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Abstract

Performance Evaluations of Structural Members
Using Synthetic Fiber-Reinforced High-Performance

Cementitious Composites

Moon, Hyung Joo
Advisor : Prof. Cho, C. G., Ph,D
Department of Architectural Engineering,

Graduate School of Chosun University

Construction structures have begun to become large, high-rise, and different
buildings with the development of architectural technology. As the construction
technology was developed and the building structure was larger and long span,
concrete which was wused construction material is required to have high
performance of structural material. In addition, high performance and high
strength of concrete is required to overcome disadvantages.

Concrete has several disadvantages which are brittleness, thermal expansion and
shrinkage of itself and it is known brittle material because of low ductility and
absorption ability due to low tensile strength and flexural strength compared to
compressive strength.

This research aims to study the high ductility and high strength concrete using
fiber as a method to improve the disadvantages such as brittle fracture of original
concrete.

High ductility cementitious composites and ultra high strength fiber cementitious

- XIX =
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composites were developed using synthetic fibers. This researcher is conducted
experiments to verify the structural performance using by developed concrete.

Strain Hardening Cementitious Composites (SHCC) using PVA fiber is applied to
the slab since slab is required to have high ductility.

There are characteristics of SHCC with PVA fiber. When the initial cracks occur
in the cementitious composites, the short fiber in the cementitious composites has
a bridge reaction at the cracking surface and bear stress and fracture energy.
Therefore, even after the initial cracking, it is not immediately destroyed over
time, and secondary cracks can be induced. In addition, it has a large ductility
due to multiple micro-cracks induced in uniaxial tensile.

In this study, it is applied to the bottom part tensile side of slabs for 10mm,
20mm, 40mm and 60mm thickness, and structural performance of the slabs is

tested to confirm and evaluate the excellent performance of the members.

There are two types of reinforced concrete composite floor structure using SHCC.
SHCC and RC composite specimens and half-precast SHCC-RC composite floor
specimens for the study about long span of slab are manufactured. This is carried
out and analyzed for structural performance. In the results of the structural
performance test, it is possible to control the initial crack by multi-micro crack
behavior, and local crack control, deflection improvement and deflection control are
effective. And the bending strength is improved much, and the high performance
is confirmed. The bending strength of the specimens is improved much and high
ductility performance is confirmed.

The second study is the development of ultra high strength fiber cementitious
composite using Vectran fiber. The ultra-high strength fiber cementitious

composites have been studied for application to structural members requiring high
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strength.

Vectran fiber cementitious composites showed more than 120% flexural strength
when the fiber content ratio was 1.0%.

As a result of the performance test of structural member with 1.0% Vectran
fiber, the structural member using Vectran fiber cementitious composite improves
the bending strength more than 120% than ordinary RC member.

In shear test results, critical section is set up to induce shear cracking. The
Vectran fiber cementitious composites is more than 230% improvement in strength
compared with ordinary RC members. The reason It is considered that this
contributes to improvement of shear strength is that the ultra-high strength
Vectran fiber cementitious composites have the characteristics of flexible Vectran
fibers that prevents the increase of crack width due to the dispersion and
adhesion of fibers in the cementitious matrix. In addition, it has similar shear and
restraint forces of the shear stirrup and it is considered that the bending section
is dominated by the shear section. It will have effect on shear stirrup strength
when the shear stirrup is minimized and It will be effective to reduce the rebar

amount when it is applied to structural members in the construction site.
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4
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[Fig 1.2] Bridge Link Slab(Michigan, 2005)(Victor, Li., 2009), ECC Spray repair
and reinforcement (KOREA P&B Construction Co. LTD, 2008, New Technology No. 563)
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[Fig 1.14] Flow of Research Progress
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2. SR 23 AKANUHEFSHS dstN 45 24
= A0 AtEE S8d8%2= PVA 822 Vectran &R0/, 1 2 EZM=2 &4
HR0 SEF L E40 CHotH Otell <Table 2. 1>0 A 2ot L.
<Table 2.1> Types and Properties of Reinforcing Fibers
(ol PA e A Hl = HAAl= s
Fiber Types
(MPa) (GPa) (%) (g/cm3)
Steel fiber 490~980 200 3~4 7.85
PVA fiber 690~ 1500 11~36 3~13 1.30
Fig. A.PVA fiber
PE fiber 250~700 1.4~2.2 10~15 0.95
Vectran fiber| 2,300~3,200 62~75 3~4 1.41
PP fiber 300~750 1.4~2.2 10~15 0.91
Acrylics fiber 200~390 2~11 25~45 1.18
Fig. D. PP fiher |_| | gh
per formance 2,000~2,600 39~41 5~6 1.30
PVA fiber
_ 18 _
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=L

X

H

2.1 PVA 88 & SHCC MI=tig 2&
2.1.1 AI2N =
2 0= PVA &RJF &&& SHCC2 MIZHHEOl CHst 240104, SHCCSl BHE Ml &
2L= PVAE S HIoIH= [Fig 2.1]10F &2CH, €&, J|&9 HAPAINA X&HE SHCC
Il gz HA32E EUE PVAARIE =& SHCCS xEH = AP0 220t
(0=, 2014), (=22, 2014), (8t &, 2013))
1) AIHE
AMBIE= D2 Z2EMEAN M=o &8JF Z0|ot] TSI ME88H 15 EZEHE Al
HEE AMEoIULCH. AIEE AHEN Oist SHE2 0tel <Table 2.2> 1t <Table 2.3>0
LEEFH CH
<Table 2.2> Chemical Composition of Cement
Si0s Al>O3 MgO CaOo SO3 Na,O KoO | FesO3 |1g.loss| total
21.24 5.97 2.36 62.72 | 1.97 | 0.13 | 0.81 3.34 | 1.46 | 100.0
Diameter (mm)
<Table 2.3> Physical Properties of OPC
ac oo 44 m on Setting Time (min) =2
Residue
3
ofem | AkOs | Initial Set Final Set o | 72 | o8
3.14 3,200 12.5 240 370 22.5 | 30.0 | 39.5
_ 19 _
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<Table 2.4> Characteristics of Fly Ash
KS L 5405 #+&

=
[=)

2

15

1.0 Olat

1.0 Olot
45 0l&f

0
3

i

50.5
3.04

Division
45 0| &t

5.0 Olat
1.95 014

2.16

3.0 Olat

40 Olot

3,645

1.95 0l&f
10 Olaot

3,000 Olat

101

4,500 Ol&t

95 014

92

)
105 Ol &

80 Ol&

102

90 Ol&f

90 Ol4

100 Ol &

[==)

<Table 2.5> Characteristics of Blast Furnace Slag
KS L 5405 #+8&
3_7.5

s

2.800| &t

15

2.8

2.800| &t

0014
6,000~

4,000~
6.000
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000~

10,000 8,000

75014

f 5501 &
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950

o | 75014t

10501 &f
105

Olal | 9501

9501 &

10501 &
95

Olgd

>

9501 &

10.00l3at | 10

10.00l ot
4.00] ot
3.00] ot

.00l ot
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2= sMe DHd 8RAIHESEX2 =&E IS fotH =2
£ AMESHAl 21 7 2Z0l 180umel H=IME AIE0IACKTable 2.6>.
<Table 2.6> Physical Properties of Quartz Sand
Division Sand
U (g/cm’) 2.60
HAAA (um) 130.0
4) E3HAl
= AN At

EstHe JI2H Ed2 HMISMUA HAle A4S 0IEotALH. 3N 2l
SEYS2 HAEU JIx 0l HIZ =S Sol ZHoIULMH, AIZEE=2 AIHE, Z2t0] 04

<Table 2.7> Admixture Physical Properties

PCSP HPMC Defoamer
Density (g/cm?) 0.37 0.60 0.26
Type brownish powder white powder white powder
_ 22 _
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PVAE=E HEot tiglES & AIGHALY.

