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ABSTRACT

A study of non-structural damage observed in the instrumented Santa
Clara County Government Center building, during the Loma Prieta, California,
earthquake of October 17, 1989, has been carried out, to correlate the
recorded CSMIP response data with observed non-structural component damage.
A methodology is presented to assess the performance and behavior of
non-structural building components during earthquakes.

INTRODUCTION

Widespread non-structural component damage was observed and reported in
a broad class of buildings during the Loma Prieta, California earthquake of
October 17, 1989. Such damage was distributed over the San Francisco Bay
Area, including the cities of Oakland and San Francisco as well as San Jose.
The major consequences of the non-structural component damage are the severe
economic impact posed by such damage as well as possible life-hazard in some
cases. It is worth noting that as expected non-structural damage was
observed mainly in modern multi-story buildings which otherwise behaved
satisfactorily during the Loma Prieta, California Earthquake. The objective
of the project is to analyze recorded SMIP data and study the correlation
between available recorded data and non-structural component damage in
instrumented buildings during the Loma Prieta earthquake of October 17, 1989.

INSTRUMENTED BUILDING CASE-STUDY
SANTA CLARA COUNTY SERVICES BUILDING - SAN JOSE

After initial study it was decided to lead this research project with a
case-study of the Santa Clara County Government Center Building located in

downtown San Jose. This building has been the source of recorded data from
two previous earthquakes in 1984 and 1986, and has been the subject of
studies during these previous earthquakes. The overall view of this

case-study building is presented in Figures 1 and 2.

DESCRIPTION OF BUILDING STRUCTURAL SYSTEM

This thirteen story building is essentially square in plan
configuration., The structural system consists of moment-resisting frames at
26 ft. o.c. in both directions. Wings along the west and south sides of the
building are used primarily for circulation, e.g., elevators and stairs as
well as for mechanical systems. These wings are offset in plan and that is
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the only plan irregularity in the layout of the primary structural system.
Furthermore, these wings extend one floor above the roof which is the main
vertical irregularity in the building structural system. There is a
non-structural irregularity on the southwest corner between the two wings
discussed above. From the ground floor to the fifth floor there is a glass
enclosed architectural space. The main foundation system consists of a solid
mat foundation. The typical floor framing plan is presented in Figure 3.
Typical moment-resistng-frame elevations are shown in Figures 4 and 5.

OBSERVED NON-STRUCTURAL DAMAGE

Non-structural building components are classified to include partitions,
suspended ceilings, curtain walls, facades and cladding, and contents, e.g.,
filing cabinets, book shelves, computer equipment, office furniture, etc.

The non-structural damage observed in the Santa Clara County Government
Center Building falls mainly in the category of contents damage including
damage to interior space-enclosure partial-height partitions.

In general, valuable non-structural damage data gets lost soon after an
earthquake due to the need and necessity to quickly repair such damage to
bring building facilities back into operation. For this case-study, the
Santa Clara County Government Center Building, a video tape documenting non-
structural damage observed soon after the Loma Prieta earthquake, was
obtained [5] for study and analysis.

A review of the video tape [5] of observed non-structural damage shows
that there was substantial damage to contents in this building facility,
mainly at the 7th, 9th, 10th and 1lth floor levels.

A classification of non-structural components (contents) and
corresponding observed damage and location is presented in Table 1.

RECORDED MOTIONS

The typical recorded and processed data obtained from the strong motion
instruments in the Santa Clara County Services Building, as provided by the
CSMIP program [4] is shown in Figure 6.

A typical floor acceleration response spectrum for the 7th floor (NW
corner) based on CSMIP vol. 3 [4] data for this building is presented in
Figure 7.

CORRELATION BETWEEN RECORDED DATA AND OBSERVED NON-STRUCTURAL DAMAGE

Non-structural component damage in buildings is characterized by both
acceleration as well as inter-story drift effects. A study of the observed
non-structural damage data recorded on video tape showed that in general,
there was no damage observed below the fifth floor level. The majority of
the non-structural component damage is concentrated at the 7th and 1llth floor
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levels, with lesser damage observed at the 8th, 9th and 10th floor levels.
Efforts are now under way to complete the correlation between floor responses
(accelerations and displacements) and corresponding observed non-structural
component damage. It is planned to develop a non-structural damage index as
one means of quantifying the observed non-structural damage in relation to
corresponding recorded response data (accelerations, displacements, etc.).

Summaries of the peak responses recorded at different levels in the
Santa Clara County Government Center Building, during the 1989 Loma Prieta,
California, earthquake as well as the 1984 Morgan Hill, California,
earthquake are presented in Tables 2 and 3.

OBSERVATIONS/PRELIMINARY RESULTS/CONCLUSIONS

A comparison of peak recorded motions at different levels in the Santa
Clara County Government Center Building during the 1989 Loma Prieta
earthquake and the 1984 Morgan Hill earthquake shows that the peak recorded
response floor accelerations and displacements during the 1989 Loma Prieta
earthquake were almost twice those recorded during the 1984 Morgan Hill
earthquake @ the 12th floor and roof levels and approximately 2.5 times @ the
7th floor level. According to damage data provided by Van Osdol [5], this
building suffered non-structural component damage during the 1984 Morgan Hill
earthquake and the 1986 Mt. Lewis earthquake also. Since that time certain
levels of upgrading and retrofit of non-structural building components has
been carried out, which helped reduce level of non-structural damage during
the 1989 Loma Prieta earthquake. Work is now underway to carry out a seismic
analysis of the building system using the computer program ETABS [1] to
develop a better correlation between results of analysis, recorded data and
observed non-structural component damage in the Santa Clara County Government
Center Building.
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Figure 1. Santa Clara County Government Center - San Jose
Overall View from South-West

