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Lim, E., Hwang, S. J., Wang, T. W., and Chang, Y. H. (2016). “An Investigation on the Seismic Behavior of
Deep Reinforced Concrete Coupling Beams,” ACI Structural Journal, V. 113, No. 2, March-April, pp. 217-226.
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- Large deformation: Significant
strain due to closing of cracks

(Hsu and Mo 2010)
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Hwang, S. J., and Lee, H. J., (2002) “Strength Prediction for Discontinuity Regions by Softened Strut-and-Tie Model,” Journal of Structural Engineering, ASCE, Vol.
128, No. 12, pp. 1519-1526.
Hwang, S. J., Tsai, R. J., Lam, W. K., and Moehle, J. P. (2017). “Simplification of Softened Strut-and-Tie Model for Strength Prediction of Discontinuity Regions,” ACI
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Lim, E., Hwang, S. J., Wang, T. W., and Chang, Y. H. (2016). “An Investigation on the Seismic Behavior of
Deep Reinforced Concrete Coupling Beams,” ACI Structural Journal, V. 113, No. 2, March-April, pp. 217-226.
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Lim, E., Hwang, S. J., Wang, T. W., and Chang, Y. H. (2016). “An Investigation on the Seismic Behavior of

Deep Reinforced Concrete Coupling Beams,” ACI Structural Journal, V. 113, No. 2, March-April, pp. 217-226.

46



(./h=2.0 &L

R 00 m #4 @70 mm |
£
£ f; = 54.2MPa
4 #10+2 #11J |
+4#4
0mmT m@00mm [
S /
£ fc =52.1 MPa
B20-1 o
© 0 ? pf = 239%

47



CB20-2 i B B
- — Eh 2 %

1500
1000 - A
z M "’I[ﬁ‘
Z // / / ////
-500 4 ’ /////;;
-1000 -
21500 A———— _

-10 -8 -6 4 -2 0 2 4 6 3 10
Drift Ratio (%)

UDR =4.4% UDR = 7.2%

48



{ /h=2.0

CB20-2

1800

1350 -~
V. = 1098 kN

S

Z V..=1007 kN
5; mn
o 900 -
g Vn@DBE = 772 kN
S €<
o
Vn@MCE — 485 kN
450 - €
0 T T T T T T
0 2 4 6 8 10 12

Drift Ratio (%)



{ /h=2.0

C B 20- 1 :\:>">< 5/7
=== =
| |
1800
1. Vm‘n < Vn@DBE
vV @DBE — 1418|kN L . o
1350 (_n 2. 5&5113‘3‘;“,—3
5 -
Vaemce = 1160(kN Vinax __
= Viay = 1045 kKN~ «—— 3. = 1.07
Z V,, = 978 kN mn
= <«
§ 900 7 \ 2 Vn@MCE > Vmax
(=)
m 1 ~ 2 S A 7 _2 ’r
5. M WA B
450 4 v
6. n,@MCE — 1.11
Vmax
0 T T T T T I
0 2 4 6 8 10 12 14

Drift Ratio (%)



{ /h=2.0

CB20-2

3
| =
-0
N
-\

-

\

1

1800

1350 4

Force (kN)
\O
S

450 -

V,ay = 1098 kN

Vo = 1007 kN
mn

Vn@DBE == 772 kN
<«

Vn@MCE — 485 kN
O A—

6 8 10 12
Drift Ratio (%)

Force (kN)

2P L
P e
] B
= = T=ani CB20-1
o e o T —
_ |
1800
Vn@DBE = 14'18 kN
%
1350 -
Vn@MCE - 1160'kN
Viax = 1045 kN <—
mn =978 kN
900 - \
450 4
0 ) ) ) ) ) ) )
0 2 4 6 8 10 12 14

Drift Ratio (%)

51



S BHRCH T SRR LT 4 HARS

£377 N 324
{mmuuﬁ - (90x100) (B0 1040)
o | __r?”"_‘lﬁ_lﬁ-*t‘i’_%_l so1d B RR A RIFR kd = \/(p n)z + 2pm—psn | d
o I ) | [ [ PO O TRy - f f f
= ___4|: 1 szg)) s 123I_q1““||.5?"|
il I O T e e | Vo =V + (1.0 + 1.0)Apyfya Sina
S (I T R I ) o ey
s

T

-
”‘l"” - ||F11F|ﬂiﬁ_*§,__jﬁ‘8_ b
2 i = | WAL N > Vu

[100%90]
~ 1.’,}&11-15 I
L e o HitvE2 T4 5E R
= Sl
UUDJQEL L fvaXApd COS a .
b1o=1d B4 RIRER =2 W4t B

0.85f) Xb,,

Vo = Voo + (1.0 + 1.0)Aysfyq sina

2xM

Zn 52

N, >



ACI 318-25 R gr K 32 &+t

n-T\P




54




Avdfy
F 3 Wi? i - -

L L -I . S

h|9 | jd |

F'_ﬁ T
I — Ayaf;

Section A-A A 4 . ’I )
a) Diagonally reinforced coupling beam b) Strength contributed by the diagonal reinforcement

oW & 55
- 5,

& "%,

¢s%*  National Taiwan University



ACI318-25 R+ 2 T 4 R K3

, V
A, Viaa =2A4 T, sina > —-
- N ’ ¢
jd B
s o V. o <0.83,/f/bd  (MPa)

° I!DBE%IJJ"F«‘.LF& «J\ﬁo i%i-éﬁﬁ
Rl D R vERGERD T SR 2 TR SIRAT R 2 (Fr T
A2 RS Q;Ea‘#f i ﬁxﬂawuflﬁtj%ﬁ, 2

\i—-

56



ACI 318-25 4§52 v 3 B 3 3*

flmaf,
M. aa =Aqf, cosa ]d y
. | id
Jd Sin &
—=tan o = o
gn COoOS Avd fy
2x M d
o =L DA f cosarx A
| £, 0

o WA S ENMNFEMNTLEERE BT A%

=R

'C“ /»e?j;i__ %4?53&.7\ ?‘}E»’q ’ 5]i><iﬂﬂll:f§ﬁ
Flm A4 fek 2o HEd Pheivr T4

§oimah

Y



ZY
\ 4

CB20-1

Force (kN)

1000 -

500 -

)

-500 -

4 -2 0 2 4 6 8
Drift Ratio (%)

58



1500

1000 mm

— =

z 7z O\

X N |

) (I'g)

~ \&

SN O / |

] _ _ _

(@) S - : : :

(-} @ 7 : O

(NP 92104
. 8
e o % ]
< 2 :
W QAAAA;
\O = _
O Jv_ G
[
S g
(@)
= < :
= ©
r.|y n“u
e}
1 .. .
[ : .
~
Mn(

N 8 10

2

0

8 6 4 2
Drift Ratio (%)

-10

59



60



61



ACI 318-25 33 B 3% 3+ 2_ 3 5

1R A TR R s H i o
D> GIEf A 2z (EF 4 > T A4 AT 2 B

2. KAz EmNE  RES ¢ AR
il I—K’z'! jji,/ ’ /
B4R URRCE 0V <0837 hd

62



63



Horizontal beam
reinforcement at
wall does not
develop f, -

R
Y
",
",
",
> ¢

L NI
N,
-
'\\.‘
“,
]

£a

Elevation

o H A SHA R
W E P4 B R
7 R
%) Eh

64



CcB10-1

500 mm

|

sune
o e

CB20-1

500 mm |

T fe s o4

R A

o A 4p Stz R

TR



i,
A%
s
fﬁg
A
s
g
Ay
A
=
= -11%
-
Yo
>
|
£e

h— (u+dbg+dbd reltd= 1))

- 2
a = tan
£ 4+2A
c s £% 2] 2 ) ) X .
3 - s Y NN

dbs : ’/]é’ 58S
dpa * $ 4555 12
ng b K K

-’_dbd

e =max(2.5,dyg) - ¥ 445 R B Kk 2 Y FFEE

66



67



=E 3@*&

2_RIFEAHE(F &)

