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1 INTRODUCTION

This report summarizes the results of a testing program on an energy dissipation system
proposed as part of the seismic retrofit of the Rivera Library of the University of California at
Riverside (UCR). Nabih Youssef & Associates designed the retrofit system. The tests were
carried out in the Structural Testing Laboratory of the Department of Civil and Environmental
Engineering of the University of California at Berkeley (UCB). The Principal Investigator was
Professor Egor P. Popov.

The UCR Rivera Library is a 4-story building clad with precast lightweight concrete panels
(Fig. 1.1). As part of the seismic retrofit program of the library, it is proposed that the exterior
panels be connected to the structure with friction-based energy dissipating. These dissipators,
also known as slotted bolted connections, have shown in the laboratory excellent energy
dissipation characteristics [1]. Figure 1.2 presents drawings prepared by Nabih Youssef and
Associates showing the main features of the proposed system. Each precast panel will be
connected to the bottom floor with bolted steel connectors. Three energy dissipators will be
bolted near the top of each panel and to the beam of the corresponding top floor. It is expected
that the relative motion between adjacent floors due to seismic excitations will activate the
dissipators.

The main objective of this testing program was to investigate the earthquake performance
characteristics of the proposed energy dissipation system. The project consisted of subjecting a
full-scale model of the panels and energy dissipators to dynamic excitations representative of
those that would be expected in the field.

The test program was performed in two phases. The first phase involved using Hilti Kwik
Concrete Anchor Bolts to connect the energy dissipating devices at the top and also the fixed
supports at the bottom to the panel. Although the energy dissipating devices showed acceptable
behavior with stable hysteretic loops, using this type of anchorage led to excessive rocking of the
panel which in turn reduced energy dissipating capacity of the system. Therefore a new type of
anchorage, Hilti Hit HY-150 Adhesive Anchor System, was used. The behavior of the system
using the latter type of anchorage was considered to be satisfactory.

This report briefly describes the testing program and the main results obtained.
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2 TEST SETUP

The reaction frame, the lightweight concrete panel, the energy dissipators, the fixed bottom
supports, and the dynamic loading system are shown in Fig. 2.1. Figure 2.2 includes a
photograph of the test setup and a specimen after one of the dynamic tests.

The in-plane response of concrete panels was studied in this project and the three-dimensional
response of panels needs further investigations. The test specimens were full-scale models of the
proposed retrofit system.

Since the energy dissipating system was designed to accommodate relative vertical di lacement
between the panel and the structural system without transferring forces in between, the top and
bottom beams were not considered in the model. The bottom supports of the panel were bolted to
a steel plate, which in turn was bolted to the bottom beam of the reaction frame.

A servohydraulic dynamic actuator applied the simulated seismic motions to the system. The
actuator was connected to a steel loading carriage, which represented the top beam of the
building (Fig. 2.3-a). The carriage was restricted to move only horizontally, parallel to the panel.
This was achieved by installing two steel shafts at each end of the carriage, which ran through
low friction linear bearings (Fig. 2.3-b). The loading thus provided significant excitation to the
panel-dissipation system only along its main horizontal relative motion direction.

The dynamic actuator was under displacement control. The actuator movements simulated
relative horizontal motions between the top and bottom beams of the story under consideration.
The displacement command signals were selected to be representative of the response of the
retrofitted system under earthquake excitations.
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3 PRECAST PANELS

The lightweight concrete precast panels existing in the Rivera Library are about 13 ft high and 8
ft wide. They have a cross section with thickness varying linearly from 4" at the edges to 6 1/2"
at the center. The test specimens were 11.5 ft high and 8 ft wide, with a rectangular cross section
5" thick. Figure 3.1 shows the cross section and reinforcement of existing panels and test
specimens.

For simplicity, a rectangular section of similar area was used in the test specimens. In order to
model the shear strength of the library panels, the test specimens were fabricated with a cross
section area of 480 in®, only 5% smaller than that of the existing panels (504 in®). It was
estimated that the panels would have acceptable seismic behavior without significant cracking
when subjected to dynamic lateral loading of up to 18 kips.

For fabrication and installation convenience the test specimens were built shorter than the
existing panels (11.5 ft versus 13 ft). In the proposed retrofit system, the energy dissipators
would be placed under the top beam, with a clear height to the base of the panels of 10.5 ft. The
loading carriage was also located at a height of 10.5 ft with respect to the base of the model to
model accurately the loading pattern of the prototype panel. Figure 3.2 shows the formwork and
the panel reinforcement. Note the two lifting fixtures at the top of the panel (foreground of
photo).

The panels were made of lightweight concrete with a compressive strength f'¢ of 4 ksi. Standard
cylindrical concrete specimens were made during casting, and were tested in compression. The
concrete mix design and the material test results are given in Appendix A-1.

The bottom supports of the panels were designed to provide a rigid connection between the
panels and the bottom beam of the structure. The details of these connections are shown in Fig.
3.3. In the actual building, the supports will be attached to the panels and the concrete structure
using special anchor bolts. For the experimental study, these bolts were used in the connection
between supports and panel; the connection between supports and the bottom beam of the
reaction frame was bolted using regular steel bolts via a connection steel plate.
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DISSIPATORS

'ssipators proposed for the retrofit of the Rivera Library are friction
e relative motion of two steel elements bolted together. A slotted hole al
nakes possible their relative motion. The bolts joining the two compon
mpress the pieces against each other. The tension in the bolts is controlle

so that slippage initiates at a predetermined level of force. The sy
rigid if the applied forces are below the slip load. Once relative motion
put energy is dissipated through friction developed in the surfaces und
1. The performance of these connectors depends significantly on the n
 friction surfaces [1].

ssipator studied in this project consisted of a steel tube 26" long with .
ss section bolted to the panel (Fig. 4.1) and a 6"x4" steel angle of the sam:
vading carriage (top beam in the building, Fig. 4.2). The tube had the ho
> achieve unidirectional relative motion between tube and angle. The m:
cement allowed by the slot was + 2". Access holes were provided f
he bolts and washers.

~s a cross section of an energy dissipator. The tube and the angle were co

steel bolt. The bolt had two brass washers type UNS 260 located in either
| of the tube. Energy dissipation was achieved through friction between tl
le two contact surfaces of the tube wall due to horizontal relative motioi
Jibe.

1ers used in the assembly acted as springs to maintain a constant tensiot
1 angle had a vertical slot to allow for a + 1" vertical relative motion betwe
lon washers 1/8" thick were provided to minimize friction in the event of

- was designed to start sliding at a force of about 6 kips. Assuming that th.
he connectors after sliding would not be larger than those required to
al load imposed on the panel would be about 18 kips (3 connectors per
‘e estimated * -~ have acceptable behavior at that loading level.

1ows the sli ed steel tube mounted on the panel. Notice the access sl
ipator is sho..n in Fig. 4.4-b. A displacement transducer is also shown.

rreliminary tests, described in Appendix A, were performed to character
It system. First, the mechanical properties of the Belleville washers were
ympression tests (Section A-2). The relation between the applied torque to
e resulting bolt tension was also investigated (Section A-3). Finally, the
veen the brass washers and the steel sections under monotonic load was es
(Section A-4).
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7.2 PHASE

Test No. 1:1

. Panel with Hilti Kwik Concrete Anchorage

ction of Loading System

The first tes
carriage was

The
Tiage

vas conducted to measure the force required to move the carriage syster
ot connected to the panel. The full load was therefore transmitted to the «

only. The in 1t signal was 10 cycles of harmonic motion with 2 inches amplitude at a fre.,uency

of 0.1 Hz. F ure 7.1 shows that, after overcoming a static resistance of about 200 Ibs, tI - force

required to  splace the carriage was significantly reduced. Notice that the cycles : not
symmetrical ‘obably because of non-zero initial force. The friction in the carriage syst 1 was
considered t e small compared to the lateral loads applied later to the system.

