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1. FxH=E

BEEIVI) - OHETHRE. SIBVRESIVUAMENT Edic. BEEERIY I — K
ERWARBSRERTWS., BMEBRIY 71U — MCEEBEEREBL LT, #35 REDH
V7OV YR EQERBMEFAS<AVOI TV, TEEEHLVW I 7 A N—DBAFHEL L
TSIFCON (Slurry Infiltrated Fiber Concrete )AEEHXhTW3, Zhit. KD T 7 4 N—
AVITN=PEEVWTR I 7 AN HBHS L ARICRET 20108 LT, SIFCONIC B W T I,
FTRHBPUL Iy AN REZEEDBENANNRAS Y —% T 7 4 N—MHOZERMICH LA
CHEERVS. TOHBECENERROMEM 7 7 4 =2, B S—EY RLMTV Y
U—=hFHKAREARRZVOIH U TEHERMICE > THREKR2 0% STHEET 2 2 & Halie
THod. FRI7TAN—AVIY—rARLEbhdLd>cnhif, Z2OMARIEEL 2o T
KBILAEXABND. 4D T 7 AN—HBILOVWTEDHAREERLEDDORSZ VWS, |
—BERERETICEWVWT, ENENDT7AN—aY D) — MDA L USMHL EERIT A
W, ABEOENRRO_ETH S.

1) RENABEO I 7 A N—=aY I Y—K (AF—WTy7yA "=, SIFCON. 5 RAT75
AN=, RYFoELy) KHULTA—BERE TSI 2 20OMAHK % 2ET 3.

2) RBMRIE T, SFRM (RF—NVT 7 A N—=TIVA V) OHLEFIVH DB AK
*PRT 5.

2. ERH#%

B— 1 KR E.2RT . ERIZ4BEO V77 A RX—D60BEBYVOMAEDLELSRY. Zh
ELOMAEDEIDNT 1205 3 6ADFE—H#RERIH 16 0 0OFMORRENDHRY ZO.
2. 1 HRAEKBR

HERMER- LIGRT A, B8 OkevMNE 2 0.42) ° ° BAKE GKeavhig:0.70) * @ 2 8
BOWMGERARLE. £k, BRXEET I, FHLEBICHITOTbDhEAL X8
BRABBHERLE. RIVRSYR®AY KA 41 (ASTM C-105) FLUHMBEMEL LTI AA2D
PREERD (ASTM C-109) 2FWVWE. AF =T 7 48—+ LTI, T 4847 (EL0.5mm, £
E30mm) AL 2 %FML =, BITOCDHBREK B < g3k #133x0.5x12 in.  (75x12.
5x300mm) & 4GRAMICIAY % FMiT 2 LD I BNV THEE L. BITOGDhEREIL Y
T IWMPNBREE G ZBEBERAI D1, 2ME OB (75x12. 5x3008 X U75x38. 1x4
50mm ) B LE. BEEXCEE KLY FHARKE. —BHMUBRANTRERES. 6 0
AKARELZO®., THHAT®EUE. @ITOVCDODNRBRAREIE 6 HRIATEER. 21
HEKH®RELE. R 28HMORAERL. {EAZHTOUDN (O HE:0.2-0. 3nn) % 4
CEELEDIC. BABELAD 2 ik, TEPRICEVT3. mDEbAETTREFENE. G
FRM (JS5A77 A R—FWEV) OB L UTIEEX12.5m0 2 0 0 4 0 B » 5 72 3 fif

=1227—



FIWHY Ty A NR—FHWE., ROV YREZ19mmDE) I F3AY RERAWE,

2. 2 RESIUCARRH

BEBRTATORRBIEBRYVELOREBRBE T ICHI ., EERVEL AR
HED 3. S5%EARIADBESLIUSHMATEEL UE. TORBRBENHALILEAS
EEBLYHERSE91020° €.50° C.80° CO3MEDEAREEXAVWE. 2. 6. 95 F (FRif
RETIHL1O04H) B, AF—WIT7ANR—BLUVSTFCON#HREITHITRRERRL =
ThitH LT, V3 RAZ77ANRN—BIVRY Forvitdikid2. 4. 6 > AOEEBBRYVEL
HREHITRABREERL =, HITRBREREITZANSVE250mm (KEH#HITOTLLERE R
400mm) L. MITE—AYF—EXHEA100mm®D 2 SEF#BEL Uk, BHHEEX.
254cn/4r e LHREDEDA L HEOBRBEEABMICX— YV I—F -l I E.

