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Specimen
ID

f’c
(MPa)

Vmax
(kN)

Drift@Vmax
(%) 0.8Vmax

Drift@0.8Vmax
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• ACI 318-14 • NZS 3101: 2006
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 New RC  
, May 27, 2015 

Outline 

• Background and Objective 
• Highly Flowable Strain Hardening Fiber Reinforced 

Concrete (HF-SHFRC) 
• Proposed Toughness Ratio / Shear Strength 

Equation 
• Experimental Programs 
• Conclusions 
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 New RC  
, May 27, 2015 

o ult c

cf45.0

cf

tf

HSC

NSCcE

cf
 High Strength Concrete 
• Brittle 
• Less Deformation Capacity 

Early spalling and brittle failure 

Background and Objective 
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 New RC  
, May 27, 2015 

ACI 318-11 

The required transverse 
reinforcement calculated 
according to ACI 318-11 
DO NOT consider 
different axial loading 
levels → UNSAFE for 
HSC  

Background and Objective 

0.8 x 0.65 x 0.85 = 0.43 

4 17



 New RC  
, May 27, 2015 

Alternative solution: Fibers 

Background and Objective 

Vf=0%                  Vf=0.75%           Vf=1.0%               Vf=1.5% 
 brittle 
 

less major cracks 
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 New RC  
, May 27, 2015 

• ACI 318-11 
11.4.6 — Minimum shear reinforcement 
 
11.4.6.1 (f) 
Beams constructed of steel fiber-reinforced, normal weight 

concrete with fc′ not exceeding 6000 psi, h not greater than 24 
in., and Vu not greater than 2 √ fc′ bwd. 

 
R11.4.6.1(f) — This exception is intended to provide a design 

alternative to the use of shear reinforcement, as defined in 
11.4.1.1, for members with longitudinal flexural reinforcement in 
which Vu does not exceed  2 √ fc′ bwd. Fiber-reinforced concrete 
beams with hooked or crimped steel fibers in dosages as 
required by 5.6.6.2 have been shown, through laboratory tests, 
to exhibit shear strengths larger than 3.5 √ fc′ bwd. 

6 

Background and Objective 
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 New RC  
, May 27, 2015 

Highly Flowable Strain Hardening Fiber Reinforced 
Concrete (HF-SHFRC) 
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 New RC  
, May 27, 2015 

Main Obstacles for Fiber Reinforced Concrete  

1. Workability 
2. Mechanical performances is not as good as expected. 
3. Expensive; no main advantages on normal structural 

applications. 

8 19
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, May 27, 2015 

Highly Flowable Strain Hardening Fiber Reinforced Concrete 
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 New RC  
, May 27, 2015 

Highly Flowable Strain Hardening Fiber Reinforced Concrete 
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 New RC  
, May 27, 2015 

Highly Flowable Strain Hardening Fiber Reinforced Concrete 
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 New RC  
, May 27, 2015 

 

Highly Flowable Strain Hardening Fiber Reinforced Concrete 

12 21



 New RC  
, May 27, 2015 

Proposed Toughness Ratio / Shear Strength Equation 

13 

 New RC  
, May 27, 2015 

Confinement Efficiency 

'0.015 c

Area OABCTR
f

Toughness Ratio, TR 

14 22



 New RC  
, May 27, 2015 

Proposed Toughness Ratio Equation 

ke = confinement effectiveness coefficient     

ρs = transverse reinforcement ratio 

fyt = yield strength of transverse reinforcement  

fc’ = compressive strength of concrete 

Vf  = steel fiber volume fraction 

L/φ = aspect ratio of steel fiber 

Xf = fiber efficiency factor, f (stirrups spacing) 

τeq  = equivalent bond strength 
15 

 New RC  
, May 27, 2015 

Proposed Shear Strength Equation 

eqf
f

f
po V

D
L

F )(

1
0.7

po
eff

c

F
F

f

(0.15 ' 70 )

( )

u c eff
dv f F
a

MPa
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 New RC  
, May 27, 2015 

Experimental Program 

17 

 New RC  
, May 27, 2015 

Lateral actuator

Platen

Cross Beam

P
l
a
t
e
n

Multi-Axial Resting System (MATS)  
Axial loading capacity: up to 60 MN 
 

Experimental Program 

National Center for 
Research on Earthquake 
Engineering (NCREE)  

18 24



 New RC  
, May 27, 2015 

Specimen: 600 x 600 x 1800 mm  

Experimental Program 

1. Double Curvature 
2. Aspect ratio is 3 only  

p

Level 1

Level 2
Level 3
Level 4

Level 5

#811.70
11.70

11.70
11.7011.70

11.70

11.70
11.70

60

60

4 4
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 New RC  
, May 27, 2015 

Loading Protocol 
 

Experimental Program 

0 3 6 9 12 15 18 21 24 27 30 33 36 39Cycle-10-8-6-4-20
24
68

10

Drift Ra
tio (%)

8.00%

7.00%

6.00%

5.00%

4.00%

3.00%
2.00%

1.50%
1.00%

0.75%
0.50%0.375%0.25%

Criteria: 
Ultimate drift ratio, UDR (drift ratio corresponding to 80% Max 
lateral capacity) > 3.0%  