Tests 2 throt 17: Behavior of System with Single Dissipator

Only one di: pator was connected and tested under harmonic displacement. The targel iding

force for the ssipator was 6 kips. According to preliminary tests, the bolt tension requi | was

about 14 ki (Appendix A, Section A-4), and the corresponding tightening torque we 1ibout

250 ft-Ib (A endix A, Section A-3). Conservatively, the bolt was tightened with a 2 ft-lb

torque.

Test No. 2~ s programmed to be ten 1.8-inch cycles at 0.2 Hz. Figure 7.2 summar s the

response of 2 system during the first two cycles. Many conclusions and observations in be

drawn from 3 graphs presented in this figure. Letter subheadings below correspond to  1se of
the plotsint figure.

a) The actu >r displacement followed closely the prescribed displacement command sig |

b) andc) T top of the panel moved noticeably. The maximum double amplitude of hc ontal
and verti | displacements were 0.55" and 0.18", respectively. The maximum horizo | and
vertical « placements were 0.30" and 0.15", respectively. Note that the maximum rtical
downwa displacement of about 0.15" was still below the 0.25" gap at the bottorn f the
panel. £ ce the flexural deformation of the panel was small, compared to the displ: ment
of the pa | at the top, the alternating sign of the vertical motions of the left and right ds of
the pane aggested rocking of the wall.

d) The max 1wm horizontal displacement measured at the base was very small (0.014").

e) There w a noticeable out-of-plane displacement at the top of the panel. The left a right
ends of : wall moved out of phase, indicating that the top of the wall was twisti  with
respect t 2 vertical axis. This motion was mainly caused by the eccentricity of abc 3" of
the loadi | system with respect to the base support plane, the flexibility of the carrii :, and
because iingle connector was attached to the center of the panel.
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f) Since in this test, the relative displacement between the tube and angel sections was not
measured directly, the relative displacement between the sliding components of the dissipator
was estimated from the absolute displacement measurements (with respect to frame) of the
panel and the carriage. The total lateral load force vs. relative displacement relationship
recorded was very stable, with full hysteresis loops.

g) The absolute displacement (i.e. displacement of the loading carriage system) range was
somewhat larger than the relative displacement range, due to the movement of the top of the
panel.

h) The applied load was practically constant when the dissipator was sliding. The peak load
was about 10 kips, significantly larger than the target load of 6 kips.

1) Most of the input energy was dissipated by the energy-dissipating device.
J) The acceleration at the top of the panel was small.

The test was stopped before the ten cycles were completed because of significant wall rocking,
and because the sliding force (10 kips) was higher than the target load (6 kips). This indicated
that the system used to study slippage force (Appendix A, Section A-4) was not representative of
the dissipators, most probably because the two systems were built with steels of different quality.

To reduce the load in the dissipator, the bolts were retightened with 100 ft-1b torque. The system
was then tested with two cycles at 0.2 Hz (Test No. 3). Figure 7.3 shows that the target-slipping
load of 6 kips was achieved, and that bolt tension was relatively constant, close in magnitude to
the lateral force. Since there were two sliding surfaces, the coefficient of friction was about 0.5.
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Anchorage A One Device (T=0f bs)

UCF Rivera Library—Test No. 1
File: 05221001.txt

Harmonic Motion (0.1 Hz, 2 in)

Force-Displacement
T T

Force (kip)

30 - - ;
-3 -1 0 1 2 3
Displ. (in)
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UCR ivera Library—Test No. 2 Anchorage A One Device (T=200 -lbs)
Harmonic Motion (0.2 Hz, 1.8 in)  File: 05221031 .txt

Force :lative Displacement (Calculated) 20 Force-Absolute Displacement
R N -, B e
10+
B O
X
o Op--
O
I
w I DO
-10|L ------
455
20 20 7 —
- -1 0 1 - -1 0] 1 2
Relative Displ. (in) Absolute Displ. (in)
eral Force
! ! F ! / T
§ -
x
3 - (h)
<3
w —
12
<
& |
oL .
= ~
o
@
2 -
]
12
T )
B . -
2 :
5 0w S— . e | O)
< :
B Bt T T ECEEEERR -------------------------------------------------------------- —
2 1 L 1 1 ! _
0 2 4 6 8 10 12

Time (sec)

Fi~ure 7.2 Test results



Force (kip)

Force (kip)

UCR Rivera Library—Test No. 3 Anchorage A  One Device (T=100 ft-bs)
Harmonic Motion (0.2 Hz, 1.8 in)  File: 056221403.txt

Force-Absolute Displacement

Force-Relative Displacement

-20

Relative Displ. (in)

Total Lateral Force (Solid) and Boit Tension (Dashed)
I

T T

10
0 ; f
-10
_20 L 1 1 1 J 4
0 2 4 6 8 10 12
Time (sec)
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Tests No. 4
1.8-inch an
displacemen
displacemen
frequency of

Figure 7.4
frequency o
dissipators a

a) The actu
and phas
probably
system.

b) The hor:
saturatio
reliable.
displacei
displacei
the real |

c) The vert
moved n
offset of

There was a
motion, also
not sufficien

Two sets of
abrasion of
that the syst«

‘ough 7 consisted of harmonic motion of successively increasing frequenc
itude. Test No.4 was performed at 0.5 Hz.  Significant vertical

)etween bottom supports and panel was noticed. It was then decided to i
ransducer to measure this motion. The test was then repeated (Test No.
. input motion was increased to 1 Hz for Test No. 6 and to 1.5 Hz for Test

sents the main results of Test No. 7 and summarizes the effect of increas
he input motion on the response of the test apparatus and the behavior
the panel. :

r was not able to follow accurately the command signal. Amplitude ov
ag were considerable, mainly because of the capacity of the hydraulic syst
scause the input frequency was close to the resonant frequency of the hy

ntal displacement at the top of the panel was significant. Due to tra
however, only the measurements in the negative direction (to the righ
Ithough beyond some positive displacement, the potentiometer did not rec
nt, examining Fig. 7.4 (c) and (d), it is obvious that in that directi
nts were much smaller than in the other (i.e. negative direction) which me:
itive displacement is not much different from what is recorded.

