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Seismic Performance Evaluation of Small-size Pilloti-type Reinforced

Concrete Buildings using Nonlinear Dynamic Analysis
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/] ABSTRACT /

Piloti-type building is one of typical vertical atypical buildings. These buildings can fail by weak-story or flexible-story mechanism on the first
story. They should be designed by taking into account the special seismic load, but those less than six stories are not required to confirm
the seismic performance from structural engineers in Korea. For this reason, small-size pilloti-type RC buildings need to be checked for
seismic performance. Based on this background, this study performed nonlinear dynamic analysis using the PERFORM-3D for small-size
pilloti-type RC buildings and assessed their seismic performance. Examples are two through four story buildings with and without walls in
the first story. The walls and columns in the first story satisfied the target performance in the basic of flexural behavior due to quite a large
size and reinforcement. However, wall shear demands exceed shear strength in some buildings. When designed for KBC2009, wall shear
strength exceed shear demand in some buildings, but still does not in others. Consequently, wall shear must be carefully checked in both

existing and new small-size pilloti-type RC buildings.

Key words: Pilloti-type, Small-size building, Reinforced concrete, Nonlinear dynamic analysis, Seismic performance evaluation
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Fig. 1. plan of an example building (EX 1)

%8 TR Ho] Stk ol BE) % o] 70| 2 I 0
TEfsle] WAALAS SasHs Aeolth %, Quhae) Al vl 4|
mrcﬂ 7] A g3bchs ojulek. s b QI EE ol 5L 1%
71 Apo) A9 AAP} AL o] 014)7] oRz AR AIele] $17/5H 9]

ouE o] 50| UYL BhEA) $113t B et olrk
ol el Ul S Hlho 2 B Aol = 5% o]t b HaEae)E

FETASH 53 150 FREXR -TWEM ‘213’-25 el e

o i

& 9123 ool A2 5ol ol o
ERTI Hzm*ﬂwoﬂ ofa) 29k, wehy Bze o
A 22| Wil e B s A5 15 A5 S Bk 2t
Stk 41352442 ngzs A o) Hesjor sz
e = . Tho] LE| G4 AR S e}
il pgIslele 52 e
o s

of 9lzt Zeele] 24 1S ol ARElG AFRC HEF

EH
°© -
B = = Qlrka 245kl Qi o] & s 2AHA3]19] A= AES

ow e 85T 07§ AAROlAE S B paEe] A8

2 wlaslo] 17p0] 7} Ueof e EHalick 1A e X))
o) Heb1g 11 5ol M2 7S 1ok 715 Al
74817 16 FRPS AMai= Zolck, A2AES S-ae 23 AR
o Az ol7be] HIERAA S-S e ZJeiA| Mo A At ek 7

LRI o] Qe ol Sl 25004 Al

g5 702 B Eiglch mhato2 ul g 4]
S RO (122 0 A ABR ol EA1E 54 9 st
Egjorsiglon Al e) 1§ T 5 A5 54 L s

& mofisck 1 o Shule) A AaEe] AH8aRe 230l4 1

S BRAYES

O

03

k)7 skt Bt Folls A AREkS 2ol Al Al
Tt go] AT A o] o]l 1A= A 0= LEhTh

QL A== oA 2AIS17F Ack o] AtollAl= 552 RC BR
E] =9 AEAREE S o2 etV EaS d7dstol vldE Al
S5 el tisf At 24 23712 sids e i
U3k 202 UL QIAIRR A ] - S g e e WA et
The 28& HEAL )l shAIeE L 2E] dE0] 494 Y AEo]
7] w2l v g AelA Hrke Hiddd sAlsii e skl B4 %
A s 57 wofshe Zlo] ulAsie.

EZHAAA] R Aot E S W 150l AHEHAIE 1A
I Qlom] ATAHA T HHA 7ol AR A B 7d It 3kAIgk
FA P2l AEE AT BREY e FF-Ad: 17} 7k Oﬂ

2ol 154

QIR B | gl 2|92 A] $1RIE A E(Fig. 2~4)©] EH
ZEF7IE RNt o] o)A QAL A oF vl 2A R AAT HEE £
AfstaL et oliet Fefo] AEEL uAE A sM Bk v g E4]
A2 Foll W52 Bl B a7t ek whehA] i Atolde dA 92
Uelol =0l A REG A& 5 150 715224 o] Fo 9]
=73 H(Fig. D213 BAI7} e 0 & 2]9-A )= 73 HFig. 2~4) & T4

0:

© & PERFORM-3D[6]:2 2H45}0] 3312 413 Saa)42 53t
T& Elskelnk
13,200 Jl/
3,300 3,300 v 3,300 % 3,300 L
/1 I |
w; w4 W5 WE a1
I W8 AT—-_T
I:I N P 8
0o |
wi w7 i [~
A
s |8
]
—a ] ! &) AT AT

-
i 00 Il 000 I a0
| i

X

Fig. 2. First floor plan of an example building (EX2)
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Fig. 3. First floor plan of an example building (EX3)
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Fig. 4. First floor plan of an example building (EX4)
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Table 1. Configuration of example buildings

