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2
ABSTRACT

Keywords @ reinforced concrete building, seismic retrofit, short column effect

In order to study the short column effect occurred in infilled reinforced concrete
frames, four reinforced concrete frames were designed and fabricated. A bare frame has
a clear height of 280cm and the cross-section of each column is 30cm X 40cm. The four
frames were infilled with brick walls from the base to the heights of 130cm, 160cm,
205cm and 230cm, respectively. A series of cyclic loading tests were conducted at the
laboratory of Architecture and Building Research Institute, Ministry of the Interior,
Taiwan ROC. The evolution of the failure mode of each frame can be experimentally
identified, and hysteretic behaviors can be achieved after obtaining the hysteretic loops.
In addition, the critical conditions for short column failure might be roughly identified
after estimating the ultimate shear strength of the column and that of the infilled brick
wall. Meanwhile, the pushover analysis of each test specimen was performed with the

use of the structural component behaviors defined by SERCB, NCREE and FEMA.

It is manifested from experimental results that S1 and S2 specimens experienced
flexural failure while shear failure was found for S3 and S4 specimens. S1 and S2 can
be considered as regular columns since the ratio of effective height over width for S1 is
5 and that for S2 is 4. On the other hand, S3 and S4 each can be classified as a short
column, where the ratio of effective height over width for S3 is 2.5 and that for S4 is 5/3.
Apparently, the short effective height adjacent to the window opening is responsible for
the shear failure of S3 and S4. Although both S1 and S2 are regular columns and have
the same failure mode, a flexural plastic hinge was formed in the different place. This
difference depends upon if the brick wall was failed before the column failure during
the test. A plastic hinge was formed at the column adjacent to the top of the brick wall
for S1 since the stiff brick wall was not failed during the test and can restrict horizontal
movement of the lower portion of the short column. Whereas, a plastic hinge was
formed at the top of column for S2 since the brick wall was failed before the formation
of the plastic hinge. It is worth noting that the seismic behaviors of the frame of S2

became as those of a bare frame after the failure of the brick wall. This can be observed

XV
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from the hysteretic loops.

The pushover analysis of each test frame was conducted. In general, the differences
between the maximum lateral strength prediction and that of the test result for each frame
are quite considerable. Similar phenomenon was also found in stiffness. The results of the
maximum lateral strength prediction obtained from SERCB are significant less than those
obtained from NCREE and FEMA for S1 and S2. Whereas, for S3 and S4, they became
larger than those obtained from NCREE and FEMA. On the other hand, it is also found
that the initial stiffness prediction is larger than that of the test result for each frame for
all the three methods. A possible cause for this difference may be due to different loading
procedures, where the load is cyclically imposed for an actual test while it increases
monotonically for a pushover analysis. Since the locations of plastic hinges must be
specified before the pushover analysis, it is very important to predict if the brick wall is
failed before a column failure. This is because that the locations of plastic hinges for the
column adjacent to the brick wall might be different and are closely related to the failure

sequence of the brick wall and the column.
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1 3211.11 | 4444.58 | 3731.00 | 5759.61 | 3700.42 | 5443.60 | 4546.52 | 6615. 91
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=8.7535tf —m
He h 1 8o FR P %6 AT RZ 2404 o fIr - BRETURE
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e B p,=2(7/4)(0.95)°/(40x25)=0.00142

M/(Qd) i M /(Qd)=(H/2)/d=305/2/26=587 (¥ 3)

0.053(p,)"” (180+ £.')
M/ Qa’ )+0.12

+2.7.p.fos ]0.8bh

3+0.12
=(5.92+5.9)x960 =11347 kgf =11.35 ¢f

0.053x(0.828)" (180+184)
+2.74/0.00142x3367 |x 0.8x30x 40
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B % 150em -~ 120ecm ~ 75cm 12 % S0 cm 2 A5 0 H - 4 s 25
WRATE AT 4 R

