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Abstract

In January 2018, the Ministry of Education published "Seismic design criteria for school buildings" and "Manual for seismic
performance evaluation and retrofit of school buildings" to evaluate seismic performances through linear analysis. This paper evaluates
the seismic performance of an old school building through the linear analysis. The target building was constructed in the late 1970s,
and the seismic-force-resisting system was assumed to be a reinforced concrete moment frame with an un-reinforced masonry wall.
As a result of the evaluation, the target building does not satisfy the ‘life safety’ level of 1.2 times the design spectrum. The average
strength ratio of moment frames, an indicator of the level of seismic performance tends to be controlled by beams. However, through
the Pohang earthquake, it was known that the short column effect caused by the partially infilled masonry wall caused shear failure
of the columns in school buildings. Therefore, it is necessary to improve the linear analysis so that the column controls the average
strength ratio of moment frames.
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Fig. 1 First floor plan of example building
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Table 1 Gravity loads for linear analysis model

Dead Load Live Load

USE (KN/m?) (KN/m?)
Roof Top 3.98 1.00
Roof 6.30 2.00
Water Tank 5.40 10.00
Boiler room 5.40 10.00
Class Room 4.50 3.00
Science Room 4.50 5.00
Computer room 4.50 5.00
Document Room 4.50 7.50
Toilet 4.70 3.00
Passage 4.50 3.00
Stair case 6.70 3.00
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Depth
(m)
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0.3
0.47
0.21

Strength of
Strut

&N

Compression
435

66.0
30.3

7t 7VeEe

T
a

197
(rad)
0.19
0.20
0.28
0.28
0.62
0.37
0.94

(b Vbjs
(kN)
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B EERSE)

]
A
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1240
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1240
1240
1240

(MPa)

clasticity

o =

shear strength

(kN)

59.2
Modulus of

bed-joint
102.5
30.3

[e]

Table 3 Equivalent strut compression strength

Depth
(m)
0.47
0.21
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6.2
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6.2
6.2
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Good
Good
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0.19

Thickness
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Classify

5, 75, &=

[¢)
Infill Masonry wall

Infill Masonry wall
Infill Masonry wall

Ao |

Partially filled masonry wall
Partially filled masonry wall
Partially filled masonry wall
Partially filled masonry wall

kY2
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Table 2 Modeling of infilled or partially filled masonry walls substituted with equivalent compression struts

A7ke 9

3

3

A
V,=V.+V,
NO
1
2
4

3.3 7A
SZAYE

24



~
ol
oy
A
o

2

r1r

?_

7

Al whe} NS ARgSte] W
1AJs}3itt B7kAlel = ale g B
1 o] F HAgho| dAIES] HF BAA AT Bt
A= 1417““741“2 ‘Coll iFH7] vzl <5748
& AHgske] WX EHE RS sl
KBC2016%l| w2} 2Fg ek 6‘}—5&6& Table 4 LERASIT ©]
] 2718221 X9} BY' ] 2Lan)alol| 21z7Fo) W x]4=9]
5%ell sidahe ¢

o

oX T

(RO

o

o 2 oo
o,

O{N m>,

o,

1 32
u:E

0.7f 1 A
(hm/tm )

Qcr =

Fp=04xSysW, = 0.1x W,

= A io} AR iRk Al x = ST e
TEA QIS B¢ 13& ARSI B7F A3ks Table 59
dom, E% FAAMEEE el o] tigh Bafo] B
3 & Ao vt
4.3 824 7|0

F710 5 Z45e] A digh 7 A RAle] A
e vt e R 2AAR o) ol A
E mRlEZZRA ipedfle] weh BilEsset Aanare
ettt RAlESZe] 710 e 245t 715l
W faEe] om absialon AlgH e 24w
715t A A o] s o] o2 APIEISIHY. Table
62 7F 220] FHA7IelE vER el

= [ = o= = 76 = ’
g % glow, WHe A 388 £9) AT & 9 oS el BA e AT XU oF 040(LCBY), YE L
2 S OULODE WS V) 2349, F270] 18
Table 4 Load combination for seismic evaluation _ o
ot 0= AT gPdAE-S 19779 F3E AEE, 54
Classify Load Combination o J1e ° = 2 olok
o AuAdrr H% U% %ueﬁl*] R 874]7} ]TOW Al Sttt
+ +
LCB2 12D - EX + 1.0L
shH Eo}d_‘:x Table 75 %3] &elgt 4= 9)
LCB3 12D + EY + LO0L ‘:'EHW“] ”;e . °Hﬁ ET:*E}_&] .
A7 7k 2 L ==z slo] =1 w4
LCB4 12D - EY + 1.0L i oA 7} HaRE 7 Al 0]’6‘—1—_1:14 518 7
LCB5 0.9D + EX SHE ARSIt Xl disha e sls2s LCB20IA 7H
LCB6 0.9D - EX Au Ao, yriapol| diet A= sl2% LCB3OIA 7Hd Aul
LCB7 09D + EY A 05 97}=] Tt Table 89} Table 9> 717} LCB29F LCB3¢ %
LCB8 09D - EY HAEH| S A3 Fo|t)
Table 5 Evaluation of out-of-plane of infill masonry wall for rocking
Thickness, ¢ Height, h,,
NO gh bt X A, Quy(kPa) | F(kPa) State
(mm) (mm)
1 190 2,900 15.3 1.3 0.0334 9.5 1.0 OK
2 190 2,800 14.7 1.3 0.0354 10.4 1.0 OK
3 190 2,750 14.5 1.3 0.0367 11.0 1.0 OK
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Table 6 Lateral stiffness contribution