1 motion of the top of the panel was not symmetrical, indicating that t
‘e in one direction than in the other. This could have been caused by ai
> panel in the positive direction (to the left).

sticeable sliding of the panel with respect to the vertical bottom support:
isymmetrical for this test, was an indication that the bottom support ancho
rigid to prevent rocking of the panel.

ashers were used during these first seven tests. Figure 7.5 shows consi

. washers after the test. The steel tube also presented visible marks. This
also dissipates energy through gouging the washers.
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UCR Rivera Library—Test No. 7 Anchorage A One Device (T=100 ft-Ibs)
Harmonic Motion (1.5 Hz, 1.8 in)  File: 056221454 txt

Horizontal Displacement: Actuator (Solid) and Command (Dashed)

NN N\

-2 . : .
0 05 1 1.5 2 25 3 35 4

Horizontal Displacement: Panel Top (Solid) and Carniage (Dashed)

27 ; AN 7 .- T T !
€
= (b)
@
(@]
j \
_2\ N~ 1 \/ N [ N i \'I N
0 05 1 15 2 25 3 35 4

Vertical Displacement, Panel Top: Left (Solid) and Right (Dashed)
T T T

0.30; 1
? 015‘:{_ N e N ., N ................
<
- Ty X T NN YR TN e - (C)
% 01 h g ) \ /) \ S \ ;

[a) ‘ : : : f : :
'015 """"" oo — S “"T """"" ,' """"" *‘ I """""" "' """"" 7 Pt Tt —
r YA “:'f\,‘\/ / : \Il\\.pv" \J \I \/J “’\/ \f'
_030._.; . 1 4 1 i I -
0 05 1 15 2 25 3 35 4
30 Relative Vertical Displacement: Panel vs. Right Support
T ! T T T T H )
: - ; - : |
~ 015~ ’
E
a O :
£ :
0015 :
_0.30 1 4 1 1 "l 1
0 0.5 1 15 2 25 3 3.5 4
Time (s6C)

Figure 7.4 Test results

32









UCR eralLibrary—-Test No.9 Anchorage A Three Devices (T=1 ) ft-Ibs)
Harmonic Motion (0.05 Hz, 1.8 in) File: 06041214.txt

Forc  elative Displacement Force-Absolute Displacement
N N . . b)
@ 45 15 I
10~ 10
s S 5
&
g Op- 0
c
w R -5
-0 e -10
-15 E’ """"" 151
| : : : :
-20 : : -20 : . :
-2 -1 0 1 2 -2 -1 0 1 2

Relative Displ. (in) Absolute Displ. (in)

Total teral Force (Solid) and Bolt Tension (Dashed)

| T T T 7 T T T T
g 10! : . ©
x : : C
: 0’[ ; S :
[ z s
w 10 i e —

_20{ _ ; : i i : H ; j
0 5 10 15 20 25 30 35 40 45

Tune (sec)

Figure 7.6 Test results
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UCRRi ralLibrary—-Test No. 11 Anchorage A Three Devices (T=1( ft-bs)
Seismic Motion (Max. Ampl.=1.1in) File: 06101117 txt
2 Horizo | Displacement: Actuator (Solid) and Command (Dashed)
! J ! !
E ..... -
E A A VAT R ARV A VA AR A e (M A A i R 1 (@)
O L N N e s e i
2 ; ; ; i
0 10 15 20 25
< ]
S I U YA N VY S INAPN IR~ , (b)
0, ? |
| | |
-2 ! 1 i ! ) 1
0 5 10 15 20 25
180 Energy nput (Solid) and Dissipated (Dashed)
: T r
i T T35S s Tt S P P —
3
5 90 i” """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" = (C)
g 45 [Tt T s D [ protoorroornTrrero et T
w : __——--———-——9——-——-——————1—-—--———-———_———————
0—fF ===l77 7 L i ;
0 5 10 15 20 25
Time (sec)
Force- lative Displacement 20 Force-Absolute Displacement
[ : : : : i
(eI R | = o T - I 5 o - w SRR 1 (e)
10 e L R QO N g
§ 5 .................
x
8 0 ............... N
]
u I3 TORPR PR AR § | IR SRR S RN | B /o CITTE RN
A0 e AW ] O 4
-15 [ o 3 BT e R [ R 1 .
20! :
- -1 0 1 2 2

Relative Displ. (in) Absolute Displ. (in)

Figure 7.9 Test results






UCRF eralLibrary—-Test No. 16 Anchorage B Three Devices (T=1
Seismic Motion (Max. Ampl.=1.1 in)

File: 06271329.txt

) ft-Ibs)

Horiz tal Displacement: Actuator (Solid) and Command (Dashed)
1 T

2 ! !
. S -
[= .
= §
= : —-~(a)
0 :
[a} L |
2 1 ] i 1
0 5 10 15 20 25
g T i
= : ; YO
@2 : ' :
[a} : 5 S |
5 1 ; ; ;
0 5 10 15 20 25
0 Ener¢ Input (Solid) and Dissipated (Dashed)
i T T b T —
£ 165!~ ------- T 4
|
S 110E e (©)
e
€ B5r eegl -
W
0 L
0 25
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@ 15 5 (B T3 SRR S W - - N 1@
10 S M L .
2 Sprte oA e
x
8 [ ERRENNS |/ S—— _
8
Y RPN TI Y TR [ | /oo
0} (R L i
AS b AR R
-20 ; : :
2 -1 0 1 2

Relative Displ. (in)

Absolute Displ. (in)

F—1re 7.10 Test results









UCR Rivera Library—Test No. 18 Anchorage B  Three Devices (T=100 ft-Ibs)

Harmonic Motion (1.5 Hz, 1.8 in)
Horizonta! Displacement: Actuator (Solid) and Command (Dashed)

File: 06271410.txt

N

1K« — K 1
. Y U

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

-h

o

Displ. (in)

(a)

O =

Displ. (in)

(b)

1200
900
600
300

Energy (kip-in)

Force (kip) =N
A

-t -t

o (3, o (3,

)
[3,]

0
Relative Displ. (in)

Figure 7.13 Test results

Absolute Displ. (in)
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UCRR 2ralibrary—Test No. 19 Anchorage B Three Devices (T=1 ) ft-lbs)
Harmonic Motion (1.5 Hz, 0.5in) File: 06271435.txt

2 Horiz«  al Displacement: Actuator (Solid) and Command (Dashed)
I T T T T

Displ. (in)

Displ. (in)

Energy (kip-in)

Force elative Displacement 20 Force-Absolute Displacement

(@ 18] o] A8

T . T[] e O

F e

7Y SR PR AR AN T EU—— 0 S—

Force (kip)
[4,]
[4,]

A8 e A — LTS S S S SR, ]

20 f : 5 20 ’ ' ’
2 A 0 1 2 ‘2 1 0 1 2

Relative Displ. (in) Absolute Displ. (in)

Figure 7.15 Test results 17



Energy (kip-in)

UCR Rivera Librar, Test No.22 Anchorage B Three Devices (T=150 ft-Ibs)
Harmonic Motion (1.5 Hz, 1.8 in) File: 06271531 .txt

Horizontal Displacement: Actuator (Solid) and Command (Dashed)

2 1 T T I 1 I T
/ ' L . [} 4 ! A ' .
A / I I\ H M\ 3] I\
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oo 1} /N /B Y W z
2 1 1 L i 2 1 4 1
0 1 2 3 4 5 6 7 8
5 Horizontal Displacement: Panel Top (Solid) and Carriage (Dashed)
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: PN N \ ¢ N f\ ! \ h:

! N " ll\ A I\ " II\ Iy _
< \ ’ oy
L —4 h
T.. i
£
(&}

Energy: Input (Solid) and Dissipated (Dashed)
1200 T I T T T T T

Time (sec)

0 Force-Absolute Displacement

o

Force (kip)

'
Y
o

Relative Displ. (in)

Figure 7.16 Test results
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Displ. (in)

Force (kip)
o o

'
-
o

ra Library—Test No. 23 Anchorage B Three Devices (T=2(
Harmonic Motion (1.5 Hz, 1.8 in)  File: 06271553.txt

I Displacement: Actuator (Solid) and Command (Dashed)

ft-Ibs)

20}

-30

40

Time (sec)
Force 0 Force-Absolute Displacement
-------------- (e)
i . N _40 i .
-1 0 1 2 2 -1 0 1 2
Relative Displ. (in) Absolute Displ. (in)
Figure 7.17 Test results
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APPENDIX A

SUPPLEMENTARY TESTS:
CONCRETE PROPERTIES
AND
PRELIMINARY TESTS

OF DISSIPATOR COMPONENTS






Al CONC ETE PROPERTIES (MODEL PANEL)