ACI Committee 374, “Acceptance Criteria for Moment Frames Based on Structural Testing and Commentary(ACI 374.1-
05),” American Concrete Institute, 2006. 
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 New RC  
, May 27, 2015 

No. Section s 
(mm) TR 

S140-0 
(ACI 

318-11) 
1.74 83.4 #8, 

SD685 
#4, 

SD785 140 0.57 0.71 

S140-
1.5 1.74 

73 
(Vf= 

1.5%) 

#8, 
SD685 

#4, 
SD785 140 0.57 0.80 

S260-
1.5 1.46 

72 
(Vf= 

1.5%) 

#8, #10, 
SD685 

#5, 
SD785 

260 
(d/2) 0.43 0.80 

Experimental Program 

21 

 New RC  
, May 27, 2015 

Test Results 
S140-0 VS. S140-1.5 
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 New RC  
, May 27, 2015 

Test Results 
S140-0 (UDR: 1.25%) VS. S140-1.5 (UDR: 3.23%) 

23 

 New RC  
, May 27, 2015 

Test Results 

S140-0 
(Max 

Lateral 
Capacity)  

S140-1.5 Drift ratio: 1.0% 
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 New RC  
, May 27, 2015 

Test Results 

S140-0 S140-1.5 
(Max 
Lateral 
Capacity)  

Drift ratio: 1.5% 
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 New RC  
, May 27, 2015 

Test Results 

S140-0 
(2nd cycle  
of 1.5%) 

S140-1.5 
(4.0%) 

Failure 
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 New RC  
, May 27, 2015 

Test Results 
S260-1.5 (spacing D/2) 
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 New RC  
, May 27, 2015 

Test Results (S260 – 1.5)               1.0% 

Test Results 

28 29



 New RC  
, May 27, 2015 

Test Results (S260 – 1.5)               2.0% 

Test Results 
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 New RC  
, May 27, 2015 

Test Results (S140 – 1.5)                 failure 

Test Results 

UDR= 3.15% 
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 New RC  
, May 27, 2015 

Conclusions 

(1) Addition of fibers provides high ductility to brittle concrete, 
particularly for high strength concrete  (NEW RC) 
 

(2) The transverse reinforcement requirement in ACI 318-11 seems not 
adequate for high strength concrete / under high axial loading 
(S140-0). 
 

(3) Compared to HSC, HF-SHFRC presents high toughness, damage 
tolerance and excellent shear capacity while allowing good 
workability. The experimental results shows that addition of fibers 
can be an effective alternative for transverse reinforcement in NEW 
RC columns. 
 

(4) By increasing the spacing to d/2 and under 0.43 axial loading 
level,  excellent performance and damage tolerance can be still 
observed in S260-1.5. It shows the great potential to apply HF-
SHFRC to NEW RC columns. 

31 

 New RC  
, May 27, 2015 

Thank you  

 
 

wcliao@ntu.edu.tw 
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PRELIMINARY DESIGNPRELIMINARY DESIGN
RECOMMENDATION 
FOR RC SQUAT WALL USING
HIGH STRENGTH REINFORCEMENTHIGH STRENGTH REINFORCEMENT

Min-Yuan Cheng
N ti l T i U i it f S i d T h lNational Taiwan University of Science and Technology

NCREE, May 26th, 2015 

O tliOutline

Definition
Designg

Axial – Flexure
Shear

Detailing
Experimental VerificationExperimental Verification
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Definition :

•

DESIGN :

Axial - Flexure
P

Mu limit by P with

P

ØP - ØMPu
limit by Po with

f y 80 ksi
f y can be used
up to 785 MPa

ØP  ØM

Pu, M
u

M

p

• Ensure Pu, Mu is within the ØP – ØM curve

33



DESIGN :

Shear

•

DETAILING :

1. should be at least t

4. Satisfy boundary element requirements 
as current ACI Building Code (318 14)as current ACI Building Code (318-14)
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EXPERIMENTAL VERIFICATION:
1M 2M

1.20n

n

V =
M / a

1.05n

n

V =
M / a

EXPERIMENTAL VERIFICATION:
1H 2H

1.28n

n

V =
M / a

1.05n

n

V =
M / a

n
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ACI 318-08

ACI 318 99

Wallance 2007

( )
ACI 318-99
Paulay&Binney
1974
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TYPE-B
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CB20-D-H-H ( )
4 SD4204 SD420

CB203 CB302 ( )
4 SD685

CB20
D H H

CB203 CB302

Vfn=2Mn/L
( )

1226 1447 964.8

V=Vs+Vc+Vds 1607 2172 1935
( )

V=Vs*+Vc+Vds
( )

1607
(100%)

1843
(75%)

1277
(50%)( ) (100%) (75%) (50%)

718 671 434

927 927 927

Vmax
( )

1238 1420 1064.2
( )

(UDR)
7.7 6.24 6.22
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CB20
D H H

CB203 CB302

Vfn=2Mn/L
( )

1226 1447 964.8

V=Vs+Vc+Vds 1607 2172 1935
( )

V=Vs*+Vc+Vds
( )

1607
(100%)

1843
(75%)

1277
(50%)

ACI318
( ) (100%) (75%) (50%)

718 671 434

927 927 927

Vmax
( )

1238 1420 1064.2
( )

(UDR)
7.7 6.24 6.22
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