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ABSTRACT

ABSTRACT

Keyword: Reinforced concrete structures, street residential buildings, backside
exterior walls, opening, seismic.

Low-rise reinforced concrete street residential buildings are a common building
type in Taiwan. Due to the need for ventilation, lighting, and passway, the walls of
such buildings along the street direction typically have a significant amount of
opening, resulting in a significant reduction in the seismic capacity of the walls. As a
result, many of such buildings showed severe damage along the street direction in the
1999 Chi-Chi earthquake. Currently, there is no simple and effective means in the
engineering community for the seismic evaluation of the walls of such buildings along
the street direction. The 2013 ABRI research project, “Seismic behavior of exterior
walls with typical opening of low-rise reinforced concrete street houses,” studied the
effects of types, sizes and locations of opening on the seismic behavior of exterior
walls in the back side of the buildings. Suggestions on seismic design and evaluation
of the exterior walls were proposed. The study also indicated that the amount of
opening in the exterior wall of the first story typically contains a higher area of
opening than those of the other stories. This caused soft-story failure mechanism
typically seen in the 1999 Chi-Chi earthquake. Therefore, it is necessary to conduct

research on seismic capacity upgradete for the exterior walls of the first story.

The objective of this study is to develop methods to upgrade the seismic capacity
of the exterior walls in the first story of low-rise reinforced concrete street residential
buildings through mechanical evaluation and finite element simulation while

considering constructability. Furthermore, a seismic evaluation method capable of
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considering the effect of opening on wall behavior is developed for seismic evaluation
of low-rise reinforced concrete street residential buildings. The construction of
full-scale walls has shown that the proposed upgrading methods are feasible.
Moreover, casting of the upgraded walls has shown little voids and segregation of
concrete. A seismic evaluation method based on pushover is proposed by this study.
The proposed method can consider the effect of opening on the wall behavior. Seismic
evaluation of an existing, new low-rise reinforced concrete street residential building
using the proposed method has shown that even though the building satisfies the code
requirement for design peak ground acceleration, the failure mode is associated with a
weak, soft first story. The reason for this is due to a strong beam-weak column design

and weaker walls in the first story than other stories above it.
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Spacing not Note:
exceeding smaller For clarity, only part of the required
of 150 mm and 6d, B reinforcement is shown on each

side of the line of symmetry.

Horizontal beam >
reinforcement at E g A,q = total area
wall does not :_g” £ of reinforcement
develop fy—\ 'y in each group of
\ \[\ diagonal bars
—~ —-4 j— | ia
N 1 1
h \ i
HEEN = dy
PR = ::N
/ | 1]
W\ i L Wall boundary
B 4_J reinforcement
En
Elevation
(a)

— Transverse reinforcement
( \ spacing not to exceed 200 mm

Transverse
reinforcement
spacing not to
exceed 200 mm

Section B-B

Note: Consecutive crossties engaging the same longitudinal
bar have their 90-degree hooks on opposite sides of beam.

(b) >
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Note:
For clarity, only part of the required
reinforcement is shown on each

A
side of the line of symmetry.
Horizontal beam 2
reinforcement at E ® Ayq = total area
wall does not __rT:“ E of reinforcement
develop f,,—\ > in each group of
\I\ 2 diagonal bars
! N E io.
9 : -
o
h 5
/ ~
~.
= N ' A
‘, 1 Wall boundary
\I‘ reinforcement
A <-J
£n
Elevation

(a)

Transverse reinforcement
spacing measured perpendicular
to the axis of the diagonal bars

not to exceed 350 mm
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(@) (b)
Bl 4- 114 4= 2+4.0% drift = i m(a)+ 1w (b) 2 4L
(FR LR © 277 )

3R 4 -4.0% drift(GR R 4% 5 -130mm) T 4548 2 ddc B 4- 115 470 (BB & 4 if

)

G i foe(34)) MR BPOSRAL ¢ < IR W e 4 SRR
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(a) (b)
B 4- 119 4 = £-3.0%drift = & e (a)- 4L a (b) = + 5
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(FR LR @ 277 3 4E)

