.59%90 Web yld. 0.031
1.14231 3.7435 0.06855 0.146 33.39 101.428 0.99999% Web yld. 0.010
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Program: SHEAROT

PRINTING DATE: 01-17-1988

37:23

BEAM: W 27X 178

SPAN= 10 ft Fy= 36 ksi

Teta Yield= 0.00357 rad Vyweb= 725.8 kips

Zx/Sx=f=1.129

gy= 120.480 k/ft

TIME: 16:
My=1506.0
Myfl=

k-ft Mp=1701.0 k-ft

1573.0 k-ft Qp=136.080 k/ft
Strainy=Fy/E=0.0012414

ve/Vy Teta Teta Vconn. Span Strain ¥Mcl Beam Elastic
or @ me==——  eseees saass | ceseeee ——— Condition Core
qg/qy Tetay (rad} Vyweb Delta Strainy ¥p
1.000600 0.99989 G.00357 0.830 B8B3.35 0.959 0.B8536 Elastic 1.000
1.02590 1.0264 0.00368 0.851 860D.29 1.029 0.90829 Fl yield 0.971
1.05179 1.0566 0.00377 0.873 833,98 1.083 0.83122 Web yld., 0.8%15
1.07769 1.1210 0.0040C 0.B94 773.32 1.33% 0.55414 Web yld. 0.747
1.11819 31.4193 0.00506 0.928 565.70 2.867 0.99000 Web yld. ©.349
1.12835 1.9069 0.00680 0.936 384.71 9.066 0.88300 Web yid. 0.110
1.12937 2.4280 0.00866 0.937 284.20 28.674 0.899%0 Web yld. ©.035
1.12947 3.4067 0.01215 0.937 180.04 90.533 0.899993 Web yld. 0©.01}
BEAM: W 27X 178 SPAN= 30 ft Fy= 36 ksi My=1506.0 k-ft Mp=1701.0 k-ft
Teta Yield= 0.01070 rad Vyweb= 725.8 kips Myfl= 1573.0 k-ft Qp= 15.120 k/ft

Zx/5x=f=1.129

gy= 13.387 k/ft Strainy=Fy/E=0.0012414

Ve/Vy  Teta Teta Veonn. Span Strain Mcl Beam Elastic
or = m=———- e ——— ———— -— Condition Core
q/qy Tetay {rad} Vyweb Delta StrainY Mp
1.00000 0.9999 0.01070 D.277 294.45 0.999 0.BB536 Elastic 1.000
1.02590 1.D0264 0.01098 0.284 286.76 1.02¢9 0.90829 Fl yield 0.871
1.05179 1.0566 0.01130 0.291 277.99 1.093 0.93122 Web yld. 0.815
1.07769 1.1210 0.01199 0.288 257.77 1.339 0.95414 Web yld. 0.747
1.11819 1.4193 0.01518 0.30%9 18B.57 2.867 0.95%000 Web yld. 0©.3438
1.12835 1.8069 0.02040 0.312 128.24 9,066 0.99900 Web yld. 0.110
1.12937 2.4277 0.02597 0.312 g4.75 28.659 0.999%0 Web yld. ©0.035
1.12947 3.4067 0.03645 0.312 63.35 90.533 0.995%9 Web yld. 0.011
BEaAM: W 27X 178 SPAN= 50 ft Fy= 36 ksi My=1506.0 k-ft Mp=1701.0 k-ft
Teta Yield= 0.01783 rad Vyweb= 725.8 Kips Myfl= 1573.0 k-ft Qp= 5.443 k/ft
Zx/Sx=f=1.129 gy= 4.81% k/ft  Strainy=Fy/E=0.0012414
Ve /Vy Teta Teta Vconn. Span Strain Mcl Beam Elastic
or ———— eeme——— ————— m————— - Condition Core
q/oy Tetay (rad) Vyweb pelta Strainy Mp
1.00000 0©.9999 0.01783 0.166 176.67 0.999 0.88536 Elastic 1.000
1.0259C 1.0264 ¢.01830 0.170 172.06 1.029 0.9082%9 Fl yield 0.971
1.65179 1.0566 0.01884 0.175 166.80 1.093 0.93122 Web yld. 0.915
1.07769 1.1210 0.01999 0.179 154.66 1.339 0.85414 Web yld. 0.747
1.11819 1.4193 0.62531 0.186 113.14 2.867 £.95000 Web yld. 0.348
1.12835 1.906%9 0.03400 0.187 76.94 9.066 0.99900 Web yld. 0.110
1.12837 2.428B0 0.04329 0.187 56.84 28.674 0.988990 Web yild. ©0.035
1.12947 3.413% 0.06087 0.187 37.91 91.014 0.999%%9 Web yld. 0.011
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APPENDIX D

