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Tension Stiffening of High Performance Fiber—-Reinforced
Cementitious Composites
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Abstract

This paper presnets the tensile behavior of 8 high performane fiber-reinforced cementitious
composites (HPFRCCs) members, each reinforced with one deformed bar 16mm in diameter. The
variables included HPFRCC(Ductal, steel cord and polyethylene hybrid fiber, PE fiber) versus
normal concrete. Fibers used in HPFRCC significantly increased tensile strength, ductility, and
tension stiffening of cementitious materials. For HPFRCC, after first cracking, tensile load continue
to rise without fracture localization. Sequentially developed parallel cracks contributed to the
inelastic strain at increasing stress level. After yielding of the reinforcing bars, HPFRCC showed
increases in loads with increasing strains.

1 ME

194 AWE E3}H|(High Performance Fiber-Reinforced Cementitious Composites, HPFRCCs)
e AR AN 27 AZFY S FAE TYEE 7L (Bridge)dtE Aol 3 #E AJF
59 wEY 2 AFALHE ARHSE ANE EH2UA tige ulMF D (Multiple crack)S

Z QA BAFGo 2N HAAH EAHL zE AWUE EgAd HPAIJEANS BAd A2 AU
AdAgz Br8n Yok H2 olelg EAS ztE HPFRCCE EF/RAAE, W R 2 (Seismic
device) ¥ F& WARAA Hg37] A% 2PHE ZEYF(QAYD S 4T SN W
%A7)= HPFRCCY AZ71¢ /2 2 A% Bzt 0y d77 2l 8590 e 244 9
ot HFFRCCE ¥&4% Bote A¥4%o) ¥71402 AMe ANE Y82 F2 3904 3
BAZHS e Fool HE sbsAHel we ARE WUHE, oHF FARNH TEIAIY
HPFRCC 2 3o 4AZ 9o ¥3¥o2 HPFRCCO £ AAZE 2 wasdon A 7
ZRANM Y 7] ¥ A7 (Tension stiffening) 22 e 4 3lth

ool B wRoIME F3Y Y HFHol $5¥ AFA Eolol BP§ M 534 24 F(Steel
cord)E& AH4% w2 NI FHE BFHI a4 AWNE BFA Az Ji&g AEsin oy
A2 NEY A34Y SAHE 7EgLeEH &F HPFRCCY Fx3FH 88 A% 7[=x2E A
RERE R

TEEAFT T ole] E2aREV R ATz A F2IAYE A B

« 384, FeusE %3 as wes A, FGANHT Y3 AALHA
s+ B39, Fddistm AF IR ZA} oeer A9, QUAZATL FEIE AT
B QTE dARES 20030 AYANT] SATABAY AFH] AQHANE 03AFAAL-0D AT AT R

2049 % 7HE SheuEsd) =523 441



FHA7= 848 AFAAF e Aode 27| 7d $AF ZawlE PHFLEHL PaHn #
AHdge] gt FEgHL U gades 4L Bdn AT FZaE RANAM o 3
EB-FIP 2 Collins® Mitchelldl &) 3718 4 9lon CEBol 93] Atd wie Leonhardt9]
FAHE SHE g A)F Zo] AetHAG

2
g, o, ;
= [1 alaz[gs”z 045 W

9, 0, AdE B2 ¥, o A2 RAEYRIYIT 10), ut §F
F 10, 08 ¥ A&83F 05)lth

g o
O_o,mlo

q

2agee) Ay L] B BAPEOR APARRE AGARE TAZY BF 223
EIAEE-WHE AAE o] &3 7T 4 31t} Collins®t Mitchello]l <3 ztd FFARSH f,
= oe 49 2
& Cof oy
c 6c > ecr (2)
I 500e,

< FAYES AAAE, o> TE BAAN AYEY WY E, exe SO 8 2AFE
of FEd WHEE, ad I RASRAHFACIFEZ 10), et 359 SAR(D7] dx3F 10, 4=

=

K3

%A} A% 16mm
ol EZ9 uiysted ARAAE g BristuA st AddWes EFA TR R Az
o2 AgA Azd AHE EgdAe FagE, 99 (Ductal), PE EY& 15%&E 243 HPFRCC
(PE1.50), SC &4 & 0.75%% PE £ & 0.75% & 3atol2g =% HPFRCC (SCO.75+PE0.75) & 4749
BERAE dydor IFAE EFE Hrbstddh B, 9 9% 9 AN E APy A E4oh
AFA S gzRe E 13 #3n AHSE AMEE TAH Z‘-’JE%:%HE AMEHF 314), A=AE
SAtell A AbEl JRAA S FATE(EF 261, A4 105~120um)E &2 /‘}%3}9&‘4 A HE B3HA <
g dR2e D*P"ﬂ/‘i AAdE Eolo] BAE mQl 584 BAHF, $4AHF PEE DA DYN-A7F
Ztzh AbgE e Zk AE 5S4 B 2% 2

3 4y
31 A¥AE
¥ 12 AAARAE A 50mm
dA9 ¥4 3 vwg u
Bl ez APAe dH
[e]
D ey " ] qE 1 AT AEA B Y A
cﬂ,