%A 4-5.00% drift(z48 =4 5 -162.5mm) ™ 4h 48 A o §) 4- 122 0 (B8 5
H3w i w@EA) B S cycleR L -2 T3 ek B b e SR
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ARty dEd ETABS doillad B Mgy $0R 52 o iR 4 2 2 HCA > R4
NCREE &> 2 G 5% ~ 132 AR v KFE - Brz PirimFizEl
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Bing Li [4]#74& d1 2. = 4858 » § 4 SR R E A p 22 A F ¢ (Architectural
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TR KR AT R

.
%1

i

e SRR SR A S R

%05-1 B ¥k
p—p' | Ees s AT 0.27v
Poa % AL b,dy/f, b b ¢
<0.0 C <3 0.025 0.05 0.2
<0.0 C >6 0.02 0.04 0.2
>0.5 C <3 0.02 0.03 0.2
20.5 C >6 0.015 0.02 0.2
<0.0 NC <3 0.02 0.03 0.2
<0.0 NC >6 0.01 0.015 0.2
20.5 NC <3 0.01 0.015 0.2
20.5 NC >6 0.005 0.01 0.2

(FH KR+ 771 5 H)

BT 4 s Ad 241300 0 Y L RE -

Vo

L

M*+M"~

(5.1)

T4 glicd £ 4258 B P4 A Vnz B4 % &4 ACI 318 [1]

FEAE s s S TE -

f.d
Vv, =A*‘—V‘+o.53,/fcbd
S
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‘A © KEF

M 5-2%2 %4 R0 £ %R

TRk AET R

% 5-2 8% 4 P xR
Points a b c
s<d/2 0.003 0.02 0.2
s>d/2 0.003 0.01 0.2
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Beam
Plastic hinges

Shear
hinge

v, =0.53,/f,bd

v

_ ‘4:1 f:vrd

8

§

v

Shear strength
ACl 318-Chap. 11
Vn = Vs + VC

v

Define a, b, c
(Table 4-2)

“Flgure 4-

Force Ve =V,
Dis. Age=1L
a b, c

B 5-3 %

TR RAET Y

(eq. 4.2)
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Flexural
hinge

Nominal
Moment My,

v

_MT+M
L L

v

Cal.
2, P Poa

Y

Define a, b, c
(Table 4-1)

h 4

Figure 4-1

Moment Mgt = My
Moment Me; = M,
Rotaion B¢ =1
a, b, c

T gt

5 AR

A SRR R S A AR

(eq. 4.1)
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MSF
ve | :LB C
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N o Nee:
A, A A, A a b

Bl 5-4 fred fee2 B PERHS R
TR K R AR T

Vi v
VSF
v, 18
I
|
|
| [j>
| ‘ A
| i A C,D.E A¥
A, min(A,0.04H) A b -
Bl 5-5 ¥4 For2 o R E %R
TR KR AL A
B 5-4 -/ 5-5 A1 5 2L A Sl 0T A2 ARl
A, A
a="s_ v (5.3)
H H
Ay A

> ) (5.4a)
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C:nﬂn[A”;OD4j (5.4b)
H
L R R RO LI AL A

3
Ayz\izi (5'5)

k  12aE|,
P Vb itz #T%A > Vb=2Mn/H, My Z #4%® H 3423 A ;Eci
R P RH g SRR 2ETR FRE B L R oA ES T R

PR TR T 2L PR Tl
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B 5-6 in AR R 2E B L 4x o

Column
Plastic hinges

SR R R RO DR T S L)

v v v v
Yielding Nominal Cal. o (esT) H
Moment M, Moment M, A, d, dg, aq, p”, Eclg, Vi tanS—mmLta.u'klgo}gl (eq. 4.8)
lshear drift capacity +
A 3 1 v 1 P 1 A
=t e —— 2 (eq. 4.6) ==
H 100 133 f: 40 Agjz 100 M a}_
lFIexura I-shear drift capacity
_( 23.{,,} H
* U H J12Er
Axial drift capacity
bo_ 4 1+(mo)
H —100 B P 5 (eq.4.7)
kl‘ ﬂj}ﬁctﬂ.ﬂg
¢Axia| drift capacity with p>2
A, 4 1+(tan8)"
Zr 1o (eq. 4.7)
H 10ngp°
y; ,f\.ldcta.u g
v
7
| P ;
V,=0531+ bd, | (ea410)
<= 1404 ]\/’? ‘
y d (eq. 4.11)
= Al
5
Shear strength
AClI 318-Chap. 11 | (eq.4.9)
V= Vs + Ve
4 o
Shear Flexural o
hinge hinge 2f, 1—? |
=45 — S £
2
7
A A N -‘&m }
8 _ Ty c=min| == 0.04
a _H H (eq. 4.3) kH (eq. 4.4b)
b—max| B2 A | (eq 440 | FOreeSF=F,
\H H DisSF=H
MomentSF = Mn
RotaionSF =1

