Journal of the Korea Concrete Institute
Vol.15, No.3, pp.462~469, June 2003

SMHAZY0|SHeR EMLE 19l
o5tR EM7)

' deEd REEI2(ECC)2
= ds

/1 /| M
1)%
zeg"
Vol 2Ry Tl

(20032 29 249 AwHF,

2003 59 229 4A14w)

Mechanical and Repair Performance of Sprayed Ductile Fiber Reinforced
Cememtitious Composite(ECC)

Yun Yong Kim "

" Dept. of Civil and Environmental Engineering, University of Michigan, Ann Arbor, Michigan, 48109, USA

(Received February 24, 2003, Accepted May 22, 2003)

ABSTRACT

This paper presents an experimental study on the potential durability enhancement of infrastructures repaired by
a sprayed high ductile fiber-reinforced cementitious composite (ECC). For this study, a PVA-ECC which exhibits
sprayable properties in the fresh state and tensile strain-hardening behavior in hardened state was sprayed and
tested. The experimental results show that the sprayed ECC exhibits mechanical properties with strain capacity
comparable to the cast ECC with the same mix design. During loading, the crack widths of ECC are tightly
controlled with an average of 30#m. It is also revealed that when sprayed ECC is used as a repair material,
ductility represented by deformation capacity at peak load of repaired beams in flexure are obviously increased in
comparison to those of commercial prepackaged mortar (PM) repaired beams. In addition to high delamination
resistance, the significant enhancement of energy absorption capacity and crack width control in ECC repair
system suggest that sprayed ECC can be effective in extending the service life of rehabilitated infrastructures.
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Table 1 Mix proportion of sprayable ECC
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(in volume)
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C |W /| S |FA|HPMC | SP | CA

(C: cement, W: water and S: silica sand)
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Fig. 2 Sprayed ECC panel and loading direction
applied on beams sawn from ECC panel
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Fig. 5 Multiple microcracks developed in ECC
tensile specimen

1.0E+00
1.0E-02 7
1.0E-04
1.0E-06
i concrete

1.0E-08 4

1.0E-10

Permeability coefficient (m/s)

1.0E-12 oy —— e
0 200 400 600 800 1000

Crack opening displacement (um)

Fig. 6 Permeability coefficient as a functlon of crack
width (adapted from Wang et al”)

s=2232|EStE] =2F Mi15H 35(2003)



e Sprayed ECC
14 - (a) PMS

e Sprayed ECC
—  Cast ECC

Flexural stress (MPa)

Deflection (mm)

Fig. 7 Flexural stress vs. deflection curves of ECC
and PMs at 28 days

Fig. 7(a)oll VEhd nle} o] ~Zgo|d ECCRY =
A (BAEANY AL H 366 mmelt). 2w
A= @ 1L12MPagA  PM-1(G70£1.15 MPa),
PM-2 (4352026 MPa)$} wluwsted 2v) 71 & %)colv}.
3;40?:1 ‘}7&1 51/&1,] nﬂz% 1 ?E}O H,] i}o]E’ AL
#glol¥ BCC7t PMel Hlo}@l THMe # **%
S A ¢ F Atk PM-29 7§ gajde EAkg
F/lnigeﬂ a5 7} gl dol Agsly] afEol

138 o]e] o] PM-1o] Hlsle] iAo Zrk
Ty, Aol FHedle A9 7198 Rl AL o
Epgth @9, BCC 29 Jgejs Ay BY ves 2
ot AF9 Frel weEh #e=o] waEA Frtsirt %
FEAE o228 A Fho| WATE 1 o|F ES
o] AA3] F7letHA %«1 F7} Al ge] B °J
o] gadel M F, FIFAE =Esd HF
Hajdel FgdE HFo X‘Z‘ﬂ% PVAXS9] Ao
g $2o] Aasta o] Egdi)

hl

1:1
X& i %O

m

_\T_,O}J —lE

BAAmR0BYOR ERE TO1Y KRB o2

ZEI2(EC0Y A5 B2t 25 o

SHAX ZHFL-J 73S BAENERE/150 TE%
T 1, £38E = PMI 2 FAEAARY
A= H]E 1 0~3001, 947} FAmnHY Azl
02 ojAatA <l A ERAAl(elastic—perfectly plastic) A&
2t e #olth 2xold ECCY WA=
(1L12MPa)E 1594 TEZEGE2MPAZE Wrils
), %]%EH]*‘E ok 352 ALtE, o] 2xzHold BCC
7} AAHYABIATE e ARYS ANk Aol
}, ??}{ 74] AHEl PMS] B2 EEE e 1.80]81th
7(b)el Yehd whe} zro] Ax#old ECCY A

Fol gurAQl BHdlol ot} AZd ECCst A9 5
& Aoz Yest ol 41, 427204 Zled wieh vt

W2 mo] Bae] AEH0R IRl fise o
o} e 342 e sk ol e @

dS Fdstdet, Fe 7(c)l E/\]ﬂ
¢ BT Trw AATE ehiic
% 9l3ke] BCC/H 2xefo] B 7
Aagle] AvE YL 00 2 4

