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INTRODUCTION

This report summarizes the results of an experimental program involving cyclic testing of four ful
scale beam-column connection specimens. The specimens were designed by DASSE Design Inc
for McCandless Tower #2 (Santa Clara, California). The tests were carried out in the Structura
Testing Laboratory of the Department of Civil and Environmental Engineering of the University
of California at Berkeley under Service to Industry Project No. ES-2081. The Principa
Investigator was Professor Egor P. Popov.

The test specimens simulated beam-column assemblies with connections described as “cove:
plated flange with dogbone”. Two beam-column assemblages were studied. The first assemblage
consisted of a W33x130 beam and a W36x280 column. The second assemblage was made o:
heavier sections, namely a W36x194 beam and a W33x387 column. All sections were made o:
grade 50 steel. The beams were weakened through circular cuts (“dogbones”) on both bean
flanges, made at strategic locations. These cuts were designed to predetermined the location anc
capacity of the plastic hinge, such that the highest stresses occurred in the reduced section, away
from the welded beam-column connections. Results of recent tests of full scale steel beam-columr
connections [1, 2] indicate that circular cut dogbones are effective in improving the performanc:
of moment resisting connections. '

Three specimens, two with the smaller sections and one with the heavier sections, were initially
fabricated and scheduled for testing. The two specimens with small sections behaved adequately
under the cyclic loading program. The heavier specimen, however, failed suddenly with abrup
fracture of the welds between the column and bottom continuity plates. This specimen wa:
visually inspected before the test, and it was observed that its continuity plates were significantl
distorted and that the column was slightly crooked and warped. In spite of the obvious fabricatior
imperfections, it was decided to test the specimen, under the assumption that these could b«
taken as representative of field conditions. Inspection of the damaged specimen after the tes
seemed to indicate that the cause of the fracture was mainly related to the quality of the welds. A:
a result of this unexpected failure, another specimen of the same type was fabricated and testec
with more attention given to weld inspection. This fourth specimen sustained successfully th
testing program.



TEST SPECIMENS

All test specimens were fabricated by The Herrick Corporation. The following table describes the

sections used:

Test .
Assembly Specimens Beam Column
1 1,2 W33x130 | W36x280
2 3,4 W36x194 | W33x387

All sections were made of ASTM AS572 Gr.50 steel. Material properties according to mill
certificates and coupon tests (performed by Schwein/Cristensen Laboratories) are presented in
Appendix A. Figure 1 shows the dimensions and geometry of the specimens. The connection
details are presented in Figure 2.

TEST SETUP, INSTRUMENTATION & DATA ACQUISITION

The specimens were tested in the Structural Testing Laboratory of UC Berkeley. The test setup
was designed to accommodate specimens in a horizontal position, as shown in Figure 3. The
photograph in Figures 4 shows view of a test in progress.

The support system consisted of three reinforced concrete reaction blocks pre-stressed to the
floor with high strength rods. The ends of the column were also pre-stressed to the reaction
blocks. The bottom column end support restrained displacement in two directions and thus
simulated a hinged connection (Figure 5); the top end support simulated a roller support (Figure
6). Steel support seats, relatively flexible in bending, were made of W-sections and placed
between the column and the reaction blocks to allow for the rotation of the column end sections.

The load was applied to the cantilever beam end by a hydraulic actuator, through a clevis bolted
to the beam end plate (Figure 7). The actuator had a displacement range of + 6 inches and a
capacity of + 350 kips when controlled via a 3,000 psi servovalve, and a capacity of + 500 kips
with a manually operated pump. No axial load was applied to the column. To prevent out of plane
motion of the beam, a horizontal bracing system was provided near the beam end.

Many sensors were used to monitor the response of the specimens during the tests in order to
understand its behavior. Figures 8 and 9 show the location of measuring instruments on
specimens. Table 1 gives a brief description of the instruments and their actual usage for all
specimens.



Linear potentiometers were installed to measure the global behavior of the specimen: beam end

deflection, joint rotation, and panel zone shear deformation. These sensors were calibrated to
have an accuracy better than + 0.01 inch. Note that, since the displacement history was used to
command the actuator, the actual beam end displacement was somewhat smaller. Displacement
transducers were therefore provided to measure both the actuator and beam end displacements
(channels 78 and 79 in Figure 8, respectively, channel 1 was used for actuator feedback).
Additional sensors were placed to detect possible movement of the supports (channels 73 to 76;
no significant movement was observed during any test).

Strain gages and rosettes were glued at critical locations to investigate the local response. These
gages had a range of at least 3% strain, and were thus functional well within the plastic range.
They were calibrated to obtain strain readings within +0.01%. The applied load was read with a
500 kip load cell (channel 2) attached to the actuator. Load readings were accurate to + 0.5 kip.

All the instruments were connected to a computer-based data acquisition and control system
shown in Figure 10a. This system consisted of a Neff 470 box with a capacity of 240 input
channels and 16 output channels, connected to a 50 MHz 486 PC running under the QNX
operating system. A Keithley DAS 1601 card installed inside the computer was used to send the
displacement command signal to a Moog controller connected to the actuator servovalve. The
Autonet software was used to develop a computer program to generate and apply the required
actuator displacement history (for servo-controlled tests) and to read the instrumental
measurements. Readings were stored in binary format (Autonet LDF) during testing, and at the
end of each test, data was backed up and exported as an ASCII text file through the
Department’s Ethernet network to another PC for processing.

Extremely valuable visual (and sometimes aural) information was generated by videotaping
(Figure 10b) and taking numerous photographs during each test. White-wash coating (hydrated
lime) was used for revealing the qualitative patterns of strain distribution in the specimen during
the test.

LOADING HISTORY

The testing program was based on the ATC-24 document "Guidelines for Cyclic Seismic Testing
of Steel Structures" [3]. The specimens were tested under displacement control, following ¢
loading history consisting of stepwise increasing deformation cycles. Each loading step wax
defined by the peak deformation (actuator displacement) and by the number of cycles, as showr
in Figure 11.



DATA PROCESSING

The specimen behavior was characterized by the following parameters: applied load, beam enc
displacement, plastic rotation, column deformation, panel zone shear deformation, and bean
deflection. A test specimen layout, corresponding measurements, and chosen positive direction
of applied load, measured displacements, and rotations are shown in Figure 12.

Total displacement of the beam end (&) is caused by the deformations of beam itself, column
and panel zone. As a result of the column and panel zone deformations, the panel zone rotates o1
a certain angle (€@;) and changes its initial configuration. The panel zone position an
configuration for a deformed specimen are shown in Figure 13. Four displacement measurement
(6,0, &, and &, ) were used to compute the connection rotation (©.) and panel zone shea
deformation (»). The total displacement of the beam end (&iws) can be separated into thre:
components: displacement due to deformation of the beam itself (&), displacement caused b

rigid connection rotation (&;), and the contribution from the panel zone shear (8,) as shown i
Figure 14. These values were determined as follows:

Beam end displacement: 6,
5lozal

L
where L is the "clear length" of the beam. For the DASSE specimens this value was
calculated with respect to the center of the plastic hinge (L = L, - L. ).

e Total rotation: 6, =

) ) 6,-06
e Connection rotation: 8, = -1 2

12

Ja® +b?