[Cm‘nposile type I Concrete mix I Exposure MEWTI

‘1Highpﬂmbilily 50° C(A)

R—1 HREOEESRH

an

- SFRM SIFCON PFRM
6 months T, Jand|  Sundard
: Carbonared and | Standard and
C S°C®) 9 months Specimens | Stndardand [ Stunderd and L85
SFRM ”{ H type crack induced i”lh . e permeablity
50°C(C) Coment 1 1 1 1 1
: 2 months
SIFCON H Crack induced e s
9 months Flyash = = 0.2
50°C (P
Water 042 07 036 0.5 042
Sand I 30 : = 1.0
Superplasti- - - 0.03
cizer
o Fibers 2% 2% 14% 14% 2%
F£—2 2PN LR AT B R
* Exposure condition — nital crack "] Peak 2 | Modified 73 ol ot 8
Thr wd in sodium-chlcei e pec vo i stross psi | poak stress Tmlshmnm_d"_mm“f
dn;::r‘xy:::m;m ummm'nb water at the indicated temperature, and three type ¥ "&;’.) (Mpa)| psi (Mpa) |index | mimimum
(A): Highp ity speci T)Standard spocimens curd i 9930 7110 | 15840 |15598 | -
pocimen (B) : Carb ; Rt c35) | | (o5 | s
i i ; ;s ; o s wda | 16516 8122 [ 1507, ; %
pecimen (C) Q;;kRMlipecmlmdadupmlo.llm&ﬂemmpmmfmﬂn w‘CfuZW“m L (11.39) (12.51) (1246) |1% 545
Specimen (D) : Crack induced specimen loaded to its peak strength SStendand wpociens saiand & (13241-)0 ; drgzs) (11930355) m 05%
Specimen (E) : Standard specimen for 2 months d % o
i H Sl . S 3)Standard spocimens samrapd af | 10960 17830 19375 [15546 | 05%
(P): High per ; poscd to three days of saturation in sodium- | $)52rar speciioens il o) (229) | {338 |1r490
chloride water, and two days of drying in the oven at 50° C for the SIFCON = =T 15973 TS0z @7 TWE 3
3 80° C for 6 meonths (11.01) (11.38) {12.06) E 3;; :
> Tandard spocimons saturaind §210 72T 5038 [15432 | 99%
H-1 REBREREE Bt IR AN
7)Standard spocimens samraid & | 1403.3 16713 889 |15 490 | 34%
3. EERRER 2 C for 6 months. (9.69) (11.52) | (261) |1*502
Bt [ T [T
3.1 SFRM®O# 5)Standard spoct dw | 16283 18957 | 18630 | 154.68 | 121%
B VT SRR R O C o ot |26 | @36n | 0den |resoa
#- 2 SFRMORRKRERT. ® [Domer—or by [Log e [Eg [
- ° for .S 11 * 35.4
Thigh Tity spocy 6016 9124 9306 | 15537
— 2 gy - cured in laboratory air Tor 2 months | (415) (6.29) (6.42) 1*94.4
2RBISBEC—IRARERER e T T (w9 [,
« 2 in air for 6 m X X X X
(mm@l:ﬁ“ﬂ'& 4 41\'-@A$tmh‘ [ T3)High permoability specimens | 1007.0 11742 | 11639 | 15528 | 23%
saturated for 2 (694) (8.10) .03) | 1*1026
JEHEDBE) DHORDEL% T 7 N— |ty [0 [0 [ 05 | Rass | o
[T5)High permeability specimens | & 1147 494 | B535%
y - gy L e e —m&) G5 (o] 1* 94.0
BARC ST 2B TIENEERT . T6)Curboraied speciomcns cured 1| 10862 R
laboratory air for 2 months & .81) 85 | 1369
o P 7 5 N B TTYCarbonaed safuraied
bbb Ty A DRHDESDENS. TG spocimens }g[x%.)o s | 5| e
- 3 3 T8)Carbonaed ‘specimens saturated | 1180.0 14238 1439.1 15527 260%
BWEEICBTZ2 77 AN—BARIE L %R | forsmonns 8.14 ©08) | 092 | 121
TOYCarbonaied spocimens saturaied éﬁ )_.2 13492 | 1292 5463 | 699%
gk&%’)@—e‘ 774I<-EA$§ 1 %& for 9 months (8.45) (9.30) (8.91) 1*232