SUMMARY TEST DATA

This appendix provides nine summary sheets for experiments.

Fach sheet summarizes properties and behavior of each specimen.
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AISC TEE FRAMING CONNECTION RESEARCH
SUMMARY OF TEST NUMBER _ 2

OBJIECTIVE: To study ductility and strength of tee-~framing connections

TEST DATE; June 23, 1987
CONDUCTED BY:M.N. Naderand A Astaneh AT:__U.C. Berkeley
SPECIMEN: _A~>

PROPERTIES OF TEST SPECIMEN:

TEE USED: _ WT 7219
NOMINAL FLANGE WIDTH: £-%/36" NOMINAL FLANGE THICKNESS: 1/27

NOMINAL WEB DEPTH: 6-14/16"  NOMINAL THICKNESS: _3/8"

NUMBER OF BOLTS:__ 5 DIAMETER OF BOLTS:_7/8" TYPE OF BOLTS:4-325

WELD SIZE._1/4" ELECTROD USED:r7(xv, WELDLENGTH 14.5"

TEST RESULTS:

A.ROTATION TEST:

(%) .. (RAD) ! (k-1in)
MAXTMUM SHEARS.1MAXIMUM ROTATION: 0.069 MAXTMUM MOMENT:332.6

MAJOR OBSERVATION _¢rack of weld return, and some vielding of flange

B. STRENGTHTEST:

k »
MAXTMUM SHEAR: 174 MAXTMUM ROTATION: 0.032 MAXTMUM MOMENT:154. 5 %717

FATLURE MODE: combined web vield and web fracture

GENERAL COMMENTS AND DISCUSSION:

Ductility Cycle

- at 0.045 radians vieldinp of flange at top corners
near weld returns and at tee fillet could be
observed.

- at 0,065 cracking of weld return.

Strength Cycle ¥
-~ at 116 kips significant yielding occurred in

web due to bearing of bolts.
- at 174 kips failure occured due to vielding of
web followed by web net area fracture.

16
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AISC TEE FRAMING CONNECTION RESEARCH
SUMMARY OF TEST NUMBER _ 3

ORJECTIVE: To study ductility and strength of tee-framing comnections

T'ESTDATE June 25, 1987

CONDUCTED BY:M.N. Nader pnd A Astaneh AT:_U-C. Berkeley
SPECIMEN: _A~3

PROPERTIES OF TEST SPECIMEN:

TEE USED: M1 7x17

NOMINAL FLANGE WIDTH: 6-9/16" NOMINAL FLANGE THICKNESS:_1/2"
NOMINAL WEB DEPTH: B-14/16"  WNOMINAL THICKNESS: 3/8"

NUMBER OF BOLTS: 2 DIAMETER OF BOLTS_7/8" TYPE OF BOLTS: 4-325

WELD S1ZE: 374" ELECTROD USED:E70XX  WELDLENGTH_8.57

TEST RESULTS:

A ROTATION TEST:

k _
MAXIMUM SHEAR: 2% “MAXIMUM ROTATION:0: %68 ¥R xmMum moMENT1. 53
MAJOR OBSERVATION No ¥ielding wse observed
B. STRENGTH TEST: |
MAXIMUM SHEAR: 106- 6MAXIMUM ROTATION 2:067 iR xMuM MOMENT 281 5717

FAILURE MODE: weld crack and initiation of web net area crack

GENERAL COMMENTS AND DISCUSSION:

Ductility Cyvele
- at 0.07 radians minor yielding of top of flange
near the weld return couid be observed.