44 TEF2|EECC BEEo| EHE

#ojd ECC/T22E FHEY FAFTLE Fig 8
A3 Hish 2 Fig, 8lH AEZe A2 dFe
AR S AN ALt BEEo
W HeH oz s 7w 224 ( «l
229 ARl $Hs YHH Ace Bu A
_i ﬂwo}@‘v} S, Fig. 8(b)ol A ek %g =l
S FEAE 9} %! 1‘1101] 7'<7l£"°é’°

\
I\ 1‘ m

=2,

AL

Moy
rir

e
Q
mlo

o2 rif = HN o oft &

O ol YO 3 N oy o
o
=2
4
"
&

i
olff
ro,
B
N

Type A(Fig. 8(a )) = f’a7] ‘ﬂ'oaﬂol e +2adEY
ECCol 4R 4
AQAAE JeE Eﬂ - ﬁ@]@ﬂ% Auid os3
2o}, AT o) #eHo] T we g
AlEgo] FAHE T AATe] BT 1
o|% AT Jite] EHEHA HW, FEZAYE F9 3
Hol| #do] wAst] HJFEHIrE ECCFA 243 1
Ad 9 shtet o] Hrt o]e} o] dAE ¥
of oJste] stFjel] meshedl, A= o2 S we] =
FAF L FT 3BmmE SAHIAT ©] g PM-10.32
1001 mm)# PM-20024+£0.02 MPa)e} =13k w|a
afo] BH, oF 106} o} & grolth TEAE/PM 33
Ho] ALk vR7A 2 PMKEY] AT fAle HEs

olr

467



= ECC/Concrete C
14 - — PMs/Concrete
12 4 = byt Spraying

(a) Type A

=0 ECC/Concrete
——— PMs/Concrete ﬂ

Flexural stress (MPa)

Deflection (mm)

Fig. 8 Flexural stress vs. deflection curves of
repaired composite beams at 28 days

Holu 9t} &, Hislgd Eudl o|F gtad g¥
Ae# @A o] =Esigi

Type A BCC TARY E7%(12031040 MPa)=
PM-1 415691052 MPa), PM-2 A 8(507%0.10
MPa)9] 28l o]ioln] #HEH-AHF JH9 WAL w3
ghH ECC $AHe] ouvA] E#E@,S PM 3o
Hlsto] eAjule] sgeict wEE 4A F3 go] R
70l weZEo] glomA Efﬂol%‘r" #E Galge] A&
Aog g Wy F2EY Aede UxFE A6
A ol ofste] IAE BHR Tgo] &3 Az
59 stEd sl Fxugdz A" shsAle] At
mebs, Az gl digk ECCY Alolsee) o
ECC §Ane| g3t #fydsy, dux S559
B2y FEEY YA P & oldoE F45HA
740]5}

ool A 7leet el 2ol PRI e FEIAYE
oA BCCZ dAse] JFd Fadd sl dojyte
H, AAHe HARu= dAsh] gopt). olegh Alg
A= Axgold ECCY FEIABES] Fadwo] ¥4
Ags she d EAV} §ls e SR Ag 1
Aoz FHerh olxy %5t —E’— 2 E/ECCY] 52

2 FF BE A g A F2EY
Ui4g el 71 E 4 J&%LE}.
Type B(Fig. 8b), & l e TEAES

—;—‘i}_{
ot e

e o 2

_]
G

{25
>.\.L—u~rq
Lﬂz

i

B 32
X
nJR

Lol

468

AZgold BCC K9 F3H-NABAS PM FAH
of M7} vlwste] 29, BCC AR -3 Ewd
TEE ¢ 7 AUk 3 13 dyA] F545EE PM 34
Bl FAjulo] H"’*dﬁ} o]¢} Zo] ECC 47t
gt olU7] F5Es Hole olfv AAWY dAE F
At o] ECCEY AdAHelA] riAgdo] Ay
E37] gioltt oleidt A ATe IS AANA
F3lal g AN AflE F2AESY dEE F
Ao PAEE= AAM 7499 kink-crack trapping TE
71 2Jste] BOC FAB7E 528 duA] 4%
He 2 €8 AT vk vhE PM @R A9
ECC #4ueote g PMZY A% \401] Az 1789
el ofste] FAE AT o] 7haslal mhuo o
2 AR dFAY FAE] e,
54 E

£ dFoMe 2ZYol BOCE ZAYE TZREY]
Hepo] A8sto 2y FREo] YA ddd 793t 4
des AEsiTh o8 fl8teq FEaYE/MRCC A
oA AdE FAgEe digh FAES ik T ~
Zgold ECCY 84 BAS dofsta 2xyo] 34
o] A84E& A gt viF, AAU%, E4E 5
S FHAY B ATFE Bl de 4B U ¢
=3
1)

