FREE VIBRATION TESTS OF STRUCTURAL WALLS

by

R. G. Oesterle, A. E. Fiorato, and W. G. CorleyI

As part of an experimental and analytical investigation of struc-
tural walls for earthquake-resistant buildings, large isolated reinforced
concrete specimens have been tested under reversing in-plane lateral
loads. The investigation was supported in part by NSF-RANN Grant GI-
43880. In the experimental program, free vibration tests were carried
out to determine the frequency and damping characteristics of isolated
walls. These tests were conducted at selected stages as the number and
magnitude of the reversed lateral load cycles applied to the specimen
were increased. Details of the test specimens are described in a paper
under Topic 5 of this conference. Results of the free vibration tests
are described in this paper.

The free vibration test setup is shown in Fig. 1. Tests were
performed using two methods. In the first, all specimens were tested
using an "initial displacement-sudden release'" method. The force used
to displace the wall was lower than the calculated cracking load. In
the second, smaller amplitude tests were performed using the impact
force of a 3.63 kg. hammer to initiate vibrations. Plots of displacement
of the top of the wall versus time were used to compute the mnatural fre-
quency and logarithmic decrement. The damping coefficient was calculated
from the logarithmic decrement.

The results of the tests are presented in Table 1. Frequency
measured prior to the application of lateral load ranged from 64% to 82%
of the frequency calculated based on uncracked section properties. The
differences are attributed to the existence of micro-cracks caused by
shrinkage -and handling.

The measured frequency decreased by an average factor of 2.2 from
the initial tests to the tests carried out after application of lateral
foad cycles near yield. For the same conditions, the average damping
coefficient changed from 3.4% to 8.5% of critical.

"Initial displacement-sudden release' tests on specimens that
previously had been cycled well beyond yield indicated that the frequency
decreased considerably after yielding. However, the damping did not
change significantly. Hammer impact tests for the same conditions for
Specimen B5 indicated that the damping decreased significantly. 1In
general, smaller amplitude hammer tests gave higher frequencies and
lower damping coefficients than "initial displacement-sudden release'
tests. This can be attributed to the differences in crack closure
resulting from the magnitude of the initial displacement.

I . . . .

Respectively, Associate Structural Engineer, Senior Structural Engineer,
Structural Development Section, and Director, Engineering Development
Department, Portland Cement Association, Skokie, I11., U.S.A.

3239



£
*sq 103 ©

d ‘peol auwes 9yl 3e INID0 03 POUMSSE SBM YSg UT

Butpretp °Sq uewroads yo xtedox e sem ygg ueuwroads (g)
“PeOT [BISJE DTUOJOUOW YITM Paisal pg uawroads (z)

‘poansesw jou opnitrduwe TerITUT ()

1s9], 3oedu] Ioumey

.>< 031 Butpuodssxzod rem jo doi je peridde peoq
SUOTIBIQTA 93BTITUT 03 [[eM Jo dol e parydde peoq

: *s31s91

peol Teisle] Surinp ‘poAIdasqo SeM [993S [BINXS[J UTRW
Jo BurproTf 3ISITF YOTyM e TTeM yo dol Jo uoTIda[Feq

. *s91945 peotr
aaaouﬂuoﬁnuﬁusv:mxuomoawo:oﬂuoﬂovﬁ:ﬁxmz

dn-3e5 3881 UOTFRAQTA .wmuh T

iy 8im

< SHLON

=L'I'H

ol

Xeu

L HYIHM

*b1a

3609
juswadoydsiq

£€SST "I9S 4/4 V¥Od

0°TI £°8 - v8 ¢ L0°0 11 ST
9°'c 6°11 - 81°0 "L°I'H 11 ST
LS 8°01 - 6L°C L0°0 v'o 9 usg
o'y A S - £1°0 "L'IT'H ¥°0 9 €)
o'y £°¢T- - 161 L0°0 - 0
1e © 091 - £1°0 ‘L'I°H - 0
ST v°9 - LE°L S0°0 9's 24
(284 8°11 - 01°0 " ‘L'I°H 9'¢ vz
0°zrI 0°zZt - 622 L0°0 11 ST
[A4 AL - 01°0 "L'I'H 't ST -
9°6 st - LS°T L0°0 0 9
z°6 ¥°0z - 01°0 ‘L'IH v°0 9 ,
0y S'6Z 0'T¥ 99°0 L0'0 - 0
6°2 9°0¢ 0°T¥ 01°0 *L'I'H - 0
Lz 8782 L°8¢ 85°0 0z°0 - 0
vz 762 L°8¢ 90 £1°0 - 0 @'
872 -6z L°88 (49 ‘L'I'H - 0
879 $°8 - L0°E {170 01 ST 2y
s's 8°L1 8°LT ¥l L0 - ]
06 z°s - 4] ‘L'I'H A3 9
'8 £y - 61°ST L1°0 8°S vz cq
9°6 6°01 - 692 L1°0 0'1 z1
L2 - L°6C 0°8¢ 880 L1°0 - 0
L9 501 - we 970 ) 9 N
¥'s 812 992 99°0 9£°0 - 0
SV 6°s - 68°8 L0°0 Ls ve :
0°0T 0°¢T - - S9°1T L0°0 01 ST zd
9'¢ v°62 60t 9£°0 L0°0 - 0
16 6'c - 6Z°LT 9§ ¥T
$°8 [ A 4 - 6v'z 01 z1 -1
(A - 0708 6°8¢ 170 : - 0
86 S ost - L1 Lo (44 1
0°2 8°'sg 9°Sh £7°0 - . 0
ﬁuﬁﬁmu ‘ B (- um) o $9194)
Jo 4 ‘(z330H) (z319H) apn3trduy v peoq jyo
Surdweq, Aouenbazy £ boxy TBT3ITUL 20TId *ON JOT1d uoauroads
paansesy paansesy | pajenore] uotT3Ie3ITONT AX03STH BuTpeo]

SLINSEY LSAL

NOLLVYEIA H34d T FTEVL

3240