AL1MixL gn

The panel v made of lightweight concrete. Mix design, proposed by the Sugar City I ilding
Materials ar  pproved by the UCB project team, is presented in the table below:

SUGAR CITY BUILDING MATERIALS

PROPOSED MIX DESIGN

All mix criteria per Sugar City Building Materials.
SUBJEC U.C. BERKELEY

SCoC2814P 6.0 sks; 5/8" max.; LIGHTWEIGHT Ref # SP605-118-112
3000 psi @ 28 days;  slump; W/C =0.50
SSD ‘““ZIGE 3 ‘ % USED SP.GR, ABS. VOL.
480 LBS EMENT TYPE 1l 3.15 2.442
84 LBS OZZOLAN, 15% REPL. 2.30 0.585
281 LBS [ATER, 34 GAL. 1.00 4.503
IR, 4% y - 1.080
850 LBS AYPORF-43 /8 35.2 1.55 8.892
1337 LBS  ADUM TOP SAND 54.8 2.68 7.695
245 1LBS LEND SAND 10.0 2.60 1.510
3287 LBS  OTAL 100.0 27.007 CUFT

/RDA 64 @ 3 OZ/ICWT
EA @ 3/4 OZ/SK

THE WEIGH 3 ARE IN POUNDS FOR ONE CUBIC YARD OF FRESH CONCRI °E.
AGGREGAT AND WATER WEIGHTS ARE FOR MATERIALS IN SATURA" D,
SURFACE-C "CONDITION AND MUST BE ADJUSTED FOR MOISTURE AT THE 1 JVE
OF BATCHII

Mixes intend  for pump placement should be reviewed by the pumping contr~~tor ior
tc use to cor  m compatibility of equipment with jobsite conditions.



A1.2 Measured Properties Of Concrete
The concrete was placed in a wooden form on April 16, 1997.

The unit weight of the freshly mixed concrete was 121 Ib/cuft (determined in accordance with
ASTM Test Method C138).

Measured slump was 4” (as to C143).

Standard 6”x12” test cylinders were made and cured following ASTM C31 requirements.
Specimens were tested on May 14, 1997 in accordance with ASTM C39 and C469.

The average compressive strength was 4200 psi. The average chord modulus of elasticity was
2.20x10° psi. Stress-strain curves are presented below:

Concrete Testing: Stress vs. Strain
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A2 BELLI

A2.1 Dimen

To maintain
used in all f
performance

Initially thre

Part Number
Outside Dianr
Inside Diame
Thickness [in
Overall Heigl
Deflection [in
Load [Ib]

A2.1 Calibra

The setup fo
performed in
celland by al

TILLE WASHERS

ns

:onstant force throughout dimensional changes from wear, Belleville washe; were
tion connections. They are circular disk springs formed to a conical shay The
‘the springs depend on their dimensions (Figure A2.1):

Figure A2.1 Belleville Washer.

izes of the washers were selected (see the table below):

High Carbon Alloy Material -- AISI 6150 Alloy (ASTM A506)

Bolt Size 3/4"
12112 12H150 12EH168
er [in] 1.5 1.75 225
[in] 0.773 0.773 0.773
0.115 0.134 0.172
in] 0.148 0.207 0.234
0.033 0.053 0.062
6,000 12,000 15,000

. calibration of the Belleville washers is shown in Figure A2.2. Calibratic was
0 kips universal testing machine. Applied load was measured by the machir load
d washer. Deflection of the Belleville washer was measured by two LVDTs.

A-3



LOAD

LvDT 1 = ~ LvDT 2
=
£z
BELLEVILLE WASHER BOLT 3/4"
WASHER 02-1/2" x 1/2

={ {2

[ | ] ,~ LOAD WASHER

Figure A2.2 Belleville Washer Calibration

Load - Displacement curves for single washers are presented in Figure A2.3. For each was r size
three first loading-unloading cycles are shown. The maximum load applied in each cycle was equal
to 20 kips. The displacement during the first loading was larger than for the second and
subsequent loading. After third cycle the washers could be considered as being seated in and for
all following cycles curves were very close to the third one. The unloading curves were below the
loading curves. All washers had the average stiffness about 220 kips/inch on the loading path and
about 180 kips/inch on the unloading path. The loads required to flatten the washers were close to
specified by the manufacture (Solon Manufacturing Company).

Stacking washers in parallel increases stiffness of the stack. Figure A2.4 shows the load -
displacement curve for a stack of two 12EH168 Solon Belleville washers. The stack of two
washers had approximately double stiffness and double force was required to flatten the stack in
comparison with the single washer.









A3 BOL1

To get the
modeling tt
That asseml

The torque
obtained rel

1/2" »

3/4

1/8" x 2

ENSION VS. APPLIED TORQUE

lation between the applied torque and corresponding bolt tension an ass 1blage
real friction connection was fabricated. The assemblage is shown in Figu A3.1.
ge then was installed in torsion testing machine as it is shown in Figure A3 ..

1s measured by the machine indicator and the bolt tension by the load was -. The
onship between the applied torque and bolt tension is shown in Figure A3.3

PL 3"x8"'x1/2" PL 3"x8"x5/16'

7 j 1/2" x 2 1/2"¢' NASHER
\-LOAD WASHER LW—4

BELLEVILLE WASHEF

> 1/2"9" WASHER

e

4" A325 BOLT

/2" LOW FRICTION SHIMS

‘8" x 2 1/2°¢ BRASS WASHERS

Figure A3.1

TORSION TESTING MACHINE

LOAD WASHER

Figure A3.2
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BOLT TENSION [kips]

150

100

*

X®

& Series1
W Series2

Series3
X Series4
X SeriesS
@ Series6
@ Series?7
O Series8

150 200
TORQUE [ft-ib]

Figure A3.3 Bolt Tension vs. Applied Torque.




A4 FRIC

A simple t
coefficient ¢
load-displac
was measuri
the UTM he

The diagran

1/8"x2-1

IN IN STEEL-BRASS CONNECTION

assemblage shown in Figure A4.1 was constructed to estimate roug
iction in the connection. The assemblage was tested in a UTM testing macl
ent diagrams were obtained for several of values of bolt tension. The frictic
»y the machine load cell, the bolt tension by a load washer, and the displace
by a linear potentiometer.

btained are presented in Figure A4.2.

LOAD

5 BRASS WASHERS
13/16" SLOTTED HOLE

JELLEVILLE WASHER LOW-FRICTION SHIM

/— BOLT 3/4"

1/2° STEEL PLATES

TESTING MACHINE
LOAD WASHER
Z /

/XY

N
K
NN

q

NN
N\

Figure A4.1 Test Setup for Friction Estimation.
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APPENDIX B

TEST RESULTS
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UCR Rivera Library--Test No. 1  Anchorage A One Device (T=0 ft-lbs)
Harmonic Motion (0.1 Hz, 2 in)  File: 056221001 .txt

Force-Displacement
0.30 T ! ! . T
0.15
=
2
8 0
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w
015 |
-0.30 1 | 1 | 1
-3 -2 -1 0 1 2 3

0 Lateral Force

I 1 ! i I I I l ]
5 015 | ;
5 o
@ 0
(&) H
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W 0.15 |
.0.3C ' ' ' I L 1 i | i
10 20 30 40 50 60 70 80 90 100
4
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i
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100
I I T f r I I I I
0.45 f--ooeor R — — R —— — e o R -
@ : : : : : : :
3 .
< : : : : ‘ : : : :
ST E— o frose o pror o fro pro pro pror 7
0.30 i | : | | 1 | | | }
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«une (sec)
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Displ. (in)

Disp!. (in)

Displ. (in)

Displ. (in)
o

Displ. (in)
o

0.30
0.15

-0.15
-0.30

0.02
0.01

-0.01
-0.02

0.50
0.25

-0.25
-0.50

T

|

era Library--Test No. 2 Anchorage A One Device (T=200 -lbs)
Harmonic Motion (0.2 Hz, 1.8 in)  File: 05221031.txt

Displacement: Actuator (Solid) and Command (Dashed)

! ! ! !