2 ¥ EM ol&
o] %E;—i TEEH}J\UE " ]a'q

2) AHAGAF ] A ~Zo]d ECCY 9l
o] PMdl| H|3td 50~1008] £ ZoE %Xéﬂﬁi
ECCY #8Z2 A NumZ AHATE P43
E3}e] BCCY gwge PMel| H]3ted $Aulle] 3§
He Ao Yepton, AtEe shEdoA
A B YERTE mebs, BECCF A2 o]
of oJsle] BpARA AFTE AL, s Wk
#glo] Bt —,o]/ﬂ_,] EXNS 74 8 Aog
"k 14, Alojd #EF 59 ECC 29 AEH
EXL Ha Al X#%Eé A%, TEREY YT &
ol A 7198 Ao dgdr)

3) ECCHARS ouvx] F458e PMEIE v}
T gelgion, FEaglEge] FHAXTE
3 oR L}E}%} E‘z ZE3 Qe
ZAYES BT 45, F ¢l e ECCH
KR A% %ﬂ qUiA] Fseo] FAHN

n:a@%lor>J

H

H-i )
N oz pE Ho of we

o

sz aa|Ess] =2 Hi15H 35(2003)



t}. ECC 1o #8Als 8y tEe] BCCHAA, 3 YM Lm and VC L, “‘Durable Repair of Aged
5 Hag A gds #dysE duA 45 Infrastructures Using Trapping Mechanism of Engineered
3 5o TxEe JTAS 2Rsk=y Z ojdoz Cementitious Corrposites,” Journal Cement and Concrete
28317 2 Ao}, Composites, Vol. 19, No. 4, 1997, pp.373-3%.
4. T, Kamada, and V.C. Li, “The Effects of Surface
2IAj0| = Preparation on the Fracture Behavior of ECC/Concrete
Repair System,” Journal o Cement and Concrete

. Composites, Vol.22, No6, 2000, pp.423-431.

G e ARG A Postdoe, SRIUT 265, oA ol 3 2 A22A Aol 8 £
9Jr (—Zr)%]_"o']'%—‘ﬂ' /‘qiyf*ﬂ Umversity of Nﬁc}ﬂganii—_’ Eﬁﬂol% ﬂ?_]_}‘é /\ 7], UEE}.E .,] 7HEL, b‘—}
A dE Aol st AFEen oo ZMRF=HYr) F2A B R AAAAE 208
g $5dTE ¥ University of Michigan®] V.C. 6. SA. Austin, PJ. Robins, and CL Goodier, “The
L wel 2 A4e #Hsle 558 & AAdgne] performance of hardened wet-process sprayed
P& WA ZAEHYT mortars,” Magazine of Concrete Research, Vol. 52,

No. 3, June, 2000, pp.195-208.
AN25] 7. K Wang, DC. Jansen, and S. Shah, “Permeability
study of cracked concrete,” Cement and Concrete
L V.C. i, “Advances in ECC Research” ACI Special Research, Vol.27, No.3, 1997, pp.381-3%3,

Publication on Concrete: Material Science  to 8 VC L YY. Kim G Fischser, and M. Weimann,

Applications, SP 206-23, 2002, pp.373-400. “3rd Progress Report on Durable Link Slabs for
2. VC. Li, “Reflections on the Research and Development Jointless Bridge Decks Based on Strain-Hardening

of Engineered Cementitious Composites(ECC),” Proc of Cementitious Composites,” Michigan Department of

the JU Intermational Workshop on Ductile Fiber Transportation, Dec, 2002. 24pp.

Reinforced ~ Cementitious ~ Composites  (DFRCC)- 9. M. Madlej and V.C. Li, “Flexural/Tensile Strength

Application and Evaluation, Takayama, Japan, Oct, Ratio in Engineered Cementitious Composites,”

002 pp.1-21. ASCE Jourral o Materidls in Cvil Engineering,

Vol6, No4, Nov., 1994, pp513-528.
2 of

2 =EdME gA2xYo] TR ot EpEE 1A AR E2EE(EC0)E FREY By Hegtoz T
ZEY WHEe S §T+°ﬂ o3t ?0} Atk ol& flete] XL AHdME 2Zge] ¥4 Adtet FE5EA
S 23 GloMA, 2L Foe AVIHAIATS YehlE ECCE 22 o] FHor eldsto] AFdAE Alztete] 283
Aok A% Ad 2x=gold BECCY 93H B q(" 173 9 #A%)0] dubel epyd] ofste] A2tE BOCY Ao dAjshe
Rog Yehton o] wo] BOCY 7#8Z-L A 0ume AojHee}t TEATE/MRCC TARY dUr] F4sde 712
B E/HE 2xgo] REEZ(PM) R 313}04 g e Aos degion AW FAYTE 45 Ao )
2tk BCC 3179 dEA5EH i Beyd RATEAYERCC FA4)9] 3288 Fud%d, dux F458 5
< TEEY WS ke 2 ojdez 31”10}71] 2 Zlojth

SHAZ0| - A2z ol ECC, Z22IUE By, AAHAAINAE, FLE Ao, diviA 459
SAATHO|ZYOZ EREE 101N MRBZ R2EI2(ECC)2 AEtY EMI} B M5 469



