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Effect of Stirrup Spacing of Columns and an Additional Wall other than
Core Walls on the Seismic Performance of Piloti-type Buildings
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Ustructural Engineer, Tl Structural Englneers, Professor, Department of Integrated Energy and Infra system, Kangwon National University

/] ABSTRACT /

For low-rise piloti-type buildings that suffered significant damage in the Pohang earthquake, the seismic performance of those designed by
codes issued before and after the earthquake has been recently revised. This study started with the expectation that many of the
requirements presented in the current codes may be excessive, and among them, the spacing of column stirrup could be relaxed. In
particular, the recently revised design code of concrete structures for buildings, KDS 41 20 00, suggests that the column stirrup spacing is
1/2 of the minimum cross-sectional size or 200 mm, which is strengthened compared to KBC 2016, but relaxed than the current KDS, 41 17
00, which is 1/4 of the minimum size or 150 mm. As a result of the study, it was found that the target performance level was sufficiently
satisfied by following the current standards and that it could be satisfied even if the relaxed spacing was followed. Therefore, the strict
column stirrup spacing of KDS 41 17 00 could be relaxed if a wall other than core walls is recommended in the current guideline for the
structural design of piloti-type buildings.

Key words: Piloti-type building, Stirrup spacing of columns, Seismic performance, KDS 41 17 00, KDS 41 20 00, Guideline for the
structural design of piloti-type buildings
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(a) Column (b) Core wall

Fig. 1. Damage in piloti-type buildings at Pohang earthquake
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Fig. 2. Plan views of sample piloti-type buildings

Table 1. Plan eccentricity ratio of sample buildings w/o an additional

wall
N Plan dimension (m)|Ecc. distance (m)| Ecc. ratio (%)
ame
X—dir Y—dir X—dir Y—dir Y—dir | X—dir
CC 13.0 14.7 0.05 5.89 0.38 40.1
EC 17.5 11.0 6.02 426 34.4 38.7
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Table 2. Structural information w/o an additional wall

Table 3. Parameters for seismic load

Type of buildings Central core Eccentric core

Seismic zone |

Effective peak acceleration (S) 022g
Site class S;
Importance factor 1.0

Seismic design category

Response modification factor (R) 4

Strength of concrete () 24 MPa
Strength of rebar ( fy) 400 MPa
size 700 mm x 900 mm | 700 mm x 800 m
Cc11 Main bars (ratio) 24 - D22 (0.015) 22 - D22 (0.015)
Stirrup D10@150 mm
size 700 mm x 900 mm | 600 mm x 800 mm

C21 |  Main bars (ratio) 24-D22(0.015) | 22-D22(0.018)

Stirrup D10@150 mm

Thickness 250 mm

a Vertical reinf. D13@150 mm
D13@150 mm

Horizontal reinf. D10@150 mm

Thickness 200 mm

b,c Vertical reinf.

D10@150 mm D10@150 mm

Horizontal reinf.
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Table 4. Structural information of buildings designed for code[7]
and guidelines[6]

Name of buildings CC150 EC150
size 300 mm x 400 mm | 400 mm x 600 mm
g; Main bars (ratio) 8-D19(0.019) 12 - D22 (0.019)
Stirrup D10@150 mm
Thickness 250 mm
a Vertical reinf.
D13@150 mm D13@150 mm
Horizontal reinf.
Thickness 200 mm
b.c, Vertical reinf.
o D13@150 mm D13@150 mm
Horizontal reinf.




Table 5. Structural information of buildings designed for KBC2016[4]
and KDS 41 20 00[11]

Name of buildings CC200 EC200
size 300 mm x 400 mm | 400 mm x 600 mm
8; Main bars (ratio) 8-D19(0.019) 12 - D22 (0.019)
Stirrup D10@200 mm
Thickness 250 mm
a Vertical reinf. D13@150 mm
Horizontal reinf. D10@200 mm ‘ D10@150 mm
Thickness 200 mm
B¢ ™ Vertical reinf. D13@150 mm
Horizontal reinf. D10@250 mm
Thickness 200 mm
o Vertical reinf. D13@150 mm
Horizontal reinf. D10@200 mm I D10@250 mm
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Table 6. Governing condition of columns when column spacing is 150 mm
X—dir Y—dir
Name Column
v, (kN) V, (kN) v/, condition V, (kN) V, (kN) v/, condition
C11 95.0 125.8 0.75 i 138.4 262.7 0.53 i
CC150
C21 99.1 133.4 0.74 ii 145.4 270.3 0.54 i
EC150 C11 257.2 350.0 0.73 ii 421.4 458.3 0.92 ii
C21 264.2 357.1 0.74 ii 432.7 472.6 0.92 ii
Table 7. Governing condition of columns when column spacing is 200 mm
X—dir Y—dir
Name Column
v, (kN) Vv, (kN) v/, condition Vv, (kN) V, (kN) V[V, condition
C11 95.0 114.4 0.83 ii 138.4 148.6 0.93 ii
CC200
C21 99.1 122.0 0.81 ii 145.4 156.2 0.93 ii
C11 257.2 235.9 1.09 iii 421.4 395.3 1.07 iii
EC200
C21 264.2 243.1 1.09 iii 432.7 405.5 1.07 iii
Table 8. Governing condition of columns when column spacing is 300 mm
X—dir Y—dir
Name Column
V. (kN) V, (kN) V,/V, condition V., (kN) V, (kN) V,/V, condition
C11 95.0 80.2 1.18 iii 138.4 125.8 1.10 iii
CC300
C21 99.1 87.8 1.13 iii 145.4 133.4 1.09 iii
C11 257.2 2131 1.21 iii 421.4 281.2 1.50 iii
EC300
C21 264.2 220.2 1.20 iii 432.7 291.5 1.48 iii
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Table 9. Information of earthquake ground motion data