27(53 -8,)

e Panel zone shear deformation: y =

where a and b are the dimensions of the rectangular panel zone area used for measuring the
panel zone shear deformation.

d d
o Beam deflection: §, =4J,,,, —Gc-(Lb +7‘) +7—2i
M

o Total plastic rotation: (6,,.4) , = 6. o
6

where M = Q(L. - L) is the moment at the bottom cover plate edge and Kjp is the elasti
stiffness determined from the M - 6. curve. The unloading path of one of the elastic cycle



below the reverse point was used to estimate stiffness, to avoid the influence of initial
imperfections, clearances, hysteresis, etc. The range from 0.8Mpea to 0.2Mpea Was fitin a
least-squares sense to determine the slope of the elastic curve.

A set of MATLAB (v4.0) programs was created to process data and to plot results in accordance
with the procedure described above.

TEST RESULTS
SPECIMEN 1

Specimen 1 was tested on August 20, 1996. The specimen sustained all loading steps up to and
including the 5.5" actuator displacement cycles without fracture. The imposed loading history is
shown in Figure 15.

First spalling of the white-wash due to yielding was noticed during 0.75" cycles on the top beam
flanges near the cover plate. During 1" and 2" cycles white-wash flakes covered the beam flanges
on more than three quarters of the cut zone and extended into the beam web near the cut center
line. The white-wash flakes distribution indicated conclusively that plastic hinge developing began
in the weakened zone of the beam. During 3" actuator displacement cycles the plastic hinge was
formed and local buckling of the bottom beam flange was noticed near the cut center. The beam
web also started buckling. Beam buckling during 3" and following cycles was accompanied by
degradation of the maximum load. At the maximum displacement (-5.5") the strength
deterioration reached 57%. Beam buckling (measured after the test) can be briefly outlined as
follows: top flange ~2.5" , bottom flange ~3.25"; and the out-of-plane buckling of the beam web
had a wave shape with peak distortions +1.5" and -5.5" . There were no visible fractures
observed.

Plots of applied load versus beam end displacement response and moment at column face versus
plastic rotation are presented in Figures 16 and 17, respectively. Plastic rotation was calculated
with respect to the center of the plastic hinge. A graph showing the energy dissipated by the
specimen versus cumulative actuator displacement is presented in Figure 18. Panel zone shear
deformation (average) is shown in Figure 19. Beam deflection (total beam end displacement
minus column and panel zone contributions) is shown in Figure 20. Plots of local strains in
selected points are presented in Figures 21 - 28. Photographs in Figures 29 - 34 illustrate the
observed behavior of the beam during the test.

Key parameters characterizing the specimen performance presented in Table 2.



SPECIMEN 2

Specimen 2 was tested on September 16, 1996. The overall behavior of Specimen 2 was very
similar to that of Specimen 1. The specimen sustained all loading steps up to and including twc
5.5" actuator displacement cycles without fracture. Test was continued and the specimen failed
during the 3rd 5.5” cycle. The imposed loading history is shown in Figure 35.

First spalling of the white-wash due to yielding was noticed during 0.5" cycles on the top bearr
flange near the cover plate. During 2" cycles white-wash flakes covered the beam flanges on more
than half of the cut zone and extended into the beam web between the ends of cover plates anc
the cut center line. The white-wash flakes distribution indicated conclusively that plastic hinge
developing began in the weakened zone of the beam. During 3" actuator displacement cycles the
plastic hinge was formed and local buckling of the beam flanges (bottom flange - first) was
noticed near the cut center. The beam web also started buckling. Beam buckling during 3" anc
following cycles was accompanied by degradation of the maximum load. At the maximum
displacement (-5.5") the strength deterioration reached 54%. Beam buckling (measured after the
test) can be briefly outlined as follows: top flange ~3" , bottom flange ~3.5"; and the out-of-plane
buckling of the beam web had a wave shape with peak distortions from the initial beam web plane
equal +1.5" and -4" .

Cracks were noticed on the bottom beam flange during the third 5.5” cycle. Cracks developmen
was accompanied by rapid deterioration of the load and at the end of the cycle the major crack cu
a half of the bottom beam flange. At that point the test was stopped.

Plots of applied load versus beam end displacement response and moment at column face versu:
plastic rotation are presented in Figures 36 and 37, respectively. Plastic rotation was calculatec
with respect to the center of the plastic hinge. A graph showing the energy dissipated by the
specimen versus cumulative actuator displacement is presented in Figure 38. Panel zone shea
deformation (average) is shown in Figure 39. Beam deflection (total beam end displacemen
minus column and panel zone contributions) is shown in Figure 40. Plots of local strains ir
selected points are presented in Figures 41 - 60. Photographs in Figures 61 - 66 show behavior o:
the specimen during the test.

Key parameters characterizing the specimen performance are presented in Table 2.

SPECIMEN 3

Specimen 3 was tested on August 27, 1996. The specimen failed suddenly during the second 3'
cycle. Imposed loading history is shown in Figure 67. It should be noted that, prior the testing
noticeable distortions (about 0.5”) of both column stiffeners (continuity plates) were observed
which seemed to indicate the presence of unanticipated residual stresses.



First spalling of the white-wash due to yielding was noticed during 1" cycles on the column web.
They occurred in the beam side corners of the panel zone. During 2" cycles white-wash flakes
appeared on the beam web and beam flanges near the cut center. The white-wash flakes
distribution indicated conclusively that plastic hinge developing began in the weakened zone of
the beam.

The specimen failed suddenly during the second 3" cycle. Welds between bottom continuity plates
and column fractured and the cracks cut the column web at about 9” each way from the continuity
plate. It should be noted that only two fractured welds had back-up bars left in place. Six others
welds of this type were rejected by UT (as it was reported) and repaired.

Plots of applied load versus beam end displacement response and moment at column face versus
plastic rotation are presented in Figures 68 and 69, respectively. Plastic rotation was calculated
with respect to the center line of the circular cuts. A graph showing the energy dissipated by the
specimen versus cumulative actuator displacement is presented in Figure 70. Panel zone shear
deformation (average) is shown in Figure 71. Beam deflection (total beam end displacement
minus column and panel zone contributions) is shown in Figure 72. Plots of local strains in
selected points are presented in Figures 73 - 80. Photographs in Figures 81 - 83 show behavior of
the specimen during the test. Fracture details are shown in Figures 84 - 88.

Key parameters characterizing the specimen behavior presented in Table 2.