S1 :#48(150cm) -

2xM, 2x8.05

21
ST (15+025) 4
S2 :#48(120cm) *
Vo, - 2xM, 2x8.05 “1114f
’ H,, (12+025)
S3 :#48(75cm) :
. 2xM, 2x8.05 —16.14f
’ H,, (075+025)
S4 :#48(50cm) :
2xM,  2x8.05 2147y

“TTH, (05+025)
B Hohtz Fra 3 o d 00 %0 58 L Flt g ot s 2 g
P A R R B H S s B g B AR 2 §oanE R
TSR] PRI 4 3R F A W 4 18.4 #1222 o ~ 322 W2

42.94 ¥ o
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Afpl e SR FL e 2 T4 BRI € FIEHE DA A G AT
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B2 41 %75 e Sz e B3R R A B 5 18.84 @ ~ 19.08 #f ~ 19.79 ¥
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S1 348 184 W | »v 7 4 Jrd | pF2 1T 4 55 & 18.84 wf» 3t 3 4
FlE B8 2w T U2 1R UT 4 5 R 19.08 #~19.79
MEET 2073 ¢ 5 Fpt 0 R PR E T 0 S2-S3 -S4 A A Hh A
SR R o R G i R R Y LA 4 T4 Bk
S R et T

PR2ip Ung Ta R RHe, 2RO

AR g 0 R
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PE R R
LuE 150cm -~ 120ecm > 75¢cm 1 % 50em 2. 535 0 L R s A

o hepE s EE L E R AR e T4 R R

S1 :#48(150cm) :

2xM, 2x8.7535

=10 ¢f

“SUTTH, (15+0.25)

S2 FH§(120cm) -
“S2:2><Mu _ 2x8.7535 _12.07 4f
’ Hg,  (1.2+0.25)

S3 348 (75cm)
v - 2xM,  2x8.7535 17514
’ Hy,  (0.75+0.25)

S4 32 48(50cm)
u54:2xA4u: 2x87535 _ 53344
* Hg, (0544125)

HY Hopdrz roaE @ R o d 30042 e 20 Laffn > Flpt ot s L if

B A el g B S AR R b B R A 5 oTE R

T AT PR PR e R 4 R R T 4 WA 3T 20 R~ 24.14 #E ~ 35.02 BR 2
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46.68 v ©

L RRY S

B P AEAD U gL THARBR PR, P IR AP 2
SI~82~83 2 S4 a2 Hiremm' U 4 5 A7 3 H 4o > 2 ¢ G g
PEGHA RS HS p AR RIRE S p T BT

EPpR o i MJ(Qd) BT 5 S § o AR M 0 A e A i

FEEa T R EIF AR

S1 :#48(150cm) :

M /(Qd)=(H/2)/d=(150+25)/2/26=3.37 (3 3)

. 0.053(p,)"" (180+ 1)
WS M /(Qd)+0.12

+2.7ofon ]0.8bh

B [0.053 x(0.828)"% (180 +184)

+2.7/0.00142x3367 |x0.8x30x 40
34+0.12

= (5.92+5.9)x960 =11347 kgf =11.35 tf

S2 F§(120cm) -

M /(Qd)=(H/2)/d=(120+25)/2/26=2.79

0.053(p,) " (180+ 1)
Vous2 = M/( Qd )+0.12

+2.7.pu o }O.Sbh

0.053x(0.828)"* (180 +184)
+2.74/0.00142x3367 |x 0.8x30x 40
2.79+0.12

635+59 x960 =11760 kgf =11.76 tf

S3 :#48(75cm) -

M/ (Qd)=(H/2)/d=(75+25)/2/26=1.92
0.053(p,)"" (180+ 1)
Vs =

+27 0.8bh
M /(0d)+0.12 phfyh]

| 0.053%(0.828)"” (180 +184)
- 1.92+0.12

+2.7\/0.00142><3367}<0.8x30><40

=(9.06+5.9)x960 =14362 kgf =14.36 tf 63
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S4 :#48(50cm) -

M /(Qd)=(H/2)/d =(50+25)/2/26 =1.44

0.053(p,)"" (180+ 1)
Vse = 2.7 0.8bh
su,S4 { M/(Qd)+0.12 + phfyh

- {0.053x(0.828)0'23 (180+184)

