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SUMMARY

This paper presents the results of an ongoing experimental research
program to investigate the dynamic behavior of non-structural building
partitions and suspended ceiling systems during earthquakes.

Dynamic testing of typical building partition and suspended ceiling
systems (representative of current practices) has been carried out using
an MTS electro-hydraulic closed-loop system. Input excitation is sinsu-
sordal and specimens are subjected to cyclic motions of controlled
amplitudes and frequencies. Three types of dynamic tests have been
conducted: damping, sine-sweep, and block cyclic. Preliminary test
results include fundamental dynamic properties (e.g., damping, natural
frequencies) and relationship between input cyclic motions and component
damage. Effectiveness of current building code provisions and installa-
tion practices have been investigated.

INTRODUCTION

Studies of observed building damage caused by recent earthquakes,
e.g., Coalinga, California (1983), San Fernando, California (1971), and
Anchorage, Alaska (1964), etc., have clearly demonstrated that consequ-
ences of architectural (non-structural) component damage are significant
both in terms of their economic impact and the resulting hazard to building
occupants, owners and to the public at large. The need for mitigation of
of building component damage during future earthquakes has been recognized
(Ref. 2, 4, 5). Mitigation of the building component damage requires an
understanding of the dynamic behavior of such systems during earthquake
motions. Previous studies (Ref. 4, 5) have shown that building component
behavior during earthquakes may be characterized by (i) acceleration
effects, (ii) relative horizontal displacement (drift) effects, (iii) im-
pact/pounding effects. The major emphasis of the current investigation is
to experimentally investigate the dynamic behavior of building partitions
and suspended ceilings including evaluation of fundamental dynamic pro-
perties, e.g., damping and natural frequencies.
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OBJECTIVES OF DYNAMIC TESTING PROGRAM

The general objective of the dynamic testing program is to assess the
effectiveness of Uniform Building Code (Ref. 9) provisions and current
practices governing the design and installation of building partitions and
suspended ceiling systems.

The detailed objectives of the dynamic testing program are to in-
vestigate:

1. The behavior of unbraced and braced suspended ceilings--without
any partitions.

2. The behavior of building partitions subjected to motions normal to
the plane of the partitions.

3. The behavior of unbraced and braced suspended ceilings with
partial-height partitions including the interaction between
these two components.

4. The behavior of unbraced and braced suspended ceilings with full-
height partitions including effects of perimeter detailing on
overall component behavior.

TEST SPECIMENS

Test specimens selected are representative of common current prac-
tices. Building partitions are framed with steel studs with gypsum
wallboard as facing material. Suspended ceilings are typical exposed tee-
grid ceilings with lay-in acoustical tiles. All suspended ceilings are
12 ft. x 16 ft. in plan. A1l partitions are 12 ft. wide. Partial-
height partitions are 8 ft. high and full-height partitions are 10 ft.
high. Installation of building partitions and ceiling test specimens is
done according to accepted current practices. The test specimens may be
categorized into the following groups:

Specimen Nos. 1, 2, 3

Suspended ceilings only without any partitions; unbraced, braced
(splayed wire bracing) and braced with vertical strut.

Specimen Nos. 4A, 4B, 4C, 5B, 6

Partial-height partition with braced suspended ceiling without and
with fluorescent light fixtures (4A and 4B). Specimen 4C is the same as
specimen 4B except that bookshelves were added. Specimen 5B is the same
as Specimen 4B except that ceiling bracing consists of splayed wire
bracing with vertical strut. Specimen 6 is the same as Specimen 4B
except that ceiling bracing consists of two-wire diagonal bracing at top
of partial-height partition.
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Specimen Nos. 8, 9, 10, 9A

These consist of full-height partitions with suspended ceiling (in-
cluding 1ight fixtures) attached at partition end and unattached at
opposite end (steel-stud framed soffit). Ceiling bracing configurations
are (a) no bracing--Specimen No. 8, (b) 45° splayed wire bracing--
specimen No. 9, (c) 45° splayed wire bracing with vertical strut--speci-
men No. 10. Specimen No. 9A was similar to specimen No. 9 except with
addition of vertical suspension wires at 8 inches maximum at unattached
perimeter (2 ft. o.c.) and one vertical suspension wire at point of splayed
wire bracing.

Complete details of test specimens and their installation are pre-
sented elsewhere (Ref. 7).

TESTING SCHEME

The dynamic testing scheme consists of a structural steel grid simu-
lating a structural horizontal diaphragm, that is allowed to roll freely
on a wheel and bearing assembly. The building partitions and suspended
ceilings under test are attached to the steel grid at the top. Partitions
are also fastened at the bottom to a precast concrete base bolted to the
laboratory floor slab. The partition and ceiling test specimens are sub-
jected to cyclic racking motions using an MTS electro-hydraulic closed-
loop system. The excitation is sinusoidal and specimens are subjected to
dynamic displacements at controlled magnitudes and frequencies.

DYNAMIC TEST CONTROL PARAMETERS/TEST PROCEDURE
A1l test specimens were subjected to the following tests:

Test No. I Damping Test.

Test No. II: Sine-sweep Test (command peak displacement is fixed and
frequency is varied over a pre-selected range).