<Table 2.9> Mixture Design of SHCC(high—ductility strain, secured more than

2.0%)
unit (kg/m)
W/B S/C |Slag/B| FA/B
wt.% | wt.% | wt.% | wt.% -
Silica PVA
W | B |[OPC| FA |BFS Sand PCSP | HPMC Defoamer vol %
45 71 20 20 |375]833|500| 167|167 | 692 [0.37]10.18 | 0.45 2.0
JIZEASEHC Let2aIED HEE sdBe sdE Ao Z232E EtEd=2 fIst
BRI EQ| HHEXH =22 <Table 2. 10> &

<Table 2.10> Mixture Design of Normal Concrete(standard strength of 30MPa)

unit. kg/m
W/B S/A
(%) (%) . Fine | Coarse
] B OPC FA Admixtures aqg. aqg.
40.1 47 .5 166 414 331 83 4.97 802 900
_24_
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(b) cement

(d) silica sand (e) admixture

(f) photo of mixing
[Fig 2.2] Mixing of SHCC
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[Fig 2.4] Setup for Direct Tensile Test
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<Table 2.11> Measurement of Mechanical Tests(SHCC)

2.3~2.5

3.5 <

Compressive Strength (MPa)|Tensile Strength (MPa) [Tensile Strain (%)

48.5

SHCC
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4 PVA 2.0%._.
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[Fig 2.5] Typical Tensile Stress-Strain Curve of SHCC

[Fig 2.6] Cracking Pattern(SHCC)
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OretOIEH == Vectran == <Table 2. 1220 A2t 201 D&EE, DEEE, X

M E0l HOULD 1)
Dlj

P
I
30
[w)
o

o DHE2] SR Al =g ME tHeotll ol Ot=0I=H 8= Vectran 8RE #
2t dFAUESSNE 2484 tigotn 0 e gstEol 852 &eloHRLt.

UT | omAT | esda | 2ol | A
THEHA = (%)
(g/cm3) (MPa) (GPa) | (mm) | (mm)
1.41 3,200 75 12 0.022 3.8

Vectran &S AIHEZ8HH(Vectran Fiber Cementitious Composite; at VC)2l HHEHA
He= <Table 2.13>1F 20| S/AYUHEH|= 22%2 60 Q& HEE 1.0% 0|4 &5 &

B2 &= 100 ~ 120MPa S22 AXFotL) BIE2 [Fig 2.8]0t 201 AAIGHULCEH.

<Table 2.13> Mixture Design of VC(secured more than 1.0% of tensile strain)

unit (g/m")
W/B | S/C
wt.% | wt.% Zir |- N PNy ¥ Vectran
=X FH|BHRIH | T EA A I
Cement Silicas‘_XH o = T S| Sand | W | ==l | &2 A vol .%

0.2 [ 0.62 | 3.15]2.20|2.61|2.98 | 1.02|2.62 |[1.00] 1.01 | 1.30 1.0
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<Table 2.14> Mixture Design of High-Strength Concrete(standard strength : 50MPa)

W S/A unit. kg/m

0 0 e} [=Yarn) §= gil'x_“ [
(A’) (A)) £PEXH _E_':Il:EIH ._SI'IH (AE?:;"—JFX“) =
27.5 44 1 674 868 119 71.15 164

(d) mixing of fiber cementitious composite

[Fig 2.8] Mixing of Vectran Fiber Cementitious Composite

S
19
I

b
o

=
GiSIABS QFAC U ANPHEE, USUMNRE HAHLS OIS 9lst NFZIE
Algl, KS F 2405 2321 LYEAE NE, 15 HUAE AHS [Fig 2.9]9 20| &
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Qﬂ
:Q
[w)
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Tested Tensile Stress-Strain
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1
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(b) sand 0.731
[Fig 2.10] Tensile Stress-Strain Curve
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[Fig 2.11] Cracking Patterns

F=LE S AAIE Z1 <Table 2.16>0 LIEFHIXME A AIBIEH] 0.62%0]
N 128.3 MPa 2 =12E A58 LIEHHCH. 7AHAIBIEH] 0.731%, 0.8%0A= 134.7
(]

WPa, 140.5 WPal =2 LEAE H5S LEIOL, RS40l SMH5l ©
EHl 0.62%0 CHOHA AENOI einE %
AZAT ABUMN LEH FSSSo DY [Fig 2.12]9 2L,
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<Table 2.16> Result of Uniaxial Compressive Strength Tests

) Compressive Strength Compressive Strength
Specimen
(MPa) 14day (MPa) 28day
S/B=0.62 F=1 119.0 128.3
S/B=0.731 F=1 121.0 134.7
S/B=0.8 F=1 128.0 140.5
Concrete - 51.9

(b) compressive strength test of Vectran fiber cementitious composites(day—14)

(c) compressive strength test of Vectran fiber cementitious composites(day—28)

[Fig 2.12] Cracking Pattern of Compressive Strength Tests
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[Fig 2.13] Shear Transfer Strength Test
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[Fig 2.14] Comparisons of Measured Shear Strength
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<Table 2.17> Result of Shear Transfer Strength Tests

Specimen Shear Strength (MPa) 14day
S1(VectranF 1.0%) 14.59
S2(VectranfF 1.0%) 15.05
S3(VectranF 1.0%) 15.01
S4(VectranF 1.0%) 15.89

[Fig 2.15] Cracking Pattern after Shear Failure
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3. BHER N BT 2N A YL HIHE A oY

3.1 SHCC-RC =¢&t=diE 2N
3.1.1 &t RC =cHE &I 82 &

Longitudinal bar
/ /7 Concrete

F

(a) cross—section of RC slab specimen

&=,
P PY A.s PY S| Y << I S S — -I: ~ -{if -'{- ----- )

‘L RC Slab

(b) idealization of ultimate strength state in RC section
Longitudinal bar

A Concrete
(c) shce slab specimen detail(cross—section)
0.85f,

""Emfmmmm'mmmmE$T """ T C=085f,ah, &\
b & T =dk J )
- sl el el s s S e 5 G R 4

RL Slab

(d) bending moment equilibrium relationships in general rc slab section

[Fig 3.1] Bending Strength Condition in RC Slab and Steel Truss
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28t RC =cHE2 & L= KCI-201201 [tet 2 WolA XSote ERUES)
AgEYE 2= [Fig 3.1]0 220, A2ot=C= Qo L= RUEI HIEYS
OI2J] ?loides M WHA 22 AJIE Z= M EZ2UEDL ettt

C = 0.85f,.ab, [& 3.1]

T=Af, [Al 3.2]
SHHA Hct= &2, N(YF=0) 2 001 E22, [4 3.3]01 &&ICH.

C—-—T=0
C=T [&] 3.8]
ZOclE= M HdE SEEEZ 26t 20HAN= 528 |12 HE2Q /AX
b 255 olJ| flol St HAZE S22 202 FolfOF ot=0l, St S8 =
e 20 a = [& 3.4]0 25t 1 22 FES &= JUCH
[& 3.3]0AM, Cc=T 022
085f(‘ka’bs = Asfy
Af,
= — 7 Al
¢ 0‘85fckbe [_| 34]

?[A 3412 EUZ HAAE S8 20| o o sHE R L=ALNA
5

SEEMAL Hel ¢ 22 2H = [A 3.5]2 201 E2otH .
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3.1.2 SHCC-RC =

—

= H0lAS SHCCOt HE o 8 EZ NetAZ2 JIE ¢4 E ElU=z
SHCC-RC =&f=ciE22 & FRCEH. ((01&5S, 2014), (=& 2014))
0.85f,
= . C=085f.ab
i g
)
il -
f * Tu'rs::ﬂﬁrcb(h C)f_

rshcc
\— SHCC Panel

(a) bending moment equilibrium in SHCC-Panel slab section

b

0.85f,
S —

(b) bending moment equilibrium in half-PCa SHCC slab section

[Fig 3.2] Equilibrium Relation in Section of Slab(1)

[Fig 3.2]2F 20l SHCCOt x|
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[Fig 3.14] Details of RC Beams
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OlAE &4 b, 22 A= AAIBHLH. A &
gttt =di2 £ 2 22 AOIZ0AM 223c2lE, V6, E2° MEQl 48 Aot
SolidE MASHCH O = Mz 2cld 42 JIYotACt. [Fig 3.15] ~ [Fig 3.16]

(a) slab

(b) beam
[Fig 3.15] 3-D Solid FE Modeling of Slab and Beam

(a) slab

(b) beam
[Fig 3.16] Assembling of Reinforcing Bar Elements in Solid Elements
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=B 2ME 15,9600, &2 EME 1,4000f B2 MeshE P& X=Ch. Ol 2
=2 8 20U &4LENH 22 %2 Mesh gt2 A S0 2l 2 oY 249 =2l
& HdA 2 X&E, ot 2 L I ol == otH & BE PH XAHS
2ZH =D e =S oA = CHFig 3.17] ~ [Fig 3.18].