Beam Segment Diagonal Reinforcement L(?ngltudlnal Transverse
S Reinforcement Reinforcement v, UDR
No. Author IIDBC' , — lg\slt o
{’_n f/ ) fya Detaili fyi Dy (%) fyt Doy (%) (kN) (%)
h (MPa) (MPa) | ng | (MPa) | "* (MPa) |"%
1 Weber- D80-1.5 1.5 52.4 23 573 12-#6 613 0.50 613 1.00 1133 6.4
Kamin et
2 al. D100-1.5 1.5 56.5 23 744 10-#6 613 0.50 613 1.00 1136 4.6
3 CBI1 1.9 41.0 18 434 12-#7 476 0.49 469 0.73 819 6.8
4 CB2 1.9 50.0 18 883 8-#6 476 0.49 469 0.73 925 5.1
Ameen
5* CB2D 1.9 43.0 18 883 8-#6 476 0.49 469 0.73 908 5.3
6* CB3D 1.9 43.0 18 883 12-#6 476 0.49 469 0.73 1226 4.6
7* CB10-1 1.0 33.7 26 486 8-#8 440 0.57 468 1.52 1444 5.7
Lim et al.
8* CB20-1 2.0 52.1 16 466 8-#9 502 0.85 502 1.27 1045 7.2
9 Cheng et LO 2.0 34.6 19 455 8-#8 539 0.53 539 0.95 882 6.8
10 al. HO 2.0 31.4 16 455 16-#8 539 0.53 539 0.95 1549 5.8
AR A AR VNS G Uy 2 B

Tsai, R. J., Henry, R, S., Elwood, K. J., Hwang, S. J., and Cheng, M. Y. (2026). *
coupling beams: Axial restraint and strength design,” Engineering Structures 349, 121759.

Dataset of diagonally reinforced
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Weber-Kamin A, Lepage A, Lequesne R. Reinforced concrete coupling beams with high-strength steel
bars. PRJ-2876, DesignSafe-CI 2020. https://doi.org/ 10.17603/ds2-k0rq-s232.

Ameen S, Lequesne RD, Lepage A. Diagonally reinforced concrete coupling beams with Grade 120(830)
High-Strength steel bars. ACI Struct J 2020;117(6):199-210. https://do1.org/10.14359/51728067.

Lim E, Hwang S-J, Wang T-W, Chang Y-H. An investigation on the seismic behavior of deep reinforced
concrete coupling beams. ACI Struct J 2016;113(2):217-26. https://do1.org/10.14359/51687939.
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BEd g R 2
Bd B AR

4 XTRACT 3~ ##55 hiLPE M, =V, =

LB AR

2M,,
tn
0.003  0.85f
° .o .o a i CS'
= fs, Ce
o O -
o O f¥ .7,
o o . .
¢ - diag c - diag

e %% 4 1 - XTRACT

o T ¢ iFT q
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DBEY 4 2 B2 2 3+ B in48
Strength (DBE): 1€ ]

2
B RRA RIFR kd = (J(pfn) + 2pfn — pfn> d
$& RS2 255 f Ay = by X kd
& RE2Z KT WE §=tan! (h _Z:Rd/g)

RBP4 K =tan? 6 4+ cot? 6 — 1+ 0.14B < 1.64

B2 4 55 IRE D Br falic { =

fe
WiRE2z 8 54 %R Cysinf = K{fAgy sin 6

-2 DBEZ £ 29 4 %R Vyeppe = Cqsinf + (1.0 + 1.0)Apqfyq Sina

C, =10/,%x4,

I,=10f,x4,
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Strength (MCE): B —

X
x|
Il
5

y e
/1

4

1.25fygXAyq cOs a
0.85f) by, _

&R G 22a ff Agyr = by X a

@" ?\:iﬂ?/ﬁa=

$H& B2 KT frd = tan~! (T L)
n

RBP4 K =tan? 6 4+ cot?6 — 14 0.14B < 1.64

3.35

1t

B2 A 5 R R4 B i ( =

< 0.52

Wi RE2 L8 54 B8R Cysinf = K{f Ag sinf

P EMCER KT 2% 4 %R Vience = Casinf + (1.25 + 1.25)A,4fyq sina

C,=125f,, x4,

T =125f,xA4,
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Force (kN)

2400
2000 7 1. Vn@MCE > Vtest
1600 — Vn@DBE 2 :1}3%‘5]7' ﬁfi%:]j ;At‘ A"\ )g? %
~—
1200 — - Yn@MCE < Nn@DBE
Viest 4 '@3 4 "é}i—)ﬁ ¥ L IR%\
800 —
400 —
0 | | | | | | | |
0 1 2 5 6 7 8 9 10 11

Specimen No.
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PHRERMZ &R 75 By

V. UDR Viest Viest Viest
No. Author Spec. ID test
P (kN) (%) Vinn VwebDBE Vhemce V
1 D80-1.5 1133 6.4 1.28 0.80 0.92 test > 1
Weber-Kamin et al. V
2 D100-1.5 1136 4.6 1.18 0.78 0.86 mn
3 CBI 819 6.8 1.13 0.72 0.77
] ) e y A .
4 CB2 925 5.1 1.28 0.87 0.88 ;}% A N jq—
Ameen
5% CB2D 908 53 1.11 0.85 0.85
6* CB3D 1226 4.6 1.10 0.80 0.81 Y
7* CB10-1 1444 5.7 1.14 1.00 1.04 test 1
Lim et al. V
g* CB20-1 1045 72 1.07 0.74 0.90 n@MCE
9 LO 882 6.8 1.32 0.66 0.85
Cheng et al. ., ,
10 HO 1549 5.8 1.35 0.84 0.88 A 58 B LA A
AVG 1.21 0.80 0.89 ;}j}z j&%ﬂf 3}_; {[2 )% }%
CoV 0.09 0.11 0.09
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A, df},

a g =
s -
B - Avify Q

1. AERHH 4 SRS ~ K> K
2. $HAERPEL KT rE OB E LN KT L apl

h—2xa/2
tn

0 = tan~1 - assumed 0 = «
(=55

3. %" <2@{FHE 0 &MCEF T L4 ¥ i & (Plastic Rotation)

L fe=f = 1.25fy
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P & L =

g

1.Assumed jd = (d —a/2) and a = 6

Amf;
| ~ . _sina_j_d
id = 2. tana = cosa — I,
- %
A, I 3.C=T;0.85f/b,a = 1.25fyAvdcosa

4. AStT’ - bW Xa

Supply: Assumed f; = fi = 1.25f,
Vhemce = K{fd Ager sina + (1.25 + 1.25) A4 fy sina

p 1.25f,Apqg cosa !
= Vnouce = K{f! b, o.gs;c’bw sina + 24,4(1.25f,) sina

Demand:
2My, 2 . |
V, = {): = EAM cosa (1.25fy) X jd = 24yq cosa (1.25fy) X (S;:;Z

=V, = 2Avd(1.25fy) sin a



S ALY =y

CDR= %s/namck , £n/h =2 2. /h =05
V | !
P £/ = 42MPa
¢S(K€_TC{QW1\.25;‘.\§?>M ;OS a s\in\a+2?h>¢(1\-25ﬁg) s\i*n\a> s f! = 56MPa i i
> : I ' '
22pq(T25fy) stng fe =72MPa 5
os(KiS2E42) v M
2 @)
= 0.5K{ cosa + 0.85 )
ST
] 22 \U A 4 v o ° '
+ R #* T Ie m . 0 | 1 | | | 1 T
+MCE FER 0 10 20 30 40 50 55 60 70
o C D R iéj Y ,\ 1 . 0 Inclination Angle of Diagonal Bar «a (°)
o WA RRZLFTRpBRE BT L%
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e
1. Flexural design (DBE Level) - (3¢ 4% 55 > #icik37)

M
M, > xcosax f xjd >—
¢ % A\/d y J 09
2. Provide confinement and detailing

LT
[ ool 7
el
K 4
T O
) 1

3. Shear capacity de;;igkn (MCE level)

dVrnemce = Vp
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ACI 318-253% 3+ 2_ A2 & ¥ & 4 53

5
R4
University




ACI 31-25 *&%% K2 ¥ hipstE

S S

2M,,
M, = oM, ; Vuzf

[ACI 318-25 ]

Vu

ZAvd,req.fyd sina = b (ps=0.85)

v, 1
Apa acr = Py X

2 fygsina

Aypd AcI
Avd,data

=

G 3 ACI3I8 - 25 g 2R3 iE

Avd, ACI

ACI 318-25 42 & £ 3+25%

1.8 —

1.6

,_.
o~
]

Avd,Data
.
|

._
|

1.8

2.6

AVG: 1.25

COV: 0.04

* L 4 L 4 L 4 *
L 4

s 6 1 8 910

Specimen No.