Test No. III: Block Cyclic Test (frequency is fixed and specimens are
subjected to several complete cycles of loading for
each increasing level of peak command horizontal dis-
placement starting with 1/16, 1/8, 1/4, 3/8, 1/2, 3/4,
1, 1-1/4, 1-1/2. . .)

Complete details of all test control parameters are presented elsewhere
(Ref. 7).

TEST INSTRUMENTATION

Honeywell Visicorder Model 1858, MUX/DEMUX aqd HP FM Data R@cqr@er
comprise the major components of test data recording. Data acquisition
of test specimen responses are provided by LVDT's, accelerometers gnd a
load-cell. Each sensor output was conditioned by a module preamp 1n the
Honeywell Visicorder Model 1858 which provides @n_almost'1mmed1ate harg
copy of each transducer's response. From the Visicorder's buffergd out-
put drivers, the seven signals are sent through a parallel to series
multiplexer (MUX) to give three channels of data and one time
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signal for recording. The recorder is a HP3960A four-channel, three-
speed, data recorder using FM recording of signals from DC up to 5000 Hz.,
at 15 ips. This provides a permanent one-quarter inch magnetic tape re-
cording of all data to be processed later by the MINC-23 data acquisition
system. Retreival of any one transducer's response is provided by playing
back the magnetic tape through a series-to-parallel demultiplexer (DEMUX).
Additional hard copy recording of a transducer's response is also ob-
tained through a strip chart recorder (B & K Model 2309). A video
television recorder and camera provide a visual record of test specimen
response and provides an accurate account of behavior of that specimen.

The MTS electro-hydraulic closed-loop servo-system provides the input
excitation. The system provides a maximum of six inches (#3") of stroke.
Complete details of dynamic test control equipment and instrumentation are
presented elsewhere (Ref. 7).

TEST RESULTS

Dynamic responses of the twelve test specimens tested to date were
manually analyzed and a partial summary-of the test results is presented in
Table I. Average damping ratio B calculated from the ceiling LVDT
traces for all the test specimens are found to range between 0.024-0.139.
The sine-sweep test data was analyzed to search for the frequencies at
which peak response acceleration and displacement amplitudes of ceiling
reached maximum values compared to peak responses of the loading grid.
Typical graphs of frequency vs. peak response ratios of ceiling vs. loading
grid are shown in Figures 1 and 2.

For all test specimens, peak response acceleration for loading grid
varies between 0.005g-0.33g whereas the peak response acceleration for
ceiling varies between 0.030g-2.16g. Maximum peak acceleration ratios
ranged from 2.5-7.4 and natural frequencies varied between 0.2-5.6 Hz.

For all test specimens, peak response displacement for loading grid

varies between 0.008 in.-0.467 in., whereas the corresponding peak dis-
placement response for the ceiling was found to be between 0.06 in.-3.40 in.
Maximum values of peak displacement ratios ranged from 3.09-8.00 and
natural frequencies were found to be between 0.8 Hz.-4.4 Hz. The results
of block cyclic tests for specimen Nos. 1, 2, 4A, 4B, and 5B, in the form
of graphs between peak-command displacement and peak response ratios of
ceiling vs. loading grid (both acceleration and displacement) are presented
elsewhere (Ref. 7). Detailed results of observed specimen behavior and
threshold levels of damage are documented elsewhere in a comprehensive
report (Ref. 7).

CONCLUSIONS

The results of dynamic tests to date have clearly shown that re-
sponse and behavior of building partitions and suspended ceilings is
influenced both by acceleration and displacement levels and their fre-
quencies. Comparison of the response and behavior of specimen Nos. 1, 2,
3 (ceilings only) with those of specimen Nos. 4A, 4B, 4C suspended ceil-
ings with partial-height partitions shows that UBC provision of the 45°
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sp]ayed wire ceiling bracing is satisfactory for providing stability to
part1a1-be1ght partitions. The test specimens with splayed wire bracing
and vertical strut seemed to be initially stiffer than the specimens with-
out vertical strut. For all specimens, the behavior was characterized by
eventual s1agk§ning of the splayed wire bracing, observed uplift and some
damage to ceiling main runners and their intersection with cross tees at
point of @racing. The specimens with vertical strut at point of splayed
w;retbrac1ng had less observed ceiling uplift than those without vertical
strut.

Threshold Tevel of damage to contents (books on shelves) is given
by results obtained for specimen No. 4C. This damage occurred at fre-
quency of about 2 Hz. and peak command displacement between 1-2.75 inches.
Examination of results for specimen Nos. 8, 9, 10, 9A clearly show that
ceiling perimeter details are a predominant factor influencing damage to
suspended ceiling and partitions. Extensive damage to suspended ceilings
occurred at the unattached ceiling parimeter at frequencies between 4-
4.8 Hz., and peak command displacement of one inch (specimen Nos. 8, 9,
10). Addition of vertical suspension wires at cross tees (Specimen 9A) at
8 inches maximum from unattached ceiling perimeter prevented the ceiling
tiles from crashing down but damage was caused by pounding of the cross
tees into the perimeter angle. This perimeter damage occurred at 3.6 Hz.,
and a peak command displacement of 2.5 inches. In all tests, the only
partition damage was loosening of some screws caused by sinusoidatl
excitation of the test specimens.
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