sciE 20 UoiAdes 0l&E=2 SHCCRH A ZACIE RS Ol2&Q M8
=0 oM A= ot A By 220 e &5 =M, ZHS Hs XA
Off CHSH BHololA 2ME = 2XHE ofZot)| fotd SsteA ol T2 M0 A2l RC
Qt SHCC ZHEHO ot & HUHAME Hsd O0lNHE H=s22 et 2IHel &2
ot o) ol E208 SUHAM HSEHHA=E EF5L2AE AIESotH A2 RC
ots SHCCZ2Hel 2 Ast =51 0|1NHES DL 2S0HH ZAHHUA 2 & QA
= 0lciofl st 222 HOIFE/UL., 2 H A AN SLE HESE HE=E 6l &
ol & 222 &0 = D1NHES 2= 24 FAAHTE0 MIHA O H AOINANM=
SHOE 00| == ot & AlHA ZHHUNANL SHE o ZotLCH

OII0M ME2 Etd 2ol UidlAdE 98tds ZIHHAS 222 EUZ [4A
3.108] I [&! 3.109]2 OI=20ld A8 EtHRINIAC gt HAGID HlW HEGSIH M=
OFCH.. ot HINE dlilds st 2A2IES AMH AAWAC HOIHE A=EHI 20
Off CHet ZES R2 AHIAUHAL ZEN et BE20HA U2 =8 ez olds Al
AlGIRLCH.<Table 3. 1>

<Table 3.1> Applicable Element Physical Properties
Mechanical
(Elastic)
Specimen ’ Member s , Rebar
Young' s ) , Young' s . ,
Poisson’ s Poisson” s
Modu lus Ratio Modulus Ratio
(MPa) (MPa)
RC-0A 26,411
Slabs SRC-40A
30,891
SRC-60A 0.2 200,000 0.3
RCB 31,521
Beams
VCB 42,837
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(a) slab

(b) beam
[Fig 3.17] FE Mesh Discretizations of Slab and Beam

(a) slab

(b) beam
[Fig 3.18] FE Mesh Discretizations of Reinforcing Bars
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4. PVA 88 M8 SHOC-RC S8&2E 21 45Tl
4.1 A&AHE (=X2F 3,600 mm)

SHCC-RC =& =diE R A8 E d5 2SS FlIol <Table 4.1>1F &0 2EX
£ HEoIRLt. A8 22 sdE 42z 2 ES oFF0 SHCCS AtE
HEE =2 B2 ot SFOIALH. AEX 84 ¥ &He )= [Fig 4.1] ~
[Fig 4.2]2b 2ZCt. [Fig 4.2]2t 20| JIEAEX= SHCC =& =dE 2 =2 =
Ao gt E2ZCIE =B A EX el RC-0A 0I0{, SRC-10A ~ SRC-60A &&= 2!
0ol FHush LBt ZICIEE UHXIGHLA SHCCE £ciE2l &A= o200 g6t A
MOICH A AIZE 220 st E2Hl= JISAEMe SHCCOH Hs8E A
2% ps=0.47 %= = HMEGHACH <Table 4.1>

<Table 4.1> Specimens of Slabs

) _ Cross ) )
Details |Cross—Sectio ) Longitudinal /
_ ) fox f, | Section of
Specimen | (Thickness | n of Slab Transverse
(MPa) |(MPa)|  SHCC .
of SHCC, mm) (mm) Reinforcements
(mm )
RC-0A Prototype -
SRC-10A 10 600 x 10
D13@150mm
SRC-20A 20 600 x 180 30 400 600 x 20 (ps=0.47 %)
/ D13@400mm
SRC-40A 40 600 x 40
SRC-60A 60 600 x 60
_ 83 _
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Transverse bars : D13@400mm

40~ |~

600

R =

(d) Specimen SRC-40A

—
L)
=

(e) Specimen SRC-60A

[Fig 4.2] Cross-sectional Types of Slab Specimens

Collection @ chosun

_84_

Longitudinal bar : D13@400mm CB\I‘TER
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[Fig 4.1] Details of Slab Specimens
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/ /—Topping concrete S Py 2 2
S R 1T
600
SHCC
(a) Specimen RC-0A
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[Fig 4.3] Manufacturing Flow of Slab Specimens
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(c) rebar placement

[Fig 4.4] Manufacturing of Formworks and Placing of Reinforcing Bars
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(f) rebars in formwork—1 (g) rebars in formwork-2

[Fig 4.4] continued
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(b) SHCC pouring (¢) SHCC curing
[Fig 4.5] Manufacturing of SHCC and Concrete Slabs
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(d) SHCC-20A (e) SHCC-40A (f) SHCC-60A

[Fig 4.5] Continued
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(b) finish after topping concrete

pour ing

— il E.

(a) topping concrete pouring (c) slabs curing

[Fig 4.6] Pouring of Toping Concrete and Curing
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AlSBtHE [Fig 4.7]2F 20| 1,000kN &2 UTM(Universal Testing Machine)S Ol

0ot AENME SN AdEHUAM 48 MotEA 2 AEsS AAIGHAL. 38tots
Mot &gz AsgHe & & HRZFH 300 mm X0l Hinge2 M= dHS &X
otol S=XIXoF SI&S EXIoHALH. M =B 2H(Net span)& 3,400 mm O, 2
8 otz JtEE A0l Hels 700 mmz Al O] SHUA === &0l 48X 0l #Eot:
£ GIQCH ot=Mote HAMO A2 AN =R &4F 2I2EI I 2
MOLK OtES A AloHRCH. ot=SMotl HE HEs CIoIEHE &I ot 50kN EE
of 2Ld=s FIIHLZ HXlot0 =oAL, 280 HE AsgHe M8 & e

J a
Fig 4.8] - [Fig 4.9]% 20| &A&H 222 AX0 HLAA(LVOT) 2k &2
N

X
|, =22 HOIXI=E HHIE F&6tH =HGHRUL.

TE &
. $=1,350
L VINT{ 200 pemad | 3
' rLonrdd el
.Elf’{-r _.rI-,E'IHf : F,ru. —L 4y e
.I'II'”'“.?".J_E' r!.l":rﬂ'i?l

" IHinge

/”WWW

| LVDT(Swain

| ! 200 qu:l.u'n"m.r'ﬂﬁ.l' | |
| 300 J 3,400 .L EWJ
e b ke il |

[Fig 4.7] Setup for Four-point Loading Test
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[Fig 4.8] Locations of LVDTs
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(a) specimen Set-up

(b) Load-cell installation (c) LVDT installation(2 places)

(d) Crack gauges(2 places)

[Fig 4.9] Locations of Measuring Device Attachment
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sciE Motag=2 Dl
SRC-10A, 20A, 40A, 60A

(«/Collection @ chosun

(b) after loading test

[Fig 4.10] Loading Test of Slab Specimen

=
_'Q/\I

AE Ml RC-0A 2H SHCC MOl OE
AN [Fig 4.10] 201 AEHE X

=
ol
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28l Motag0lAM <Table 4.2>1t

S g=olt=2 SRC-10AGIAl 110.4%, SRC-20A0IA 114.8%,
SRC-60AGII Al 169.6% St ALH. &8HMel zlUot=
., SRC-40A 2t SRC-60A &&

LEEFRLCH. JIE
SHCCH E
131.2%,

&l
—

st 2

=
[mal] =

N
O

ol
oA m>

o

03
H

to

ng

=2
10
o

2 30
10

ne
HU

o
50

]
r

-

o

<Table 4.2> Experimental Results of Slab Loading Test

A

SRC-

CHHl
40A01 A

2 SRC-10,

I =

Initial
yielding
of bar

Load
(kN)

Second slope

Max. values
after cracks

Variation
of load

(%)

Ductility
ratio

Specimen

name
Load

(kN)

Load
(kN)

Disp.
(mm)

Disp.
(mm)

Disp.
(mm)

Secant
stiffnes
s at
yielding
(KN/mm )

RC-0A 0.9 | 6.6 49.0 | 82.5 | 55.3 3.85

2.3

SRC-10A 7.1 54.1 1 87.5]56.7 2.5 3.98

2.5

SRC-20A 56.3 | 89.5 | 58.3 5.4

2.6

SRC-40A 3.1 121.0 64.3 | 123.6| 65.7 18.8 5.15

2.7

SRC-60A 3.0 | 32.8 83.1]119.2| 84.5| 52.8 5.54

3.9

_95_

Collection @ chosun



20

80

70

60

Load (kN)

40

30

20

10

40

Moment (kIN-m)

30

20

10

0 30

=== RC-0A

—SRC-10A

SRC-20A

—SRC-40A

—SRC-60A

i ; . i |
60 90
Deflection at Center (mm)

4.11] Measured Load-Deflection Curves of Slabs
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[Fig 4.12] Measured Moment—Curvature Curves of Slabs
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Maximum Load