=2 o u = [s]
AFE ANHE EgA9 AxA A5 Y &4 € vEAE A& 53 2 AFe F8
F FEFE 7AE [UolY o FHAF EFAY S T8I JFAAVL HE o B AT
M BZE o HlFo] B FAMFE 128 o] FYsS L 3024 #9FE HFo] & Z4
F5 /3% U] 55U F 747 4024 vgdder ZE ARKE FYF F 18 0% ¢ 9
o] EE3ldY
1 ouig=A E 2 MREAM
AF EYUE . 3 o] | AA | AT | g%
A5 |wiclvave. s | STEE G A <:.ml> | 24 (nipl) (GS!)T
SC | PE MWE] 2 L =d cel Cord| 785 | 32 | 405 { 79 | 2300 206
PE1.50 o5 || 150 [10465) 4700 | 4186 Stee :
SCO75+PE0.75| | 075 | 0.75 | 1041.0| 468.7 | 41656 PE 097 | 15 | 12 | 1250 | 2500 7




33 %% 2 ARAT =4
39 25 4 BYAY 4ERE A9ARE . s[

Sérapy {90}

wastel el Hog EAYEY ¢E2PE
gA4AsE PE, SC9 PEE stelBa= B3
HPFRCCE &Alo] vlsle A vebygoh ol A
7 AHE dEIAE EFASNA wEY i?‘.}
Ao AHEHAEE AN Aoz Fudd £
YEY Y=AEA BYEF 0271%2 PE 2 sc9+
PE9] 3lolH 8= HPFRCCe ¢&=73% HIgeL
247 037% D 044% o3 ZzUES HuU Wy
Eo) vate] £ UElgton ol ARE Hi4
ol T3 FAol o dgo= wodr)

a9 3& HPFRCCZ AFE 48 ZA A9 s b
AFIFZE @z 9 wigs AFAFGE 9w
gt el Ao gxAEA A ddRZ B O 2 S AESH-HHE A
748 HPRFCC (PE150)E 1%, sto]lBel= =¥
A (SCO75+PE0.75)= 1.2%71A] ¥¥43t EA4& BHolx glon & Hf EYEo HId3 4% 9o

g vlolaz FAHFTE AHRT Ao vt FY 2 @A 28 w2z SCo% 6} ] E=
3% HPFRCCe 9874 2 ut5AstA Add4 A 822 Aoz Abg Uk

4.0
35
3.0
2.5
2.0
1.5
1.0
0.5

Stress (MPa)
Stress (MPa)

oY

050500 05 1o 15 20 25 30 35

Strain (%) Strain (%)

(a) PE 150 : (b) SCO.75+PEQ.75

34 Y B4

2 oAgAE ALY 2Q4 AdE 2RV F2RIE RN Ve oeEd BHls
4e FEHY 48 Aoz NS 1B5mmz F2HFl o} 122 FZIE 2508 BEA
4 %%31 gtk Wb AwE HPFRCCY U444 E%E AHoE Frls AL 2axw

AP- 13 o] Bl o dGEEE vwste B o /dd HPFRCCY AZZAZYE HAo H&
Al AR o2 AZX FRHQ Fdo] obd v|4d tdedde Bl sMEE Aoz HUty
v 238 E 9 Dutaldl vlse L vlATd 24 T e Aoz wgdn

I8 45 7 AME Al sigd D6 éi“ﬂ"i ARrmez EdA JEZ 125mmU4SE
Aol Faad 2= Aol X (Wire strain gage)d] M E3 HZo 28H vz Ud%gHe #AE
Hlasle] vpepd Aojrh, gl vENG 3}9} 2o Duta°ﬂ g oA A A -"r-’i‘—?ﬂ RnoR
YEg o HPFRCCE 23 EC H3td £ AFFAA EAS Holia Qe ROE FAFUL

WMERASFA SgA e dAFY R AYAY FAH2 d2AsA 4R fAE A otTg_— B o
oel EagE AyA e A wEASA RolFo] AP wal AR E AASA etk

20049 % 7+e S&dRs] =73 443



SR

(@) Mx1&¥ b) 2322|E (c) Ductal d PE {e) Hybrid
AR s E

450

z =
& ST ) S A S —
= EtM S
@ ==} 173
! TR - e o
w o T @
. 150 }------5 B R EETEETEE . —=RC -
o e Duictal
——— HPFRCC(PE) 100. -/~ R —— HPFRCC(PE) -
HPFRCC(Hybrid) - L ~ HPFRCC(Hybrid)
e Bare bar(D1 6) LN 1777 bl 7 e Barc bar(D16)
0 . .
0 200 400 . . 600 800 1000 0 500 1000 1500 2000 2500 3000
Strain (Micro) Strain (Micro)
(o) e
2 4 AFSY-WIUHE BA

4. BE

B 5AXe FERESOe AME EFAY AFEALS Adsted 242 Aoz Hrisn
53] oivlaz PR A% solBg= BPRA ¢z % *2—?1’9 540 g Adade o¢
4% Aoz vdegen AR HMPE 13%C] oJEWA & 9% B¥THS FEY £ s A
oz @rtdt TEEAF 2o FEo|F HE ZTAYE IFFTAE AZA dFAM AFd ¥F
dgo]l HAHY AFAY ERE FHsAT vE ARE BAE ad4 STHACdAE dEdFol
AAEHRYow =3, HPFRCCY AR Fd % £ ¥E5HLE st ARZAC] Fdse 54
S Bt Ductale ¥ A% met & dFAAH SA4E BoARt ddEAeH AdE
HPFRCCH ®j3td wopz HFAHor dAFHA 93 AP 3FE 20

_-

Hog§
1) JCI(2002), "Ductile Fiber Reinforced Cementitious Composites (DFRCC),” Proceedings of the JCI
International Workshop on DFRCC.

444 % % BERy