On August 28 the test was continued to determine the ability of the connection to withstand
applied load after fracture. During this post-fracture test the actuator displacement cycles were
exercised only in one direction (negative sense) to prevent further propagation of cracks. Crack
propagation was observed when the load reached +170 kips. The imposed displacement history
and corresponding load response are shown in Figures 89 and 90, respectively. The following
peak values were measured during this test:

e Max Actuator Displacement -5.48 inches
e Maximum Load -379 kips

Additional metallurgical analysis of the failed weld joint were performed by Schwein/Cristensen
Laboratories, Inc. According to their study [5] both welded joints were cracked prior to the test
at UC Berkeley. This was because “the preheat temperature was not properly maintained and/or
the 150°F minimum code requirement is inadequate for this thickness of material and the highly
constrained joint condition.”

SPECIMEN 4

Specimen 4 was tested on August 27, 1996. The specimen dimensions, geometry, and materials
were the same as for Specimen 3 (W36x194 beam and W33x387 column of A572-Gr50 steel).
Because of the sudden failure of Specimen 3, weld inspection was emphasized during the



fabrication of this specimen. It should be noted that the beam bottom flange had an initial
distortion in the dogbone region measuring about 1/4”.

The specimen sustained all loading steps up to and including the 5.5" actuator displacement cycles
without fracture. The imposed loading history is shown in Figure 91.

First spalling of the white-wash due to yielding was noticed during 1" cycles in the beam side
corners the column panel zone. Flaking was less than what was observed for Specimen 3. During
2" cycles white-wash flakes appeared on the beam web and beam flanges near the cut center. The
white-wash flakes distribution indicated conclusively that plastic hinge developing began in the
weakened zone of the beam. During 3” cycles the plastic hinge was formed and local buckling of
the beam bottom flange and beam web was noticed near the cut center line. Buckling of the beam
top flange was moderate and was accompanied only by small force degradation and the maximum
strength deterioration was less than 15%. There were no visible fractures observed except a few
small local cracks in the most deformed zones of the beam bottom flange (the maximum length of
the cracks did not exceed 1/4”).

Plots of applied load versus beam end displacement response and moment at column face versus
plastic rotation are presented in Figures 92 and 93, respectively. Plastic rotation was calculated
with respect to the center line of the circular cuts. A graph showing the energy dissipated by the
specimen versus cumulative actuator displacement is presented in Figure 94. Panel zone shear
deformation (average) is shown in Figure 95. Beam deflection (total beam end displacement
minus column and panel zone contributions) is shown in Figure 96. Plots of local strains in
selected points are presented in Figures 97 - 120. Photographs in Figures 121 - 128 show
behavior of the specimen during the test.

Key parameters characterizing the specimen behavior presented in Table 2.
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Box 17 (1/0O Connector 1)

TABLE 1: CHANNEL - INSTRUMENT LIST

channel | cont. #| label device description miscellaneous
1 1 KTEMPA | tempo | temposonic
2 2 KLC l.cell load cell
3 3 KEMP3 spare
4 4 KEMP4 spare
5 5 KEMPS spare
6 6 KEMP6 spare
7 7 KEMP7 spare
8 8 KEMP8 spare
9 9 KEMP9 spare
10 10 KEMP10 spare
11 11 KEMP11 spare
12 12 KEMP12 spare
13 13 KEMP13 spare
14 14 KEMP14 spare
15 15 KEMP15 spare
16 16 KP1B17 | trafo power supply

Box 18 ( 1/0 Connector 10)

channel | cont. #| label device description miscellaneous
17 1 KSG17 |sg 120 | top flange 1 (edge) All specimens
18 2 KSG18 |sg 120 | top flange 2 (axis) All specimens
19 3 KSG19 |sg 120 | top flange 3 (edge) All specimens
20 4 KSG20 |rg 120 | top "db" hor (edge) All specimens
21 5 KSG21 rg 120 | top "db" dia (edge) Sp. 4 only
22 6 KSG22 |rg 120 | top "db" ver (edge) Sp.2 & 4 only
23 7 KSG23 |rg 120 | top "db" hor (axis) All specimens
24 8 KSG24 |rg 120 | top "db" dia (axis) Sp. 4 only
25 9 KSG25 |rg 120 | top "db" ver (axis) Sp.2 & 4 only
26 10 KSG26 |[sg 120 | top "db" hor (edge) All specimens
27 11 KSG27 |sg 120 | top stiffener Sp.2 & 4 only
28 12 KSG28 |rg 120 | PZtop corner hor Sp. 2 & 4 only
29 13 KSG29 |rg 120 | PZtop corner dia Sp.2 & 4 only
30 14 | KSG30 |rg 120 | PZtop corner ver Sp.2 & 4 only
31 15 KEMP31 spare
32 16 KP1B18 | trafo power supply




Box 19 ( I/O Connector 11)

channel | cont. #| label device description miscellaneous
33 1 KSG33 |sg 120 | bot filange 1 (edge) All specimens
34 2 KSG34 |sg 120 | bot flange 2 (axis) All specimens
35 3 KSG35 |sg120 | botflange 3 (edge) All specimens
36 4 KSG36 |sg 120 | bot "db" hor (edge) All specimens
37 5 KSG37 |sg 120 | bot "db" dia (edge) Sp. 4 only
38 6 KSG38 |sg 120 | bot "db" ver (edge) Sp.2 & 4 only
39 7 KSG39 |rg 120 | bot "db" hor (axis) All specimens
40 8 KSG40 |rg 120 | bot "db" dia (axis) Sp. 4 only
41 9 KSG41 | rg 120 | bot "db" ver (axis) Sp. 2 & 4 only
42 10 | KSG42 |rg 120 | bot"db" hor (edge) All specimens
43 11 KSG43 | rg 120 | bot stiffener Sp. 2 & 4 only
44 12 KSG44 |rg 120 | PZ bot corner hor Sp. 2 & 4 only
45 13 KSG45 |rg 120 | PZ bot corner dia Sp. 2 & 4 only
46 14 KSG46 | rg 120 | PZ bot corner ver Sp. 2 & 4 only
47 15 KEMP47 spare
48 16 KP1B19 | trafo power supply
Box 29 ( 1/O Connector 13)
channel | cont. # | label device description miscellaneous
65 1 KEM129 spare
66 2 KEM130 spare
67-131 3 KPCNRT | spot 4" | cnct. rotation top
68-132 4 KPCNRB | spot 4" | cnct. rotation bot
69-133 5 KPWBST | spot 2" | web shear NE to SW
70-134 6 KPWBSB| spot 2" | web shear SE to NW
71 7 KEM135 spare
72 8 KEM136 spare
73-137 9 KPNSTT | spot 2" | north seat top
74 10 KEM138 spare
75-139 11 KPNSTA | spot 2" | north seat axial
76-140 12 KPSSTT | spot 2" | south seat top
77 13 KEM141 spare
78-142 14 KWPTA | wpot 15"| control act displ!
79-143 15 KWPTD | wpot 15" control tip dipl.
80 16 KP2B29 | trafo power supply
sg 120: 120 Q strain gage
rg 120: 120 Q2 rosette strain gage
wpot 15"; wire pot with 15" stroke
spot 2":  stick pot with 2" stroke

spot 4"

stick pot with 4" stroke
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FIGURE 1: TEST SPECIMEN
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FIGURE 2: CONNECTION DETAILS
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FIGURE 3: TEST SETUP
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FIGURE 4: PHOTOGRAPH SHOWING A SPECIMEN TESTING