Load (kN)
2

0
10

RC-04 SRC-104 SRC-104 SRC-404 SRC-604

Specimen

[Fig 4.13] Maximum Loads of Slabs

Maximum Displacement

N
2 2 &

Displacement (mm)
& 2 B

-
=

RC-0A SRC-10A4  SRC-204  SRC404  SRC-60A
Specimen

[Fig 4.14] Maximum Displacements of Slabs
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4.4.2 A8dl 4
H4Hl= SHCCRC =& =di2 AgXel = |2 EIIoIAM, [A 4.1]1F 2L
Py
w=— [A 4.1]
y
OIJIM, pE =€ AYGHIE BUUN, ¢, SBRE, ¢,= YS=ES UEIHD,
SHH =8t3E(¢,)2 M2 AFHH 2IL|EQ ISHE S0 0.0032 M =E=2
oot AHAECH =2 AEME AdHIE Hluwol 28, JI=&2EH el RC-0A 3.85,
SHCCE X =8t SRC-10A, SRC-20A, SRC-40A, SRC-60A A& X2l H&Hl= 212 3.98,
4.10, 5.15, 5.54 2 LIEtG 20, RC-0A A= M=ECt 22+ 103.4%, 106.5%, 133.9%,
144.2% 2| A-EHIJF SItotA L. 0l= SHCCOF IEHAEE =H StAHQl 2.0%E =tol
O Olar2l L0l JIE otk Rotblet: 2o HdsgsS alll JIetles 22
£ HHEOH £8H, SHCCE 1E BHEE SHEHHC 2.0% SIHAIZl= ER0l= H4H]
SHUA 20 2 SIslE JIg = UAs A= Mz, &3 SRC-10A @
SRC-20A &g MIOiA= JIE RC-0A &8t FAtet HEE LEHWE X2 2E M0
NS Set A= A2 MZEL 2 AEME A48 Hlw= [Fig 4.15]0 2Lt
” Ductility ratio
5.0
=
£ 40
o
2 30
S 10
a
1.0
0.0
RC0A  SRC-10A  SRC204  SRC-40A4  SRC-60A
Specimen

Collection @ chosun

[Fig 4.15] Curvature Ductility Ratios of Slabs
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4.4.3 24dHl S4

SHCC-RC =&t&ehHE AEX2 240 Cheh a2 [A 4.2]00 2o Z2HE =024
Hl K,= Secant Stiffness at yielding @2 &IIGtULE.
Ky = (&1 4.2]
E 3, =
OIJIM Z=JIZ48Hl Ky , &g=05 M, , =158 ¢, & UEHL. 8200

<Table 4. 2222 H 2480l ot 222 ASHEZ dHluwol 2%, JI=&4&H e
RC-0A= 2.3 kN/mm, SHCC &M 10mmE X &8t SRC-10A= 2.5 kN/mm, SHCC S 20mm
HE SRC-20A= 2.6 kN/mm, SHCC S 40mm = EZ SRC-40A= 2.7 kN/mm, SHCC M
60mm =& SRC-60A= 3.9 kN/mm o ZI&HIS LIEHCH

2 AEMEZ IS 8lolA 10A ~ 40A AKX J1E& RCOl HIoH 1.07HH

O 11780 Z&8I10F SItotR2M, SRC-60A &8 M= 1.6801 252 =2 ZHHIE
LIEFSCE. SHCCE A ES A8Me =) Zd Stz 2ottt 2480t Sotet ez
CHHOIA J1Z RCOIl Blol 2?8t ds5 LiEtH=E A=z &

20l Ol AtEd ot=
X

CHEICH 2 AEME 2488l Hln= [Fig 4.16]10 2Lt

Secant stiffness at yielding

Secant Stiffness (kIN/mm)
a

RC-0a SRC-104 SRC-204A SRC-40A SRC-60A

Specimen

[Fig 4.16] Secant Stiffness at Yielding of Slabs
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[Fig 4.17]10+ 2Lt

after loding test

(a)

(b) side cracking

(c) cracking pattern

[Fig 4.17] Cracking Pattern of RC-0A

- 100 -

(“/Collection @ chosun



2) SRC-10A A&

SRC-10A &&= R &= otFE SHCCOt 10mm HE= ASHE SEXH 4
& Motags Aot SRC-10A A= JIESAEM2A SASHH =J12E0I
7 KNOIA 2 dotACM, 48HM 2XUAM s22 2olst 2 29 =2 0.5mm Ol
otel ZE0l 24 HE UEGCE. ot&S0l SOtgol et =cHE ot 2l SHCCR =0l
OlM=E0l Zdot=s T2l SEfE LIERCH. ofs2 &Itk M 22 M= SOt
2d=E 222 = Lot SItotRUlt. d=E 222 JH+== 6742 OlMet @20 &
oM, tHE=2 =#€ =2 0.5mm Olotz =HEHJCH. =W ZE =2 11mm OIot
52 LIEHSCH Mot 28F oZ 4= [Fig 4.18]2 ZCt.

(a) side cracking

ICollection @ chosun

(b) bottom and side cracking

[Fig 4.18] Cracking Pattern of SRC-10A
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3) SRC-20A A& A

ne
e
Y
10
~

SRC-20A &&= FMe AH= otF 0l SHCCIH 20mm HEEH dSHE =

AAIGHRICH. AE0l et =IIZ2801= 13.4 kN £201A LHE

d MotaEs 20
OI% 2 ~ 30 O UEIGCH. UEY @29 =2 0.5m 05t2 OIHIE ZFS0IALCH. O
= 5130l oMl W2t OIMGHH S22 MBI HAAZ0l SOLCH, 515 Mot

e 77

of HE =cdiEe AN WEMto et d48S S2E Al HEHH 2Z 2 i
Ha E& UEHEO. 20 282 =2 1imm Olotz FHERUCH. =SHQ

SRC-10AA &M SASH HHnl2rarS LIEHRCH ot dE8: 224 = [Fig 4.

. H
L B
IS

(a) initially cracked state, continue.
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(b) side view of local cracks at ultimate

(c) bottom view on cracks at ultimate

(d) side view of cracks at ultimate

[Fig 4.19] Cracking Pattern of SRC-20A
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(a) after loading test, continue
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(b) foreground after loading test

(c) bottom cracking

(d) side cracking
[Fig 4.20] Cracking Pattern of SRC-40A

- 105 -

)Collection @ chosun



A

5) SRC-60A &

OFAtS
So T

It
Ol Al

HEZpt SRC-60A &M

60mm

=
=

SHCC

A

=

=i
SRC-40A & M2t FAGHH LES M, 26.4 kN 220 A @€ 2 20|

J

=

st

=
[

H

JU
o3

3

oll
iy

HOF

1o
oJ
or

b2l JEIHOIA

0

0.1mm Ol
FH A CH=EOIAI

82
I9)
20

-

ol

by
o’

o

ok
~
IH
It

o]
felll
t

iofd

otJb Ch==RiCt. &

| Z22 0.5mm Ol

Cts OIMZE

FLMH,

o)
=
KIo
ol
K0

9]

Ol
Rl
RO

oJ
LH

=)
-

o)
I

00

MJ
el
KO

ol

ol
=

160

INES

e
| Z2EM+== 752

ol

119mm £ 24X

RSk

=

0

Asol 2

9]

s

o

P

== 83 =2 =0

=g

AH
S

DEX &

Olg| A}, 0.5mm Ol

=

26.5mm 0|5

o
de #2829 =F2

_.A

[Fig 4.21]2+ ZLCt.

—
—

EH

(a) after loading test, continue
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(b) foreground after loading test

(c) bottom cracking

(d) side cracking
[Fig 4.21] Cracking Pattern of SRC-60A

JI=& Ml RC-0ARE 22 21&= oI20l SHCCE HE8 SRC-10A, 20A, 40A,
= A

= 2ME sdiE AEH otR0 Z2dE 2E0 Us 0lAHZ
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(b) SRC-10A

(c) SRC-20A

(d) SRC-40A

(e) SRC-60A

[Fig 4.22] Comparison of Crack Patterns at Ultimate State
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4.3>, [Fig 4.23], [Fig 4.24]2 ZLCt.

