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EFFECTS OF GROUND RESPONSES ON STRONG MOTIONS AND BUILDING
DAMAGE IN GOLCUK, TURKEY, DURING THE 1999 KOCAELI EARTHQUAKE
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SUMMARY

In order to evaluate site effects on strong ground motions and building damage in Golcuk, Turkey, during the 1999
Kocaeli earthquake, microtremor array measurements are conducted at six sites in damaged areas. S-wave velocity
profiles down to bedrock are estimated by using inverse analyses of both microtremor dispersion and H/V data at the
sites. With the profiles and bedrock motions from asperity model of the main shock, 1-D effective stress analyses are
performed at the sites. Based on the computed ground motions, seismic responses of building systems are simulated.
Comparing the resulted ground and building responses with the observed damage, it is revealed that non-linear ground
responses could have significant effects on the strong motions and building damage during the earthquake.
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Figure 1. Map showing microtremor array observation sites (Sites A-F)

and distribution of collapse ratio for middle-rise R/C buildings in Golcuk
during the 1999 Kocaeli earthquake (AIJ, 2001)".
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Figure 3. S-wave velocity profiles estimated from microtremor array

observations at Sites A-F.
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Figure 2. Observed and inverted dispersion curves (upper) and H/V spectra (lower) at Sites A, B, E, and F.
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Figure 4. (a) Ground surface and (b) input bedrock velocity motions
computed at Sites A-F.
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Figure 5. Acceleration response spectra of ground surface and input

bedrock motions computed at Sites A-F.

Max. Shear Strain

Max. Acc. (cm/sz) Max. Vel. (cm/s)
0 01" 10°  10% 10"

0 200 400 50 100 150
(CI . (b) g
50}

50}t
100f I 100F Ad

150 1 150f

Depth (m)
g

Site{ 200} p { 200f %7

——cf  2s0f 1 250} &

300 300 300

Figure 6. Distribution of maximum (a) acceleration, (b) velocity, and (c)
shear strain computed at Sites A-F.
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Figure 7. Variation of building existence ratio with it’s fundamental
period in Golcuk (ALJ, 2001)".
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Figure 8. Comparison of (a) destructive indices and (b) peak velocities of
estimated ground motions with observed damage rank at hill and Sites A-F.
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Figure 9. Strength demand spectra (L= 2) of ground surface motions
estimated at hill and Sites A-F.
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Figure 10. Amplification factors of ground from (a) non-linear and (b)
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linear earthquake response analyses at Sites A-F.
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Figure 11. Comparison of evaluated amplification factors of ground with
observed damage rank at hill and Sites A-F.
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Photo 1. Whole view and damaged column of Building A (AIJ, 2001)"
near Site E, which location is shown in Figure 1.
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Figure 12.  Plan of Building A (ALJ, 2001)".

Table 1. Parameters of simplified MDOF model for Building A.

2nd Yielding Base Shear Coef., Cy 0.13-0
oot | | i |/ | | 2 vime
i (m) th | =A) | (tfem) | Drift (rad.)
5 298 | 662 1.46 71.8 0.0020+ 0
4 298 | 717 123 84.6 0.0035- 0
3 298 | 60.5 1.05 80.3 0.0035-01
2 298 | 494 1.01 89.3 0.0040+ 0,
1 298 | 494 1.00 110 0.0050+ 0

goooooobbOooooooobobbboono EQO
gogoooooobbooooooooobobobbooooa
gooooooboooboboboooboboobooo@ooa
60 000000000000000000O0ODDOFigure
4 000o0o0o0ooooooboobbobbb@obooobn
O/02000000)0 000000 130000000
gooooooobooooobobbooooo@oon 2,3
goooooh)oooboobbbooo 2,300 1520000

-321-



50 e
C =0.13x1.00
S v 1F
E o _—
o | 000 e e
8 -
S ol T
©
'GCJ 0
» 2T,
> |
@] ¢
+= 10
? S e Frame Model
! MDOF Model
% 0.005 0.01 0.015

Inter-Story Drift (rad.)

Figure 13. Force-displacement relations of both frame and simplified
MDOF building models with Cyo = 0.13 (ot = 1.00).
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