Displacement: Panel Top (Solid) and Actuator (Dashed)
T

T~ [ o~ ‘ ! -

2 4 6 8 10 12
Jisplacement: Panel Base

I I I T T

; 1 z i |
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i i i i i
2 4 6 8 10 12

Time (sec)
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Force (kip)

Force (kip)

Energy (kip-in)

UCR Rivera Library--Test No. 2  Anchorage A One Device (T=200 ft-Ibs)
Harmonic Motion (0.2 Hz, 1.8 in)  File: 05221031.txt

Force-Relative Displacement (Calculated) 20 Force-Absolute Displacement
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wn

Relative Displ. (in) Absolute Displ. (in)

0 Total Lateral Force
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35
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1 Library--Test No. 3 Anchorage A One Device (T=100 -lbs)
Harmonic Motion (0.2 Hz, 1.8 in)  File: 05221403.txt

placement: Actuator (Solid) and Command (Dashed)

! ! : ! !
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| T T | |
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T T l T
"'TQ;I;IJIZII;I;';Z{;' """"""""""""""""""" ;'.:{,';'.;L}I:C('-;;ZI: """"""" """"""""" N

t ! il L EL

2 4 6 8 10 12

Time (sec)

B-5



UCR Rivera Library--Test No. 3 Anchorage A One Device (T=100 ft-lbs)
Harmonic Motion (0.2 Hz, 1.8 in)  File: 05221403.txt

Force-Relative Displacement Force-Absolute Displacement

-

-
n

-2
o

n

Force (kip)
o

-5

Relative Displ. (in) Absolute Displ. (in)

20 Total Lateral Force (Solid) and Bolt Tension (Dashed)
a T T

-—

o O o

Force (kip)

]
-—

¥

o
o
N -
-
o -
m P Y SR
-—
or
—
N

0 2 4 6 8 10

1 T T | T
0 IR S SR I S I |
C | |
< ;
_1 R i L T r ------------------------------------------------------------------------ —
2l I 1 1 1
0 2 4 6 8 10 12

Time (sec)
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Displ. (in)

Displ. (in)

Displ. (in)

UCR /eraLibrary--Test No.4 Anchorage A One Device (1 10( -Ibs)
Harmonic Motion (0.5 Hz, 1.8 in)  File: 05221405.txt
Horiz | Displacement: Actuator (Solid) and Command (Dashed)
T T | T I T |
::? ------------------------------------------------- r ------- —
S 0 NN b
] ;
(S I 400 SO SRRSO SO NSNS SR 0 S e -
2 i i
0 5 1 15 25 3 35 4 45 5
Horiz - Displacement: Panel Top (Solid) and Carriage (Dashed)
-~ ! ' 4~ ! ! I
~ 1 | | . -
c /
= /
ol 0 I -
L
O gl N N .
-2
0 5
30 Vertic splacement, Panel Top: Left (Solid) and Right (Dashed)
. 1 T I T T z
o5 — e S
0 | e
045 i : ; -
030 | | | | ; : |
0 5 1 15 25 3 35 4 45 5
Horiz Displacement: Panel Base
| T I ] T I I
T S e — e e — e S -
0, — Ty R e — ; ;
001 e — e e e e e T .
0.0 | i | | ; i |
0 5 1 15 25 3 35 4 45 5
0.50 Out of 1e Displacement. Panel Too: Left (Solid) and Right (Dashed)
. T T T | |
0.25 - | | R .
0 Forro : : . T 253
025 e e S S
050 | j | | | | |
0 5 1 1.5 25 3 38 4 45 5

Time (sec)
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UCR Rivera Library--Test No. 4 Anchorage A One Device (T=100 ft-lbs)
Harmonic Motion (0.5 Hz, 1.8 in)  File: 05221405.txt

Force-Relative Displacement Force-Absolute Displacement
15
10
5
g
o 0
o
o
L 5
-10
-15
-20 -20
-2 -1 0 1 2 -2 -1 0 1 2
Relative Displ. (in) Absolute Displ. (in)
0 Total Lateral Force (Solid) and Bolt Tension (Dashed)
I I T I I | T I T
g i
x :
@ :
2 ,
o ;
uw Z
20 | i I 1 i L i | 1
0 0.5 1 15 2 25 3 35 4 45 5
Energy: Input (Solid) and Dissipated (Dashed)
T T T T T | T | T
E_ B0 oo ----------------------------------------------------------- e SEUITEEIES poenenee -
5 : T —%- —————
g QO b L ........................................... o o S, e SN brooooeeoees —
2 e i E
s e R = -- — -
w s : : :
0 i i i i i 1 ! i i i
0 0.5 1 15 2 25 3 35 4 45 5
G
o E
[&] N
< |
2 1 i I L 1 f i 1 i
0 05 1 15 2 25 3 35 4 45 5

Time (sec)
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Displ. (in)

Displ. (in)

Displ. (in)

Displ. (in)

Disp!. (in)
o

-0.15
-0.30

0.30
0.15

-0.15
-0.30

0.50
0.25

-0.25
-0.50

ary--Test No.5 Anchorage A One Device (
onic Motion (0.5 Hz, 1.8 in)  File: 05221433t

ent: Actuator (Solid) and Command (Dashed)
T

! ! !
_________________________________________________________________________________________
----------------------------------------

i i i L

2 3 4 £

ent: Panel Top (Solid) and Carriage (Dashed)
T

PES ! |

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

____________________________________________________________________________________________

ment, Panel Top: Left (Solid) and Right (Dashed)
T

I I

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

Time (sec)
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UCR Rivera Library--Test No. 5 Anchorage A One Device (T=100 ft-lbs)
Harmonic Motion (0.5 Hz, 1.8 in)  File: 05221433.txt

Force-Relative Displacement 20 Force-Absolute Displacement

-202 -20
Relative Displ. (in) Absolute Displ. (in)
20 Total Lateral Force (Solid) and Bolt Tension (Dashed)
! ! ! ! ! ! ! ! T

& 10 :
< e
o O :
8 i
o E
w10 :

20 L | i i i i i i i

0 0.5 1 1.5 2 25 3 35 4 45 5

Energy (kip-in)
N L )]
o o o

Acc. (g)




Displ. (in)

Displ. (in)

Displ. (in)

Displ. (in)
(=]

Displ. (in)
o

o

w

o
1

-0.15

-0.30

0.50
0.25

-0.25

rera Library-- est

No.6 Anchorage A One Device (T=100 bs)

Harmonic N ~‘ion (1 Hz, 1.8 in)  File: 05221445 txt

Displacement: Actuator (Solid) and Command (Dashed)

artical Displacement: P

s |

anel vs. Right Support
T

-0.50
0

Time (sec)
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UCR Rivera Library--Test No. 6 Anchorage A One Device (T=100 ft-lbs)
Harmonic Motion (1 Hz, 1.8 in)  File: 05221445 txt

Force-Relative Displacement 20 Force-Absolute Displacement

15

10

i

Force (kip)
(=]

Relative Displ. (in) Absolute Displ. (in)