FIGURE 6: COLUMN TOP END SUPPORT




FIGURE 8: SPECIMEN INSTRUMENTATION -- POTENTIOMETERS
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FIGURE 9: SPECIMEN INSTRUMENTATION -- STRAIN GAGES
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FIGURE 10A: DATA ACQUISITION AND CONTROL SYSTEM




Displacement Control
Parameter

FIGURE 11

: TEST PROGRAM

Load Peak Displacement{ Number
Step Displacement Rate of Comments
[inch] [in/sec] Cycles
1 0.10 0.05 2 Equipment Test
2 0.25 0.01 3
3 0.50 0.01 3
4 0.75 0.01 3
5 1.00 0.01 3 Reference point
6 2.00 0.01 3
7 3.00 0.01 3
8 4.00 0.01 2
9 5.00 0.02 2
10 5.50 0.02 n




FIGURE 12: TEST SPECIMEN -- REFERENCE DIMENSIONS AND MEASUREMENTS
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FIGURE 13: PANEL ZONE DEFORMATION




FIGURE 14: CONTRIBUTIONS IN TOTAL BEAM END DISPLACEMENT
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FIGURE 15: IMPOSED LOADING HISTORY -- ACTUATOR DISPLACEMENT
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FIGURE 16: APPLIED LOAD / BEAM END DISPLACEMENT RESPONSE
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FIGURE 17: PLASTIC ROTATION VERSUS MOMENT @ COVER PLATE EDGE
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FIGURE 18: DISSIPATED ENERGY
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FIGURE 19: PANEL ZONE SHEAR DEFORMATION
« 10° UCB-DASSE #1
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FIGURE 20: BEAM CONTRIBUTION TO TOTAL DISPLACEMENT
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FIGURE 21: LOCAL RESPONSE -- TOP BEAM FLANGE EDGE (@ COVER PLATE)
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FIGURE 22: LOCAL RESPONSE -- TOP BEAM FLANGE AXIS (@ COVER PLATE)
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FIGURE 23: LOCAL RESPONSE -- BOTTOM BEAM FLANGE EDGE (@ COVER PLATE)
UCB-DASSE #1: SG33
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FIGURE 24: LOCAL RESPONSE -- BOTTOM BEAM FLANGE AXIS (@ COVER PLATE)
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FIGURE 25: LOCAL RESPONSE -- TOP FLANGE EDGE (@ “DOG BONE”)
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FIGURE 26: LOCAL RESPONSE -- TOP FLANGE AXIS (@ “DOG BONE”)
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FIGURE 27: LOCAL RESPONSE -- BOTTOM FLANGE EDGE (@ “DOG BONE”)
UCB-DASSE #1: SG36
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FIGURE 28: LOCAL RESPONSE -- BOTTOM FLANGE AXIS (@ “DOG BONE”)
UCB-DASSE #1: SG39
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FIGURE 29: SPECIMEN 1 -- FIRST WHITE-WASH FLAKES ON BEAM TOP FLANGE
(@ 0.75™ actuator displacement )

FIGURE 30: SPECIMEN 1 -- BEAM TOP FLANGE
(@ 17 actuator displacement )




FIGURE 31: SPECIMEN 1 -- BEAM TOP FLANGE
(@+2” actuator displacement )

FIGURE 32: SPECIMEN 1 -- BEAM AFTER 2” CYCLES
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FIGURE 33: SPECIMENI -- BEAM AFTER 4" CYCLES
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FIGURE 31: SPECIMEN 1 -- BEAM TOP FLANGE
(@+2” actuator displacement )
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FIGURE 29: SPECIMEN 1 -- FIRST WHITE-WASH FLAKES ON BEAM TOP FLANGE
(@ 0.75™ actuator displacement )

FIGURE 30: SPECIMEN 1 -- BEAM TOP FLANGE
(@ 17 actuator displacement )




FIGURE 35: IMPOSED LOADING HISTORY -- ACTUATOR DISPLACEMENT
UCB-DASSE #2
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FIGURE 36: APPLIED LOAD / BEAM END DISPLACEMENT RESPONSE
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FIGURE 37: PLASTIC ROTATION VERSUS MOMENT @ COVER PLATE EDGE
< 10° UCB-DASSE #2
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FIGURE 38: DISSIPATED ENERGY
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FIGURE 41: LOCAL RESPONSE -- TOP BEAM FLANGE EDGE (@ COVER PLATE)
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FIGURE 42: LOCAL RESPONSE -- TOP BEAM FLANGE AXIS (@ COVER PLATE)
UCB-DASSE #2: SG18
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FIGURE 40: BEAM CONTRIBUTION TO TOTAL DISPLACEMENT
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FIGURE 39: PANEL ZONE SHEAR DEFORMATION
« 10° UCB-DASSE #2
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FIGURE 43: LOCAL RESPONSE -- BOTTOM BEAM FLANGE EDGE (@ COVER PLATE)
UCB-DASSE #2: SG33
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FIGURE 44:

LOCAL RESPONSE -- BOTTOM BEAM FLANGE AXIS (@ COVER PLATE)
UCB-DASSE #2: SG34
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FIGURE 45: LOCAL RESPONSE -- TOP FLANGE EDGE HOR (@ “DOG BONE”)
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FIGURE 46: LOCAL RESPONSE -- TOP FLANGE EDGE VER (@ “DOG BONE”)
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FIGURE 47: LOCAL RESPONSE -- TOP FLANGE AXIS HOR (@ “DOG BONE”)
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FIGURE 48: LOCAL RESPONSE -- TOP FLANGE AXIS VER (@ “DOG BONE”)

force [kips]

400

UCB-DASSE #2: SG25

300

2001

e
o
o

0

-100

-200

-300

400
-0.03

-0.02

-0.01 0 0.01 0.02 0.03
local strains



FIGURE 49: LOCAL RESPONSE -- BOTTOM FLANGE EDGE HOR (@ "DOG BONE”)

UCB-DASSE #2: SG36
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FIGURE 50: LOCAL RESPONSE -- BOTTOM FLANGE EDGE VER (@ "DOG BONE”)
UCB-DASSE #2: SG38
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FIGURE 51: LOCAL RESPONSE -- BOTTOM FLANGE AXIS HOR (@ "DOG BONE”)

UCB-DASSE #2: SG39
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FIGURE 52: LOCAL RESPONSE -- BOTTOM FLANGE AXIS VER (@ "DOG BONE”)
UCB-DASSE #2: SG41
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FIGURE 53: LOCAL RESPONSE -- TOP STIFFENER
UCB-DASSE #2: SG27
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FIGURE 54: LOCAL RESPONSE -- BOTTOM STIFFENER
UCB-DASSE #2: SG43
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FIGURE 55: LOCAL RESPONSE -- PANEL ZONE (TOP CORNER HOR)
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FIGURE 56: LOCAL RESPONSE -- PANEL ZONE (TOP CORNER DIA)
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FIGURE 57: LOCAL RESPONSE -- PANEL ZONE (TOP CORNER VER)
UCB-DASSE #2: SG30

400

-
o
o

-

force [kips]
o

b ok
o O
o O

300 ........... ........... , ........... ........... ............