+2.7J0.00142x3367 [x0.8x30x40
1.44+0.12

= (11.84+5.9)x960 =17030 kgf =17.03 tf

Fptod pAEAP U2 TARRB R TR E T AR
BB %7d 1P 4 35 B A W 5 22.7 ¥F ~ 23.52 % ~ 28.72 ¥ 2 34.06 ®¥f o T
B R SRR F 0 SI~S2~S83 2 S4 M $aEp AR R
A4 e AR E L 209 ~24.14 9 ~35.02 PR 2 46.68 ¥ 0 @ o iR
AP AIBE R 2 1T 4 5 B A B 5 22,7 B~ 23.52 ®F ~ 28.72 ¥ 2 34.06
R FI 0 ST R - SRR HEF 2L A L i rena oY Tl pUR
MO R APE o A A A F AT B BRSO e A
S2-S3~S4 FHM2 FEIrHI B RIT 4 BAE LS N EFEHOS B
2 A A AR W hT o R Mg F Y LA T4 R
B BRURHC D B4 gl o Botd o ViR B ACI3I8 Rfp i p A
A g THRRBRI e ERONTEE TR A RE YL 42

P FE R R RS RPEF LR

SRR RETE

AT RRI e R SR E o R B A e
RN E72 > ¥R S1~S2-S3 % S4FEfH @ik g B A B 5 130 cm
160 cm ~ 205 cm w230 cm e 7 A S H A BEm A T L H ¢ 2 a5t

Kt A KT A T ARGE A h I RR AT .

s

A2 B0 (FREE)




B R A RN A5 R TR

h+gh_5&HO_06
wt+g, 95+10

AR S B TREE Y AR 96 & 77237 CNS 382 ¢ ez » H @ ‘@ + 2

tan @ = . 0~=30.96°

£ 5 [=200mm~F 5 w=9Smm M % 5 3 h=53mme I 3R AT g,
2 EE AT g THTIHE 10 mm (T g~ o KBTS R
¢l e % R (H,)A % 5 130 cm ~ 160 cm ~ 205 cm fr 230 cm > @ F4
BT R, - 5 270cme S HPE 7 FHE LA HERER
A w5 2571 ~ 30.65 ~ 37.21°% 40.42° > d i B eri@cow B & R A

L B AR B b o AR TR g Sk o

Ao FEAmBIARL 130cm P B4 A ER L2571 TR A
H 43096 SRS A 2 Bk BT o ARG SRt 5 R Ml
KERA R R G EREEAL LGP ROR G BARRS KRk
Feom FHAMEE AR L 205em 2 230 cm P B & MR E R A B L3720
{04042 5 A KPS TR AL £ 3096 0 T B H AR K 2 B
Rl P BRI EFH AR PR M RT N &
R R A ik 0 IR K] E R R TR 2 d e
HURP RS R R K EE 0 B RE PLT AR o TN A
Bos 160 cm pF o B d 4 R 5 30.65 2 TR ALA £ 3096740 § HeiT 0
GRS SR RN R TR R LR LR
P ARG 4 2 R R 7L o

B P agghe k T Y4 RRE

LRI R R E S AR AR EME T2 LT
ol o Bipsi R, ~ 23 6 )0 o BRHBR [, 12 o g ¥
SRR f, 0 T AL T e S Kb

7, =0.0337(f,. )" +(0.654+0.0005047 £, )&,

mc

=0.0337(209)""™ +(0.654 +0.0005047 x 209)x 0
=3.81 kgf [em®
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)0.338 )0.338

=6.57 kgf [em’

S =1.0797(f,.) " =1.0797(209

£, =022f, =0.22x275=60.5 kgf [cm’

10 Bl R R S, 8 Rl BURE R S, T S B AD B
B KR R A R e E LR AR R M 3

TR R A 7 f, =200 kef [em® % f, =275 kgf [em® -

AT RBILE AR 2 AR A R SR TR &
WAE SN  RERT SABL KT R AFE TR

P % & 130cm 2o S1 #4835 2

H, =0.5W, tand = 0.5x270x tan 25.71° = 65 cm < H, =130 cm
V,=T,x(W,x0.7z, + H,x045,,)