Total Lateral Force (Solid) and Bolt Tension (Dashed)
M . I I

e
'
)
'
1
h
V
'
'
)
'
'
'
'
V
'
'
M
'
¥
'
‘
'
.
‘
3
'
)
'
)
'
'
'
y
y
'
1
'
.
.
.
.
‘
.
'

Force (kip)
(=]

—

®

o
T

i

i

i

Energy (kip-in)
—
[¢)) N
o o
I
W
I ;
A
DL
Py
E '
; A
; !
A
L

Acc. (g)

Time (sec)
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Displ. (in)

Displ. (in)

Displ. (in)

Displ. (in)
o

Displ. (in)
o

0.30
0.15

-0.15
-0.30

0.30
0.15

-0.15
-0.30

0.50
0.25

-0.25
-0.50

Ut

T

vera Library--Test No. 7 Anchorage A One Device (T=100 -lbs)
Harmonic Motion (1.5 Hz, 1.8in)  File: 05221454 .txt

il Displacement: Actuator (Solid) and Command (Dashed)
[ T

7 I - A ‘ ]
I I
0.5 1 1.5 2 25 3 35 4
I Displacement: Panel Top (Solid) and Carriage (Dashed)
! AN 7\ e ! N !
4
isplacement, Panel Top: Left (Solid) and Right (Dashed)
T ] 1
...... [.I.............‘,........../“.».»»v..,.\T..."..../(.,.»..»...A.\.‘».,,.__;_.._/.__._..___.__\.‘,..,..,,.,7!.____._;.______ PR
(Yaind \"f\"\// \ N \ iVaVa :
. YA v / ./ '\ .
I ! 1 ! | 1 1
0.5 1 15 2 25 3 35 4
fertical Displacement: Panel vs. Right Support
f i | T I
i ; ; | | | i
0.5 1 15 2 25 3 35 4
ine Displacement, Panel Top: Left (Solid) and Right (Dashed)
! I T J ! ‘ !
: 4 A : Lo s :
!.., ---------------- H-fey e A \ o S SR Bqy oo yam e e |
r\‘l |\I\| I"é\"‘/"‘ AUUT! ‘] |,\Iﬁ|[\ Y ”\I\\’f‘ I . .
R AY : AHVRA - AHT Y 2
ki Y iy wul N
______ !..t..‘l__,_.. Y l..\l__li'._,_, M- ,....I"..\I__‘_._.._ MM e YN .....U.....,....... IO
Il 1 ; E { I |
0.5 1 15 2 25 3 35 4

Time (sec)



UCR Rivera Library--Test No. 7 Anchorage A One Device (T=100 ft-Ibs)
Harmonic Motion (1.5 Hz, 1.8 in)  File: 05221454 txt

Force-Relative Displacement 20 Force-Absolute Displacement

N
(3]

-
o

Force (kip)
o (9]

]
(3]

Relative Displ. (in) Absolute Displ. (in)

20 Total Lateral Force (Solid) and Bolt Tension (Dashed)
T I

Force (kip)
o o 8

]
-—

X
(S)

- N
® &
© o

Energy (kip-in)
N
o

60
0 b '
0 0.5 1 15 2 25 3 35 4
Horizontal Acceleration: Panel Top
T T T l |
P S U U S A SO AU SO N | SR -
C
8‘ 0
<
B B et e R T CEEE A P OEPPEEPE R .| N ~
2 1 I L I I 1 I}
0 0.5 1 15 2 25 3 35 4
T .2 (sec)



Displ. (in)

Displ. (in)

Displ. (in)

UCR| ‘a Library--Test No. 8 Anchorage A Three Devices (T=1C ft-lbs)
Harmonic Motion (0.05 Hz, 1.8 in)  File: 06041203.txt
Horiz Displacement: Actuator (Solid) and Command (Dashed)
! ! i . ! ! T
_ 1 ‘ ' | e -
E
8 0f- e
0
a T 442G P S . RS SR S P _|
ol
0 ) 10 15 20 25 30 35 40 45
Horiz Jisplacement: Panel Top (Solid) and Actuator (Dashed)
h_ ~-< ! ! ! ~—=< ! ' ]
~N ~N !
E 1 ____/_Z ______ |
\-.f /
a 0 7 soppusd - S, S SN o’ U S U S AU i CE R —
L
a T e T _
ol |
0 45
Vertic placement, Panel Top: Left (Solid) and Right (Dashed)
030 | ! ! | ! ! T
015 R e -
0k== ...... _
0145 i Ea e e R S =
-0.30 ] 4 I I 1 I }
0 10 15 20 25 30 35 40 45
0.30 Relat rtical Disnlacement: Panel vs. Right Support (Solid) and Stud vs. Right Suppor Jashed)
S/ . 1 I | s 1 T
0.15 F ------------------------------------------------------------- -
0 S : ...... —
0145F-—- ............................................................. -
-0.30 L i ] 1 | | 1
10 15 20 25 30 35 40 45
Outo 2 Disnlacement, Panel Top: Left (Solid) and Right (Dashed)
- T T T T T 1 T
025} U S R OO S .......... -
0T Dafithoe G s S m—— iyl
0251 e S TR — AR S -
-0.50 | 1 | ! 1 1 i
0 10 15 20 25 30 35 40 45

Time (sec)
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Force (kip)

Force (kip)

-
w
(3]

Energy (kip-in)

Acc. (g)

UCR Rivera Library--Test No. 8 Anchorage A Three Devices (=100 ft-Ibs)
Harmonic Motion (0.05 Hz, 1.8 in)  File: 06041203.txt

Force-Relative Displacement Force-Absolute Displacement

— 20— ; —

-
n

—_
o

n

o

]
(3]

Relative Displ. (in) Absolute Displ. (in)
20 Total Lateral Force (Solid) and Bolt Tension (Dashed)
T T T T |

—_
o o

[(o]
o

[P
-

' ' ' '
e T e e e e e e i —

S
(3]
!
)

i i i i i i

0 5 10 15 20 25 30 35 40 45

o

O OO SRR S A S A SO ]

2 i ; i i i L 1 e

Time c©)
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Displ. (in)
o

Displ. (in)
o

Displ. (in)
o

-0.15
-0.30

0.30
0.15

Displ. (in)
o

-0.15
-0.30

0.50
0.25

Displ. (in)
o

-0.25
-0.50

ra Library—-Test No. 9  Anchorage A Three Devices (T=1¢
Harmonic Motion (0.05 Hz, 1.8 in)  File: 06041214 txt

Displacement: Actuator (Solid) and Command (Dashed)
| T T

L i ' i i i ' L

5 10 15 20 25 30 35 40

Displacement: Panel Top (Solid) and Actuator (Dashed)
T~ T ] I — - T T T

N A S R N S N
N : | N |
] i 1 i I I i
) 10 15 20 25 30 35 40

'rtical Displacement: Panel vs. Right Support (Solid) and Stud vs. Right Suppor
T | T | T T T

. B bbbt kY t-\mf‘ﬁa'—'&'—'z';';;;;‘a“\- ---------
| I ! i I I I
) 10 15 20 25 30 35 40

€ ~ ‘splacement, Panel Top: Left (Solid) and Right (Dashed)
- | f f I T I I

[ Il
10 15 20 25 30 35 40
Time (sec)
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UCR Rivera Library--Test No. 9  Anchorage A Three Devices (T=150 ft-lbs)
Harmonic Motion (0.05 Hz, 1.8 in)  File: 06041214 .txt

Force-Relative Displacement Force-Absolute Displacement

- -
v O (&)

