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« Highly Flowable Strain Hardening Fiber Reinforced
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Background and Objective

Alternative solution: Fibers
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Background and Objective

« ACI 318-11
11.4.6 — Minimum shear reinforcement

11.4.6.1 (f)

Beams constructed of steel fiber-reinforced, normal weight
concrete with f.' not exceeding 6000 psi, h not greater than 24
in., and V, not greater than 2 ' f.' b, d.

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 V,, does not exceed 2V f.' b, d. 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 .’ b, d.
18 6
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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.

3. Expensive; no main advantages on normal structural
applications.
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Highly Flowable Strain Hardening Fiber Reinforced Concrete
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Highly Flowable Strain Hardening Fiber Reinforced Concrete
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Steel fiber concrete cuts need for rebar

m A new mix allowed crews to build shear wall
link beams with 40 percent less rebar at The
Martin apartments in Belltown.

By LUCY BODILLY particularly during an earth-
Special to the Journal quake.
“Our objective in using fiber

congested rebar is rebar, making the beams eas-
difficult: Concrete is ier to construct, and replace
hard to place and vibrating the lost strength (due to the
around the tangle of rebar reduction inrebar)with steel
to remove the voids makes it fiber mixed into the concrete,”
even harder. Kopezynski said.
Structural engineer Cary  He first heard about testing
Kopezynski, senior principal of the steel fibers while work-
and CEO of Cary Kopezynski ing on a national committee

P ouring concrete into Wwas toreduce the quantity of

& Co. in Bellevue, found a that reviews building codes.
solution. At his latest proj- Also on the committee was a
ect, The University of Michigan pro-
Martin, his fessor who was studying the
firm speci- steel fibers.
fied steel  “Thegoalistointroducemod-
fiber con- ifications to the International
crete in the Building Code that will make
shear wall the design approach used for
link beams, The Martin mainstream,”
CONSTRUCTION a place that Kopczynski said.
“ s '|' is especially The recession and construc-
congested tion downturn stalled use of
IGIIT withrebar.  steelfiber concrete, adding to
— T h e thehurdlesthenew technolo-
Martin is gy faced. The first hurdle was
a u»sto;y apartment build- $mconvil{1%el é)uilding owrtl}sr _
ing under construction at can Real Estate to try the  The city required two peer reviews before it would accept
Fifth and Lenora in Seattle’s product. th ; 4 R 5
Belltown neighborho%]l “There is a wide range of e new technology. Photos courtesy of Cary Kopczynski & Co.
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Proposed Toughness Ratio / Shear Strength Equation
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Confinement Efficiency

Toughness Ratio, TR
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Proposed Toughness Ratio Equation

1 Va kepsfyt

TR = 0.45(————)%1%9+
| J =1 * f C
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/ © W x /
0.6 a B . . -
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oL i °o e 0 [P = transverse reinforcement ratio
e /Oo E/K S
0.4 — _ * fyt = yield strength of transverse reinforcement
- / _ fc’ = compressive strength of concrete
0.2 // g ﬁ:::le:tfl((zl(;‘;‘g V; = steel fiber volume fraction
il // * Cusson et al.(1994)
O  Leeetal(2008) L/¢p = aspect ratio of steel fiber
0 | I —
0 0.2 0.4 0.6 0.8 1 Xf = fiber efficiency factor, f (stirrups spacing)

T =equivalent bond strength
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Proposed Shear Strength Equation
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Experimental Program
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Experimental Program

Multi-Axial Resting System (MATYS) 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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Loading Protocol
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Double Curvature
2. Aspectratio is 3 only

19

Qi 88 K% National Taiwan University SRR AL New RCEZHERE

&4k, May 27, 2015

i 0. 375%

) 75% ,,,,,,,,,,,,,,,,

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.

