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Compound |Value Unit Compound [Value Unit Compound |Value Unit

Si02 84.917|% S102 83.988(% S102 85.826|% Si102 923|%
Al203 13.629(% ARO3 13.961|% ARO3 11.542|% Al203 2458|%
Fe203 545(% Fe203 7.107|% Fe203 4.458|% Fe203 0.224|%
Ca0 0|% Ca0 0|% Ca0 0|% Ca0 86.254|%
MgO 1.396(% MgO 1.731|% MeO 1.042|% MgO 0.892|%
SO3 0.349(% SO3 0.346(% SO3 0.317|% SO3 0.184|%
K20 1.628|% K20 1.653|% K20 1.308|% K20 0.119|%
Na20 0.721|% Na20 0.752|% Na20 0.951|% Na20 0.093|%
P205 0.064|% P2Q5 0.056|% P2035 0.054|% P2035 0.026|%
Ti02 0.643|% Ti02 0.74|% TiO2 0.54|% Ti02 0.082|%
SrO 0.027|% SrO 0.022|% SrO 0.028|% SO 0.111|%
MnO 0.08|% MnO 0.133(% MnQO 0.097|% MnQ 0.028|%
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High Strength Concrete
Brittle
Less Deformation Capacity

Early spalling and brittle failure
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Background and Objective

The required transverse reinforcement calculated according to ACI 318-
11 DO NOT consider different axial loading levels — UNSAFE for HSC ! !
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Background and Objective

Alternative solution: Fibers
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Highly Flowable Strain Hardening Fiber
Reinforced Concrete (HF-SHFRC)
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Main Obstacles for Fiber Reinforced Concrete

1. Workability
2. Mechanical performances is not as good as expected.

Sol:
Highly Flowable Strain Hardening Fiber Reinforced

Concrete,
HF-SHFRC

3. No main advantages on usual structural applications.
Sol:

New RC project, bridge piers, columns and etc.
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Tensile Strength (MPa)
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Advantages in Structural Applications

Taiwan New RC project (NSC, NCREE)
SHEAR SHEAR
WALL WALL
Plastic hinges at
beam ends and e
beam-column joints. e . . .
gighlmtzﬁonmd W . Sa M L Bri dge Eng Ineering
uctility deman L O o | o . .
adjacent to shear " (also high strength concrete
wall. and reinforcement, NEW RC)
- Base of
Plastic hinges at avsma, s,
column bases. High . . -] b V/ structural walls
shear and axial load : Hioh axial load
in region of plastic 9 axlla\oi.
rotations, ‘ . . - o Teversas A
| e BB R
High plastic shear and plastic
bending deformations
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Experimental Program

ML!Iti-AxigI Resting System (MATS) National Center for
Axial loading capacity: up to 60 MN Research on Earthquake
Engineering (NCREE)
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Experimental Program

Specimen: 600 x 600 x 1800 mm
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= 1. Double Curvature
L LFLE 2 2. Aspect ratio is 3 only
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Experimental Program

Loading Protocol

2 _0375%0 75% 7777777777777777

Drift Ratio (%)

0 3 6 9 12 15 18 21 24 27 30 33 36 39
Cycle
Ref: ACI Committee 374, “Acceptance Criteria for Moment Frames Based on Structural Testing and Commentary(ACI 374.1-
05),” American Concrete Institute, 2006.

Passing Criteria:
Ultimate drift ratio, UDR (drift ratio corresponding to 80% Max
lateral capacity) > 3.0%
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(%) (MPa) (MPa)
S140-0

#8 #4

(ACI 0.87 | 83.4 ’ ’ 140 | 0.57 | 0.71
318-11) SD685 | SD785
S140- /3 #8 #4

0.87 | (V= ’ ’ 140 | 0.57 | 0.80
1.5 1.5%) SD685 | SD785
S260- 2 #8, #10 #5 260

0.73 | (V= : ’ ’ 0.43 | 0.80
1.5 1.5%) SD685 | SD785 | (d/2)




EsafEilEnEsRL (New RC) &iEakstF M=
&4k, Dec. 11, 2015

e WA B EEA% National Taiwan University

Test Results
S140-0 (UDR: 1.25%) VS. S140-1.5 (UDR: 3.23%)
4500

S140-0(B5)

S140-1.5
3 0 00 o A UDR of S140-0(B5)
A UDR of S140-1.5
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Test Results

Drift ratio: 1.0% g140.0

(Max
Lateral
Capacity

S140-1.5
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Failure S140-0
(2nd cycle
of 1.5%)

S140-1.5
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Test Results

S260-1.5 (stirrups spacing=d/2)

4500

— 8260-1.5
Before 4%
3 0 0 0 o o Ulitmate Load

X Ultimate Drift Ratio
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-1500 -
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-3000 -
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Conclusions

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

(2) The transverse reinforcement requirement in AC| 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.
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