Force (kip)
o

-5
-10
-15
20 i a ; 20 : : s
-2 -1 0 1 2 -2 -1 0 1 2
Relative Displ. (in) Absolute Displ. (in)

Total Lateral Force (Solid) and Bolt Tension (Dashed)
I I I I I

Force (kip)
© o o

)
(S]

80 Energy: Input (Solid) and Dissipated (Dashed)
I ] I I ] I f I

-
[
(3]

Y
[3,]

Energy (kip-in)
(o]
o

o

: Il L
0 5 10 15 20 25 30 35 45
Time (sec)
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Displ. (in)

Displ. (in)

Displ. (in)

Displ. (in)
BN LA o -

Displ. (in)
N S o 2N

0.30
0.15

-0.15
-0.30

0.30
0.15

-0.15
-0.30

0.50
0.25

-0.25
-0.50

I

rary--Test No. 10 Anchorage A Three Devices (T=1 | ft-lbs)
irmonic Motion (0.05 Hz, 1.8 in) File: 06101049.txt

icement: Actuator (Solid) and Command (Dashed)
[ l T |

I
-
~T~<

10 15 20 25 30 35 40 45
lacement, Panel Top: Left (Solid) and Right (Dashed)
I I I ! I T - - T
1 I 1 t 1 i [
10 15 20 25 30 35 40 45

Time (sec)
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UCR Rivera Library--Test No. 10  Anchorage A Three Devices i =1C. ft-Ibs)
Harmonic Motion (0.05 Hz, 1.8 in)  File: 06101049.ixt

Force-Relative Displacement 20 Force-Absolute Displacement

15

-
w»n o

Force (kip)
o

5
10
15
-20 : 20
-2 -1 0 1 2 -2 -1 0 1 2
Relative Displ. (in) Absolute Displ. (in)

Total Lateral Force (Solid) and Bolt Tension (Dashed)
T T 1 1 T T T 1

-
o

Force (kip)
o

80 Energy: Input (Solid) and Dissipated (Dashed)
T T T

!

135

E-N
n

Energy (kip-in)
(o]
o

o

1
C]
s 0 e mmrea———————— - - - - _
o
< : ; : : : : : :
S E— T B e e i e .
B | | | i | | | ;
0 5 10 15 20 25 30 35 40 45

..Ne (sec)
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Displ. (in)

Displ. (in)

Displ. (in)

Displ. (in)

]
—

)
Ny

AY

Displ. (in)

0.30
0.15

-0.15
-0.30

0.30
0.15

-0.15
-0.30

0.50
0.25

-0.25
-0.50

rary--Test No. 11 Anchorage A Three Devices (T=1! ft-lbs)
smic Motion (Max. Ampl.=1.1in) File: 06101117 .txt

icement: Actuator (Solid) and Command (Dashed)

r ! !

1 I i |

5 10 15 20 25

l l I !

5 10 15 20 25
ment, Panel Top: Right (Dashed)

T T s T
[ 1 i
;.!‘aft,'_!_}_} ______ SO L S S — P SO SSS 4

vy i { (I - n e
' ‘! \" | : ‘[’h‘J" \JA | { | ,[‘ { ‘l ‘ld/“r\-ll\\ /\l’ \‘I:r\‘,"v]\\l \I\Il1v} \hf‘ : N venrrannn
S A R et e s

H 1 H

i i i |

5 10 15 20 25
‘anel (Solid) and Stud (Dashed) vs. Right Support and Panel vs. Left Supp  (Dotted)

T T I I
A E iy’ Pt Ny ‘*\“:u":-«'-‘*,-,f"*'“" ..... -

5 10 15 20 25
lacement, Panel Top: Left (Solid) and Right (Dashed)

! ! ! T I

I | | L

5 10 15 20 25

Time (sec)
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UCR Rivera Library--Test No. 11 Anchorage A Three Devices (T=100 ft-1bs)
Seismic Motion (Max. Ampl.=1.1in) File: 06101117.tx

Force-Relative Displacement 20 Force-Absolute Displacement

Force (kip)

Relative Displ. (in) Absolute Displ. (in)

0 Total Lateral Forece (Solid) and Bolt Tension (Dashed)

T

-
o O o

Force (kip)

1
-

X
(5]

180

-in)

< 135

©
o

Energy (kip

E-S
n

———— e et e e e e e e = —— —— —— e —— e . —— -

. —
—————

R e : : |
0 5 10 15 20 25

o

Horizontal Acceleratinn® Paneal Tan

Acc. (g)




Displ. (in)

Displ. (in)

Displ. (in)

ucC

-0.15
-0.30

0.30

0.15

-0.15
-0.30

0.50
0.25

-0.25
-0.50

Displ. (in)
o

Displ. (in)
o
>

10 I

3

T

ra Library--Test No. 12 Anchorage A Three Devics
Seismic Motion (Max. Ampl.=1.65 in)

It Displacement: Actuator (Solid) and Command (Dashed)

File: 061011:

! T

! !
A " I“lf,':lll h 0 " (, h "\l O .
! :L ! R g v- l\
'll"T_,""'{"}'I"":“'T"iflﬁ11;1'll“ FpHt r’ﬂ‘ " "\:l‘ T' f’l.‘; o U‘\ llf -
P ey e
Lty AT [T 200 O SO
L R [ | e
i 1 i i
5 10 15 20

Time (sec)
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UCR Rivera Library--Test No. 12  Anchorage A Three Devices (T=100 ft-Ibs)
Seismic Motion (Max. Ampl.=1.65in) File: 06101134.txt

Force-Relative Displacement 20 Force-Absolute Displacement

Force (kip)

Relative Displ. (in)
20 Total Lateral Force (Solid) and Bolt Tension (Dashed)
T | T |
~ 10 || B | O b SO SO .
% 10 ~ l -~ s ! ~te ade W~ | RV A \.—-:\..-.I\..‘.rd\,a-_,"'ﬁf-—-___-__
; 0 1 ‘ ______ { l r _;' a ALY - -~ —
o ' |
[} E
w10} R R || N1 S R —
20 I 1 ! |
0 5 10 15 20 25
300
c
a 225
=
> 150
2
2 75
L
0
0.5 |
C :
8. 0 ] | | LD N Y ]
< :
I R Y e S e --------------------------------------------------------- —
_1 1 | i Il
0 5 10 15 20 25

Time (sec)
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Displ. (in)

Disp!. (in)

Displ. (in)

UCRF 1 Library--Test No. 13  Anchorage A Three Devices (T=1 ft-Ibs)
Harmonic Motion (1.5 Hz, 1.8in) File: 06101148.txt
Jisplacement: Actuator (Solid) and Command (Dashed)
I T ] | [P i l I AT
| / / ¥ / / / N\
- — tl--\\ ------- 11--- R o "-~----,/--\ """"" A Rk rl I S L/ SRR e -
= X, gl N W W/ T 7/ W
= L N Yo\
a Ny N Wy | WA AR W I | /A S A S W |
@ 1 A A\ N\ W A N\ W A NNy
a N W N\ g S\ AR V" SRR | U SO\ WY _
N \ i \ 1\ /i \ W\ f ‘\ ; \ i
2 i\ W N L\ { | f i . \Y P\
0 1 2 3 4 5 6 7 8
Jisplacement: Panel Top (Solid) and Carriage (Dashed)
T [ a I | T I I
; N : N h L1 N P c A h
AT A n AL I _
ol oo
8
[ P I S S S S D Y R S YN AN S - S s A .
-2
0 8
Vertic lacement, Panel Top: Right (Dashed)
0.30 T T T T T ! !
S M MMM N M S
0-157"\ A R A B i S ¥ L P ‘|
op--- Foee ;'»-»-\l ------ A B '—»--‘\f ----- l~»--\-\ ----- ff»-m‘\ ----- 7{\/ ----- ‘ R < IARLREEE ;’ ----- ! \i----' ----- -
‘\ RN AR SR Vo]
‘ : I )
-0.15 4, g,“' """" w A Vert------ ‘I\-\w ******* ! v ‘\'\"JJ """" It\'.a-* """" ‘,‘ PR A (;“.‘.l ““““ ?,,'\‘_,‘I' """ -
030- i i i ; i i i |
0 I 2 3 4 5 6 7 8
0.30 Rel. \ ipl.. Panel (Solid) and Stud (Dashed) vs. Right Support and Panel vs. Left Sup;  (Dotted)
- [ T I f f ] 1
0.15 .
0
015~
-0.30
0
Outo
0.50
025
0 ﬂw
W
0.251"
-0.50
0

