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RC結構牆類別
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 耦合結構牆
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耦合結構牆 Coupled Structural Walls
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耦合結構牆 Coupled Structural Walls



簡介:
耦合率 (Coupling Ratio/CR)

 耦合效果的優點
增加側向勁度、提高消能容量、減少結構牆縱向鋼筋量

1.0

0.8

0.6

0.4

0.2

0.0

no
rm

al
iz

ed
 ro

of
 d

ef
le

ct
io

n

0 10 20 30 40 50 60 70 80
coupling ratio (CR), %

heavily
coupled wall

moderately
coupled wall

linked
cantilever piers

1

Lw

A
I

1

1

A
I

2

2

(A +A )(I +I )
A A L

1 2 1 2

1 2 w
2case shown:                       = 0.21

(Harries 等人 2004)



耦合率對於使用鋼筋量之影響

系統代號 樓層高度 耦合率(%) 系統重量

S-樓層數-CR
10 (37.5 m)

20、40、60
47 MN

30 (92.0 m) 161 MN
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系統平面圖
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RC coupling beams, particularly those in mid-rise or shorter coupled walls, 
have to be designed with high shear demands in order to provide adequate 
coupling action, which could likely exceed the acceptance value stipulated in 
design codes.

From [1]
From [1]From [2]

0.83

RC連接梁

In order to provide stable hysteretic behavior, RC coupling 
beams with small aspect ratios often requires diagonal 
reinforcement with dense arrays of steel confinement. This 
results in the difficulty of construction.



ACI 318-14
Type-A confinement

Type-B confinement

RC連接梁



簡介:高性能纖維混凝土
高性能纖維混凝土
High Performance Fiber Reinforced Cementitious Composites (HPFRCCs) :
‐ a class of cement composites exhibits strain hardening behavior in tension, 
accompanied by multiple cracking

HPFRCC

FRCC



高性能纖維混凝土之韌性行為

傳統混凝土材料 高性能纖維混凝土
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超高性能纖維混凝土
Ultra High Performance Fiber Reinforced Concrete
(UHPFRC)

‐ possessing ultra high strength and ductility



PVA fibers

Hooked steel fibers

Torex steel fibers Spectra fibers

纖維類型



高性能纖維混凝土-耦合結構牆之應用

 2004  Glorio Roppongi High Rise Residential 
Building, central Tokyo, 



 2007  41-story Nabeaure Tower, Yokohama 

高性能纖維混凝土-耦合結構牆之應用



 2017  41&31-story Buildings, WA



高性能纖維混凝土-耦合結構牆之應用



Code Change Proposal
For the code change proposal, the aim 
is to create a chart with different 
classes of SFRC, based on bending 
performance and linked to a given 
drift capacity in link beams. The chart 
will be wire-brand blind, to keep it 
generic for the code, says Parra-
Montesinos.
Andrew W. Taylor, an associate with 
KPFF Consulting Engineers who is 
involved with the Pankow research, 
chairs the seismic subcommittee of 
the “ACI 318 Building Code: 
Requirements for Structural Concrete,” 
published by the American Concrete 
Institute. “We would like to formulate 
provisions for SFRC link beams for the 
2019 edition,” but this will depend on 
deliberations of both the seismic 
subcommittee and the main ACI 318 
committee, says Taylor.



Four high strength steel reinforced concrete coupling beams, with cross-
sectional dimensions of 300mm*500mm and an aspect ratio of 2,  are prepared.

They are designed to have high shear demands over the code-specified limit.

Design parameters:

(1) Concrete strength (40MPa, 80MPa, or 80MPa with steel fibers)

(2) Steel confinement (Type-A or Type-B)

1350 13501000

1500

高強度鋼纖維混凝土連接梁實驗
‐高剪力需求



Specimen
Concerte
strength 
(MPa)

Reinforcement design Design shear stress/(f'c)^0.5 (in MPa) Test 
results

Diagonal  
steel

longitudinal 
steel

transverse 
steel 

(SD785)

confinement 
type

concrete 
(Vc)

transverse 
steel (Vts)

diagonal 
steel 
(Vds)

total

flexural 
shear 
stress 

demand

Vmax

CB‐40‐B 45 8#9
(SD685)

10#4
(SD420) #4@15mm B 0.17 0.78 1.24 2.18 - 1.52

CB‐70‐A 72 8#9
(SD685)

10#4
(SD420) #4@15mm A 0.17 0.41 0.98 1.56 - 1.29

CB‐70‐B 72 8#9
(SD685)

10#4
(SD420) #4@15mm B 0.17 0.61 0.98 1.76 - 1.29

CB‐70F‐B 77+fibers 8#9
(SD685)

10#4
(SD420) #4@15mm B 0.17 0.59 0.95 1.71 - 1.35

TYPE-A TYPE-B

unit: cm unit: cm



實驗架設
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往復載重行為
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High Performance Fiber Cement-Based Composites
(HPFRC)

Engineered Cementitious Composites
(ECC)

Tensile Strain

Tensile Stress

Regular Concrete

Ultra High Performance Fiber 
Reinforced Concrete

(UHPFRC)

超高性能纖維混凝土
Ultra High Performance Fiber Reinforced Concrete
(UHPFRC)



Ten high strength squat RC walls with an aspect ratio (࢒/ࢎ) of 1.13
Design parameters:
(1) concrete types (HSC、UHPC、UHPFRC) 
(2) shear demand(0. ૞૜ ܋ᇱ܎ or 0. ૡ૜ failure pattern (Mn/hVn (3) ,(܋ᇱ܎ > or < 1) 
(4) rebar strength (SD420、SD685/SD785), 
(5) steel fiber (0、0.75%、1.5%、2%), and (6)dowel bar

高強度低矮型RC剪力牆

680 mm



۱۾۶܃

۱܀۴۾۶܃

fc’
(MPa)

Tensile 
strength
(MPa)

Ultimate tensile 
strain (%)

࡯ࡿࡴ െ ࡿࡴ 87 2.08 0.09
࡯ࡼࡴࢁ െ ࡿࡴ 120 3.15 0.09

࡯ࡾࡲࡼࡴࢁ െ ࡿࡺ 94 5.57 1.87
࡯ࡾࡲࡼࡴࢁ െ ࡿࡴ 94 5.57 1.87

۱۾۶܃ െ ܁۶ െ ૙. ૞ ܋′܎ 166 5.3 0.02

۱܀۴۾۶܃ െ ܁۶ െ ૙. ૞ ܋′܎ 120 7.7 2.44
۱܀۴۾۶܃ െ ܁ۼ െ ૙. ૞ ܋ᇱ܎ 125 5.8 2.19
۱۾۶܃ െ ܁۶ െ ૙. ૡ૜ ܋′܎ 158 5.2 0.07

۱܀۴۾۶܃ െ ܁۶ െ ૙. ૡ૜ ܋′܎ 115 8.2 1.59

۱܀۴۾۶܃ െ ܁ۼ െ ૙. ૡ૜ ܋′܎ 121 7.5 2.80

混凝土材料性質



實驗設置
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ASCE 41 (2013): 
acceptance criteria
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鋼筋設計: Mn/(hVn)< 1



Maximum flexural crack widths Maximum shear crack widths
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裂縫寬度



橫向鋼筋最大應變

0.25% drift 0.5% drift 1% drift



剪力抵抗機制
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While the high-strength transverse reinforcement had a nominal yield strength of 785 MPa, which was 
substantially greater than the maximum permitted value of 420 MPa by ACI-318, its capacity could be fully 
exploited for providing shear in the squat UHPC and UHPFRC shear walls.



結論
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