...................................

300k S S S S

~400 i i :
-0.03 -0.02 -0.01 0

local strains

0.01

FIGURE 58: LOCAL RESPONSE -- PANEL ZONE (BOTTOM CORNER HOR)
UCB-DASSE #2: SG44
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FIGURE 59: LOCAL RESPONSE -- PANEL ZONE (BOTTOM CORNER DIA)
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FIGURE 60: LOCAL RESPONSE -- PANEL ZONE (BOTTOM CORNER VER)
UCB-DASSE #2: SG46
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FIGURE 65: SPECIMEN 2 -- FAILURE OF THE BEAM BOTTOM FLANGE
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FIGURE 63: SPECIMEN 2 -- BEAM BOTTOM FLANGE

(after 2nd 5.5” cycle )
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FIGURE 64: SPECIMEN 2 -- CRACK APPEARANCE IN THE BEAM BOTTOM FLANGE
(@3rd 5.57cycle)
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FIGURE 62A: SPECIMEN 2 -- BEAM AFTER 4” CYCLES
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FIGURE 61C: SPECIMEN 2 -- BEAM TOP FLANGE
(after 27 cycles )

FIGURE 61D: SPECIMEN 2 -- BEAM TOP FLANGE
(after 3” cycles )




FIGURE 61A: SPECIMEN 2 -- WHITE-WASH FLAKES ON BEAM TOP FLANGE
(@ +0.75” actuator displacement )

FIGURE 61B: SPECIMEN 2 -- BEAM TOP FLANGE
(@ +1” actuator displacement )




FIGURE 67: IMPOSED LOADING HISTORY -- ACTUATOR DISPLACEMENT
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FIGURE 68: APPLIED LOAD / BEAM END DISPLACEMENT RESPONSE
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FIGURE 69: PLASTIC ROTATION VERSUS MOMENT @ COVER PLATE EDGE
« 10° UCB-DASSE #3
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FIGURE 70: DISSIPATED ENERGY

« 10° UCB-DASSE #3
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FIGURE 71: PANEL ZONE SHEAR DEFORMATION
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FIGURE 72: BEAM CONTRIBUTION TO TOTAL DISPLACEMENT
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FIGURE 73: LOCAL RESPONSE -- TOP BEAM FLANGE EDGE (@ COVER PLATE)
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FIGURE 74: LOCAL RESPONSE -- TOP BEAM FLANGE AXIS (@ COVER PLATE)
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FIGURE 75: LOCAL RESPONSE -- BOTTOM BEAM FLANGE EDGE (@ COVER PLATE)
UCB-DASSE #3: SG33
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FIGURE 76: LOCAL RESPONSE -- BOTTOM BEAM FLANGE AXIS (@ COVER PLATE)
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FIGURE 77: LOCAL RESPONSE -- TOP FLANGE EDGE (@ “DOG BONE”)
UCB-DASSE #3: SG20
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FIGURE 78: LOCAL RESPONSE -- TOP FLANGE AXIS (@ “DOG BONE”)
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FIGURE 79: LOCAL RESPONSE -- BOTTOM FLANGE EDGE (@ “DOG BONE”)
UCB-DASSE #3: SG36

400 ; ; .
300 ............ ........... ;...¢.......§ ........
200 ....................................
7 100 ...................................
a : :
= : :
p 0 ............ L S
e : : Il
..9_100 ............ TP RN |
__200...........% ........... ........
_300.4.._......% ........... . ......
_400 1 i i 1 i
-0.03 -0.02 -0.01 0 0.01 0.02 0.03

local strains

FIGURE 80: LOCAL RESPONSE -- BOTTOM FLANGE AXIS (@ “DOG BONE”)

UCB-DASSE #3: SG39
400 : ;

300

200

-
o
o

0

force [kips]

-100

-200

-300

-400 —E ‘ 5
-0.03 -0.02 -0.01 0 0.01 0.02 0.03
local strains

i




FIGURE 81: SPECIMEN 3 -- FIRST WHITE-WASH FLAKES ON COLUMN WEB
(@ 17 actuator displacement )
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FIGURE 82: SPECIMEN 3 -- PANEL ZONE
(@2 actuator displacement )

IS
3
3

S it




FIGURE 83: SPECIMEN 3 -- BEAM AFTER FIRST 3” CYCLE

FIGURE 84: SPECIMEN 3 -- FRACTURE PATTERN




FIGURE 85: SPECIMEN 3 -- FRACTURE

FIGURE 86: SPECIMEN 3 -- FRACTURE
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FIGURE 87: SPECIMEN 3 -- UNDERSIDE VIEW OF THE CRACK




FIGURE 89: IMPOSED LOADING HISTORY -- ACTUATOR DISPLACEMENT

UCB-DASSE #3 (POST-FRACTURE TEST)
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FIGURE 90: LOAD RESPONSE
UCB-DASSE #3 (POST-FRACTURE TEST)
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FIGURE 91: IMPOSED LOADING HISTORY -- ACTUATOR DISPLACEMENT
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FIGURE 92: APPLIED LOAD / BEAM END DISPLACEMENT RESPONSE
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FIGURE 93: PLASTIC ROTATION VERSUS MOMENT @ COVER PLATE EDGE
% 10* UCB-DASSE #4
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FIGURE 94: DISSIPATED ENERGY
« 10° UCB-DASSE #4
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FIGURE 95: PANEL ZONE SHEAR DEFORMATION
% 10° UCB-DASSE #4
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FIGURE 96: BEAM CONTRIBUTION TO TOTAL DISPLACEMENT
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FIGURE 97: LOCAL RESPONSE -- TOP BEAM FLANGE EDGE (@ COVER PLATE)
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FIGURE 98: LOCAL RESPONSE -- TOP BEAM FLANGE AXIS (@ COVER PLATE)

UCB-DASSE #4: SG18
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FIGURE 99: LOCAL RESPONSE -- BOTTOM BEAM FLANGE EDGE (@ COVER PLATE)

UCB-DASSE #4: SG33
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FIGURE 100: LOCAL RESPONSE -- BOTTOM BEAM FLANGE AXIS (@ COVER
PLATE)
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FIGURE 101: LOCAL RESPONSE -- TOP FLANGE EDGE HOR (@ “DOG BONE”)

UCB-DASSE #4: SG20
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FIGURE 102: LOCAL RESPONSE -- TOP FLANGE AXIS HOR (@ “DOG BONE”)

UCB-DASSE #4: SG23
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FIGURE 103: LOCAL RESPONSE -- TOP FLANGE EDGE VER (@ “DOG BONE”)
UCB-DASSE #4: SG22
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FIGURE 104: LOCAL RESPONSE -- TOP FLANGE AXIS VER (@ “DOG BONE”)