<Table 4.3> Number of Cracks and Crack Width of Slabs

otttk @&

OteH <Table

Crack width
(mm)

Specimens

RC-0A

SRC-10A | SRC-20A | SRC-40A

SRC-60A

ol

0.5 mmOl|

56 58 72

75

ol

1.0 mmol

ol

1.5 mmOl|

ol

2.0 mmoOl|

ol

2.5 mmOl|

DWW |~
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— | =N W
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Maximum crack
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Number of Cracks

Number of Cracks (ea)

RC-0A SRC-10A  SRC-20A SRC-40A SRC-60A

Specimens

[Fig 4.23] Number of Cracks

60
——RC.0A ¢ F
2 50 —a—SRC-10A ’
=
—+—SRC-20A
2 40
= —< SRC-40A
> ——SRC-60A
o
o
Z 20
Z 10
— &
0
0 20 40 60 80 100
LOAD (KN)

[Fig 4.24] Number of Cracks at Loading Stages
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4.4.5 SHCC HE =ciE A8He £HZEX

3 UM g SHCC-RC =et=cHE0 et A 2 MEAS Sl === £
2= gt ot=SHol &50A UEHS &8e, Saet Bldd il A0l LIEtE 210 8¢
= <Table 4.4>00 LIEFRCH E2HZE 202 Satst HHdE i 2= A=A
ZUe HwES i HMELZ & s & 2UE UEtT

<Table 4.4> Comparison of Measured and Estimated Results of Slabs

Initial yielding| Max. values Predﬁcted Non| inear
f b (Test) Design Analysis
of bar es Strength
Specimen
Name
Disp. Load disp. Load Load Load
(mm) (kN) (mm) (kN) (kN) (kN)
RC-0A 21.1 49.0 82.5 55.3 46 .1 53.4
SHCC-10A 22.7 54 .1 87.5 56.7 51.1 54 1
SHCC-20A 21.7 56.9 89.5 58.3 55.7 58.0
SHCC-40A 24.0 64.8 123.6 65.7 64.0 63.5
SHCC-60A 21.5 89.3 119.2 84.5 70.8 70.9
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4.4.6 SHCC H&E =cdiE 2N wetLdld

4
0
=

|T
o
oA
[I -
| I
Ia o
10 8
2
o
i
Hel to
2 10 3
o =
i i
Jho I
o 0
o ror
=
I
') 52 é
4 =
o

p=
rr
w

RC-40A0II A 59.3 kN, SRC-60A0IAl 74.8 kN2 Z SHCC HEE M
|EJt HE= SO0l diohH 1.2281, 1.548 @& WEHEs0l S O 2=

2 StCh. [Fig 4.25] ~ [Fig 4.27] M8 &M #X&s 4SS A6
UM, 1 Zit= <Table 4.5>2 &L}.

<Table 4.5> Estimated Results from 3-D Finite Element Analysis

Initial yielding
] Max. values

Specimen of Reinforcement
name Disp. Load Disp. Load
(mm) (kN) (mm) (kN)
RC-0A 20.6 45.5 39.6 48.6
SRC—40A 17.2 57.9 27.8 59.83
SRC-60A 17.5 71.0 60.7 74.8
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Load-Deflection Curve(FEA-Tested)

— — RCOA(FEA)

- - —~SRC-40A(FEA)
- - ~SRC-60A(FEA)
——RC-0A(Tested)
—— SRC-40A(Tested)
—— SRC-60A(Tested)

Load (kN)

Deflection at Center (mm)

[Fig 4.25] Load-Deflection Curves from Test and FEA

fickard 6:14-3  Mon Dec 31 GMT+09:00 2018

90 120

[Fig 4.26] Simulated Displacement Contour of RC Slab(FEA)
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‘Standard 6.14-3  Fri De

2N gE SHCC-RC =ciE 2 £ 2 &E) HidE Sast &8 oid, &
SHMe Z20et ReRLAHANAL 2= <Table 4.6>10 20 FERAHAMAME
ZleE AEUAS 20t HEl SAOHHl LIEHSLE.

<Table 4.6> Comparison of Experimental Results, Design Strength, and 3-D FE Prediction

Bending type
Predicted .
Max. values . Nonlinear | Max. values
Design Analysis
Specimen name (Test) Strength naty (FEA)
Load Load Load Load
(kN) (kN) (kN) (kN)
HE AE
RC-0A 55.3 46 .1 53.4 48.6
(ger232|E)

SRC-40A SHCC 65.7 64.0 63.5 59.3
SRC-60A | (ERE-E 2h) 84.5 70.8 70.9 74.8
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<Table 5.1> Specimens of Slabs

Details Cross-Section p p Cross Section
Specimen (Thickness of Slab (M;;) (MS;) of SHCC note
of SHCC, mm) (mm) (mm)
RC-0B _
Prototype
RC-0C(HT) -
HPSS-60A(D10) 60 - AEH
=X2F
4 ,000mm
HPSS-608 60 600 x 60 . SHCC
600 x 180 30 400 Materials
HPSS—60C (HT) 60 - 30MPa
- SHCC
e PVA
HPSS-40A(D10) 40 vol © 2%
HPSS-408 40 600 x 40
HPSS-40C (HT) 40
x AEM AA
- AEH™d = 20| : 4,600mm

- Transverse bars(bottom)

- Longitudinal bars(bottom)-A Type :
- Longitudinal bars(bottom)-B,C Type :
- Longitudinal bars(top)

: D13(3ea)

: D13@1,000mm(5ea)
010(6ea)
D13(6ea), HT(3ea)(C Type)

Collection @ chosun
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Togping concrete ToRRRg CORCR

SHOC panel

(a) A, B Type (b) C(HT) Type

| Tt |

LN

L
L

| 600 | | 600 |

= 00 | = | 500 |

(i) Specimen HPSS-60 B Type (j) Specimen HPSS-60 C Type(HT)

[Fig 5.1] Cross-section Types of Slab Specimens
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Tran

sverse bars : D13@1,000mm

Longitudinal bars(Top) : D13(3ea)

Longitudinal bars(Bottom) : D10(6ea)(A-Type) 5*$$§$£§E -
= /
CEN‘TER
| LATTICE - 26
COVER = 20 \
o | AMAANAANNNNAAANNNNANANNANNANAANNANANNNANDNNT
‘ O

‘ 700

300 | 1,650 | 1,650 | 300
4600
(a) A Type
Transverse bars : D13@1,000mm
Longitudinal bars(Top) : D13(3ea)
- . - Ot FE2 D13
Longitudinal bars(Bottom) : D13(6ea)(B-Type) NoxE4 013
= /
P | o o o o o o o o o o o e e [ S — -
CEF{TER
LATTICE - @6
COVER=20 |
= AMANNAAANANAANNAAANNNNANNANANNNANANANNINAT
i O
300 | 1650 700 1650 | 300
4600
(b) B Type. continue
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Transverse bars : D13@1,000mm
Longitudinal bars(Top) : D13(3ea)

Longitudinal bars(Bottom) : D13(6ea)(C-Type)

Longitudinal bars(Bottom)-HT(C-Type) : D6(3ea) S8 T (HT) D6 5*#;:;3‘3%3: o1
= /
A g gy e TS [ [y y———— =
CEN}TER
LATTICE - 26
COVER = 20 |

[
[eo)

300 ‘

1,650

700

JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
‘ O

1,650 |_300

4600

(c) C(HT)

Type

[Fig 5.2] Details of Slab Specimens
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[Fig 5.3] Manufacturing Flow of Slab Specimens
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(c) rebar assembly (d) rebar placement

[Fig 5.4] Manufacturing of Formworks and Placing of Reinforcing Bars
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A

(a) compound material of shcc-1

Py
ng of SHCC

(¢) compound material of shcc—3 (d) mixi

(f) SHCC pouring-1
[Fig 5.5] Manufacturing of SHCC
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(h) SHCC pouring-3
[Fig 5.5] Continued
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(1) SHCC panel curing
[Fig 5.5] Continued

(a) Toping Concrete pouring-1

[Fig 5.6] Pouring of Topping Concrete and Curing
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(b) Toping Concrete pour ing-2

(¢) Toping Concrete pouring-3
[Fig 5.6] Continued

- 126 -

(“/Collection @ chosun



5.3 otZZ2IJHAE SHCC U3 Al&SotsS Mota &

SIZHRIIHAE SHIC GIDS AIBGHE MotAge AR S#HUM =2 20l AEd
= TF-DECK(Ei2A BB Zot2 [13)9 UL HES AAIGHYS0, 0l= SHC ot2 X
2HAE SHEES MEF GIAS [ HF HEH 0B Ao FActe AES

AOIELCH AES SHCC 24 22== 1 000kN 222 UTM(Universal Testin
]