Strength Cycle

- at 45 kips weld end returas cracked.

- at 70 kips more yielding of flange near weld L
returns occurrad.

- at 93 kips web net area started to yield.

- at 104 kips severe vielding occurred in the web.

- at 107 simultanecus weld crack and web fracture
occurred.

17
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AISC TEE FRAMING CONNECTION RESEARCH
SUMMARY OF TEST NUMBER &

ORJECTIVE: Tc study ductility and strength of tee-framing connections

TESTDATE; July 2, 1987
CONDUCTED BY:MN. Nader and A. Astaneh AT: U.C. Berkeley
SPECIMEN: B-5

PROPERTIES OF TEST SPECIMEN:

TEE USED: WT 4x7.5

NOMINAL FLANGE WIDTH:3-15/16'NOMINAL FLANGE THICKNESS: 5/16"
NOMINAL WEB DEPTH:_4-1/16"  NOMINAL THICKNESS:  9/32"

NUMBER OF BOLTS: _5__ DIAMETER OF BOLTS:_7/5" TYPE OF BOLTS;_A-325
WELD SIZE: 3/16” ELECTROD USED: E70XX _ WELDLENGTH_14.5"

TEST RESULTS:

A ROTATION TEST:

MAXIMUM SHEAR:2.2 “MAXDMUM ROTATION: 0.06 "REAXIMUM MOMENT: 7.50k12)
MAJOR OBSERVATION _gpecimen failed due to weld cracking

B. STRENGTH TEST:

MAXTMUM SHEAR:_—__ MAXIMUM ROTATION:_— _ MAXTMUM MOMENT,_—
FATLURE MODE; —

GENERAL COMMENTS AND DISCUSSION:
Ducrility Cvcle

- at 0.025 (radians) yielding of flange at corners
near weld returns as well as shear yielding in
middle of flange was apparent.

~- at 0.045 radians yield lines were appearing
throughout the flange. Alsc, we noted bearing *;
on bottor bolt on web {compression)

- at 0.06 radians weld returns cracked and was
directly followed by total weld fracrure.

Strength Cycie .

— due te fracture of weld during ducrility cycle,
the strength cycle could not be conducted.

18
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AISC TEE FRAMING CONNECTION RESEARCH
SUMMARY OF TESTNUMBER _°

ORBJECTIVE: To studv ductility and strength of tee-framing connections

TEST DATE:_August 20, 1987
CONDUCTED BY:M.N, Nader and A, Astanch AT:___U.C. Berkeley
SPECDMEN: P22

PROPERTIES OF TEST SPECIMEN:

TEE USED: _WT 4.20
NOMINAL FLANGE WIDTH:_8-1/8" NOMINAL FLANGE THICKNESS: 9/16"

NOMINAL WEB DEPTH: 4-1/8"  NOMINAL THICKNESS: 3/e"

NUMBER OF BOLTS:_>_ DIAMETER OF BOLTS: 7/8" TYPE OF BOLTS A-325
WELD SIZE: 174" ELECTROD USED:E79XX_ WELDLENGTH_14.5

TEST RESULTS:

A ROTATION TEST:

k
MAXTMUM SHEAR: 8. 2 &A_AXIMUM ROTATION.S. &7 (%’IMUM MOMENT:47.9
MAJOR OBSERVATION weld return crack and some flampe vielding

(k-in}

B. STRENGTH TEST:
MAXIMUM SHEAR: 183. 11 AXIMUM ROTATION:2: 031 MIAXIMUM MOMENT:_19.63 (¥

FAIL URE MODE_fracture of web met area combined with bolt yielding

GENERAL COMMENTS AND DISCUSSION:

Puctility Cycle

— at 0.05 radians yielding of flange corners near
weld returns was noticeable.

- at 0.06 radians weld returns cracked and yield
iines started to sppear in middle of flange.