UCB-DASSE #4: SG25
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FIGURE 105: LOCAL RESPONSE -- TOP FLANGE EDGE DIA (@ “DOG BONE”)
UCB-DASSE #4: SG21
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FIGURE 106: LOCAL RESPONSE -- TOP FLANGE AXIS DIA (@ “DOG BONE”)
UCB-DASSE #4: SG24
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FIGURE 107: LOCAL RESPONSE -- BOTTOM FLANGE EDGE HOR (@ ”"DOG BONE”)

UCB-DASSE #4. SG36
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FIGURE 108: LOCAL RESPONSE -- BOTTOM FLANGE AXIS HOR (@ "DOG BONE”)
UCB-DASSE #4: SG39
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FIGURE 109: LOCAL RESPONSE -- BOTTOM FLANGE EDGE VER (@ "DOG BONE”)
UCB-DASSE #4: SG38
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FIGURE 110: LOCAL RESPONSE -- BOTTOM FLANGE AXIS VER (@ "DOG BONE”)
UCB-DASSE #4: SG41
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FIGURE 111: LOCAL RESPONSE -- BOTTOM FLANGE EDGE DIA (@ ”"DOG BONE”)
UCB-DASSE #4: SG37
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FIGURE 112: LOCAL RESPONSE -- BOTTOM FLANGE AXIS DIA (@ "DOG BONE”)
UCB-DASSE #4: SG40
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force [kips]
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FIGURE 113: LOCAL RESPONSE -- TOP STIFFENER

UCB-DASSE #4: SG27
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FIGURE 114: LOCAL RESPONSE -- BOTTOM STIFFENER

UCB-DASSE #4: SG43
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FIGURE 117: LOCAL RESPONSE -- PANEL ZONE (TOP CORNER VER)
UCB-DASSE #4: SG30
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FIGURE 118: LOCAL RESPONSE -- PANEL ZONE (BOTTOM CORNER HOR)
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FIGURE 115: LOCAL RESPONSE -- PANEL ZONE (TOP CORNER HOR)

UCB-DASSE #4: SG28
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FIGURE 116: LOCAL RESPONSE -- PANEL ZONE (TOP CORNER DIA)
UCB-DASSE #4: SG29
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FIGURE 121: SPECIMEN 4 -- BEAM TOP FLANGE
(after 27 cycles )

FIGURE 122: SPECIMEN 4 -- BEAM BOTTOM FLANGE
(after 2 cycles )
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FIGURE 123: SPECIMEN 4 -- BEAM TOP FLANGE
(after 3" cycles )

FIGURE 124: SPECIMEN 4 -- BEAM TOP FLANGE
(after 5” cycles )




FIGURE 125: SPECIMEN 4 -- BEAM TOP FLANGE

(@ -5 actuator displacement)
S ¢

FIGURE 126: SPECIMEN 4 -- BEAM TOP FLANGE
(after the test )




FIGURE 127: SPECIMEN 4 -- PANEL ZONE TOP CORNER
(after the test)
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FIGURE 128: SPECIMEN 4 -- BEAM AFTER THE TEST
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APPENDIX A

MATERIAL PROPERTIES



AUG & 88 12:02 : . PRGE.DB2

- ""d'?)'i“'"' K 3’ i, 1'?«- “A 5 _..,,‘_ oans

oo R
G

£ :1"0‘.’335;! AMATO STEEL °° " CesmFiEn mmmé?"or
; aLYrHEV:LLE.ARnsw . : QUALITY STEEL = Miﬂjqﬁfm

e ALG. STEEL PRODUCED:BY: ﬁUCO&ﬂNA!ATD STEEL COMPANY WAS nELTeo.
AND WANUFACTURED, 'IN THE UNITED STATES OF - AMERICA. o

" ,‘-..,,‘m. ‘o"“,

~SoLoTo: . ' | BHIPTO: sde s

et : I I
CCC STEELs INC. CCC STEELs INC.
2576 E. VICTORIA STe

SePe TRACK 7242

‘PO 80X 5932
9022&-59324 LDOHINGU!Z, CA 000000

{COMPTONe CX
CUS?ONER RO‘ LHS&ZO € . :
gt GRADES ASTM AST2GRS0-92

1711 A94 11339. ‘

- s ' - S (HFW( AL PROPERTIES
TEM DESCRIPTION { MEAT HUMEER i o T =R £7L LY T
. N | ! y " SI\ g \,' “1

~
-t

el

X186 «046.0 | 39783 {.- © 67909.29
: o " 68200 30

w3k

25 . . _ :
(X18 —046.0 | 39785 6950027}
25¢ . | . 68000| 29
iX36 -135.0 39452 s‘ 58300 . T40Q0{ 28 -«35

237 S% ' 59000 - 74600 27| '.04 na-f.ooz
(X36 -160.0 { 35373 { . 55100 68000 27 «30] <011 .04 024 37
~ 27] v=| 01| nB=|.001

0

25° 55100, 67600
IX36. =1940 60309J. 88400 . 75100/ 24] +09| 1.00| «01S| 01| .18 «30

2% 5% | 56200/ 75200( 25| V=| .04/ NB=| .002
x36 -194.0 | 36073 |) ‘6 76900} 24| 06| Le24 017 02| 23] .33
o (5203 79200{:26] . v=| ~«0S| NB=| 0002
36076 '

26°. 61
(X36 —194.0 .. 1590028 «0S Te29]| «022] o02] o2& 35

26° . L O} . 75700 26 = 905 NB=| , 002 . ‘
IX40 —-183.0 38724 | .58600 T3500| 24 .08 93| «01&| 02| <22 «37

20° : -] * 60300 73500124 ] V=| 03] NB=| (002 !

X640 =183.0 38724 58600| . T3500]24 ] «08] +93{ 014 «02| <22 «37

25 - . 60300 73500124 ] V=| «03] NB=|,002 4

j‘v “ELONGATEON. akse GN- 8.0p ijcn shoe LpneTH

e

\

A

[

‘l HEREZRBY, oo(trfy. that the oontenta of this repon gre accurate and correct. AR test. msulu and operations performed b
material manufacturer are In compllance with the requirements of the material specification, and when designated b

Wrduser, meet the applioable, ogodﬁoaﬁon .
ggxxangRKANSAs " '.'~-? 'ﬂ 45;247‘ 77‘77%79/

wmro%uhm muzh«s . 5"0/-/(/.
myd GARY OXFORD .

"& ' R notary public . y ~PLANT METALLURGIST - GUALITY ASSUR
My oommuS/Z SOVes s . fon roqum oply) OUSTON91830 35500 WHES:6@ 96. ET oMW




W e ey

wing -

SU12 31 FU0438 AIDHOSENS ONV OL NHOMS
¥ 40 3118

-
SIAND * | .
—
5 R :Q "
R RN B e - d—

PRGE.GB3
<
¥
i
i
3
's.
5

. - - ) °
.. . I Ay AR AR IO TF VPl B : H
. o - -. Y -..'t. la ey, X X ¥ ufaa. : i
- VEATED R the .u.a. s H .
e e TR A e .s....at_ SR ﬁw

A8 SR B PSS I PN R GAECr g
Ao Ve - . . . = . . .