e UltkamnE 2 RdE. UAtk ()
77 AN—HAKOTHE - REZDAM
BETD0.5in. (12.5mm) X THOEME Y TV

1000 psi = 6.85 Mpa

*1 Initial crack stress is defined as the initial crack moment divided by the section modulus.

*2 Poak stress is defincd as the peak moment divided by the section modulus.

*3 Modified peak stress is defincd as the peak stress calculated from the regression line at one percent of the
local volume fraction of fibers.

*4 Toughness index (15) is defined as the area under the curve up to a deflection of 3.0 times of first crack
deflection, divided by the arca up to the first crack point.
Toughness index (I*) is defined as the arca under the load deflection curve for the SFRM specimens
up toa 0.5 in. deflection point divided by the area for the plain concrete specimens.
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BIVHBEOBBETOWE-—HREDAMBOTEE TR U B THMET 5. =0 AH 051,
HE-72DAHBRTTHUHOCDLDIED 3D EDLAEICET 2SI TOHER LM OVDIIE
HETOMBRICL>THENIERTHRULBTHMLZ. EROFER. 4 BEORRBEIRD
LI RAROERERT. bbb, 28 HMATRE X hEMREICHEEL. 2> AMEEE
RINEGMEE. dTRE. CARZOHEMT 2. chiXBREORYEABHEICE2 774
N=lBAYVRI NI AREONEREDOHIM LZ2DDLEXPNDB. ZhitHLTE» A
UEREBREEEHAMITARE. CAMLb 2, AHNEEBRZEEDOICH LTEL L RY
T35, A1 0 AREBR X EMEHARKIE. 2 FMEERRZEEDLDIHEAT,
HITRENL 8 % U AR LITWRALT 2. 6 » AU LEEBER X EH#REIT5. 440 570%7 7 4 N—
BNEREROEIEZN. HBEARECRBRILLZV0UVDIWEBEXh RN 2. BRHERK
LEBEURABOBBE R M ET 2L, FERUREDP 77 A N—L AV KT U 7 AMD
RNEBBLEIZ20CH LT, BREXEOBERLR L. BRICXZ2BHHHERIICES 7741~
HEDSRVBATH . 77 AN—HBEOBAVLMRES IV LAKOBHEERT L., 774
N—HEDORP DN THITREDBRIERESITHLIDICH LT UARIBAXLLBIT S,
ELAEB/NERF 2% LEBES. MITHREIXI0RAT 2018 LT U AKX L .
3. 2 SIFCONOHITRERMER

SIFCONOHMITHRMRER-BIKRL. RANLFE-HAMBEER - 21RT. S1I
FCONDRBMRIAF—NWI7AN—DBELAKROERERT. Thbb. 25 AMEHE
BREZEEZHOIE. 28 HHMAHPEELEZEEDDICHATHITRES IV ULAEEHTOICHL
T. 6 > ANELREBREEELSOORICK I 7 A N—B/NEZE230%BPZEZDHOHH Y,
HITHBE. CARLIRMOTEIN. AF—IWI7AN—ILHRBZLFORIRE LRV, Zhi
SIFCONDBABMEAY FEARZEVWILEIUVABAY REANZVWEDBREE HE
POTHYBERICEDEROBODNEVWEDLEIDHh S,