Tsai, R. J., Henry, R, S., Elwood, K. J., Hwang, S. J., and Cheng, M. Y. (2026). “Dataset of diagonally reinforced
coupling beams: Axial restraint and strength design,” Engineering Structures 349, 121759.
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ACI31-25 =& R2 Hé st &

Spec. Viest |Avapata| Avaacr Ava, act
No. | Author es ’ ’
ID (kN) (mmz) (mm2) Avd,Data
1| Weber- | D80-1.5 | 1133 | 1719 | 2202 | 133
Kamin
2> | etal |D100-1.5| 1136 | 1433 | 1719 | 1.20
3 CBI | 819 | 2323 | 3097 | 1.33
4 cB2 | 925 | 1146 | 1433 | 1.25
Ameen
5 CB2D | 908 | 1146 | 1433 | 125
6 CB3D | 1226 | 1719 | 2006 | 1.17
7 . CB10-1 | 1444 | 2027 | 2534 | 125
Lim et
8 al. | cB2o-1 | 1045 | 2588 | 3235 | 125
9 | Chenget| L0 882 | 2027 | 2534 | 125
o | @ HO | 1549 | 4054 | so067 | 1.25
AVG | 1.25
cov | 0.04

Avd, ACI

Avd,Data

1.8

1.6

,_.
o~

—
\®)

—

.8

2.6

Specimen No.

Tsai, R. J., Henry, R, S., Elwood, K. J., Hwang, S. J., and Cheng, M. Y. (2026). “Dataset of diagonally reinforced
coupling beams: Axial restraint and strength design,” Engineering Structures 349, 121759.

ACIl 318-25 4z & % 3+25%
AVG: 1.25
COV: 0.04
. .
o o o o e o
¢ .
o 1 2 3 4 5 6 1 8 9 10 n
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(/h<2 28 &5 3RF 2R
PR q 0.003  0.85f
5  E— — M, >
== EVG
Section A-A :JA Cn * e e - diag o - diag
RiH A :
Design Based Earthquake b E TS
DBE A M, A v
‘ 0.9
i R
Max. Credible Earthquake ) Vo 2V /9
MCE B # ik &
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Lih=1 28 442 RRFLRIHRE

1500
] I 1200 =
cel0-1 B -
:4 N— 600 —
] L g 3007
73' 0
S 300 —
] [
-600 —
CB10-2 2900 —
21200 —
-1500 == | | | | |

-9 -6 -3 0 3 6 9
Drift Ratio (%)

@ 3 % \3” X %- Lim, E., Hwang, S. J., Wang, T. W., and Chang, Y. H. (2016). “An Investigation on the Seismic Behavior of Deep
%> National Taiwan University Reinforced Concrete Coupling Beams,” ACI Structural Journal, V. 113, No. 2, March-April, pp. 217-226.




=l 2HEMSRRE LRI AR

CB10-1 1200 —

900 —

(5.8%;

1269KkN
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5 >

250 mm stirrups

_ DI3@100mm | , o

I | 3-D10

600 —

300 —

w

3D10 -600 —

2D1
268 0

| 2D10

Force (kN)

500 mm

- 4 D25

-900 —

A vield of stirrups

50 mm 50 mm 1200 — @ yicld of diagonal bar

[l maximum lateral load
-1500 IR B E— I B E—

an — ZMn/»fn =1269kN -0 8 -6 4 -2 0 2 4 6 g8 10

Drift Ratio (%)

ZH @ 3 % \3” x %- Lim, E., Hwang, S. J., Wang, T. W., and Chang, Y. H. (2016). “An Investigation on the Seismic Behavior of Deep
¥ Nattonal Tatwan University Reinforced Concrete Coupling Beams,” ACI Structural Journal, V. 113, No. 2, March-April, pp. 217-226.
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ML FlRawmsipe

L n |
[” |
b
l ) develop 1.25f, spacing s =min {6d,;150 mm}
_
A g '/AVd
() .(m ‘ O €
<«
® °® ™ Avd cosa %
(501 i") Horizontal shear reinf.
h does not develop f, {
o &

I — R
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National Taiwan University
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5, . - 4 42 Span to depth ratio = L, /h
1‘#%‘% AR - Uk kL P y n/
™
Study Cases:
o 1. Without opening

Tttt 2. L/h=1.5

» " o n 3. Ln/h =24

. | | | 4. L/h=33

5. L/h=42

ARIE 0 (2024) Tap SRR AR FRZ RFERY | LGB R o FI A BF o4 2 F
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_

24F structure Story f. f,
R2F

]

-

- , ,
- 17F~PRFL 350 kgf/cm 4200 kgf/cm
-

-

—

—

-

-

-

- ,
— OF~17FL | 420 kgf/cm? 5000 kgf/cm
-

-

_

.

.

.

.

e 1F~9FL 490 kgf/cm? 5000 kgf/cm?
.

.
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24Fid £ 3 3% 3+ (L /h=1.5)

SST

ACI

70 cm

EI

Section
120 cm 120 cm
Diagonal 8-#10 11-#10
Steel
Longitudinal — —
= ¥R RF R T fGEd R TR

FSSTR 5 b

ACI
o
+ 37.5%
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(/h<2 28 &5 3RF 2R
PR q 0.003  0.85f
5  E— — M, >
== EVG
Section A-A :JA Cn * e e - diag o - diag
RiH A :
Design Based Earthquake b E TS
DBE A M, A v
‘ 0.9
i R
Max. Credible Earthquake ) Vo 2V /9
MCE B # ik &
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ACI 31-25 fdr & RAZE 2 ¥ & & 5

Spec. Viest |Avapata| Avaacr Ava, act
No. | Author es ’ ’
ID (kN) (mmz) (mm2) Avd,Data
1| Weber- | D80-1.5 | 1133 | 1719 | 2202 | 133
Kamin
2> | etal |D100-1.5| 1136 | 1433 | 1719 | 1.20
3 CBI | 819 | 2323 | 3097 | 1.33
4 cB2 | 925 | 1146 | 1433 | 1.25
Ameen
5 CB2D | 908 | 1146 | 1433 | 125
6 CB3D | 1226 | 1719 | 2006 | 1.17
7 . CB10-1 | 1444 | 2027 | 2534 | 125
Lim et
8 al. | cB2o-1 | 1045 | 2588 | 3235 | 125
9 | Chenget| L0 882 | 2027 | 2534 | 125
o | @ HO | 1549 | 4054 | so067 | 1.25
AVG | 1.25
cov | 0.04

Avd, ACI

Avd,Data

1.8

1.6

,_.
o~

—
\®)

—

.8

2.6

Specimen No.

Tsai, R. J., Henry, R, S., Elwood, K. J., Hwang, S. J., and Cheng, M. Y. (2026). “Dataset of diagonally reinforced
coupling beams: Axial restraint and strength design,” Engineering Structures 349, 121759.