Strength Cycle

Z"at 170 kips most of the flange showed yielding as
well as bolts bearing on web.

- at 183 kips fracture of web net area combined with
bolt yielding (deformed) occurred.

19
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AISC TEE FRAMING CONKECTION RESEARCH
SUMMARY OF TESTNUMBER _ ©

———————

OBJECTIVE:_To study ductilicy and strength of tee-framing comnerrinps

TESTDATE: October &, 1887
CONDUCTED BY:M.N, Nader and A, Astanch AT: U.C. Berkelev
SPECDMEN: _B-3

PROPERTIES OF TEST SPECIMEN:

TEE USED: WT &.20

NOMINAL FLANGE WIDTH: 8-1/8" NOMINAL FLANGE THICKNESS: 9/16"
NOMINAL WEB DEPTH:_4-1/6" __ NOMINAL THICKNESS: _3/8"

NUMBER OF BOLTS:_3 _ DIAMETER OF BOLTS: 7/8" _ TYPE OF BOLTS:_A-325
WELD SIZE:_1/4" ELECTROD USED:E70¥%  WELDLENGTH_8.5"

TEST RESULTS:

A.ROTATION TEST:
MAXIMUM SHEAR: 4.1 R1AXTMUM ROTATION:0. 068 ‘EAXTMUM MOMENT: 226, 7 %~ 1%)

MAJOR OBSERVATION minor bearing in web due to bolt bearing on it

B. STRENGTH TEST:

k
MAXIMUM SHEAR: 116- 8 S AXTMUM ROTATION: 0-034 ‘BHAXTMUM MOMENT: 249.2
FAILURE MODE: fractur'e of web net area

{k=~in)

GENERAL COMMENTS AND DISCUSSION:
Ductility Cycle

- at 0.04 radians significant movement of beam relative
to tee-connection due to bolt slip could be
observed.

- at 0.07 radians minor bearing in web due to both
bearing on it was detected. v

Strength Cvycle
- at 50 kips weld returns cracked and the net area of

web experienced severe yielding. ]
- at 110 kips web net area fractured. There was a
crack between Znd and 3rd bolts.

20
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AISC TEE FRAMING CONNECTION RESEARCH
SU'MMARY OF TEST NUMBER __7

—

ORJECTIVE: To studv ductilitv and strength of tee-framing connectipns

TEST DATE: September 5, 1887
CONDUCTED BYM.N. Naderand A, Astaneh AT:_U.C. Berkeley
SPECIMEN: _4A-0.3-5

PROPERTIES OF TEST SPECIMEN:

TEE USED: flange of WI 7x19 welded to 0.5 thick pizte

NOMINAL FLANGE WIDTH: 6-9/16" NOMINAL FLANGE THICKNESS: 1 /2
NOMINAL WEE DEPTH: 6-14/16" NOMINAL THICKNESS: 1/2°

NUMBER OF BOLTS: 3 DIAMETER OF BOLTS:_2/8" TYPE OF BOLTS: a-325
WELD SIZE:__1/4" ELECTROD USED:E70xX  WELDLENGTH 4,50

TEST RESULTS:

A. ROTATION TEST:
MAXIMUM SHEAR: 0.76 $AXTMUM ROTATION:0.07 " $MAXIMUM MOMENT: 2.7 (<)
MAJOR OBSERVATION some yvislding was detected in flange

B. STRENGTH TEST:

MAXTMUM SHEAR: 238 (khAxIMLM ROTATION:0.038 (WXMUM MOMENT._13.

FATLURE MODE:;_very brittie bolt shear failure; alsopartial failure of weld is observed,
’

2(k»in)

GENERAL COMMENTS AND DISCUSSION:

Puctilitv Cycle

~ at 0,05 radians flange yielded at top corners near
weld returns, also weld return cracked.

- at 0.06 radians the middie of the flange yielded
(formation of 2nd plastic hinge).

Scrength Cycle L
~ at 200 kips the column fiange buckled. Also,

large areas of flange of tee was yielding.