. . First stor
Buiaing | siory | WAl |Wall ratio| Heiaht T o
(m)
EX1 2 X 0 76 3.3
EX2 2 O 34 6.1 28
EX3 3 O 20 9.6 36
EX4 4 O 4.3 12.6 36
Table 2. Details of column section
Building | Size (mm) | Main reinf. | Hoop reinf. Rginf.
ratio(%)
EX1 400 x 400 10-HD16 HD10@250 1.2
EX2 300 x 300 4-HD19 HD10@300 1.3
EX3 300 x 500 10-HD19 HD10@300 1.9
EX4 400 x 400 12-HD19 HD10@300 21

Table 3. Details of wall section

Suiing | Size (mm) | Vericel | Horizonal | SEML {210
EX2 200 HD13@400 | HD10@300 0.31 0.24
EX3 150 HD10@300 | HD10@300 0.32 0.32
EX4 180 HD10@300 | HD10@300 0.26 0.26
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Fig. 5. 3D view of an example building (EX 1)

Fig. 7. 3D view of an example building (EX 3)
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Fig. 8. 3D view of an example building (EX 4)
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Fig. 9. Material model for concrete
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Fig. 11. Hysteresis model for concrete
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Fig. 12. Hysteresis model for steel
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Table 4. Information on earthquake ground motions

tati V
Earthquake Name Station Year RSN Magnitude s30 Scale factor
Name (m/s)
Imperial Valley El Centro Array 1940 6 6.95 213 0.79
Northern Calif Ferndale City Hall 1954 20 6.5 219 1.41
Imperial Valley El Centro Array 1955 21 54 213 4.20
San Fernando Cholame-Shandon 1971 60 6.61 184 63.2
Northern Calif Ferndale City Hall 1975 102 52 219 2.23
Imperial Valley El Centro Array 1979 173 6.53 202 0.97
Imperial Valley El Centro Array 1979 180 6.53 205 0.44
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Fig. 13. Spectrum of seismic waves used in the actual analysis
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Fig. 14. Story drift for example buildings

Table 5. Rotation of 1C1 in EX1

Rotation
Earthquake No.
A B

RSN 6 0.0087 0.0091
RSN 20 0.0040 0.008
RSN 21 0.0095 0.0082
RSN 60 0.0087 0.0080
RSN 102 0.0078 0.0050
RSN 173 0.0068 0.0061
RSN 180 0.0078 0.0035
Average 0.0076 0.0070
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Table 6. Rotation, strain and shear force of W2 in EX2 Table 7. Shear performance of walls in EX3

Earthquake No, Rotation Strain Shear (F)) ID F,(kN) Shear strength(kN) DCR
RSN 9 0.0008 0.00010 368 w1 1109 696 1.59
RSN 60 0.0006 0.00009 204 W2 104 187 0.56
RSN 97 0.0006 0.00006 302 W3 13 187 0.60
RSN 170 0.0007 0.00006 295 W4 1001 696 1.44
RSN 173 0.0008 0.00009 340 W5 586 482 122
RSN 175 0.0004 0.00006 178 W6 475 267 1.78
RSN 180 0.0006 0.00005 274 w7 363 535 0.68
Average 0.0006 0.00007 292 w8 680 535 1.27
* F),: 1.2 times shear demand 355 696 0.51
W10 925 990 0.93
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Table 8. Vertical loads for design by KBC2009 (kN/m?)

Table 12. Design result of wall (EX4)

EX1, EX2 EX3, EX4
Story - X
Dead load| Live load | Dead load Live load
Typical 5.50 2 5.8 2
Roof 4.40 1 5 1
Table 9. Design result of column (EX1)
Member Size Main Hoop
(mm)
1C1, 2C1
3C1, 4C1 300x300 8-HD19 HD10@300
5C1, 7C1
6C1, 8C1 400x400 4-HD19 HD10@400
Table 10. Design result of wall (EX2)
Size Vertical Horizontal
Member
(mm) (mm) (mm)
W1, W9 HD13@100 HD10@300
W2 200 HD16@100 HD10@200
W3, W4, W6, W7 HD10@300 HD10@300
W5, W8 HD10@100 HD10@300
Table 11. Design result of wall (EX3)
Size Vertical Horizontal
Member
(mm) (mm) (mm)
W2 200 HD10@100 HD10@300
W3 HD13@100 HD10@100
W1, W4, W5, W8 HD10@100 HD10@300
W6 400 HD13@100 HD10@300
W7, W12 HD10@200 HD10@300
W9, W10, W11, W13 HD10@300 HD10@300
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Size Vertical Horizontal
Member

(mm) (mm) (mm)
W1, W2, W4, W8, W10 HD10@100 HD10@300
W3, W5 HD10@300 HD10@300
W7 200 HD16@100 HD10@300
W8 HD16@100 HD10@100
W9, W11, W12, W13 HD13@100 HD10@300
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