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A Study on the Seismic Behavior of Small-Size Reinforced Concrete
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Since the execution of structural design by professional structural engineers is not mandatory for small-size buildings in Korea, structural
design is conducted by architects or contractors resulting in concern about the seismic safety of the buildings. Therefore, the Korean
Structural Engineers Association proposed dedicated structural design criteria in 2012. The criteria were developed based on a
deterministic approach in which the structural members are designed only with information of story and span length of the buildings and
without structural analyses. However, due to the short time devoted to their development, these criteria miss satisfactory basis and do not
deal with structural walls popularly used in Korea. Accordingly, the Ministry of Land, Infrastructure and Transport launched a research on
the ‘development of structural performance enhancement technologies for small-size buildings against earthquakes and climate
changes’.. As part of this research, this paper intends to establish direction for the preparation of deterministic structural design guidelines
for seismic safety of domestic small-size reinforced concrete buildings. To that goal, a typical plan of these buildings is selected
considering frames only and frames plus walls, and then design is conducted by changing the number of stories and span length. Next, the
seismic performance is analyzed by nonlinear static pushover analysis. The results show that the structural design guidelines should be
developed by classifying frames only and frames plus walls. The size and reinforcement of structural elements should be provided in the
middle level of the current Korean Building Code and criteria for small buildings by considering story and span length for buildings with
frames only, and determined by considering the shape and location of walls and the story and span length as well for buildings with frames
plus walls. It is recommended that the design of walls should be conducted by reducing the amount of walls along with symmetrically

located walls.

Key words: Small-size building, Reinforced concrete, Seismic capacity, Seismic demand, Moment-frame, Shear wall
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Table 1. Minimum dimensions of beams[3]

w/o supporting sub—beam|w/ supporting sub—beam

Width(b) = 300 mm = 350 mm

Depth(h) = max(1/12 span, 400 mm)

Table 2. Minimum reinforcement ratio(%) of beams[3]

Location Type Ends Middle
w/o supporting sub-beam 1.0 0.8
Roof
w/ supporting sub-beam 1.2 1.1
Other w/o supporting sub-beam 1.2 1.1
floors w/ supporting sub-beam 1.6 1.3

Table 3. Stirrup of beams[3]

w/o supporting sub—beam‘w/ supporting sub—beam

Diameter D10

Spacing =< min(d/2, 300 mm) ‘ =< min(d/2, 200 mm)

Table 4. Minimum dimensions of columns[3]

Variable 1-story building 2—story building
) = max(1/16 span length, = max(1/14 span length,
Width, . .
Deoth 1/12 column height, 1/10 column height,
P 350 mm) 400 mm)
Area > 140,000 mm? > 160,000 mm?

Table 5. Minimum reinforcement ratio(%) of columns[3]

BusltI:::g Location Minimum ratio
1 Al 19
9 Interior column in 2™ story 15
The others 292
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Fig. 1. Plan view of example buildings[2]

Wall Location
No. of Wall
Frame
Soil Condi'tionj

EX) 265cFW—1T

No. of Story J |
No. of Span Wall

Wall Shape

Fig. 2. Nomenclature of example buildings
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Table 6. Vertical loads for design by KBC2009 (kN/m?)

Story Dead load Live load
Typical 5.50 4.0
Roof 6.55 1.0

220 5,0]0k Ao AL 523152 Table 63 ek, A1) A A9] 5
A 21 MPa(E2)2), 400 MPa(E ) & 48854tk

ol A] 78:0] Af'5-& 1| A7) s AT A A Qa2 4

sto] a9 deilE FE31aL o8 S AHER I vl sk S A

BT AITEA] QB4 S al] 9Ie AR Bl er
61 e A% ujef 2t TanAe] 247 RS S Y,
7, W w e Ak B, EaeE 9 Bl gl my

ol
:
fo

S A =g At

lo] BE 7 9o] FAAEE AMSILh BE T vl Al

0.8 -

——265cFW—1C
= ——26ScFW—1T
£ 0.6
§ ——265cFW—25
5
s ——265cFW—2T
]
g 0.4 1 ——265cFW—2C
<L
B ——265CFW—45
i
2 0.2 - —— 265cF
(2]

—26F AR

N i . . . ] i ; ——26gF
0 0.02 0.04 0.06 0.08
Spectral Displacement({m)
0.8

——245cFW—1C
s ——24ScFW—1T
206
S —————————— ——24ScFW—25
=
E [ = ——245cFW—2T
[ s
E 0.4 ——24ScFW—2C
® 5 ——245cFW—45
g T
202 4 L —— 24ScF
& /

\ —24F AR
0 . x . x ‘_\=3 . ; —24F
0 0.02 0.04 0.06 0.08

Spectral Displacement(m)

Spectral Acceleration(g)