Criteria:
Ultimate drift ratio, UDR
lateral capacity) > 3.0%

(drift ratio corresponding to 80% Max
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: P f [
Section s c y
(%) (MPa) (MPa)
S140-0
#8 #4
(ACI 1.74 | 834 ! ’ 140 | 0.57 | 0.71
318-11) SD685 | SD785
73
S140- #8 #H4
1.74 | (V= ! ’ 140 | 0.57 | 0.80
1.5 1.5%) SD685 | SD785
S260- 2 #8, #10 #5 260
1.46 | (V= i ' ! 0.43 | 0.80
1.5 1.5%) SD685 | SD785 | (d/2)

Test Results

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

Drift ratio: 1.0%  g5740.0

(Max
Lateral
Capacity

S140-1.5
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Test Results
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Lateral
Capacity)
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Test Results

Failure S140-0

S140-1.5
(2nd cycle (4.0%)
of 1.5%)
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Test Results
S260-1.5 (spacing D/2)
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Test Results
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Conclusions

(1)

(2)

3)

(4)

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

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

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.

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. a1

‘ o
BT &8 K% National Taiwan University SRR AL New RCEZHERE

&4k, May 27, 2015

Thank you ©
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PRELIMINARY DESIGN
RECOMMENDATION

FOR RC SQUAT WALL USING

HIGH STRENGTH REINFORCEMENT

Min-Yuan Cheng 9

National Taiwan University of Science and Technology

NCREE, May 26", 2015

-
Outline

O Definition
O Design
> Axial — Flexure
> Shear
O Detalling
O Experimental Verification
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Definition :

by 47
7215 and £2>6.0

v

A
'

tw

[
DESIGN :

Axial - Flexure
P
A
'~ VY

P limit by Po with @P - M
. f,<80ksi

fy can be used
™ upto 785 MPa

— M
S7777777777 /

- Ensure P, M, is within the @P — @M curve
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e
DESIGN :

Shear

Vn=Acv (3‘/f_; + Ptfyt)

Acy : gross—section area of the wall

ngt : < 600 MPa

J;; : limit to 0.7 MPa (100 psi)

* Ensure gV, 2 l;ﬁ
w

DETAILING :
1. p, should be at least p,
Boundary ey
. o vertical element—L
2. Spacing of distributed [horizon tal} web E ——5 -
reinforcement < 30 cm (12 in.) = £
Pt

3. VuSQIOJf_;Acv i :1<30cm
= suggest to be less than 6 f;. Acy

4. Satisfy boundary element requirements -
as current ACI Building Code (318-14) =30 cm
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e
EXPERIMENTAL VERIFICATION:

<

T L L e

Vn
M, /a
fyt = test data

=1.20

. (psi)

P
'

I STress/

\f, (MPa)

M2

<

Shear stress/

I

2
=)

e
(=]
A

0.33

0.00

-0.33

“0.67 |obe b

-1.00

Shear stress/\f", (psi)

S S S S S PP
5-4-3-2-10123435
Drift (%)

EXPERIMENTAL VERIFICATION:

H1

5 AR TR R

| bbb

VI’]
. la
JSzt = test data

=1.28

Shear stress/~Nger, (psi)

35

J

Vn

=1.05

M, /a

£ = 600 MPa

Shear stress/\f". (MPa)

Iy
=3
<

LMIIHIIMIMIH HEMDILAL A LB I
1 N

o
=
Q

-1.00

Shear stress/\f", (psi)

-12
5-4-3-2-101234S5

Drift (%)



Thank you
for your attention !
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ACI 318 TYPE-BEYZ\EC A& AE

LI CB20-D-H-H CB203 CB302
BEZELR 2 2
Bf i (cm?) 30x50
H0n #4 4200 7850 |
(kef/cm?) #8 6850
sEEE L (kgf/cm?) 700
Br e -
S L
+
- = = .‘-P
)i Mie F
4 @
e ia e
Ry - #4(10 #R)
Heagh | fRE » #8(8 )
e 15° | 14° |
L1t #A@10
SR ENER D 0.0196 0.0197 0.0199
HA WAL n 75.6%