ACIl 318-25 4z & % 3+25%
AVG: 1.25
COV: 0.04
. .
o o o o e o
¢ .
o 1 2 3 4 5 6 1 8 9 10 n
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(2009-2010) (2010-2011) (2011-2012) (2012-2013) (2013-2014)

PRy

Erwin Lim Luan Tat Nguyen
(2009-2015) (2015-2016) 101



First Year Study (= 2010)

AR 110
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Second Year Study (2 = 1z 2011)

AR TE

AR

RENE T
FEiR (')

AL | IWES
Y | et

FEET I %

= A R
i TS
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Thlrd Year Study (== # 2012)

Ry B20-1 BI0-2 | BI0-3 | B30-13 | B30-14 | B30-15 | B40-1 B40-2
%Et&?ﬁﬁfr S0x30ckm?
B L 2 3 4
# | A 4200 koficemn?
*y' 210
% | EEt 420 kgficm? . 420 kgfior
5 affctrd
, i o
L LEE i H
£y u
= H
gy ﬂ
[EH 1| & ]
& . - ,—. -t _I.—t - _I—l_u F '.-—'q.. L] L] ';.:.::._?1
T | NN NN | i 1
™ ™ * I-,,.-- . I-.'-_..:- ;l - :g:- l |1-‘-._-!_-:-l- # # * I:- -
EZWSF 2] #3000 | B-ARE) | 44800 | 4800 | d-smiEn 4-#5( )
4440 o) | 444 TRy 4840 o) | 444
HeEE | 4o | earce) [ nmer | B0 g peey | FEE) ey | amecen
2 #11['%:' 4_&[5) = |: :I E_#g[..:l = r I: :I 2 #11['%) E_#g[..:l
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Fourth Year Study (=4 i 2013)

fﬁ%u;h CB10 CB20 CB30
P-N-N P-H-H P-N-N P-H-N P-H-H D-H-H P-H-N P-H-H
ST )T 25 cm %40 cm 30cm *50em
5 EE (/D) 1 2 3
7 =] e 420 MPa 420 MPa 420 MPa
REEISHRT 420MPa 420 MPa 420 MPa
£ | s 685 MPa 685 MPa 685 MPa
&
g HE+T 28MPa T0 MPa 42 MPa 70 MPa
] LE
e s e mp A8 o
IL/JI L 'lf’ DRr Y F L '1”!"
: : ; : ; ';
A TN £ ] ¥
R R
AR IR /o e .J"iix ;'“'a
i I
Wi | i b b }
wlals *lale e o .[:.3
s ] #4 #4 #4 #4 #4 #4 #4 #4
SHEGES | 4-48(D) | 4-48(D) | 4-H8(DB) | 4HB(D) | 4-#8(D) | 8HB(D) | 4-#8(D) | 4-#8(D)
454(-) | 4H4(-) | 4#a(-) | 4#a(-) | 4H#A(-) | 4B4(-) | aFa(-) | 4= )
L e ]
646(*) | 686(e) | 6:#9( ) | 6-#9(s) | 6:49( ) | 6-#4( ) | 6-#9(e) | 6-#9(s)
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Fifth Year Study (4 ::2014)

&9t CB20 CB30 CB40
1.5-53-H | 1.5-68-N | 2.5-34-H | 2.5-34-N | 2.5-34-N(P) ‘ 20-41-N 2.00-N 2.0-23-N
F By Rt 30ecm =50em A0 em =20 cm
B L (L) 2 4
g S 420MPa
| HAMH
it
HAEL 42MPa
W
L AL HEHY
[AEN]
[ THT)
LN LR LR (LN 1
[N | ['AEE | L 1N | | WY | o | W o
L N 1 Uy L 1T | | 1/ | L1/ |
:' .l- ! “u I F ML Y JI JT R
¥ L] L) L] A JT 1Y Y1 T TN
CRH| TR T [T iy
Tt
r LULARR N
o e 'JB ‘:-: o @ E@s "-_- %..,\.. ooﬂ
By do B
- . e @ I(_lp @E @E e . b brd lel
#M@Tom | #4@Tem | #@10cm #Hi@ 10cm
A&
785MPa 420MPa 785MPa 420MPa
o A 8 a 4#3(2) | 4@ | 4#8(@) [4=10(®) | 4=10(8) | 4#3(2) - 4E1(R)
4#4( ) | 4#4(e) | 4840 )
240w ) | 44 o) | 44 ) 4240 o) | g4 e
WL B 438(0) | 4#8(0) | 2#9(0D)
6#6(0) | 6#(0) | 689(0) S#10() | 8=
2-#7(8) 2-#7(8) 4-#7(8)
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e ERE N E R SHY AR EPE(2023) TASEEL - A ART 4B T4 R L

[

BHifg 5=+ % B 580-105F -

e Hwang, S. J., and Lee, H. J. (2002). “Strength prediction for discontinuity regions by softened strut-and-tie
model.” Journal of Structural Engineering, ASCE, 128(12), 1519-1526.

e Hwang, S. J., Tsai, R. J., Lam, W. K., and Moehle, J. P. (2017). "Simplification of softened strut-and-tie model
for strength prediction of discontinuity regions," ACI Structural Journal, 114(5), pp. 1239-1248 .

e Lim, E., Hwang, S. J., Wang, T. W., and Chang, Y. H. (2016). “An Investigation on the Seismic Behavior of
Deep Reinforced Concrete Coupling Beams,” ACI Structural Journal, V. 113, No. 2, March-April, pp. 217-226.

e Tsai, R. J., Henry, R, S., Elwood, K. J., Hwang, S. J., and Cheng, M. Y. (2026). “Dataset of diagonally
reinforced coupling beams: Axial restraint and strength design,” Engineering Structures 349, 121759.
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o ASDA204k 55 2 4 B MR a3t

u =475 i 1 =68.7
Q) L lo=23 0 (0=30__;
3 * #6 or larger
8 10 A
g 1 ALJM Sample = 48,921
30

#5 or smaller

Frequency (%)

wsasT [uSess Sample =297

CHEGE 3200 (2000) T ARG S 2 4 B TR A R BRE T SR
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f (T actuar)
y, actual
Place | Reference f ) kgf/cm? y.ackal s
kgf/cm f
u o y
Taiwan | #z2 73 199 4200 4750 230 1.13

¢ fy actual — 1.13 X fy
® ﬂ‘ {/u/n\gﬁf'ﬁﬁ %F’J a 857 }@%Eg it ‘]HX1§110Xfyactual
o 1.10 X f) geruay = 1.10 X 1.13f, ~ 1.25 X f,
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( /h=1.0

1800

1350

Force (kN)
O
S

450

—
CB10-2
_r L
V,,, = 1413 kN
.
Voay = 874 kKN
[,1l@Pl)l?l? == E;S)‘l l(]\’
<«
Vn@MCE — 4‘4‘1 kN
. A
0 2 4 6 8 10 12 14

Drift Ratio (%)

oo 2 Y4 5 RER

[ Flexure Strength |
M,, = 353 KN-m
Vi = 2M,, /£, = 1413 kN

[ Strength - DBE |

kd = <\/(pfn)2 + 2ppn — pfn> d =175mm
Agtr = by, X kd = 43796 mm?
6 =tan! ("‘L"d/?’) = 37.5°

n

take
K=tan? 0 + cot40 —1+0.14B < 1.64 — 1.21
3.35 take
= < 0.52—0.52

(= <
I

Cysin6 = KAy (f; sin@ = 594 kN

Vn@DBE = Cd Sin9 + O = 594’ kN

[ Strength - MCE |

1.1f Lact lXA t
q = yhacual At _ 439 mm
0.85f; Xby,

Ager = b, X a = 32746 mm?
_ -1 h—2><a/2 _ o
6 = tan (—{)n ) = 36.4
take
K=tan® 6 + cot*6 — 1+ 0.14B < 1.64 — 1.23

Cysinf = KAy, (f/ sin@ = 441 kN
Vn@MCE = Cd Sin9 + O = 441 kN
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( /h=10 By 273 BRITG

i‘—,_ [ Flexure Strength |
10-1 —~N L M, = 317 kN-m
CB10- /%\ Vo = 2M, /€, = 1269 kN
— —
e S [ Strength - DBE |
1800 kd = <\/(pfn)2 + 2ppn — pfn> d =181 mm
Vinax Ay = by, X kd = 45252 mm?
=1444kN  Vneppr = 1446 kN| g _ o1 (ki) _ 575
<Z n
tak
1350 - < — 1385 kN| K=tan0+coth9 —1+0.14B < 1.64 — 1.22
<« R@MCE 335 take
Vi = 1269 kN (= ’ < 0.52—0.52
- e
Z Cysin® = KAy, {f! sin@ = 583 kN
= 900 - (1.0 + 1.0)Ayq fyq Sin @ = 863 kN
Fud Vnepge = Cqasinf + (1.0 + 1.0)Aq fyq Sina = 1446 kN
S
o
| Strength - MCE |
a4 = 1.1fyd,actuafovd cosa — 136 mm
450 - 0.85f¢ Xby,
Agr = by, X a = 33977 mm?
_ -1 h—2><a/2 _ o
§ = tan (—{,n ) =361
take
K=tan0 + cot?0 — 1+ 0.14B < 1.64 — 1.24
0 1 T T T T T T Cd sin@ = KAStT'(fC’ sin@ = 435 kN
0 2 4 6 8 10 12 14 @11+ 1-1)Avdfyd,actual sina = 949 kN