ALK R AT

(eq. 4.12)
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B L P AR T T R R d N(56) 1R 50 Bz AT 4 K

JotiEet 2 55% 2 5 £49 - (Elwood and Moehle [15])

H 100 7~ 133\/7- a0 AT 100

He HEH2 LR p'=A DS 2 5o g 50t 5 Ast 38 w4 %75 5 b 5T
BEA S SRS FIE o= Vibd 5 E < BT R4 0 85 kgfem2  d
PG BRI G R R A S LR TR T T SR R
)A;O

fg%;\l(s_s),ﬁ’\_"’iﬁ)‘@i ‘%%@%53“??%@?\.?‘_ fg_z;,lg A —LEL_ g%
PARE T AR AT R AR T B T B R e
L
phe g

1245 Elwood ~ Moehle[15]4% 1 2. ¥ 4 A itdficr 32 8 5 £ T 4 BUR T thfh

9
@
K2
|l
-
1%
\\\?{r
ol
f&
a4
X
=1
0%
\_

AR B R R SRR RA R RS

_ 4 1+(tan 0)2 57

H 100 tang+ P

kA, d tand

Hd fyt oS ke g d 5 g BRI R 05 TRk &

B K'Zfh dR2121 %5 o
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FHEF KwE 2 RA (R EL 2 BT GEUPPFRT RAER 0
B+ BT B kT 22 246E afRhiERET 56508

0=55+35P /P, s s X Po % A ki Hidhd A

O = tan™ (Ej (4.8)
h
2 It '_?]:J-
B FF KR ERTEE135 R K =1 90 B F#HRRAEA /A,

=+
et

B 577 # Kk

1.2
X
04
0 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8

TR kR AL g

BT HA

1995 ACI 318-05[1] » 412 ¥4 s R d iR S v n o F 2 ¥4 5 R

Sl TN E R

V.=V, +V, (5.9)
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RERL 2 FRT R

P :
V,=0.53|1 f.bd 5.10
: {+140AJJT : (510)

oo B2 T4 A

f.d
V, :Mcota (5.11)
S
2 T4 Rt a
tan‘1< j%)
2ft [1++
0 =45 —— VT (5.12)

2
He PLghe P E A - 2470 ff 5 f 2RI FBBA D 545 TR
dec & H¥7d § »0FR X L3FER de=08hh 32 i & 5 f, 5 w85 k5
Ris s R EE o=PIARAERES  f SRR S R f =106\f

(kgf/icm?)
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A SRR D BRSO T j‘:‘?\.7 258 FaiEd gl ;ﬁ»ﬁiﬁéﬂj (Sezen %

A [22][23]) - & ETABS 2.5 ¢ [7] » 4% 50 522 b3l & 00 W4 H Aot 2 % 5 &
@ ETABS /7 R4t 49 > % nFiE = T i HE A 1 o Fp o B i

Wkl SR GRS B HCR A Bkt N EA ok A2 AT ¢ AT o 4 S
AT U S BhhesEF U E - BESRTRHEFER oSS Bihe B

Fiuphe f € 5 BRI s § FSEd 2 T2 it o dof] 5-8a #rom o
B BETEIRNLE R IVER L K o 4o 5-8b 11 0 23 NCREE » 4% 55 R 52 4

oo FHEIRG = BETHAT A A B TP Y A5 BRIt o R By

v B~ B 4 o 4o 5-9 HET 0 4k SRR 2 2 i A ETABS 425 b HC
A - S0k T E A o peh ) ETABS 424 it PhE AR B EE 5 T