Time (sec)
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Energy (kip-in)

UCR Rivera Library--Test No. 13  Anchorage A Three Devices (T=100 ft-Ibs)
Harmonic Motion (1.5 Hz, 1.8in) File: 06101148.txt

Force-Relative Displacement 20 Force-Absolute Displacement

- -
o O O

Force (kip)
o

Relative Displ. (in)

Total | ateral Force (Solid) and Bolt Tension (Dashed)

: r ; ; ! . !
ST N U Y I o WO 0 Y A ok OO O S DO T R
% 10 S RSURNY Bl oSN - LS. Bl LV, S\ PRI e T e - (o, v_../- V‘ 4
o 0 ............................................................................................................. ]
2
o
VIS, o JEEEEN EES) EERPERTE ot SECETTEEL SN BESEREEY SRS CEPERREIY FUN TEETEPEE [EPE FEEEERRN SRt) SYSEPPED SR EEPTERT? PR PESRETEE EE ECEEESE PUS) FUERSEETERSS -~
-20 ] i i I i i I
0 1 2 3 4 5 6 7 8

1000
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500
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Tt s SO S S SO SO USSR -
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Time (sec)
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Displ. (in)

Displ. (in)

Displ. (in)

UCF

Displ. (in)

Displ. (in)

0.30 F—

0.15

T o

o

T
T\ H
H BN

&

015}

-0.30

l

|

aLibrary--Test No. 14 Anchorage B Three Devices (T=5 1-Ibs)
Harmonic Motion (0.05 Hz, 1.8 in)  File: 0627 234 .txt
displacement: Actuator (Solid) and Command (Dashed)
T ! ! ! ‘. !
10 15 20 25 30 35 40 45
Jisplacement: Panel Top (Solid) and Carriage (Dashed)
= T T | P T T |
~ ; -~ : s a
45
lacement, Panel Ton: Left (Solid) and Right (Dashed)
T z I I T T T
| i 1 1 i i i
10 15 20 25 30 35 40 45
ipl.: Panel vs. Right Support (Solid) and Panel (Dotted) and Stud (Dashed) vs.L  Support
T T T T T T T ]
s S R e S
i i i 1 i i i |
10 15 20 25 30 35 40 45
Displacement, Panel Top: Left (Solid) and Right (Dashed)
T | T T T 1 I ‘T
i i | ‘ i i i _
10 15 20 25 30 35 40 45
Time (sec)
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UCR Rivera Library--Test No. 14 Anchorage B Three Devices (T=50 ft-lbs)
Harmonic Motion (0.05 Hz, 1.8in) File: 06271234.txt

Force-Relative Displacement 0 Force-Absolute Displacement

15

10

(3,]

Force (kip)
o

-5
-10
-15 §
20 : 20 —
-2 -1 0 1 2 -2 -1 0 1 2
Relative Displ. (in) Absolute Displ. (in)
0 Total Lateral Force (Solid) and Bolt Tension (Dashed)
I 1 I T i I I I
a 10 ——\»‘--rﬂ-.--"---q----. -------------- —
X
(%3
2
(=]
[T
= =
é- 75’" """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" = RSN CEE R EE LR —
x
g 50__ ____________________________________________________________________________________________________________________________________ .
2
o e S A -
w
0 i | ] ! i i i i
0 5 10 15 20 25 30 35 40 45
Honzontal Acceleration: Panel Top
T T T | T T T T
Y S T SN N SO NSTOIOUION: USROS SO S -
C é
g 0 r— .
Q H
< i
-1 — ---------------------------------------------------------------- —|
5 | : | . , |
0 5 10 15 20 25 30 35 40 45
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UCR  eralibrary--Test No. 15 Anchorage B Three Devices 1= ) ft-Ibs)
Harmonic Motion (0.05 Hz, 1.8 in)  File: 06271255.ixt
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UCR Rivera Library--Test No. 15  Anchorage B Three Devices (T=100 ft-lbs)
Harmonic Motion (0.05 Hz, 1.8 in) File: 06271255.txt
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UCR sra Library--Test No. 16 Anchorage B Three Devices (T= | ft-lbs)
Seismic Motion (Max. Ampl.=1.1in) File: 06271329 txt
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UCR Rivera Library--Test No. 16  Anchorage B Three Devices (T=100 ft-lbs)
Seismic Motion (Max. Ampl.=1.1in) File: 06271329.txt
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sra Library--Test No. 17  Anchorage B Three Devices (T=1  ft-lbs)
Seismic Motion (Max. Ampl.=1.65in) File: 06271349.txt
Horiz¢  al Displacement: Actuator (Solid) and Command (Dashed)
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UCR Rivera Library--Test No. 17 Anchorage B Three Devices (T=100 ft-Ibs)
Seismic Motion (Max. Ampl.=1.65in) File: 06271349.txt
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| Library--Test No. 18  Anchorage B Three Devices (T=1( ft-lbs)
Harmonic Motion (1.5 Hz, 1.8in)  File: 06271410.txt
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UCR Rivera Library--Test No. 18  Anchorage B Three Devices (T=100 ft-lbs)
Harmonic Motion (1.5 Hz, 1.8 in)  File: 06271410.txt
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U”RF :ralibrary—Test No. 19 Anchorage B Three Devices (T=1( ft-Ibs)
Harmonic Motion (1.5 Hz, 0.5in)  File: 06271435.txt
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UCR Rivera Library--Test No. 19 Anchorage B Three Devices (T=100 ft-lbs)
Harmonic Motion (1.5 Hz, 0.5in)  File: 06271435.txt
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nic Motion (1.5 Hz, 1.8 in)  File: 06271440.txt
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UCR Rivera Library--Test No. 20 Anchorage B Three Devices (T=100 ft-bs)
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Library--Test No. 21 Anchorage B Three Devices (T=1( ft-lbs)
Harmonic Motion (1.5 Hz, 1.8 in)  File: 06271509.txt
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UCR Rivera Library--Test No. 21 Anchorage B  Three Devices (T=100 ft-lbs)
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ra Library—-Test No. 22 Anchorage B Three Devices (T=1 | ft-Ibs)
Harmonic Motion (1.5 Hz, 1.8 in)  File: 06271531 .ixt
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UCR Rivera Library--Test No. 22 Anchorage B Three Devices (1 150 ft-Ibs)
Harmonic Motion (1.5 Hz, 1.8 in)  File: 06271531.txt
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era Library--Test No. 23 Anchorage B Three Devices (T=2 ft-Ibs)
Harmonic Motion (1.5 Hz, 1.8 in)  File: 06271553.txt
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