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ABSTRACT

The purpose of seismic design is to ensure the serviceability of buildings against earthquake, which might be
occurred during the service life of buildings, and to minimize the loss of life by preventing their failure under strong
earthquake. The lack resistance of walls resulting from a tendency toward high-rise apartment buildings with shear
walls and use of piloti would lead to a concentration of inelastic behaviors in their weak story. In this study, the
seismic performance of reinforced concrete shear wall buildings having piloti was analyzed by using the evaluation
techniques which was proposed by FEMA 273 and ATC-40. The results from comparison with these two techniques
are summarized as follows.; The results of elastic analysis method for seismic performance evaluation show that the
effect of piloti and building height decrease performance index. In case of shear wall building, the state of
insufficient shear stress governs their overall performance and it becomes evident in the case of the buildings with
more than 25 stories. For the buildings of piloti, the change of mass, weak story, as well as insufficient shear stress,
decrease the performance index rapidly compared with the performance index of the buildings without piloti. The
results, obtained from the nonlinear static anlysis using capacity spectrum method, indicate that the performance
point increases for the structure having piloti and high story. Also, deformation limits of buildings satisfy the
allowable criteria at the life safety level, but the immediate occupancy level is exceeded in buildings which have
more than 25 stories.

Keywords : seismic performance evaluation, performance index, CSM, performance point, piloti
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Table 1 Material properties and wall thickness

. Wall thickness £ £,
oor Core & Interior :
Exterior Wall | Wall (MPa) (MPa)

10F 180 mm 150 mm 21

15F 180 mm 150 mm 21

20F 200 mm 150 mm 21, 24 400
25F 250 mm 180 mm 21, 24

30F 250 mm 180 mm 21, 24, 30

35F 300 mm 180 mm | 21, 24, 30, 35

Table 2 Floor load(KN/m*)™

Load Room Bath | Entrance | Balcony Stair
Dead 5.95 5.10 500 1490, 6.10] 660
Live 2.00 2.00 2.00 3.00 3.00

Table 3 Seismic load'

Load T A I S R
Seismic | X-DIR | T=0.0733(hn)”" 15
load | Y-DIR | T=00488n)™ | M {12y | 12| 30

St=2dcIESe) =28 NI7H 45(2006)



| Seismic Performance Evaluation |

General Detail . .
Deterioration
Item Item
General Detail
Concerns* Concerns#**
General Detail Deterioration
Item Index Item Index eroratio

| |

| Seismic Performance Index ‘

*General concerns: strength, stiffness, configuration
=*Detail concerns: retrofit steel, opening retrofit

Fig. 4 Seismic performance evaluation procedures
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Table 5 Deformation limit according to performance

level®
e Performance level
System condition 0 S cP
Structural condition Little Average Poor
Maximum total drift 03 % 15% 25%

Table 6 Deformation limits results of building without

piloti
Story Performance PerforTnance Maximqm Accgptgnce
level point total drift criteria
10F 10 5.55 mm 0.01 % 03%
LS 8.68 mm 0.01% 15%
I5F 10 15.81 mm 0.01 % 0.3%
LS 24.85 mm 0.01 % 1.5 %
20F 10 26.68 mm 0.02% 0.3%
LS 44.44 mm 041 % 1.5%
95F 10 44.12 mm 0.33% 0.3%
LS 72.84 mm 0.49 % 1.5%
0F 10 66.45 mm 0.41 % 0.3%
LS 104.20 mm 0.68 % 15%
35F 10 87.81 mm 0.47 % 0.3%
LS 139.00 mm 0.82 % 1.5%

Table 7 Deformation limits results of building with

piloti
Story Performance Perfor'mance Maximqm Accelzptgnce
level point total drift criteria
10F 10 9.83 mm 0.01 % 0.3 %
LS 15.46 mm 0.01 % 1.5%
I5F 10 23.32 mm 0.01 % 0.3%
LS 37.15 mm 0.27% 15%
20F 10 37.69 mm 021 % 0.3%
LS 60.18 mm 0.63 % 1.5 %
95F 10 54.57 mm 0.35% 0.3%
LS 83.88 mm 0.69 % 1.5%
0F 10 7740 mm 045 % 0.3 %
LS 119.60 mm 0.83 % 1.5%
35F 10 11530 mm | - 0.49% 0.3 %
LS 170.40 mm 1.12 % 1.5%
H91



43 Brlo| MM v Ao eyt ol EE BAEe] MvHE o
o3 AulE Wtk g vt Tables 8 ~ 93%).

Al , o * Table 8 Plastic hinge rotation of building without

dlod ZEu HHIAE ISA A gk ATC-A0ME pilot

FzEO A mtel Ak fisk B3 Bz} 2 Element Plastic_hinge rotation(in radians)