3t LRI OTE R RIR KT R

flexural flexural
spring sprin
Axial Axial pring
. sprin sprin
RC Wall Axial P Axial Pe
spring shear spring shear
spring spring
flexural flexural
spring spring
(a) 4 82 84 % (b) p * (c) NCREE

B 5-8 fHF 2T LHAUT LMW
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Eﬁ'id beam

® Flexural hinge

@ Shear hinge
wide-column

© Flexural hinge

Regid beam

B 5-9 & ETABS 4t % »c i 2 #74
Tk R AR

Bed F&
e 4 27 B 24 @) 5-10 #7157 o 4o 5-10 14 2 £ 5-3 #7704 S5 R D
Mo ded FRA MM FEEEHY R B BATA T 0 T RER At
BLend B Lot 5 'R f»’i%‘*frﬁMyJ‘x 2 REHBA, @D BET S ER G A
Yo E s B AuAn S AR W ERITRALEEE L% R o CBLAT A T ehd 4B 4R
B:(Mpy Dpy) > st Bhind 248 & 7 5 R UPHEM, M 2 B Ay 0 B IEA B
A N E RS RS R R T ACI R R U $e,= 0.003 ¥ 4
B o DBRA A 5 AR IUPAE S A AR R B o

£ 05-3 a SRR M Y &

R 44 45/SF i+ 4 ISF
A 0 0
B Vy/Vu 0
C 1 1
D 0.4 c
E 0.4 c

(SF:+t 5 7] +)

(FA kA g 5 4)
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Shear force
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0.4V,

Ak‘
>
1
o
L 8
>
m o
LDCDCD

af
N
Ak
&

W 5- 10 #ed % 42 f
TR LR AFT EU

BEERES AL,

P ORERIEL A RehS AR iF L E

C12EX051,  E, 04A,

K. - + 5.13
eff H3 21+v) H &1
v o 2M, (5.14)
fy = H .
V 3
fy H Vv 2(1+V) H (515)

Y K, "12Ex05l, Y E, 04A,

F¥ B RE PRI T L BGR 5 150004, (kgf/em?) v Ig s a2 2
BTG I LR Vi R ek T T RS S H A B A SR RN A SRR

B0 R RGEL f o AL SRR 2 ¥ (T LA 5B AL R BT, PR
f#) e

At (5.16)



FI R SRR RS R A2 AR
X RURY =8 Ap,

1995 NCREE 4R £ 4p 41 > &' U 245 £ v ~ §4 2 FHF e o 4o

Afu ZAfﬁfu +Asffu +As|ip7fu (517)
HeW A AL Y XA T4 518 2 34 5119
2M,
Vi = m (5.18)
H® H L
A =V, ———+2 - L | —-—2% 5.19
- T VR I2E X0351, (2.-0)) p( 2 2 J (5.19)

. . . (1, H
Ly %é&xwmER 2L, =m|n(5 —j (Moehle[15]) 5 @, % @, % &' ir 13 ' ik

i‘y l]"j‘_ o

RETA RE A g

2(1+v)1.2H

= Vfu
E. A

(5.20)

s_fu

P /'F'ﬁ 2 Aslip_fu

i #5 % = 24395 Sezen model[22] Bk HEw 325 4 1T * G A 2L £

it 4ok 511 9T o

A, Vo A (5.21)
-V, 8uE,(d-a,)
P ody s S22 BT Egs e S 2B a, s B B TR
TEIRE IR A K AUFR T AR5 5.21 ¢ Frid(Pauley ¥ Priesiey[21])5d =

0.8HF #2 7 »UF R s uns 23 adb &4 (Lehman £ Moehle[26]) -
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a, = (0.05+0.85 AI\NIf j (5.22)

c

u':1.6‘/fc'(kgf /em?) (5.23)