=
QO
o
>
>
@
0 mo

g
b 210l 20kg, 30kg2l TFAF BOELCH(18KN)E 0128 S=Z5t

ol &[Fig 5.7 ESPN
LIS0 AES AAIGIALH. AFE4 Gt AE0lAM MHotZEA 2 AgEgHe & 2 HR2
£E 300 mm X0 22 HingeE E&ote 3842 X6t H=XIXl GtA20, &
SHl 2o =Z2H(Net span)2 4,000 mm O|Ct. otE2 10T 2XE56H)| 2ol SHCC mH
4 20 k2 2EHS 2 AEZ2 AACIRUCH. AI24 ofE THolAEUHA AMEH ot s
HOlAC AUEC AI24HolS0 &2 2 A2 2AF gt2 F=EHoINH AI24 SHA

O 17kN 1 HSIE, S2HotE, HEotES Llst AES AACHRUCH AEM HAES
A P SR A F20 HAA(LWT) F= =&, ct=MotAlli= CIOIEZ
O 0186t =38 2 =ZotUC

NS otS AEE SSUtYTRAIAIAES AN &2 SAAl M5t DFGS, &
2ols, &AotESs 1ot A8s AAOIYCH L8 AH SFEUHA AsEHe
TF-DECK2| AlB5tE A&8S Soll SHCC Z2oHAE THE It Bl ot L
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(a) SHCC-40 typ

e

e

(b) SHCC-60 type
[Fig 5.7] Bending Test under Construction Load

ANZ ot &8 2= [Fig 5.7] I 220, SHEZEIIHAE SHIC sciE=
T dIEIAHIE 0188 E22EASE AtE8H TF-DECKO BloH O =8 &=
NS 0N Edote B2 LARMUES I SHIC HE=2 dES M &2 Ol et
& B2 28 MEZA, WE L ALZSUHE S0l SAEUSH, X §E
Olg0l Ble Hez T

33833333388 SHCC40-C(UP)
. i S . cncC.i0.CON)
i /./‘/ I = SHCC-40-C(UP)
E 5.0 L "
H / + SHCC-40-C(DN)
-'E 4.0 % Ve e SHCC-60-C(UP)
g4 RN L ¢
z A_;;Z s Fi SHCC-60-C(DN)
= - -
=2 X7 i
2 30 > 48R I SHCC-60-C(UP)
z jvg‘ 24 SHCC-60-C(DN)
g 2 /{)-{ ' + TF-DECK(UP)
e 2o i
7 = = TF-DECK(DN)
— M¥ (SHCC-40-C(UP))

—M#& (SHCC-60-C(UP))
30 40 50 60 70

Midpoint Deflection(mm) — ¥ (TF-DECK(UP))

[Fig 5.8] Load-Deflection Curve from Construction Load Test
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5.4 ol HZ2PHAE SHCC-RC Sgf=ciE2 ot & &
5.4.1 &E A&
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Xt S=XIX DS otR2M, =B 2H(Net span)& 4,000 mmZ Gt
ALCH. 28 o= IIEE AL0OIS JHe2lE 700 mZ SIA2H, 0 IS 220HAM = &

O] ZAIEES otRULH. ol=s2 BN 2422 HAlotH =52 23clE f=0 It
MOl olZ2H 2 WK Jt=EotACH ot Motol HE H&st UIOIHE &1 2AoH 50kN

ggs e 2E4
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P
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[Fig 5.9] Setup for Four—point Loading Test
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(b) LVDT(Strain measurements) installation

[Fig 5.10] Locations of Measuring Device Attachment
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5.5 ot ZZEIHAE SHCCRC =gfsdiE

C-RC S&HIY =22 6t= Mot & &
dEbls 2z E0 AEE 22 ¢=00 et dlole, el

M2l =% ot= OI0IE2 48 M& GOIHE Hlwol: <Table 5.

>t

FOl LEE

<Table 5.2> Experimental Results from Loading Test of Half PCa Slabs

Second [nitial Variation
o Secant
slope yielding |Max. values| of Max )
) _|stiffness
Specimen after cracks of bar load |Ductility )
a
name (specimen| ratio o
Disp. | Load | Disp. | Load | Disp. | Load | /o_ yielding
/B-protot (kN /m)
(mm) | (kN) | (mm) | (RN) | (mm) | (KN) |y o)
RC-0-8B
29 | 9.6 |46.8 | 54.8 |114.4| 56.3 - 2.44 1.2
(Prototype)
HPSS-40-A(D10) | 3.6 | 12.3|45.9 | 57.1 | 67.8 |65.2 15.8 1.48 1.2
HPSS-40-B 10.8 1 21.7 | 41.3 | 58.7 | 86.3 | 83.5 48.3 2.09 1.4
HPSS-60-A(D10) | 14.4 | 33.8 | 22.1 | 48.4 [103.4]| 86.1 52.9 4.68 2.2
HPSS-60-B 20.8149.1 125.9|58.4|84.4|88.6 57.4 3.26 2.3
RC-0-HT
3.1 110.0]51.9|60.9{119.3| 69.1 22.7 2.30 1.2
(HT-Prototype)
HPSS-40-C 12.7 1 27.8158.9(180.9|98.5|87.3 55.1 1.67 1.4
HPSS-60-C(HT) | 24.4 | 51.8|20.2 | 85.1 |[108.7|104.1 84.9 2.77 4.2
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1) &=6ts

SHCC-RC S&f=chHel =& =0 A RC-0B= 54.8 kN, RC-0C 60.9 kN, HPSS-40-A 57.1
KN, HPSS-40-B 58.7 kN, HPSS-40-C 80.9 kN, HPSS-60-A 48.4 kN, HPSS-60-B 58.4 kN,
HPSS-60-C 85.1 kN, JI& &Br232|EQl RC-0B0 HloH 0.8 ~ 1.6 & SJtotALt.
D&Y 2= €2 Cetge A8MUlM= RC-0B V=& X2 RC-0C JI=a &M Hlw
A= 1.184, JI=& &M CEFZ D SHCCSEM 40, 602 HEs ASHOUMAM= 1.328H,
1.4084 SItotACH. &=0otESS [Fig 5.11] I 20 JeHZ=2 LIEHRLC

Yield Load
100
80
60
g |
'g 40
3
20
,
RC-0-B RC-0-HT HPSS-40-A(D10) HPSS-40-B HPSS-40-C(HT) HPSS-60-A(D10) HPSS-60-B HPSS-60-C(HT)
Specimen
[Fig 5.11] Comparison of Measured Yield Load
2) Z2HHIEH

OtZI2IJHAE SHCC-RC =gHtS=chE AgH e Z2ddl S40 et EotAeE

Secant Stiffness at yielding2A [4! 5.1]13F 20| EIlotS L.

g
ol

Ky=—1 [&] 5.1]
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Secant Stiffness (KN/mm)
=}

Bluwot0d LEEHH

Secant stiffness at yielding

RC-0-B

“ICollection @ chosun

K, 82552 M, , #2282 ¢,
B0, S T2 ABRI2IET} NEE
30| BYE RC-0CE 1.2 kN/m, SHICE =

RC-0B= 1.2 kN/mm
Z8t EE
2t HPSS-40-A 1.2 kN/mm, HPSS-40-8 1.4 kN/mm, HPSS-40-C 1.4 kN/mm, HPSS-60-A
2 kN/mm, HPSS-60-8 2.3 kN/mm, HPSS-60-C 4.2 kN/mm 22 LIEFSEC,

LIEFHCH, A&

d

0

T
r

U0l =

3.6084 =il
8N O

2.0
0.0 —

RC-0-HT HPSS-40-A(DI0)  HPSS40-B  HPSS-40-C(HT) HPSS-60-A(D10)

Specimen

[Fig 5.12] Comparison of Secant Stiffness at Yielding
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=¢ttots Motadgez =Xl el 48 MotdAaez AEgH2 & & HE=Z
FE 300 m X F=0 2d&ets Xt XNE2 F=201 &S oA, 282
NEFE Mlst 4,000 nm o MM SAUAM =32+ (Net span)S JHE == U A&
= A AIoIRLE. ofE Motes BHRMO SN2 HAIGHRCH, A8 2 =F2
ZCIE 0 012 WEE AaE [HIHK ot=S JHE06t0 &0lst sciE A gl
o 2z 2dE 220 FX W HEE2 &=, Lot =stots HAHUAS 2dE
=2 5t= OOoIEH2 8o MES ot 2 <Table 5.2>01 LIEHLHRUALCE.