#— 3 SIFCONBLBAK O) B T BLBRAS R o [ OJ el

R e m T Avesge educin] LHOR fsm;‘am in laboratory air
type psi (Mpa) index (I*) fiber diameter : Speci A s, s

mem%wﬁ 7409 G511 600.0 n 10000 water for 10 months

Standard spocimens saturakd at 9291 (64.1) 7014 23% ‘ [

%’mm saturated st | 9651 (66.5) 7408 17% 1 g o
gmmm saturated at 18187 (56.4) 602.8 07% 8000 1

ggm-podmmnwdn 8927 (61.6) 6563 114% } ®

o e m at 19054 (62.4) 684.5 122%

TStandard spocimens ssusied .| 7168 (404 5718 1% o @ \
'ggmm saturaicd at | 7923 (54.6) 609.0 %1% R ( ‘\ } \
352)57%'\; specimens saturaied at | 8269 (57.0) 589.9 1% g ® \
e T specimens saturaed #8051 (55.5) 587.0 126% g oo \
ggu: mwu‘y“ - .28 e 5786 (39.9) 458.7 'g \

2&%@ specimens 16340 (43.7) 436.5 57% % \

E‘)\Iunﬁ p;:%e:nhh specimens | 6255 (43.1) 445.5 71% 5 b\
“mmﬂﬁﬁumﬂ specimens (5797 (40.0) 421.2 211% & 2000
15)“""':1:?‘0'50%@-‘4 m 18337 (57.5) 6054 E
}g)fllun::"-:d specimens saturated [ 9956 (68.6) 663.1 143%

};)g"n:;fd ‘specimens saturated | 9702 (66.9) 625.6 154 % 0 - i ' '
LS tcbonaid spockoens wiuind (9882, (68.1) o084 B4% 0.0 0.1 02 0.3 0.4 0.5

* 1000 psi = 6.895 Mpa Deflection (in.)
*1 Peak stross is defined as the peak moment divided by the section modulus -2 SIFCONﬁﬁﬁS@ﬁE-f:ﬂ’JJ}Eﬂ]ﬁ

*2 Toughness index (I*) is defined as the area under the load deflection curve for the SIFCON
specimen up to a 0.5 in. deflection point divided by the area for the plain concrete specimens
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3. 3 JTF3RATyAN—HBAKOHITHARER
TSAT7AN—HBREORRERE2R -2 1R L. RENRE N —FEbAMBER - 3 1R
T R—-AIWRT IO > AMKHRBEIhELOEFHE. CALHICEELERW. ULAL
AL, 6 AHEATICBEZEEDOX. HITHRE., CABLLELLBLITS. Ll
S0CHIEKRIICA » HHBESEEL ORIV UDhRAELICHBICES. ZhbORKRE,
TJSRAI7AN=WEBTBARSTY RAOZRIPICHAIVY I LRI HPBRET S LICL->TT 7
AN—RFHZERES IV CARIBROT DL EXLNSE, T, BREE 77 A -2
YheDILFERIGEREEEI2LEIBND,