o B3y AR A,
el AR A, S0.02HME A A F 2 d* E > U2 RART RAFR S

0.4Vp, * 4 55 R 2 Jendled ¥ 423t X iAo B 5-11 #oT o



“4 >

I F MEGNRARILERYNOLZHRTRE 2
RC shear Wall
Flexural plastic
hinges
Y A
Yielding Nominal (eq. 4.23)
Moment M, Moment My, @y, @y
% v
u=16.{1 (eq. 4.23) v, _ 2 (eq. 4.18)
ra Fo - H
=| 0.05+0.85 — | (eq. 4.22)
a=| A5 v
1 __ B 21+v) DE |(eq 413) 3 =lmin[HJ,,‘|
E, 12E05I, E 044 2 ' :
. 2\ (eq. 415) (eg A‘)k)
"THE (.02, 2L
- A =g -@ |l | =——-2Z
F Rl 2 )
VFlexural drift +
4 A V
A, =—"|(eq.4.23) =& 12(033E1 )
Kz,r ) :
FIexur¢l drift
|ig.__,d =4 . +A_ ] (eq.4.19)
Sheandrift _
., 2(1+v)2H
s A E T (eq. 4.20)
Slip Jift
JORPR ¥ S
s & SuE (d—a_ ) eq. 4.
‘j‘,& = ﬁf_‘& —ﬁ‘_‘& —ﬁm?_',x (eq. 4.17)
Flexural post¥strength drift
V=04V,
A, =max[1i.].{]2H=ﬂé )
A
a= ﬁ —__* (eq. 4.23)
H H
y A
b=max —= . — | |(eq. 4.23
\H H} (eq )
MomentSF = Mn
RotaionSF =1

Bl 5-11 % 4 35480 9 4t 8 ham

FTRKRAmT Y
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Mcr % % ik =45 » &7 §]* ACI 318-05[1] k FFipl%% & - B 2L 5 1&'AF 4 » 37 8eh
PE S B L EUET M2 EIT 4 mBA BT Y 22 KR S
Wk ik e R B R3]k RE o C LT 4 AN A

% 5-4 S REI BT P&
BE (> 4+ & /SF = # ISF

A 0 0

B Ver/Vsu 0

C 1 a

D 0.4 d

E 0.4 d

(SF: &) %3 )

(FH Rm: 1 g A)

<<

SF

Shear force
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\
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|
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|
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B 55 RGE L EenB A B 4 Vo 20 ACI318-05[1]3- & » © 25 5 ) & chag B e

Vcrl = 087 fctwd + l:.;]d (524)
. IW(O.16 f 4N, /5IWtW)
V,,=0.16,/f, + (5.25)
H/2-1,/2

o Nu=dh4 > d=B4 Bt P84 80 Cpegt 7 B 0.8lw B A =45 A

A 3R E I BT 4 B S A, LBEX DT %?4‘;;\‘./7‘;—'?:3‘-_ Verr ¥ 7 HR#ET 7] 42

2L 5
i E

3
H Ry 2(1+v)H

Ag =V . (5.26)
12E,x0.51, E.X0.4A,

m3tAY 4 %A Vsu
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1_7h7v

gy =1 5.46
" AhEs ( ' )

f —204
=0.002+0.001| —= 5.47
‘0 [ 8155 J (G47)
&y =—C&, (5.48)
Y =2(& —&4)sinfcosd =2(&, +¢,—2¢,)sindcosd (5.49)
As_su = 7/vh H (550)

7Y RERGARTEZLEREZ FRBR ;S 6% 6 » TR T R L8 {2
% g s Mkt I B¥ 2 AR EMLI %R ol g 5t d
winT 30 it g FREL Ard e T B sy, AP RE

B R Af gy

H3
Ay =V
= 12E x0.351, (.51)

’l’i'ﬂ‘iﬁ‘ﬁ % [had Aslip_fu

Y/ dy f,

su

Ay, = —> .
slip_ fu ny 8UES (d _aw) (5 52)



RC Wall
Shear hinges

Mg SRR R PRI ol

4.27a)
4.29)

(eq.
(eq.

(eq. 4.28)

(eq. 4.27b)

(eq. 4.30)

(eq. 4.31)
4.32)

(eq.

(eq. 4.33)

y v
v, -087.f, d_*‘“;‘f Cas28) [ 4 _, .
§ ;= min(052, 19
1, lﬂléf N, /51, ( w2s) ; Jr
I"’,1 =0.1ﬁ‘ + eq. . ) .
er2 \/rf_; H/2 _‘Fw / L =1 - ;«n
¢ g =tan™’ EE
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