AgZ z0ictE=2 RC-0B= 56.3 kN, RC-0C 69.1 kN, HPSS-40-A 65.2 kN,

HPSS-40-B 83.5 kN, HPSS-40-C 87.3 kN, HPSS-60-A 86.1 kN, HPSS-60-B 88.6 kN,

HPSS-60-C 104.1 kN, 22 LIEILIM B, C Type JIEAEXNEYE HlWUH M= 1.2384, &

&M A, B, C Type & SHCC =M 60mm Jt 40mmOil HloH 1.326H, 1.066H, 1.928H ZSItst

No=2 HIOLEACH. SHCC =M 40mmOil HioH 60mm E HEst =8

ZES UERG. £& D& H22s 48 ddde 0 =2 & 24
LK

SHCC H& SHe D&EE H200 &8N HEHY O =2 2
P
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Tested Load-Deflection

RC-0B
— —RC-0-HT
40-A-D10
--40-B
--- 40-C-HT
60-A-D10

Load (kN)

0 30 60 90 120 150 180
Deflection at Center (mm)

(a) Tested load-deflection curves

Tested Load-Deflection

RC-0B

40-A-D10

-~ 40-B

Load (kN)

--60-A-D10

--=- 60-B

60 90 120 150 180
Deflection at Center (mm)

(b) Tested load-deflection curves for specimen A, B Types

[Fig 5.14] Measured Load-Deflection Curves of Slabs
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Moment (kN-m)

Load (kN)

0 i i i i

Tested Load-Deflection

0 30 60 90 120 150 180
Deflection at Center (mm)

(c) Tested load-deflection curves for specimen C Type

80

60 -

=S
=

20 14

[Fig 5.14] Continued

Moment curvature curve

..............................

- RC-0-HT
40-A-D10

0 30 60 90 120 150 180 210

Curvature(/mm) x 106

(a) Tested moment—curvature curves

[Fig 5.15] Measured Tested Moment—Curvature Curves of Slabs
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Moment curvature curve
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(b) Tested m-c A, B Type
Moment curvature curve
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T 60 -
z 5
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20 ----- 40-C-HT
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(¢) Tested m—c C Type
[Fig 5.15] Continued
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Maximum Load

120
100
30 ———4 o
3
= 60
2 -
w0
20
9 RC-0-B RC-0-HT HPSS-40-A(D10)  HPSS-40-B  HPSS-40-C(HT) HPSS-60-A(D10) HPSS-60-B  HPSS-60-C(HT)
Specimen
[Fig 5.16] Maximum Loads of Slabs
Maximum Load
120
100
30
g o
-~
g
= 40
0 RC-0O-B HPSS-40-A(D10) HPSS-40-B HPSS-60-A(D10) HPSS-60-B
Specimen
(a) Maximum load A, B Type
Maximum Load
120
100
g 80
=E 60
=
40
20
° RC-0-HT HPSS 40-C(HT) HPSS 60-C(HT)
Specimen

(b) Maximum load C Type
[Fig 5.17] Maximum Loads of Slabs
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(b) after loading test
[Fig 5.18] Loading Test of Slab Specimens
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(b) foreground after loading test
[Fig 5.19] Cracking Pattern of HPSS-60-A(D10)
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(b) side cracking
[Fig 5.20] Cracking Pattern of HPSS-60-A(D10)
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(b) side cracking
[Fig 5.22] Cracking Pattern of HPSS-60-B

3) & &l HPSS-60-C(HT)
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o BX=2 WSS o460, 48 &= = = Z1 0.5mm Olot2l OIM=E0l 8
2 35 LERCH, 2t 28 =2 4.0mm 82 SEHUC 010l S22 A
TZE2 P50 Ol HERS A2 HOEHED. 48 = 28 &=
5.24]et 2Ct.

20l A2 OIA
[Fig 5.23] ~ [Fig

(b) foreground after loading test
[Fig 5.23] Cracking Pattern of HPSS-60-C(HT)
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4) B

(b) side cracking
[Fig 5.24] Cracking Pattern of HPSS-60-C(HT)

Xl HPSS-40-A(D10)
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Ol Gh=0IMZE0l 65 3k ZAZUJLMH, 0.5mm~ 1.0mm Olotel @ Z=2 2304 &
C ZAGUL. 2 2#E =2 11.5mm EE2 SEERUCH. 28 = IS4 EH= [Fig

5.25] ~ [Fig 5.26] 2t ZCt.

(b) foreground after loading test
[Fig 5.25] Cracking Pattern of HPSS-40-A(D10)
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(a) bottom cracking

(b) side cracking
[Fig 5.26] Cracking Pattern of HPSS-40-A(D10)
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(a) after loading test

(b) foreground after loading test
[Fig 5.27] Cracking Pattern of HPSS-40-B
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(a) bottom cracking

(b) side cracking
[Fig 5.28] Cracking Pattern of HPSS-40-8
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(b) foreground after loading test
[Fig 5.29] Cracking Pattern of HPSS-40-C(HT)
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(a) bottom cracking

(b) side cracking
[Fig 5.30] Cracking Pattern of HPSS-40-C(HT)
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(b) foreground after loading test
[Fig 5.31] Cracking Pattern of RC-0B
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(a) bottom cracking

(b) side cracking
[Fig 5.32] Cracking Pattern of RC-0B
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DNEHE HZO FJE0l 2 N2 M=ECL. M F 72 M= [Fig 5.33] ~ [Fig
5

(b) foreground after loading test
[Fig 5.33] Cracking Pattern of RC—OC(HT)
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(a) bottom cracking

(b) side cracking
[Fig 5.34] Cracking Pattern of RC—OC(HT)
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A Hel =etotSHtAl Mot HE =cHE A8H otF52 22 & US UlM=E
H

= Ofel [Fig 5.35]2t &0I LIEHRCH.

Al
i
-
2
0z
m

(c) HPSS-60-C(HT)

(d) HPSS-40-A(D10)
[Fig 5.35] Comparison of Crack Patterns at Ultimate State
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(e) HPSS-40-8

(g) RC-0B(Prototype)

T T R . W .

(h) RC-OC(HT)(Prototype)
[Fig 5.35] Continued

- 158 -

(“)Collection @ chosun



28 Ade

<Table 5.3>1} &

g0l O HE 0
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of Cracks and Crack Width of Slabs

, [Fig 5.37]1+ ZLCt.
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Number of Cracks

Number of Cracks (ea)

RC-0B RC-0C HPSS-40A HPSS-40B HPSS-40C HPSS-60A HPSS-60B HPSS-60C

Specimens

[Fig 5.36] Number of Cracks

70
——RC-0B
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_é 40 HPSS-60A
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S 3 ——mpssenc
% 20
< 10
0
0 20 40 60 80 100 120
LOAD (KN)

[Fig 5.37] Number of Cracks at Loading Stages
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= mo ¥ M| HUE STIE2AE SHC-RC =EzeH2 A Oe
AT, S5 HIEY WA AF0 DS ZD AS UGS 20| ZES AAL.

=s
4
ot

c

|[4S oHAl SLoIA SSHLHE0 CHEt BlwWolA WHE XH0IJF sAFSEHLE & & gLl
Gl 2 UEFLE SHCCE A E8 S+ 2o BluHE & o= & A2
Ct. sdiE2 dEH2 4

|
Sosh Hlddol A0S =8 2UE dluotd Chs <Table 5.4>00 LHEHKCY.

<Table 5.4> Comparison of Measured and Estimated Results of Slabs

. . Predicted .
Initial yielding Max. values ] Nonlinear
Speci of bar (Test) besign Analysis
becimen Strength
name Disp. Load disp. Load Load Load
(mm) (kN) (mm) (kN) (kN) (kN)
RC-0-B
46.8 54.8 114.4 56.3 42 .6 63.7
(Prototype)
HPSS-40-A(D10) 45.9 57.1 67.8 65.2 58.8 52.7
HPSS-40-B 41.3 58.7 86.3 83.5 75.9 78.6
HPSS-60-A(D10) 221 48.4 103.4 86.1 59.1 58.8
HPSS-60-B 25.9 58.4 84.4 88.6 76.2 84.3
RC-0-C(HT)
51.9 60.9 119.3 69.1 47.5 711
(Prototype)
HPSS-40-C(HT) 58.9 80.9 98.5 87.3 80.6 85.8
HPSS-60-C(HT) 20.2 85.1 108.7 104.1 80.9 91.5
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General RC

LVectran Fiber Using
High—-Performance
Cementitious Composites

[Fig 6.1] Cross-Section of Beam Specimens
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[Fig 6.2] Details of of Beam Specimens(beding type)
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[Fig 6.4] Manufacturing Fow of Beam Specimens
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(a) rebar assembly-1 (b) rebar assembly-2

(c) gage installation (d) rebar in formwork

[Fig 6.5] Manufacturing of Formworks and Placing of Reinforcing Bars
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(c) Vectran fiber input (d) mixing VC