Figure 2. Santa Clara County Government Center - San Jose
Overall View from the North-West
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Santa Clara County Government Center - San Jose

Typical Structural Floor Framing Plan

Figure 3,



UOTIBASTY SwelJ-3uTlsSTSaY-Juamoy 3IsoM-1sey [eo1dL]

SuoTleASTY SwWel]-TFuIlsSTSoY-jUsWOl Yanog-yaaoN Te2TdA]

@ —

@

® O

© @

@ -z @ Q.\R@ -2z @ c-nz @ o-n12 @a.s@

9SO UBS - I93ULd) JUSWUILA0H AJUNO) BIBT) ®IUBS G 9InTIJ 9S50 UBS - I93U9) JULBWUILA0H Ajuno) vIBH Baueg 4+ oind1g
AR 4 =
ey N ' 3 °© <
~— ~ -
P Av STy 5
3 o
s o o = o & o
- I.A\ Y - o .IJ ..JM\ ) - mm
> Tl N N @A\._Tﬂ.& BN o n
° Eak " 3 . 3 s 3
N Fle 7 N 2-l= Ila N N
S ale ko > w .m » © 5
=T ea\o._: ~
N 3o N o ' o o N
R & Y ¢ = © ....m m ¢ = -
~— ~7
- e L-¥2] ¢
7 REN ~ N o 3 o o
e v 115 ¢ = o 210 ¢ - 5
= ~ 4 '
5 - & 9
IR 7l - | 7s : b F
Y BN RS EN > o 3|0 > 3 [
3] - _
z - s :
| 3 {o N N Sl Il N o b4
A [+ RACE » = N s N N S
- s ( -
— 7w — —
=5 ils 5 e L Ie 5 ® _
ot | ¥ RAR [} > EN A 0 > K
£ - —
5 o I e S -aLl ~
N o PR ~a c " o Iy
Q215 K0 & S 3 N {48 8 ¢
- = > Ry Y
2 & e
a3 2G| =
Iy 2 N o ' o o N [
=LY a8 N : g 2|8 g y
Z & =
7 o \.M/ N N o M ot-59% o 1IN o ¢
¢ als § 3 3w g 318 & >
0 -
[
&=
N Fe o Flo N 0 N
o g o 1 N -
& % S N > N EY LY N > Y
~— ~
CANL) (dal) (@283 (L) CIAL) (dnl) Jood . Cax1) (4AL) CdAL) (dr1) CdaLd Cart)
—Gnizm 2@ xtzM * Fewed | 231z | 22=12 prevera N ) Y=-Gr2 23 =i B> 12M Cadality et 29 <1 by xizrt
~
I i N n [N o o
. . - + ! = ES »
(49 wod)
T &< ||



X

00 ™

ACCELERATION
(cu?ssc?szc)

-200

SMIP91 Seminar Proceedings

MORGAN HILL EARTHQUAKE APRIL 24, 1984 13-15 PST
SAN JOSE - SANTA CLARA CO. BLDG. CHN 12+ 90 DEG  (7TH FLOOR, NORTHWEST CORNER)
INSTRUMENT-CORRECTED AND BANDPASS-FILTERED ACCLLLRATTON, VELOCITY AND DTSPLACEMENT
FILTER BAND: 20-.30 70 23.0-25.0 HZ. 97357-C0185-84115.01 060688. 1616-0MORGANS4

MAK = ~99.0

80 —

CITY

MAX = 28 7

ron i M ANAAANAAAAANAA AAAAAAAAAnA

%Eh?sec)

V””vvvvkuvvvvv VVVVVVVVVVVVVVVV

MAK = 9.7}

N AAAHAAAAAAAAAAAAAAAAAAAAAAAAAA

DISPLACEMENT
(o)
(=]

A N EARA A

>

00

ACCELERATION
(CM/SEC/SEC)
L =1

-400
120

VELOCITY
(CM/SEC)
(=13

-120

DISPLACEMENT
(M)

B MAX = 252.1

TIME (SLC)

SANTA CRUZ MTNS (LOMA PRIETA) EARTHQUAKE OCTOBER 17, 1989 i7:04 PDT
SAN JOSE - 13-STORY GOVT. OFFICE BLDG.  CHN 12: 90 DEG (7TH FLOOR, NW CORNER)
INSTRUMENT-CORRECTED AND BANDPASS—FILTERED ACCELERATION, VELOCITY AND DISPLACEMENT
FILTER BAND: 0.12-0.24 TO 23.0-25.0 HZ,  57357-C0185-88291.03 032191, 1634-QL8YA3STA

UK S T T N VOO0V VA Y O O A W OO YOOV WO YO YA N N G S YO U WO O O N SO0 O OO TN GO [ O VO YO Y [ O OO WU O I8 S GV U

[~ MAX = 61.6

PRI N S0 T 5V YO0 WX TN Y O YT UK U U N O U T N VOO A U O N SO0 OO S N T OO O U Y OO OO T N O TN O O VG 0 O W WO W U

10 20 30 40 50 60 70 80 90 100 110 120
TIME (SEC)

Figure 6
Source: Ref. [3], [4]
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