ACI 318 TYPE-BEIT\ECAhaiRE(II) NARL

CB20-D-H-H : (22k34)

i L [0 i 57 5 FH 45 SD 420
CB203H1CB302 : (#5&%)

it 7 LG 1] $f 7 (5F R 45/ SD685

SR CB20- | CB203 | CB302
D-H-H 1500

Vfn=2Mn/L
(BT 17 K)
V=Vs+Vc+Vds
(fEefE)
V=Vs*+Vc+Vds
(A 1E)

Vn=

24,4 fyqsina
(ACIHE ¥ F )
Vns

2.65/ ferAcw
(ACI_-[RAE)
Vmax
(HE(E)

TR i (i 7%
(UDR)

1226
1607
1607

(100%)
718

927

1238

7.7

1447
2172
1843

(75%)
671

927

1420

6.24

964.8
1935
1277

(50%)
434

927

1064.2

6.22

1200 =
900
600 4 LY

CB20-D-H-H

925, 300
g ]
B -300
w
-600 =
2000 = 1 ——]:
—_—
41200 = %g
_ [1_
-1500 T T T | T T T
9 6 3 0 3 6 9
Drift Ratio (%)
1800
1200
QDR:4.92
UDR:6.24

-600

Shear Force (kN)

:

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




ACI 318 TYPE-BET(ACsaat BR(III) NARLabs

s CB302

Vfn=2Mn/L 1226 1447 9648 5 12 QDR:5.97
(B9 K) f 600 UDR:6.22
V=Vs+Vc+Vds 1607 2172 1935 S ol &
{E&EN) = /
s B
V=Vs*+Vervds 1607 1843 1277 £ | ACIBISBUEZEYJS
(iR {E) (100%) (75%) (50%) 9/ AEAIURYT
= -1 " L M " ;

e T IREARARE [ 2 4 s b w
(Aé?%%ﬁ"") gE atio (%)

‘ Ejj 1800
Vns 927 927 927 | CB203
2.65,fer .| S
: cricw =~ 600 :6.
(ACI_EFR1E) g |

w
Vmax 1238 1420 10642 £ 40
B Q
(E5MH) & 1200
MIRERME 7.7 6.24  6.22 1800
<10 -8 6 -4 -2 0 2 4 6 8 10

(UDR) Drift Ratio (%)
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ga NARLabs

1. ‘G3#%5%3E 0 ACI Type BAI5t2 % 3 A4k R 3 a2 v
a4 (UDROEK)

2. ARBE T I BA AT HAHER L FHREFEART
VIR - P

3.ACI BI8%H ¥ 4 s AW B¥tb iz T 7 HI R

N SR R A A R B8 DR

X

S

bR g
e ETe R TR

ZI.( ﬂE E %ﬁ nﬂb .g. ;Q | NARLabs

e (BL.5-D-H vs CBl.5-D-N i CBL5-D-N | CBLS5D-H | CB15-P4-H | CBL5-P3-H | CBL5-P2-H
21 3 %5 22 - ¥ E%x;%tt 1.5
AR I HEGIRRZTE - o
FlEE | 43/ 4200
e (CBIL.5-P4-N vs CB1.5-D-H | (kgffem?)| #s 4200 6850
B2 ¥ EF RS 1l ¥l B T (kgf/cm?) 700
B 18 e

* (CBI.5-P3-N vs CBl.5-D-H
» (BI.5-P2-N vs CBl.5-D-H
BED

Lo $ a4 e B2

2. R¥BRAGHEETV RS
fesig o Migwa

i )5 - #3(10 1)
HER | RS » #8(8 1F) | o #364F) | #941F)
i 2.4 | 25° 26.5°
Eiiyrd #3@7.5
SR 0.0171 0.0171 0.0168 0.0133 0.0116
HAHRERER n §4% 84% 83.7% 79.4% 76.5%
Mn(KN-m) 378.6 534.3 529.2 417.4 375.8
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