= A2 HIZF2(E AFS9 WHEA

ot
Kl
L

(3]
T
B
o
=
=
2
P
)
0]
i)

5.1 Hxle| {50 w2 Zat Hlw

ojn] AFFHNZ F A EFEA L L T2IHS
1 9Jek. wfebA] KBC 7|127k0] v ml Z2ul o)L w2 3143 4o
o} o5t FEfelgolit dAE ExE 3 vlastomy T2t
A7 1S e e 58 Kk gets| #9ld o= Atk Fig. 404 Fig. 6
TR O] LAE-L Bl MG A A ] Q WAL a3 Avj 2 7l r- o] &
g A8 Ed(acceleration-displacement response spectrum, ADRS) 3
Aoz vrepd Zlofck. ol A W offell A 33 ScF = Eih= A
KBC 7] 29HA] F A7 2 T 24 AR 223, W ol
‘gF’ 2 Pihes FAS Skt AAE 25 vehdth =4 Aol 9
2|3k 18 0] o ATC40[4]S we APt Al o] 912)12 Lpehdic. o)

=
S AR 0] A A A P2 YT e HelE et

ny

0.8
——165cFW—1C
—165cFW—1T
0-6 ——16ScFW—25S
——165cFW—2T
——165cFW—2C

———165cFW—45
—165cF

Spectral Acceleration(g)
o
'S

—16F A E

——16gF

0 -+ T T T T T T T d
0 0.02 0.04 0.06 0.08

Spectral Displacement(m)

——145cFW—1C
——145cFW—1T
——145cFW—25
——14ScFW—2T
——14ScFW—2C
——145cFW—45
——14ScF, 14gF

—14F AT

0 0.02 0.04 0.06 0.08
Spectral Displacement(m)

Fig. 4. Capacity curve and performance point of buildings with ‘—’ type wall

175



| 187 45 (57 H98%) | July 2014

176

Spectral Displacement{m)

1 1 1 -
] —— 26ScFWLIC ] —— 165cFWL1C
= g ——26ScFWLLT —— 16SCFWLLT
= s
g | —265cFWI2T  § —— 165cFWL2T
g 0.6 —26S5cFWI2C B —— 165cFWI2C
g T
g ——26ScFWI2S 8 —— 165cFWL2S
< <
= 04 265cFWL4S o 16SCFWLAS
o e
g_ —— 265¢F e ——165¢F
o
(73]
0.2 —6FAaqm ¥ —l6F AR
—— 26gF _ ——16gF
0 . . . . : . . 5 0+ . r . T - T . ]
0 0.02 0.04 0.06 0.08 0 0.02 0.04 0.06 0.08
Spectral Displacement(m) Spectral Displacement(m)
1 - 1 -
—— 24ScFWLIC
] 24ScFWLAT ] T LAscRWLIC
w08 ] =08 —— 14ScFWLAT
g | —24ScFWL2T g
S 2 —— 14ScFWL2T
T 0.6 4 ——245cFWI2C € g
< 2 —— 14ScFWL2C
2 | \ ——245cFWL2s g
—— 145cFWL25
% 0.4 F 245cFWLAS % 0.4
§ ] k. o § 14ScFWL4S
& 02 — araqm & 0.2 — 14ScF, 14gF
o r— A
——24gF 14F A1
0 . . . . . ]
0 0.02 0.04 0.06 0.08 0 0.02 0.04 0.06 0.08
Spectral Displacement{m) Spectral Displacement(m)
Fig. 5. Capacity curve and performance point of buildings with ‘L’ type wall
1 1
——265cFW D 2C ——165cFW D 2C
508 —265cCFWD2T g ——165cFW DO 2T
5 ——265cFW04S  § —— 165cFW O 4s
= -
Zo06 265cFWD4C 0.6 16ScFW O 4C
g —265cFWD4T 8 ——165cFW O 4T
< -4
= 0.4 — 26ScF ] 0.4 —165cF
E 5
=3 =3
g —26F AR g —16F AR
@ 0.2 @ 0.2
——26gF ——16gF
0 0+ r T . . x T r ,
0 0.02 0.04 0.06 0.08 0 0.02 0.04 0.06 0.08
Spectral Displacement{m) Spectral Displacement(m)
1
——245cFW D 2C
——14ScFW O 2C
— 0.8 ——24ScFWDO2T  __
bg (%]
=2 C ——14ScFW 02T
§ ——245cFW04S  §
5 s ——14ScFwO4s
s 06 24ScFWOAC £
2 < 14ScFW O 4C
S ——245cFWOA4T 3
204 < ——14ScFW O AT
® ——245cF ®
£ £ ——— 145cF, 14gF
g —2ar4ae g
w 0.2 g —14F AR
——24gF
0 T T ]
0 0.02 0.04 0.06 0.08 0 0.02 0.04 0.06 0.08

Spectral Displacement(m)
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