No. Name Nation | Year | Magnitude NLFjriger
1 | Imperial Valley-06 MEX 1979 6.53 158
2 | Victoria_Mexico MEX 1980 6.33 266
3 | Superstition Hills-02 | USA 1987 6.54 719
4 | Superstition Hills-02 | USA 1987 6.54 726
5 | Loma Prieta USA 1989 6.9 768
6 | Parkfield-02 USA 2004 6.0 4116
7 | Parkfield-02 USA 2004 6.0 4118
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Fig. 7. Spectral acceleration of ground motion data
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Table 10. Average maximum shear deformation vs. allowable shear deformation of columns in central core buildings (Unit: mm)

16

cC150 C°'|”Dm” C11 cl14 c21 c24 c31 c32 c33 c34 ca1 ca4
Allowable shear | X-dir | 00087 | 00144 | 00097 | 00144 | 00105 | 00150 | 00150 | 00144 | 00119 | 0.0145
deformation Ydir | 00123 | 00127 | 00125 | 00127 | 00126 | 00126 | 00127 | 00127 | 00127 | 00127
Average of max. | X-dir | 00050 | 00063 | 0.0048 | 0.0065 | 00050 | 00057 | 00063 | 00065 | 0.0062 | 0.0070
shear deformation | v.gir | 00020 | 00018 | 00017 | 00017 | 00165 | 0.0024 | 00022 | 00016 | 00017 | 0.0017

CC200 C°'|‘l’)m” c11 c14 c21 c24 c31 c32 c33 c34 ca1 ca4
Allowable shear | X-dir | 00060 | 00010 | 0.0084 | 00115 | 00094 | 00141 | 00146 | 00141 | 00119 | 0.0140
deformation Ydir | 00117 | 00127 | 00122 | 00127 | 00125 | 00126 | 00127 | 00127 | 00125 | 00127
Averageof max, | X-dir | 00069 | 0008 | 00078 | 0.009% | 00083 | 0009 | 00104 | 00104 | 0.0094 | 00102
shear deformation | Yy.dir | 00039 | 00040 | 0.0051 | 00050 | 00042 | 0.0047 | 00049 | 00052 | 00032 | 0.0040

CC300 C°'|‘I’Dm” c1 cl4 c21 c24 c31 c32 c33 c34 ca caa
Allowable shear | X-dir | 00060 | 00092 | 0.0084 | 00113 | 00098 | 0.0809 | 00147 | 00141 | 00120 | 0.0139
deformation Ydir | 00429 | 00457 | 00397 | 00378 | 00118 | 00151 | 00122 | 00418 | 00115 | 0.0661
Averageof max. | X-dir | 00069 | 18000 | 00078 | 17000 | 12400 | 00096 | 00104 | 00105 | 16300 | 25000
shear deformation | vgir | 00040 | 05490 | 00052 | 06330 | 0213 | 00047 | 00049 | 00052 | 03510 | 0.5290
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Table 11. Average maximum shear deformation vs. allowable shear deformation of columns in eccentric core buildings (Unit: mm)

EC150 Column ID C11 c12 c13 c21 c22 c23 C32 C33 C34
Allowable shear X-dir 0.0116 0.0124 0.0137 0.0101 0.0123 0.0136 0.0118 0.0132 0.0139
deformation Y-dir 0.0068 0.0070 0.0094 0.0083 0.0086 0.0093 0.0098 0.0084 0.0032
Average of max. X-dir 0.0054 0.0054 0.0055 0.0061 0.0057 0.0065 0.0058 0.0063 0.0065
shear deformation Y-dir 0.0053 0.0059 0.0056 0.0039 0.0043 0.0040 0.0025 0.0023 0.0005

EC200 Column 1D C11 c12 c13 c21 c22 c23 C32 C33 C34
Allowable shear X-dir 0.0083 0.0105 0.0171 0.0088 0.0120 0.0135 0.0282 0.0205 0.0648
deformation Y-dir 0.0074 0.0081 0.0247 0.0084 0.0087 0.0076 0.0081 0.0045 0.0021
Average of max. X-dir 0.0077 0.0083 0.0083 0.0080 0.0083 0.0083 0.0086 0.0086 1.4600
shear deformation Y-dir 0.0085 0.0051 0.0032 0.0070 0.0057 0.0034 0.0052 0.0032 0.0378

EC300 Column ID ci c12 c13 c21 c22 c23 C32 C33 C34
Allowable shear X-dir 0.0069 0.0093 0.0104 0.0074 0.0106 0.0359 0.0258 0.0321 0.0149
deformation Y-dir 0.0382 0.0183 0.0247 0.9260 0.0563 0.0085 0.0050 0.0008 0.0008
Average of max. X-dir 1.2700 0.3730 0.8630 1.7800 0.5650 1.7600 2.1000 2.0600 2.5900
shear deformation Y-dir 2.3100 0.5860 0.0653 2.7500 0.8530 0.1550 1.2800 0.2910 0.1390
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