- at 232 kips the bottom bolt sheared off and the
other beolts yielded. Failure took place at
238k,

21
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AISC TEE FRAMING CONNECTION RESEARCH
SUMMARY OF TEST NUMBER _ 8

OBJECTIVE: To study ductility and strength of tee~framing connections

TESTDATE: September 22, 1987
CONDUCTED BY M.N Naderand A, Astanch AT: U.C, Berkelev
SPECIMEN; _D-0.5.3

PROPERTIES OF TEST SPECIMEN:

TEE USED:; Flange of WT 4x20 welded to 0.5" thick plate

NOMINAL FLANGE WIDTH:E-1/8" NOMINAL FLANGE THICKNESS: 2/16"
NOMINAL WEB DEPTH:_~-1/8" NOMINAL THICKNESS: 1/2”

NUMBER OF BOLTS:__3 _DIAMETER OF BOLTS:_7/8" TYPE OF BOLTS:A-490
WELD SIZE:_1/4" ELECTROD USED:E70XX  WELDLENGTH _8.5"

TEST RESULTS:

A.ROTATION TEST:
MAXIMUM SHEAR: 3.4 SR AXIMUM ROTATION: 0.07 F4TAXTMUM MOMENT: 228 437

MAJOR OBSERVATION___no yielding signs
B. STRENGTH TEST:
k (RADY
MAXIMUM SHEAR:141-3 &ﬁn.mmm ROTATION:2.07 "MAXIMUM MOMENT:239.8

()

FATLURE MODE:_weld cracked

GENERAL COMMENTS AND DISCUSSION:

Ductility Cycle
- at 0.07 radians some vielding in web was observed

related to the bottor bolt bearing on it.

Strength Cycle
- at 70 kips net area of web started yielding.

- at 80 kips most of the flange was contributing v
in rotation {full of yield lines)

- at 104 kips weld returns cracked.

- at 118 kips strong yield lines flowing along
weld of flange and web were observed.

- at 141 kips weld cracked (brittle failure),

22
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AISC TEE FRAMING CONNECTION RESEARCH
SUMMARY OF TEST NUMBER _$%

To study ducrility and strength of tee-framing connections

OBJECTIVE:
TEST DATE: October 30, 1987

CONDUCTED BY:M.N. Nader and A, Astaneh AT U-C Berkeley
SPECIMEN: D-0.5-5

PROPERTIES OF TEST SPECIMEN:

TEE USED: Flange of WI 4x20 welded to 0.5" thick plate

NOMINAL FLANGE WIDTH:_8-1/8" NOMINAL FLANGE THICKNESS: 3/16”
NOMINAL WEB DEPTH: 4-1/8" __ NOMINAL THICKNESS: _1/2"

NUMBER OF BOLTS:_5_ DIAMETER OF BOLTS:_1/8" TYPEOF BOLTS: A=490
WELD SIZE:_1/4" ELECTROD USED:E70XX  WELD LENGTH_14.5"

TEST RESULTS:

A.ROTATION TEST:

MAXIMUM SHEAR:_2- 6 "RMAXTMUM ROTATION: 2:07 (RAD), S TMUM MOMENT:] og(kmin)
MAJOR OBSERVATION___minor vield of flamge

B. STRENGTH TEST:

MAXIMUM SHEAR: 2089 MAXIMUM ROTATION:: 033 3EAXTMUM MOMENT; 2518
FATLURE MODE;__bolt shear failure

(k-in)

GENERAL COMMENTS AND DISCUSSION:

Ductility Cycle

TTat 0.0675 radians compression yield of web was
observed. This was due to bottom both bearimg on
it.

~ at 0,07 radians yield lines were pbserved in the
middle of flange {shear yield) as well as yielding
of flange at corners neaT weld returns. )

Strength Cycle
— At 113 kips yield lines developed between the bolts,

Yielding of web due to compression of web was moTe ’ i ,
pronounced.

0
0
O
, 0
bolts occurred. an \r

~ at 209 kips a sudden and very brittle failure of ~

169