Story |Dir. |Moment frame Infill Masonry wall
frame
X 1094 0.06
IF
Y [0.64 0.36
X [1.00 0.00
2F
Y [0.64 0.36
X 0.95 0.05
3F
Y [0.62 0.38
X 0.95 0.05
4F
Y [0.62 0.38

Table 7 Performance index for each load combination

Load Combination X-dir. Y-dir.
LCB1 (12D + EX + 1.0L  |0.40 2.04
LCB2|1.2D - EX + 1.0L 0.40 2.00
LCB3 (12D + EY + 1.OL  |1.88 0.48
LCB4|1.2D - EY + 1.0L 1.90 0.49
LCB5 [0.9D + EX 0.42 3.56
LCB6|0.9D - EX 0.41 3.52
LCB7(09D + EY 2.93 0.53
LCBS8 |0.9D - EY 2.95 0.55
MIN 0.40 0.48
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Table 8 Average CDR at each story for LCB2

LCB2 Average of CDR
Momnet Frame Infill Masonry wall frame Av
Lateral Lateral CD%
Floor | Dir. Col. Gir. CDR Stiffhess Col. Strut CDR Stiffness
contribution contribution
IF X 0.65 0.40 0.40 0.94 0.75 0.30 0.30 0.06 0.40
Y 9.55 2.79 2.79 0.64 17.97 5044.38 17.97 0.36 8.23
oF X 1.02 043 0.43 1.00 0.43
Y 3.58 3.10 3.10 0.64 5.52 5349.35 5.52 0.36 397
IF X 1.24 0.58 0.58 0.95 1.19 0.31 0.31 0.05 0.56
Y 3.58 1.78 1.78 0.62 6.26 5361.46 6.26 0.38 347
AF X 2.00 0.86 0.86 0.95 1.43 0.53 0.53 0.05 0.84
Y 2.07 1.67 1.67 0.62 2.55 8019.93 2.55 0.38 2.00
X Performance index 0.40
Y Performance index 2.00
Table 9 Average CDR at each story for LCB3
LCB3 Average of CDR
Momnet Frame Infill Masonry wall frame A
Lateral Lateral C]‘;%{
Floor | Dir. Col. Gir. CDR Stiffness Col. Strut CDR Stiffness
contribution contribution
IF X 16.64 1.93 1.93 0.94 20.95 - 20.95 0.06 3.13
Y 0.68 0.48 0.48 0.64 0.47 0.51 0.47 0.36 0.48
oF X 41.48 191 1.91 1.00 1.88
Y 1.27 0.53 0.53 0.64 1.32 0.50 0.50 0.36 0.52
IF X 62.26 1.93 1.93 0.95 7.87 2471 7.87 0.05 2.24
Y 1.98 0.79 0.79 0.62 2.10 0.67 0.67 0.38 0.74
AF X 77.45 1.60 1.60 0.95 11.97 31.15 11.97 0.05 2.08
Y 5.26 1.74 1.74 0.62 2.03 1.20 1.20 0.38 1.53
X Performance index 1.88
Y Performance index 0.48
Table 10 Evaluation of story drift at each story
: . . . Acceptance
Dir. | Floor Load Case Drift (mm) Drift Ratio o State
Criteria
4F sLCB1 1.2(D) + 1.0EX + 1.0(L) 10.70 0.32% 1.05% OK
X 3F sLCB5 0.9(D) + 1.0EX 17.92 0.54% 1.05% OK
2F sLCB5 0.9(D) + 1.0EX 22.74 0.69% 1.05% OK
1F sLCB1 1.2(D) + 1.0EX + 1.0(L) 18.11 0.55% 1.05% OK
4F sLCB2 1.2(D) + 1.0EY + 1.0(L) 10.07 0.31% 1.05% OK
v 3F sLCB2 1.2(D) + 1.0EY + 1.0(L) 15.74 0.48% 1.05% OK
2F sLCB2 1.2(D) + 1.0EY + 1.0(L) 17.79 0.54% 1.05% OK
IF sLCB6 0.9(D) + 1.0EY 15.94 0.48% 1.05% OK
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