[Fig 6.6] Manufacturing of VC and Concrete
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_z "?“:

(b) VC pouring and curing c) concrete pouring and curing

[Fig 6.7] Pouring of VC and Concrete and Curing
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(a) Specimen Setup

[Fig 6.8] Locations of Measuring Device Attachment
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(b) Specimen Setup
[Fig 6.8] Continued

- 171 -

(«/Collection @ chosun



Load Cell
Hinge

150 1.100 150

(a) Loading test(bending type)

..
777777

700 | 100

150 1,100 150

(b) Loading test(shear type)

[Fig 6.9] Setup for three—point Loading Test
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6.4 Vectran &S AIHESESN & X 2 AdgZ & 24

6.4.1 =stol= Mot & 2t

M =8totE MotA &M <Table 6.2>% 22 Z2UE UEHRUCH

<Table 6.2> Experimental Results of Beam Loding Test

Second slope Initial yielding
] Max. values
Specimen after cracks of Reinforcement

name Disp. Load Disp. Load Disp. Load
(mm) (kN) (mm) (kN) (mm) (kN)
RCB 0.57 23.55 5.14 167.77 9.71 186.29
RCS 0.62 29.67 2.31 86.30 4.34 101.58
VCB-1 1.32 68.59 4.92 199.52 25.67 223.26
vCB-2 1.29 65.32 5.31 194.60 6.58 203.01
VCS—-1 1.48 68.38 4.98 203.47 21.04 231.79
VCS-2 1.47 70.58 5.13 208.97 15.03 227.30
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Tested Moment-Curvature

80

o]
=
v
’
#

Moment (KN-m)
EEY
=
I.l::‘.::
I
o)
&

I
o
==
<
&
("

500 1000 1500 2000
Curvature ({mm) x 10-6

[Fig 6.11] Measured Moment-Curvature Curves of Beams(bending type)

Tested Maximum-Load
250

200

186.3 kN

el
L
=

Load (kN)

VCB2 RCB

VCE1
Specimens

[Fig 6.12] Maximum Load of Beams(bending type)

- 175 -

(“/Collection @ chosun



=

VCS-2 223.7% O =2 W=

H VCS-1 238.2%,

0

HAs JI=&E Mol bl

e

o E

t

&

=

o)

Ol

A

JJ
s}
20

-

ol

oll
H

0
B

=il

(o]

7e)
20
ol
ol
]

—_

0J
Rl

H

00
83
10

Ok
ol

puy

(m}

—_

0Jd

b0
ok
ol
Rl

=

A LEE

=
-

oAl 20 O

TSE= NN

ool 2 =el & X =EHO0

s

At

O
iy

ol
Kl
s}

oJ

0]
00
30

o]
=
oD

STOIFSUH T Vectran EKAIHE =

o

o

—

b0
ok
uJ

o)

ﬁc

2
=

el

nO

—_

uJ
Kl

)
I+
I
il

110
oo
Rl
i
=
oD

HRANHES

Vectran

Ol

£ 20IH,

—_

=2
=

JtA

=3
=2

n0

S|

n0
MJ

UL,

P

o

AEHL Ml LHE g2 [Fig 6.14]2 20l Hl

3

S
=

fr

Tested Load-Deflection

g,
R e i e

RCS

-----VCS1

---VCSs2

20 30 40 50

Deflection at Center (mm)

10

[Fig 6.13] Measured Load-Deflection Curves of Beams(shear type)

- 176 -

Collection @ chosun



Tested Maximum-Load

-t o — —_— —_— — . —
<0 N 0 © © - O
=0 L L
R 0O & o A o
= W= oW oo .t
e A oz RORED RO
= = W oz o8 om K
_ Kb =S Tn o~ [l
oK ST T D o =
o oS MR
w —_ an ol =0 Z0 oll ilo0
o @ o= RR L m
e = _x_n._ i 0 = = O rt A
+ N e E vl ~
= _ N0 — ™
= = T = N 1 R
< S
2 wl| RES 2 2 2 W
@ IS m == __ H__l X
2 3 H v o ool ) [H
@ g O o< oom W g
©5 S (0 m WD g
e A ] i KB/r
W m Rl Mo W= R
3 == LH ol OJ =
== Sy ot O S i
s & Nz oE g o
E I = w ow mw o %o !
P = 2l o _Z
= BT n i 23 g
= 8 I = o
& = &l E = 3
W A o’ ) _u_ m& z iy
; < @ -0 . n0
© ok g O T3 — m_ ) W.o.._
w X0 W 5 __“Amv W’ 5
RO AR =
S & 8 =& -=° S w oW s
1 =i =i — — AE — =R _._._._ ~
(N pror 5 = KO g w0 DF K X
D ! . % . =
= < i _M_w LT R R
: 2 o 6 KoK B
© = if0 = ol RO S
RO 0 K0 b R R

bl
It =

i
=

=
=

b

o
=

=

B @2 J+== 130,

FROM 22 232l EDt

- 177 -

AlSH

SEACH.

=

=

LEEFSHCE.
4 .9mmE

=

=

o
ju—

EH

3|
S
==
=

=
—

o)
{ZICollection @ chosun



(a) after loading test
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[Fig 6.15] Cracking Pattern of RCB
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(b) foreground after loading test

[Fig 6.16] Cracking Pattern of RCS
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(b) foreground after loading test

[Fig 6.17] Cracking Pattern of VCB-1
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(b) foreground after loading test

[Fig 6.18] Cracking Pattern of VCB-2
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(b) foreground after loading test

[Fig 6.19] Cracking Pattern of RCS
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(b) foreground after loading test

[Fig 6.20] Cracking Pattern of VCS-2
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<Table 6.3> Number of Cracks and Crack Width of Beams

Specimens
Crack width

(mm)

RCB

RCS

VCB-1

VCB-2

VCS-1

VCS-2

0.5

mmO| ot

12

1.0

mmO| ot

1.5

mmO| ot

2.0

mmO| ot

2.5

mmO| ot

3.0

mmO| ot

O | OO | O | 0| W

3.5

mmO| ot

4.0

mmO| ot

4.5

mmO| ot

5.0

mmO| ot

6.5

mmO| ot

10.0

mmO| ot

10.5

mmO| ot

14.0

mmO| ot

15.0

mmO| ot

23.0

mmO| ot

27.0

mmO| ot

Number of
Cracks

13ea

9ea

10ea

9ea

14ea

22ea

Maximum

4.9mm

3.4mm

22.8mm

27.0mm

10.4mm

14.8mm

cracking(width)
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Number of Cracks

Number of Cracks {(ea)

RCB RCS VCE1 VCB2 VCsl VCs2

Specimens

[Fig 6.22] Number of Cracks
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[Fig 6.23] Number of Cracks vs. Cracking Width
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i, CC&F

4

<Table 6.4> Comparison of Test Measured and Estimated Results of Beams

Bending type
Specimen name Max. values Predicted Design Nonlinear
(Test) Strength Analysis
(kN) (kN) (kN)
Standard
Specimen
RCB ] 186.3 80.7 81.9
(High—strength
Concrete))
VCB-1 Vectran Fiber 223.3
Cementitious 213.2 120.6 151.2
VCB-2 Composite 203.0
(fiber content 1%)

<Table 6.5> Comparison of Test Measured and Estimated Results of Beams

Shear type
Max. Load Predicted Design
Specimen name
P (Test) Strength( V)
(kN) (kN)
Standard Specimen
RCS ) 101.6 52.8
(High—strength Concrete))
VCS-1 Vectran Fiber Cementitious 227.3
Composite 229.5 220.2
VCS-2 (fiber content 1%) 231.8
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Specimen

Max. values

name

Disp.
(mm)

Load
(kN)

Disp.

(mm)

Load
(kN)

Disp.
(mm)

Load
(kN)

RCB

0.95

30.2

10.21

172.6

22.68

175.8

VCB

2.03

66.8

9.89

197.6

32.26

208.2
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[Fig 6.26] Load-Deflection Curve(Tested&FEA)
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[Fig 6.27] VC Beam(FEA)
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<Table 6.7> Comparison of Experimental Results and Design Strength and

Nonlinear Analysis and FEA

Bending type
Max. values P[;eedslidid Nonlinear Max. values
Specimen name (Test) 9 Analysis (FEA)
Strength
Load Load Load Load
(KN) (kN) (kN) (kN)
Standard
Specimen
RCB (High—strength 186.3 80.7 81.9 183.5
Concrete))
Vectran Fiber
VeB Cementitious 2033 120.6 151.2 208.2
Composite
(fiber content 1%)
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