Drift Ratio (%) VTL@MCE = Cd sin @ + (11 + 1-1)Avdfyd,actual sina = 1385 kN 112



{ /h=2.0

CB20-2

P Y4 B REG

[ Flexure Strength |
M,, = 503 kKN-m
Vin = 2M,, /£, = 1007 kN

[ Strength — DBE |

1800

1350

Force (kN)
\O
S

450 -

V,ay = 1098 kN

Vo = 1007 kN
mn

Vn@DBE == 772 kN
<«

Vn@MCE — 485 kN
—

kd = <\/(pfn)2 + 2ppn — pfn> d =179 mm
Ager = by, X kd = 53596 mm?
6 =tan! ("‘L"d/?’) = 20.9°

n

take
K=tan?0 + cot®9 —1+ 0.14B < 1.64 — 1.64
3.35 take
= < 0.52—0.46

(= <
I

CySin® = KAy {f; sin@ = 772 kN

Vn@DBE = Cd Sine + O = 772 kN

[ Strength - MCE |

1L.1fy1actual XAst
q = ZHsbactualAst _ 44
0.85f; Xby,
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0 1 T T T T T T Cd sinf = KAStT'(fC’ Sin8.= 428 kN
0 2 4 6 8 10 12 14 (1.1+ 1-1)Avdfyd,actual sina =732 kN

Drift Ratio (%) Vaamce = Casind + (1.1 + 1.1)Apafya actuar Sin @ = 1160 kN 14
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Lim, E., Hwang, S. J., Wang, T. W., and Chang, Y. H. (2016). “An Investigation on the Seismic Behavior of

Deep Reinforced Concrete Coupling Beams,” ACI Structural Journal, V. 113, No. 2, March-April, pp. 217-226.
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Thiirlimann, B., “Shear Strength of Reinforced and Prestressed Concrete-CEB Approach,” ACI Special Publication,
SP 59, 1979, pp. 93-116.

44



D-T 3¢ #f 1 2 DBD-% 3¢ # 1% 2 3| 2_

CB20-2
300 mm— — l 4 h .
— =2 tan 26.5
E] h gn
8 i Jd h
> . 2 o -
—  1000mm  — 0 =tan" Jd <tan™ (lj =26.5°
. . l. 2
6 < 26.5°
. Y
jd |h y ) ‘
- | —,ﬂ;&DBDl@J ﬁ:; s 7% P

_ 1000mm | )i TAPAEE AT B

Ch 45




—

Fd AT RARFR

Drift Ratio (%)

(. /h=2.0 CB20-2

1800

1350 -

Vingy = 1098 kN

Z
=}
o 900 o
[
s
=

450 -

0 ! ! ! ! ! ! !
0 2 4 6 8 10 12 14

L

D-F i 4 1 AT

Vn@DBE == 1066 kN

—
< Vi =1007 kN < V,,, =1007 kN
«— V =772 kN
n@DBE Vn@MCE — 657 kN
—

«—— Vanemce = 485 kN

o F|P~0=45°> DBD-% K T2 T 4 % B iR F
e DBD-% ¥ 3% 2 V,eppeie = £ 3L

RN 2 A
® n@DBE}o@‘" “Vmax1 = 632 46



] [
{ /h=2.0 i aiail P 4 3% R B
,/h=2. 201 =l @Y AT RRITR
_ L
_ v /,;E /';-'_
1800 D-% i‘é’}#" 1}#"
e —— Vn@DBE == 1577 kN
B —— Vn@DBE = 1418 kN
e «—— Vyn =978kN «—— Vipn = 978kN
3 900 -
S
o
450 -
o F|B0=45° DBD-F B =R 2 ¥ 4 5 A A B
e B HMLT Y

6 8

Drift Ratio (%)

47



Force (kIN)

"1 DBD-F 3 H 1 $2 & 138 {7

o [ - [
L

CB20-2 t,/h=2.0 SR CB20-1
g‘// \\
_ L _ ]
1800 1800
vV = 1577|kN
n@DBE
1350 {1 V,0n 1350 - . Vaoemce = 1293|kN
— max
=1098kN o er=1066kN | _ — 1045 kN
> E— Z Vian = 978 kN
S
Vn@MCE — 657 kN é
%
450 A 450 A
O 1 T T T T T T O 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

Drift Ratio (%) Drift Ratio (%)



. s - oS Z4 2 2L
o YUl BRI RET 4 BERK
0377 [323 C324

{mﬁﬁfuﬁ (90100 (30x1040)

I ——.—.—'ﬂ 5 T . Dy = e 2
ﬁ.__ Hg}g,:.q: I |T6130-1§ E_ |1,3.:|‘1.J| 5&@—‘}@4 ‘g‘,;ﬂ‘.)";: kd:(\/(pfn) +2pfn—pfn>d
|
|
|

300

[ — |

S == I U1
il £ j a1 e =S Vo = min(V, o, Vie) + (1.0 + 1.0)Ayqfyq sina
= | ”_,_l*_-.l'-ﬁ :I-l‘illl;}_ ’ )

» ] = s fya*xAyq cos a SN SN N - ] ,
r 3 N o Yy 2] A3 25 3
R BirFRE C 0.857, xbyy ﬂ_f& ___ﬁ.,

V, = min(V}, ., V) + (1.0 + 1.0)Ayqfya sina

2xM,

N, >

ty 49



ACI 318-254. # 31 3

50



1
o




SR 7K SF- §8 F7 172 i o
$%§ﬁ2?§'—

Avi = {'}"—Q‘Hﬁﬁej ﬁﬂ
3 /F-ﬁ%Z%ﬁ@ﬁ

\\ | A/

at

—

S i T

fn
——— WEAH R
' = | A
N ///l 77 1 P BB
[ 15 48 #4835
| cm
‘oo
s o ® @ \
A 18 1 80 85
Al bl = 8
] & 75 1 e
N i e i T {5 48 48 35
cim

BEREEe 2F K

R PR e
TERRE S 258

FEIFEAR S AHALS em 2 6ds 2 /IME

vt = (E—4IEH IS

fih 2 SEBTIHI R

AVAY

=

,/Va

i

W
~ \/* N— i

dp

P

LARE i)

F 533520 cm

e

\o

R . g
4 M

Ne

EfaB-B

1

11

ok ¢+ EEGEAH EIAE L Z R

Y f = i i 2 fl e

584820 cm

OO & iy FEF] R ¥ it

52



CB30-DA I — #4 @200 mm

LT
fC/=39.7MPa \ I\I\ : /\,> l
pr = 2.89% | \ ,

]
==
—

500 mm
Sl
\!

—

—¢+—+ #3 @100 mm
CB30-DB = L
fCI — 384 Mpa § o o 7¢— 5: N

Pr = 2.86% A

8 #10
10#3 =



CB30-DB

CB30-DA

!

1000

800 -

I
o )
S

1 1 1 1 1 1
() S () (a) () ()
] o (e (e) ) (a)
O < @\l 7_~ A. o) [e.e)

(N 92104

[.7%

<

<.