- g5 ch < ok~ amgacrs 3551 . -, b = - - o " -
RS P R ) PR A 3 R L e : 3 w,
RN (R RN A R BV ,c}x. By ?

N D . LU Kt T i X I 210 BV I 9 S

“

.. - N .. . ... ) 1 J.. ..... - ”n i u.n. “v...“n.—.. .M\ﬁw.n.m .‘..'..Wm.. ..‘M.”»f.....n.. .\\\.\WI- .s.w.
. 1 3 R u..awﬁ.,. LD X WM..'.«.m»anv e g&\.ﬁn.” ket § A2 bl = 'lu,. Iy m
s iy . . B IR sy D LAY % g T (I SEATRORG L 2o 4

ST RETRER B ) £ &"nn .l. v ”Mwm?h 3 N ST Bk BN kTl .v:s..?.

TP lsie. AL T Pesge ]y [ acse s ks

sc° [n2e (20 oontzaetmor| [ .| " [eeio0eE iopols |- Hsxeis Di. | o*otl- teim|
B el Sl o 2ed Wt . oo
§ N.O.l L10 80 30 - m AL 100069 {0 A R QPﬂ.“..f -.mv Uf,Bem i xﬂ ..n

poadeoee 202 |

- : - f.-. o - i .-
. 000099546 - %3 SNDLNVSYING| X .
602L 890902 : mNu.D..gG E ....w 1 -

'0d HINOASND

196 10:03

o.wow a2

-a
S/E'd

2861 80X612Z ua wwﬁs. *3 € . .
. 3 NILS 0/ . 85 VE5-60LY MISV uuas.c
_ONUINOI8ND 4301008 . .S:ge..c 3 ADTHM3 .,n. ‘ i €6-0RMIZLEY MISY uwacclw_

% ¥t

—« : ———— | 0900-232¢b v3 ..5»6@5 '

RUG B

(SNMOIUNIVANGIVGIIIN N oot el ouig pios poyp ury'» 01 poges e SE/9TZOT | WMEMWITIAMLOG ¢ 8243084

H AST) THNLGHHULHIQ: 9o 0 eorg omumscsponn &q peononid sumeq oy uva . "0 T3S OLVIPAHOONN

s,

. g



Y8234 JUNLYNDIS 30 ¥NILUOJ

NOIS3d 3SSUd WYSS:68 96. ET OMM

9C1639 : ¥N 1DIA0V

A4VIL314¥3] 41530 SO -

SINDNITSHUIM
ITGUINGI 3G IAINIY

<
' ) 08/90/82 31
| ,
-9
a
iy
.lll'll"ll“‘l\
hHOCT
oLV
$°4Z 00V 92 099°CS oLV LQ0eO0O-CO
e‘LZ OBS°SL S%0°C8 00200 106000-20
6'yZ 090°V8 589°9S €0LI0 S08000-%0
(%}°73  sin $A
NNQOZ 134 154 AVIH
2S31 ITISNAL un/an
' LO%Y ceo‘n v00°‘'0 LZ°0 ZZ0°0 CEQ@'0 ¥C'L 9 °0C &ummwu 40D-CO
_ ¥ 13331 ,. Weo'o L00'® 91°0 €20°0C 61@°® £1°¢ ZI°0 [ 140 ®00-£0
T - teeot 1€0°0 200°9® 1€°0 200°0C ZI0'® C2°L 61 °0 0210 100-1@
yva | oM L ) A . as H 4 W b LV
LHOL3A (s) S1SATYNY LY 3K uN/0N
4 4059 R Y ] 18€ X ¥/C Si X CE WM smvIn-«# 460-80
" (T {Y Y N T 8I€ X Z/8 9 X 96 WM sAviIa-n »00-20
£9C01 et .9Z 8EP X Z/¢ 01 X OF NiA SHYIt~A 100- 16
yYS M@ 11 Ve YIOUO/L° ANL
uIONNN "M ANS IR HIDNDT 3218 L201008d YN wall
S0FLE “J17¥] ‘ONICNVYNUIN NVS
(3 1S3Am) ‘v's°n
090§z %0@ 0" d
n 13345 ONIOVNNIS NYS 131
® NUOA MAN 03QWVIQVNL gey ¢ uN uMN0ISND
| @ Zea 9Zbt 3N 06 ¢ ON 0IBYV FAVHL
= ‘NYR %660°C 01 G3LJINASIW 3@ D1 ANIANDI ANIGVNVA 0S IQVHD 19/1L8 V NISV 834 SV T3S
© S312U340¥d WWINSAND OGNV TVIINAHD HAIA - JLVIEJIELESED ASIL S, V1IM
0, 1000066t avs03 *  uN 9710ANI

%ﬁﬂv SUNOBNINNY FG IHINC-UNYND

FIDNVOURAILO €09

2210 MOLLSID
A9NVAYIAI1Q NOESIALO

9708V

T9/p°d




186 18:85

BAVIAT 0 UMBD 1834 SO $3T40D O ‘GN LSVYD
¥ °ON BvE ADMS O SLAD) L$3214
(92T N-13) 08' 43 IEP TLEY WISV IS TLGY veurngoms
Ell
- o WVE TNy TOO0W Vas g us

PAGE .@BS

wendsrea

] ° HA9N33/33Jds/an s IPOL, OV} 8 TWENIANL oyt YES HEeo P

- o Mg W I PUFUSS 0 TAmas; cevyy

L} ‘na ' s‘ l-.“

’ SINTAMNY SO CORMPEsdes ITIVEIR PuUS BAA € & | W)
e ALl d...).-..!“!o-.l! J—.u-tﬂ..u..t W
sowmnn epyesen; %‘ J/0M GUVNNIE NVS !ﬁobﬂ-—.&“&iig wa -
0 (90 WNIVE |0 NIYSY 50 oM AV3IH 2 JOTIS YOG AN PORTH SUSNENE) Mo} UV w
ISB] PUR | "ON SBBJ WAV VEINID z M
3
| g
S
' -
2

: — {oss ¢ )
¢t | ssved oeses| Loosse] eseeios 0L . R *®es-»
[ T T T oy
Lol - woroursedg
s, U@ | 8O )sé seyaug 4
m. > 2y v | wvwiam oatvenis w! .
13318 NBOAND Adsva sy Svday Myl !."L ey .u......»g
AJNVIVE
Qﬁo “...8. (sa/sqr (e om) 47T 00 X -TA" % X .0 8¢ :
TR GYIN IVSEIAL NN vesuaseg pepieg .
- V3434

yy Y EAE0s sion T
o4 SUNEWNVHIS
00V LIRS

/S°d

= X L RYIL)
a .