=20%(270x0.7x3.81+65x0.45x6.57)
=18245 kgf =18.25 tonf

HYe H GPA7RBE 2 23R8 W, s FraBE ~2 25k T, 5 /@
BERE od P32 2N EE LS RuAKIAE L 13004 Y E
AT B2 Pl R XS 1825W e m y A E B 5 160cm PF > S2 3R

Rz H P B I ARAeT

H, =0.5W, tan @ = 0.5x 270x tan 30.65° ~ 80 cm < H, =160 cm
V,=T,x(W,x0.7z, + H,x045f,,)

=20x%(270x0.7x3.81+80x0.45%6.57)
=19132 kgf =19.13 tonf

M REESEMEER G 160 SN S2EZE P T SAg T
B2 e R 5 19138 m § S R 5 205cm P H g B3 E 4o
H, =05W, tan0 =0.5x270xtan37.21° = 102.51 cm < H, =205 cm

V,=T,x(W,x0.7z, + H,x045f,,)

=20%(270%0.7x3.81+102.5x0.45x6.57)
= 20463 kgf =20.46 tonf

b R EES3 R B R L 205 A H ST ST R
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Z B AEEE 20536 o n g AEE R S 230cmPF 0 B R E 40T

H, =05W,tan0 =0.5x270x tan 40.42° ~114.98 cm < H,=230 cm
V,=T,x(W,x0.7z, + H,x045f,,)
=20x(270x0.7x3.81+115x0.45x6.57)
=21202 kgf =21.2 tonf

I REARBERL2Z000F EPT AT REZRBEREGE
212 ¥t w A AR RGEMZ 2T o AT IR e T4 5
B FRA A 43 R E@OMBRTRAT A2 HE L e T4 B R
- vh R g 2 e T 3 R < RT3 R PR AR oM R 2
mA T A R Wre T R R TR RT AR AL X4 R
AOAETIEIUR R e AR o Bl o AP R RO R LA
Bt TS pRAN O RENIARRFALZ CAAERAET S B
Bz M GE R 4oB 41 27 35 d 52 §d iz SRAELN
FF o D SR AL 280 0 4 PF L ABELSHEEZ R FIR AP T R
PR 2 e

R PR AT

Jary

SRR J RN
¥ tang, >(H,/W,)p*
V,=T,x(W,xt, +H,x045f,,)
¥ tan@, <(H,/W,)p*
V, =T, x| W,xt, +H x045f,, +(H,~H,)x(045f,, +045f,)/2]

# ¢ > H,=min(H,W,) - H=W,tan6, ~ H,=0.5W,tan, <H, : ~

H,=280cm ~ W, =270cm ~ 6, =30.96 » & J*: tan 6, <(H, /W,) 2 ¥

V, =T, x| W,xt,+H x045f,, +(H,—H,)x(045f,, +0.45£,)/2]
=20x[270x3.81+270x0.6x0.45x 6.57 +(270~270x 0.6) x (0.45x 6.57 +0.45x 60.5) /2]

=20x(1028.7 +478.95+108x30.18/2)
= 627474 kgf =62.75 tonf
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s s - 10
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-150 /- U ——

2200 1 1 1
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W 5-10 #48 S1 2 Rl% 4 -2 M (2 W
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Displacement (mm)
W 5-16 #48 S2 2 w4 -4 M 2 W
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Displacement (mm)
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-100 =75 -50 -25 0 25 50 75 100

Displacement (mm)
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Displacement (mm)
B 5-31 385 S1 & 7% Bl A 17803 7 £ 0 50 1
(FR &R A=y ®iF)

-140 -120 -100 -80 -60 -40  -20 0 20 40 60 80 100 120 140

Displacement (mm)
B 5-32 325 S2 & Bl A HERE £ ¢ 80 RE
(FR &R A7y ®iF)
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