N

I

Y

M)

)
I4M/M
.-
=
&
o
|A_.D

04
S

S

ﬁ%

(@)

0 N~

N

O

| w
=



(., /h=3.0

CB30-DA —
1200 — —
900
Vinax Va.epBe = 792 kN
z =671 kN Vaomce = 707 kN
é an = 613 kN
o 600 4
2 E
(=)
=
300
0 : : , | | |
0 2 4 6 8 10 12 14

Drift Ratio (%)

4' VTL@MCE > Vmax

TneMCE _ 1 05

o

Vm ax

6. W PG, A B

55



sBZXR {5 L E1=
(. /h=3.0 /E'J“:éf - “zI"p
1 I ] [
(1] |
=~ — -DB
CB30-DA — HHEeH CB30
— -
1200 — 1200
Vn@DBE - 1005 kN
%
%
900 -~ 900 — _
_ Voomce = 925 kN
Vinax MBE B ;(9)3 IIEII:’/ Viax = 728 kN ne
= =671 kN n@MCE = = V, =663kN
) Vyun = 613 kN 4] «mn s
o 600 - ¢ o 600 -
2 o
= (=]
= €3
300 - 300 -
0 4 T T T T T J 0 T T T T T T
0 2 4 6 8 10 12 14 0 ) 4 6 8 10 12 14

Drift Ratio (%) Drift Ratio (%)



N~
Lo




ACI 318-25 33 B 3% 3+ 2_ 3 5

AR BRT . RERELHAH S E
2> 5l R 208 4 5 Vo A4 R 2 B
> & 2 4w 8 a:;;; » 35 1 F ¥R

2. A2 $ass g BEd c afRss AR
TARBARFRUBEALE >\ < cbd

n_

ry] - \"
:' 5 : i -
» £V
*  National Taiwan University 58



59



60



61



Horizontal beam

=
reinforcement at Cl'o . P , ,
wall does not 2IE [ ‘5’:{' 4 {Eﬁﬁ ¥ 3}7# ,Af‘i & ]‘ﬁa =
develop f, R \F' > -

WALE P4 R
P
=i o 1A R AEH N b o
QE I T TRV
T

“
i 2
B

]

‘ . £n
Elevation

62



CcB10-1

500 mm

|

sune
o e

CB20-1

500 mm |

T fe s o4

R A

o A 4p Stz R

TR



g7

a = tan~1

h—2(i+dbs+nLdbg+2.5(nL—1)+e+dbd%+ew

2

)

£ +2A

At $thbp st ElMERSDRILE > T OB504

A A
€ ,
nL p—.r'?‘_LI_I—Q I'{ ;e — N
{ U _E_?E : JE }i
{| | R 2 S }é]—gi‘
\ dps * 4 55 2 45
dpy @ S 553
|4
J ng ‘fw\ra’étﬁﬁgalé]gt
L —Ybd
i 7 dpg * ¥ %45 5% 8
Ng . éﬂ"iéﬁﬁsﬂa%&

e=maX(2'51dbd) : J—éfﬁ;%;g)é'ﬁ%—i#'f%_ Fé&ﬁﬁ_’y E\‘ﬁ%kré’igg—i/g‘:ﬁ&ﬁﬁ

64



65




JIIC

— 1100 <=——> — :
H Unit : mm
| I— ' [ 1
’ T L L L L T ) [} [} [)

Lim, E., Hwang, S. J., Cheng, C. H., and Lin, P. Y. (2016). “Cyclic Tests of Reinforced Concrete Coupling Beam with
Intermediate Span-to-Depth Ratio,” ACI Structural Journal, V. 113, No. 3, May-June, pp. 515-524.
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Beam Segment | Diagonal Reinforcement Lgngltudlnal Transverse
Reinforcement | Reinforcement | UDR
No. |  Author Spec. ID — test | -~
,B_n f‘cl o (o) fyd Detaili fyl o (%) fyt o (%) (kN) (A))
3 (MPa) (MPa) | ng | (MPa) | ¢ (MPa) |~
1 CB24F 2.4 47.3 15.7 483 12-#7 483 0.61 483 0.92 761 10.1
2 CB24D 2.4 47.3 15.7 483 12-#7 483 0.25 483 0.29 708 8.6
Naish et al.
3 CB33F 33 47.3 12.3 483 12-#7 483 0.61 483 0.92 552 8.1
4 CB33D 33 47.3 12.3 483 12-#7 483 0.27 483 0.33 528 7.0
5 D80-2.5 2.5 57.9 14.2 573 18-#6 613 0.50 613.2 1.00 980 6.8
6 D100-2.5 2.5 55.1 14.2 744 14-#6 613 0.50 613.2 1.00 980 5.2
7* Weber- D120-2.5 2.5 53.7 14.2 799 12-#6 916 0.50 916.4 1.00 1275 6.4
g | Kaminetal. D80-3.5 3.5 53.7 10.0 579 18-#7 613 0.50 613.2 1.00 978 8.4
9 D100-3.5 3.5 54.4 10.3 744 18-#6 613 0.50 613.2 1.00 865 6.7
10 D120-3.5 3.5 56.5 10.3 799 16-#6 613 0.50 613.2 1.00 962 5.8
11* CB30-DA 3.0 39.7 8.8 441 8-#10 441 0.34 441 0.42 671 6.9
12* | Limetal. CB30-DB 3.0 384 8.8 475 8-#10 475 0.48 475 0.71 728 7.5
13* CB30-2.5-54-N| 3.0 58.0 9.0 455 4-#10 457 2.21 486 1.27 752 5.7
oo

P

Tsai, R. J., Henry, R, S., Elwood, K. J., Hwang, S. J., and Cheng, M. Y. (2026). *

R TR LR WL ST

coupling beams: Axial restraint and strength design,” Engineering Structures 349, 121759.

Dataset of diagonally reinforced
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* Naish D, Fry A, Klemencic R, Wallace. J. Reinforced concrete coupling beams-Part I: Testing. ACI
Struct J 2013;110(6):1057-66.

* Weber-Kamin A, Lepage A, Lequesne R. Reinforced concrete coupling beams with high-strength steel
bars. PRJ-2876, DesignSafe-CI 2020. https://do1.org/ 10.17603/ds2-k0rq-s232.

 Lim E, Hwang S-J, Cheng C-H, Lin P-Y. Cyclic tests of reinforced concrete coupling beam with
intermediate span-depth ratio. ACI Struct J 2016;113(3):515-24. https://doi.org/10.14359/51688473.
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Bl T HE 7 5 #dy

1 CB24F 761 10.1 1.14 0.68 0.71
2 CB24D 708 8.6 1.06 0.84 0.89
3 Naish et al. CB33F 552 8.1 1.15 0.50 0.54
4 CB33D 528 7.0 1.10 0.67 0.75
5 D80-2.5 980 6.8 1.23 0.62 0.67
6 D100-2.5 980 5.2 1.20 0.63 0.66
T* D120-2.5 1275 6.4 1.44 0.87 0.93
8 Weber-Kamin et al. D80-3.5 978 8.4 1.26 0.63 0.67
9 D100-3.5 865 6.7 1.17 0.57 0.60
10 D120-3.5 962 5.8 1.27 0.64 0.68
11* CB30-DA 671 6.9 1.09 0.85 0.95
12%* Lim et al. CB30-DB 728 7.5 1.10 0.72 0.79
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—t #4 @100 mm

24 ik
F &L CB30.C - fe =479 MPa
- S [ )] pf = 2.03%
4#10 ;
443 — o
300 mm #3 @100 mm [
g —
g o o — ~— — f = 38 4 MPa
CB30-DB 2 3 ;%ﬁ%iﬁ pr = 2.86%

8 #10

¢ /h=3.0 e —

CB30-DA : 22%%ﬁ¢ f¢ =39.7 MPa
- |l01)] == T~ pp = 2.89%
| ] =1L —— [/ =580MPa
CB30-H =T 5%
L*a%
119

2 #8+1#7
+2 #10 BE— I



¢/ /h=3.0

—
CB30-C
L
1200
900 -+ v Vn@DBE = 833 kN
max €
- = 682 kN
z V,n = 655 kN
g 0007 Vaomce = 621 kN
<
300 -
O 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14