1531 J0 31VOId1N3AD m

ueljaeddey
) vl TATUG NTIVONI ANVIN HAMON SLV
SESATIVNY ¥ ILVXN A LNAD 1SAL Ewm% oM 1INLS HBIUW
s o000 961 /XN TeLT
o3y 2P Bomann) 4 19910 180 a wang

LO0LES 9ng 3 (LI Y-ZV00seonydegey O
QHS OL'SL Pumeasi ) sedpey 5T W08 ‘Od

DUOM OpjsSEO)
(216 19915 usig J0 UOISING V) SJORNS (RIGUID |G YSnpg



¢ ® WIBN/J848/22 S APy Sl 10 MOSUENITE St YA AISES Por N
"WA M 3w W9 RS SREG An Paltd N e o 1o *
@ SATANNNY SO “aimPpnies a1 PUs W0 ¢ 4 D G
g s e e 2 e E Tt g
' ® — 23y /& 4/0MONVINEE NVS e onk e Gartoys tous 100> o :
) 2P WOT LU 10 MUt 50 ON AVIN Opf pUUAT YUIvG A0 SOASN SEWIMME) 188 NV -
o ISR BUE | -Gy aBed VW TWaNAD , o w
o _ %
¢ 3
i G
” 3
-nn!L
e | svacd Ti £09| rOVERBY, m
. (098’2 ) —
1 . 08 B ’es-99
] . .
o |90 |oo |80 v mﬂ. e ! i gz | stges OUILE -.V\* .
cov (880 (1@ MO I Bog" | @ . } zz | sevws; 08208 3 . 3
| i i ! . tieen))
€00 joto’ Jico jsso w1 o0k | AV | €8 | 4420 ¢ VEORE oL ..y | °€S-»
.
Ofi° 1090° [0s0° tjoov’ = R
o0 | : g -
A R < d - 1S 2 |y wng 9 'sé )sd [T TER ¥ |
5 LY . ssequm
% NSATVNY vi sn. -.. oy oMy o WepNED tuepnemg L eam~
11318 NISAND NSVE o 0ty YD swa— Pt iraiviid
3oNVIva
solv 1Y (va/sqa1 ot o8¢) 237907 09T X 871 9 K w0 9E I
0 08 TR HVID TWSHIAI NN venduasg 1npely Q* ——
fr9€ :
.\\ ‘wSAa‘sL0 SI0MTR i
" wensmbrny 0\ SYRMINWIIS
-] o0y 34LOS —
- AAT NG FIVINE ABWS HANOMN S4v
oA ALYII A1 ANID 153) 30 SH40D ® “ON ASVD ’
, T "ON YW MOHS 0L SI¥ED 1331 SESATYNY '8 JAVISF 183D 183U . M 13313 WS A3 VE
Lo (82 YW X-15} 05" 49 J98 CLAY WASY 1S TASY sawansds m I
- 1y0eo) . tat /¥ TELT : o
" 099 PIQ VOMSIEA) Q) W8IP RO g weLta) o
. w ~avem va$ { $4n% LONLRT ¥N0L | | § DLY-TYRE-oUCOR0, %
el ed 4 opey a ¥o@ Od
U 210998y ON 3403 . QNS 01 S8 PURISARDDe 13 o
2 - SUOM 03380 L

, 08/01/08 e

1531 40 34VJldiLH3D m

(310 1201 UsHME 10 UO[SING V) SJBBJS |RIBUEY 081 YSIIiY



AUG- 8-88 FRI 15:18 S/C LABS I FAX NO. 15102843380 P. 02
’ SCHWEIN/CHRISTENSEN
. LABORATORIES, INC.
SCL materials consulfing
laboratory testing
A e lailure analysis
R SCL Project No. 96257
Mr. Jim Passaglia
DASSE Deaign Inc.
33 Mongomery Street, Suke 830

San Francisco, CA 94105

Re; McCandless Towes #2
Sanfa Clara, California
DASSE Design Project No, 96B168X1

' (1) Yteld o ytoponioml Himit (i.e.

All specimens meet minimum mechanical property requirements for ASTM AS72GRS0 steel.

Respectfully submined

» Upper yisld POW)

(2)YioldatQ2$oftset(ie bwuyhldpomt)
a)AstcuNednSCL.mnnmplewbd'IW‘ It was 1% thick and appeared to de cut from flange. We assumed it was
| mislabeled, and remarked it *1F". ‘

SCHWEIN/CHRISTENSEN LABORATORIES, INC.

foi‘éfu el g

Mazerials Engineer
MSK:dg

es2'd

| eLoNGATION
STRENGTH ™ | STRENGTH N2
Bl _ ) )]
W | W36X 280 HT. 14454 60,500 §3,600 29%
IF® | W36 X280 HT. 14436 |  0.505 62,500 61,500 78,500 1%,
I 2w [wssx2somr 1sess | o508 57,500 53,300 75,100 2%
2F | W36 X 280 HT. 13856 0.502 56,600 53,100 73,400 %
3w | Wi X387HT. 03426 |  0.4%2 60,500 57,200 85,300 0% -

3F | W33 X 387 HT. 03426 0.501 59,600 54,500 77,700 ‘n%
4w |wiaxisomuT.6719 | - 0.508 53,500 52,500 69,900 36%

4F | W33 X 130 HT. 67019 0.505 55,000 51,900 69,600 36%
sw | wisxisamr.a60m | 0507 65,600 61,900 77,800 3%
| w6 X 194 1. 3607 59,200 76,200 3%

: o e B —

“

NOIS3d 3SSUd WdBT:P0 96, 21 9
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FAX TRANSMITTAL
Sc # Pages SCHWEIN/CHRISTENSEN
QU . — LABORATORIES, INC.
' N terial ti
- o MW " aboratory testing
SPE M ﬁ. 4, co failure analysis
AT o
2472~
November 25, 1996 raxe 222" N6E>
TS o YA Vot SCL Project 96403
) . co S/C Labs, Inc.
lL){rASJSl;En g::ghlgc PHONE 8 (510) 284-3311
33 Montgomery Street, Suite 850 Faxy__ (10234595
San Francisco, CA 94105

Re:  McCandless Tower #2
Santa Clara, California
DASSE Design Project No. 96B168X1

TENSILE TEST RESULTS

McCandless Tower Test Coupons
LOCATION FLANGE WEB
SIZE | W36 x 194 W36 x 194
HEAT NUMBER 36073 36073
DIAMETER (in.) 0.508 | 0.501
YIELD STRENGTH® (psi) 57,500 64,700
YIELD STRENGTH® (psi) 54,500 60,400
TENSILE STRENGTH (psi) 77,000 77,100
E;,QNGAEN IN2" 2% 33%

(1) Yield at proportional limit (i.e., upper yield point)
(2) Yield at 0.2% offset (i.e., lower yield point)

All specimens meet minimum mechanical property requirements for ASTM AS572 GRSO steel.

Respectfully submitted,

SCHWEIN/CHRISTENSEN LABORATORIES, INC.

P

/

Conrad P. Christensen, P.E.
Metallurgical Engineer

CPC:at



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