- - - Story Analysis results | Acceptance criteria

o o AujE = A$E 243143 A2 plastic hinge No. =51 1o 0 5

rotation)? 02 Adke] o8] XujE W= AL PH27 29 10.0047 | 0.0072 | 0003 | 0.006

B (¢ frif S)E TEE 2 ol : X-DIR 35 0.0056 | 0.0085 0.003 0.006
~r] ential interstory ) HHE T Mt}(FlgS' 3bF 43 0.0080 | 0.0120 | 0.003 0.006

15~ 1632). DR 3| 00047 00071 | 0003 | 0.006

ZEA L 7 AT ALs MS o]-&3t 12 0.0043 | 0.0062 0.003 0.006
T = = T

20 0.0049 | 0.0072 | 0.003 0.006

A= w7l A mzﬂx Bz 303l 2= o]
35 27} JJf 19 2 gO%TE s T M 22 100048 | 0.0069 { 0.003 0.006

el
o 5 571 %S sor | XDIR |29 [0.0057 | 00082 | 0003 | 0.006
AL o = 31 Qiﬁ‘r 1:1:6]- 92(transfer zone)olA A5z 35 | 0.0054 | 0.0081 | 0003 | 0.006
- o 43 | 0.0043 | 0.0067 | 0003 | 0006

AA HFX ANAIE)R) B A Z
o met 2497 8 §§ Z}Mi e 24 L‘ A2zt Y-DIR| 3 00050 | 00073 | 0003 | 0.006
2 HAZIRNE Adsle §E7)8S wEEEA] A 29 | 0.0031 | 0.0079 | 0003 | 0006
B8 A3 2487} e 2o Ao 2431437 psp | X"DIR[ 35 00051 {00078 | 0.008 | 0.006
’ 43 | 00043 | 0.0067 | 0003 0.006

o = = = ZRE % gl
7R FAAFS dRskdTRdM d8r1EAE 238t Y-DIR| 3 | 0.0050 | 0.0072 | 0003 | 0.008

29 0.0030 | 0.0069 | 0.003 0.006

X-DIR 31 0.0039 | 0.0060 | 0.003 0.006

20F 35| 00045 | 00069 | 0003 | 0.006
(J_w 43 [ 00034 ] 00061 | 0003 | 0.006
Y-DIR| 3 | 0.0033 | 0.0064 | 0003 | 0.006

u [L7%] indicate plastc tinge zone Table 9 Plastic hinge rotation of building with piloti
© = rotation plastic hinge zone

Plastic hinge rotation(in radians)

Element ; —
L Story Analysis results | Acceptance criteria
NOTE: 6= 6,+ 8, e 10 LS 10 LS
where 0= yield rotation = (M/EI} 1, 20 | 00059 | 0.0084 | 0.003 0.006
and 8,= plastic hings rotation 22 0.0056 | 0.0079 0.003 0.006
. ) \ . X~-DIR 30 0.0049 | 0.0074 0.003 0.006
Fig. 15 Plastic hinge rotation 31 00067 | 0.0083 0.003 0.006
3F - - - -
interstory drift 43 0.0046 | 0.0072 0.003 0.006
3 0.0050 | 0.0073 0.003 0.006
e Y~DIR 11 0.0053 | 0.0079 0.003 0.006
g, 42 | 00056 | 0.009 | 0.003 | 0006

S0t
g, torsy, 30 | 00050 [ 00089 [ 0003 | 0006

O’O’r{}? X-DIR 31 0.0058 | 0.0082 0.003 0.006

32 0.0066 | 0.0086 0.003 0.006

30F 44 0.0048 | 0.0074 0.003 0.006

. 10 0.0063 | 0.0089 0.003 0.006

7 Y-DIR 40 0.0044 | 0.0068 0.003 0.006

A 42| 00045 | 0.0067 | 0003 | 0006

29 0.0047 | 0.0072 0.003 0.006

Fig. 16 Interstory drift versus tangential interstory drift 31 0.0037 | 0.0066 0.003 0.006
X-DIR 35 0.0046 | 0.0069 0.003 0.006

25F 43 0.0034 | 0.0063 0.003 0.006

3 0.0031 | 0.0064 0.003 0.006

ai Y-DIR{ 10 0.0051 | 0.0076 | 0.003 0.006

£8)

E@ 40 0.0044 | 0.0067 0.003 0.006

V55 @ 21 0.0042 | 0.0065 0.003 0.006

20) X-DIR| 30 0.0057 | 0.0082 0.003 0.006

Cl-— l 20F 32 0.0052 | 0.0073 0.003 0.006

3 0.0037 | 0.0068 0.003 0.006

© o Y-DIR 10 0.0032 | 0.0075 0.003 0.006

Fig. 17 Numbering for shear wall element 40 ) 0.0038 | 0.0069 | 0003 | 0.006

592 s2332 e8| =2 AI72 43(006)
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