Drift Ratio (%)

dod BY 4 R

[ Flexure Strength |
Vo = 2M,, /£, = 655 kN

[ Strength - DBE |

kd = <\/(pfn)2 + 2pfn — pfn> d = 149 mm
Ager = by, X kd = 44575 mm?
0 = 0,4, = 45.0°

take
K=tan0 + cot?9 — 1+ 0.14B < 1.64 — 1.14
Ve =CqsinB = KAg, {f; sinf = 833 kN
Vie = Vo + V; = 017/ by d + 22222 = 878 kN

N

Viepse = min(V,., Vi) + 0 = 833 kN

[ Strength - MCE |

_ L1fyactualXAst 111 mm
0.85f.xbyy,

Ager = b, X a = 33247 mm?
0 = 0,4, = 45.0°

take
K=tan0 +coti9 —1+0.14B < 1.64 — 1.14
Ve =Cqsinf = KAg, (f; sin@ = 621 kN

Vie =V = 2022 = 725 kN
Veamce = min(V o, Vy ) +0 = 621 kN
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/ /h=3.0 BBV RRTR

— |_ [ Flexure Strength |

: SEEREREE Vo = 2M,, /€, = 663 kN
CB30-DB A " e
| |
Strength - DBE
_ L e
kd = <\/(pfn) + 2pfn — pfn> d =199 mm
1200
Ager = by, X kd = 59695 mm?
tak
Vaeppe = 1005 kN 6 =0— A0 <265 —26.5°
tak
D E— K=tan? 0 + coth 6 — 1 + 0.14B < 1.64 — 1.64
_ — V,.=Cysinf = KAy,-(f, sinf = 872 kN
900 1% — 925 kN ' Apfyid
_ n@MCE Voe = Vo + Vs = 017,/f! b, d + 22— = 531 kN
Viax = 728 kN : s
- (1.0 + 1.0)Ayqfyq sina = 473kN
E Ean = 663 kN Vaepee = min(Vc, Vi) + (1.0 + 1.0)Ayqfya sSina = 1005 kN
N’
o 600 -
g [ Strfl;]gth - M(ilE ]
_ 11/yactualXAst _
e a= 085 Ixby 172 mm
Aty = by, X a = 51527 mm?
tak
300 - 0 =6— A0 < 265°—>26.5°
take
K=tan? 0 + cot?0 — 1 + 0.14B < 1.64 — 1.64
Ve = Cqsinf = KAg, (f; sin@ = 753 kN
Ve =V = 2225 = 405 kN
0 - T T T T T T (11 + 1-1)Avdfyd,actual sina = 520 kN
0 2 4 6 8 10 12 14 Voamce = min(Vy o, Vo) + (1.1 + LD Apafya acruar Sina = 925 kN

Drift Ratio (%) 121



(,/h=30 ‘ By 2T RARTER

[ Flexure Strength |
Vi = 2M,, /£, = 613 kN

S —

CB30-DA _

I\

[ Strength - DBE |

— — kd = <\/(pfn)2 + 2pfn — pfn> d =199 mm

1200
Ager = by, X kd = 59590 mm?
tak
0 =6— A0 < 265°— 26.5°
take
K=tan?0 +cot46 —1+0.14B < 1.64 — 1.30
900 A Ve =CgsinB = KAg, {f; sinf = 712 kN
Vinax Vaepe = 792 kN Vit = Ve + ¥, = 0.07,7b,d + 2220 = 353 kN
= = 671 kN Vwemce = 707 kKN (1.0 + 1.0)Ayaf,q sin @ = 440 kN
) Vo = 613 KN Vnepse = min(Voe, Vo) + (1.0 + 1.0)Ayq fya sina = 792 kN
@ 600 - <«
S | Strength - MCE |
(=) 1.1fy actual XAst
= a=—= = 154 mm
0.85f/!Xby,
Agtr = by, X a = 46273 mm?
tak
300 1 0 =0— A0 <265 —526.5°
take
K=tan? 6 +cot?0 —1+0.14B < 1.64 — 1.30
Ve = Cqsinf = KAg, (f; sin@ = 552 kN
. Vie = Vs = A"Zytd = 224 kN
' ' ' ' ' ' ' 1.1+ 1.1)A sina = 483 kN
0 ) 4 6 8 10 12 14 ( ) vdfyd,actual

Voamce = min(Vy o, Vo) + (1.1 + LD Apafya acruar Sina = 707 kN

Drift Ratio (%) 122



¢/ /h=3.0

T [
CB30-H _ e
_| L
1200
—
Vn@DBE — 1126 kN
900 - Vn@MCE — 885 kN
V,.ux = 752 kN
> V,., = 678 kN
= D
= 600 -
2
(=]
€3
300 4
0 T T T T T
0 2 6 8 10 12 14

Drift Ratio (%)

%g{ g;:g.’: 4 55 B IE

[ Flexure Strength |
Vo = 2M,, /£, = 678 kKN

[ Strength - DBE |

kd = <\/(pfn)2 + 2pfn — pfn> d =177 mm
Ager = by, X kd = 53099 mm?

take
0 =0-—A0 <265°— 26.5°

tak
K=tan46 + cotA 6 — 1 + 0.14B < 1.64 —> 1.64

Ve =CqsinB = KAg, {f; sinf@ = 991 kN
Vi = Ve + Vs = 0.7y fl by d + 2% = 894 kN
(1.0 + 1.0)Ayafyq sin @ = 232 kN

Vnepse = min(Vye, Vo) + (1.0 + 1.0)Ayqfya sina = 1126 kN

| Strength - MCE |

1.1fy actualXAst

a= 0857/ xb =102 mm
Agtr = by, X a = 30611 mm?
0 = 0,4, = 45°

tak
K=tan46 + cotA6 — 1 + 0.14B < 1.64 — 1.14

Vpe = CqSin@ = KAy, {f! sin @ = 630 kN
Vie =V = 2222 = 739 kN

(11 + 1-1)Avdfyd,actual sina = 255 kN

Voamee = min(Voe, Vo) + (1.1 + LD Apafya actuar Sina = 885 kN

/21

e
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(./h=2.0 &L

R 00 m #4 @70 mm |
£
El f; = 54.2MPa
202 3f 1 fi s
4 #1042 #11J |
+4#4
30mm T ga@t0omm [
S /
£ fc =52.1 MPa
CB20-1 S or = 2 3904

124



{ /h=2.0

] [
CB20-2
| L
1800
1350 - Vinax
= 1098 kN
—_ Vn@DBE = 1066 kN
S —
3 900 - Vinn = 1007 kN
S Vaemce = 657 kN
450 -
O I ! ! ! ! ! !
0 2 4 6 8 10 12 14

Drift Ratio (%)

Fd BT RAETR

[ Flexure Strength |
Vi = 2M,, /€, = 1007 kN

[ Strength - DBE |

kd = <\/(pfn)2 +2ppn — pfn) d =179 mm

Agtr = by, X kd = 53203 mm?
0 = Opay = 45.0°

take
K=tan?0 +cot46 —1+0.14B < 1.64 — 1.14
Vpe = Cgsin® = KAy, {f. sin@ = 1066 kN

Vi = Ve + Vs = 0.07y/fI by, d + 2% = 1334 kN
Vnapse = min(Vyc, Vo) + 0 = 1066 kN

[ Strength - MCE |

1.1f act [ XAst
q = —yactudlZAt — 190 mm
0.85f; Xby,

Ager = b, X a = 33034 mm?
0 = 0,y = 45.0°

take
K=tan?0 +coti9 —1+0.14B < 1.64 — 1.14
Ve = Cqsinf = KAg, {f; sin@ = 657 kN

Vie = Vo = 222 = 1173 kN
Viamce = min(V, o, Vy ) +0 = 657 kN
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{ /h=2.0

Force (kN)

1800

1350

Ne
S
e

450

kN

kN

] N
CB20-1 e
= =
] |
|74 = 1577
n@DBE
i | /4 = 1293
n@MCE
Vingx = 1045 kKN
V..,.=978 kN
mn
0 2 4 6 8 10 12 14

Drift Ratio (%)

Bd BT 4 RRFR

[ Flexure Strength |
Vi = 2M,, /£, = 978 kN

[ Strength - DBE |

kd = <\/(pfn)2 + 2pfn — pfn> d =177 mm
Ager = by, X kd = 53203 mm?
take
0 =0-—A0 <265°— 26.5°
take
K=tan? 0 + cot?9 — 1+ 0.14B < 1.64 — 1.64
Ve =CqsinB = KAg, {f; sinf = 941 kN
Vi = Ve + Vs = 0.7y flbyd + 2% = 912 kN
(1.0 + 1.0)Ay4fyq Sina = 665 kN
Vaepse = min(Vyc, Vi) + (1.0 + 1.0)Ayqfya sina = 1577 kN

| Strength - MCE |

11f act lXA t
q = —xactual 7Tt — 96 mm
0.85f! xbyy

Agtr = by, X a = 28810 mm?
0 = 0,4, = 45.0°
take
K=tan?0 +cot46 —1+0.14B < 1.64 — 1.14
Ve = Cqsinf = KAg, (f; sin@ = 561 kN
Vie = Vo = 222 = 1173 kN
(114 1.1)Apafya,actuar Sin@ = 732 kN
Voamee = min(Vy o, Vo) + (1.1 + LD Apafya actuar Sin @ = 1293 kN
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D-% 3 £2 DBD- % i2 i% i3

] [
(., /h=2.0 cB20-2
] |
Assume
1800
1350 -
Vg, = 1098 kN
- V.. =1007 kN
5; mn
g 900 1 174 — 772 kN
g N@DBE —
o
Vn@MCE = 485 kN
450 - D J—

2 4 6 8
Drift Ratio (%)

Force (kN)

1800

Assume DBD region

1350 - Vinax
<~
—
500 Vo = 1007 kN
Vn@MCE - 657 kN
A —
450 -
0 T T T T T T
0 2 4 6 8 10 12 14

Drift Ratio (%)

2_ b ﬁg
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kN

] [
(./h=20| cB201 [ o=
= iy
| [
Assume
1800
Vn@DBE - 1418
—
1350 ~
Vn@MCE — 1160
_ Vg = 1045 kKN <—
Z Vin =978 kN
=
o 900 -
: \
=
S 2
450 -
O 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14

Drift Ratio (%)

D-% 3¢ &2 DBD- % i2 i% i3

Assume DBD region

1800
v — 1577
n@DBE
] v — 1293
1350 N@MCE
_ V,.0e = 1045 kN
é V,., =978 kN
o 900 4
g \
(=]
e
450 4

2_ b ﬁL

kN

kN

4 6 8
Drift Ratio (%)
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B B (0 /h=40

CB40-C

CB40-H

500 mm

=500 mm _

400 mm — #4 @100 mm —
—
4410
4 2 #4
] 2 #4
4410
400 mm — #4 @100 mm 247 [
e Y
3 4#9
=]
at = = 2 #4
— 2 #4
o \ 179
a=172 2 #7

f;, = 58.1 MPa
f! = 58.5 MPa
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2. /h =4.0

] [
CB40-C
_| L
1500
1200 - Vn@DBE == 1177 kN
Z 900 -
= Vinax
@ —669kN Vnemce = 679 kN
S —
< 600 - D
Vi = 627 kKN
300 -
O 1 1 1 1 1 1 1
0 2 4 6 8 100 12 14

Drift Ratio (%)

dod BY 4 R

[ Flexure Strength |
Vi = 2M,, /£, = 627 kKN

[ Strength - DBE |

kd = <\/(pfn)2 + 2pfn — pfn> d =143 mm
Ager = by, X kd = 57185 mm?
0 = 0,0, = 45.0°

take
K=tan? 0 + cot?0 — 1+ 0.14B < 1.64 — 1.14
Ve =Cqsinf = KAg, {f; sin@ = 1177 kN
Vie = Vo + Vs = 017/ by d + 22222 = 1286 kN

N

Vnapse = min(Vyc, Vi) +0 = 1177 kN

[ Strength - MCE |

1.1f act [ XAgt
q = 2 yactuallst _ g mm
0.85f.xby,

Ager = b, X a =33011 mm?
9=0,, =A45.0°

take
K=tan? 0 +cot?9 —1+0.14B < 1.64 — 1.14
Ve = Cqsinf = KAg, (f; sin@ = 679 kN
Vie = Vo = 222 = 1062 kN

S
Veamce = min(V, o, Vyt) +0 = 679 kN
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£,/h =4.0 Bew By 4 B RER

|

[ [ Flexure Strength |
- —— T Vo = 2M,, /£, = 666 kKN
L

i

CB40-H —I= 5

[ Strength - DBE |

Ll

kd = <\/(pfn)2 + 2pfn — pfn> d =137 mm
Ager = by, X kd = 54959 mm?
0 = 0,0, = 45.0°
take
K=tan? 0 + cot?0 — 1+ 0.14B < 1.64 — 1.14
Ve =Cqsinf = KAg, {f; sin@ = 1135 kN
Ve = Ve + Vs = 017/ byyd + 225 = 1193 kN
(1.0 + 1.0) Ay fyq Sina = 89 kN
Vnepee = min(V, o, Vi) + (1.0 + 1.0)Ayqfya sina = 1224 kN

1500

Vn@DBE — 1224 kN
—

1200

Vmax Vn@MCE = 860 kN

=728 kN <
Viun = 666 kKN | Strength - MCE |

_ L1fyactualXAst
T 0.85f!xby,
Ager = b, X a = 36878 mm?
0 = 0,5, = 45.0°
A A take
300 - K=tan”0 +cot“0 —1+4+0.14B <1.64 —1.14
Ve = Cqsinf = KAg, (f; sin@ = 762 kN
Ve =V = 2225 = 985 kN
(11 + 1-1)Avdfyd,actual sina = 98 kN
Veamce = min(Vy o, Vo) + (1.1 + L1 Apafya acruar Sina@ = 860 kN

Ne)

S

S
1

Force (kN)

=92 mm

N

S

e
1

O I I I I I I I

0 2 4 6 8 10 12 14
Drift Ratio (%) 131
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CB30-DA I — #4 @200 mm

LT
fC/=39.7MPa \ I\I\ : /\,> l
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UDR=7.4%
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CB30-DA (Type A) vs CB30-DB (Type B)

=

» Confinement only for  Confinement for whole section
diagonal bars

—

T —— ‘ ————
— —
————f ‘ ~~~~~_
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I]\\
I 1\

\\ /]
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 Smaller confined area  Larger confined area
for compressive strut for compressive strut
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Torre O'Higgins Building
Damaged by 2010 Chile Earthquake
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Yeh, R. L., Tseng, C. C., and Hwang, S. J. (2018).

“Shear Strength of Reinforced Concrete Vertical Wall

Segments under Seismic Loading,” ACI Structural Journal, V. 115, No. 5, September, pp. 1485-1494.
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( Vertical wall segment )
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Direction of
earthquake forces
——-
Edge A
o el — £, far wall pia
-'—.—“-
,—"Jl 'i Reguired
h,, fo
waTIr pi;' \< = horizontal
,-"* \\. remf::rmment—;

“—\Wall pier

il —

Fig R18.10.8—Reqguired horizontal reinforcement in wall
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sarthquake forces »

e Ty T3 EEL

hWI ™ ™

@

O

segments above and below wall piers at the edge of a wall.
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R SRR

B A Btk T4 s @I h+CFRP
SW SWO SWOS SWOF

o e S N | L o o S N | L o e S N | | N N s N |
Boundary element Strengthening of opening
1, MPa Web shear Strength,
Specimen (ksi) Longitudinal Transverse reinforcement Amount MPa (ksi)
29.7
SW (4.3) o B
309 Two No. 4 detailed around opening with extension J, =343
SWO
(4.5) No. 8 No. 3 No. 3 of 600 mm from corner (49.7)
319 Jy =463 MPa S, =348 Ml’a fy =348 MPa Four No. 5 special horizontal reinforcement 1 =462
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) (4.7) segment with six plies CFRP and 250 mm in width (158.7)

Notes: Specimen code: SW 1s shear wall; O 1s with opening; S is steel strengthening; F 1s CFRP strengthening; 1 mm = 0.0394 in.
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