R—4 7 I2AN RGO T RBRER 250

g : Specimen cured in laboratory air for
28 dayt
T *2 e :S in sodium-chlorid
3 stress Toughness
sl :;'-k(Mpu) i:x(l‘) A vmu a80°C for2mmuu
L 7] :S d in sodium-chlorid
air !uzsay- - PRLS water at 80° C for 4 months
Zﬁrcmmnd in laboratory 1873 (12.91) 373 2000
3)Specimens saturated at 80° C 1558 (10.74) 8.95
for 2 months
4)Specimens saturated at 50° C 1461 (10.07) 12.0 §
for 2 months |
5)Specimens saturated at 20° C 1508 (10.40) 198 X
foerm!hs 1500 d b SAS
o5 P 1693 (LL.6T) T B
for 4 months
7S saturated at 50° C
fum al 1728 (11.91) 121 \
8)Specimens saturaicd at 20° C 1783 (12.29) 151
| for 4 months ~
9)Specimens saturated at 80° C :
9 Spocioms 1605 (11.07) 16 glm
10)Speci saturated at 50° C 1708 (11.78) 102 ?
| for 6 months @
11)Speci saturated at 20° C 1437 (9.91) 142 E
for 6 months E
1000 psi = 6.895 Mpa =
g
lPukmnuchﬁmdnd:pukmmxdavMbyhmmmhhu % 500
‘2Tonghmu index (I*) is defined as the arca under the load-deflection curve for .§
GFRM specimens up to a 0.4 in. deflection point divided by the arca for the 2
plnn concrete specimens E_
3.4 RUFOCUUHREOHITRRME  ofd : —
0.0 0.1 0.2 0.3 0.4
R-SWAR) oV VHBEORRER % Deflection (in)

AT HRIILBHREREBHLRT A, RE B-3 7 32774 -HEE O R E- /=D A ik
BIUHREORBICHPDLTHITRE., CAROETRED LGN .

4. T7AN—HEREOM AN
HITRBRERICESWT. 4BEO 7 7 A N—HBEBOMAK LS LEEE. B-4 348K
D77 AN—HAKOBREYM L EHREOBEGERT . C—VRELGEERNEE (28HF
AEXNEDHD) LHEHAKOMERTH . HI-SERERML CARKERT. ERERIC
EOWT, €—JEAN%20%. CAHR30%BAIE2FTOHMEMKEEE AF—V
T7ANR—AY I Y= rBLUPSIFCONKDWTRI7AN—BERDRD L ITHRES XU
CAOBROPSEBONEPRER2ERLE. R—6GILARBED 77 A N—ORBIHAEDOX
¥R, AF—WIyAN—aYIY—=RhE, TSAT77A4N=aY 7 U—RICHRT, BE*
20%MOPEEBZDICIEOHMEEL. CAMER30%WAZEIOKSHEORMEET S
LhHhHME, SIFCONBAF—IVI7AN—KYELITHARICEBRATWEZLADN S,
h#HES K UHTO D hERE IR REHRAICHEART2 -3 FRVWHILEEERT .
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F£—5 FU7out LA O i T ARKER R—6 774N -DRBA A DX

T + Peak strength ratio Period of Period of
Spocimen Peak stress Toughness'2 (toughness index ratio) saturation saturation
tvpe psi (Mpa) index (%) . for peak for
1)Specicuons cired i labocaiory 1181 (8.14) 107 Period gthto | tough
l2l' or 28 days . 6 months 9 months reduce index to
2)Spocimens cured i Wboraioey 913 (6.30) 132 (10months |20 % reduce
| 3)Speci 80°C for standard) 30%
>3] samrated at 1461 (10.07) 938
for 2 months Standard SFRM 0.93 0.93 21 months TOmonths |
4)Specimens saturated at 50° C . (0.80) (0.73)
‘um 1567 (10.80) 114 specimen - o
S)Specllm' saturated at 20° C Carbonated 0. [ "] months * 11 months
for 2 months 12108.13) 8.0 SFRM specimen | ©50) ©77
6)Specimens saturaied at 80° C
for 4 months 1396 9-63) s Coats Sidiced g} R & mmonibs & monihs
Dipocineds mhnmdw 0 C 1179 (8.13) 139 SFRM specimen | 06D ©76)
8)Specimens saturated at 20° C Standard SIFCON| 093 - 0.89 * 2 months | * 2/ months
s s " 11020.00) 120 . X ©93) 087
?c)ts 6 months ” el 1530 (1055) 108 Carbonated Y ?Ogl) (%g%) * 13 months +23 months
10)Specimens saturated at 50° C 1286 (8.87) 133 SIFCON sp
; IPFRM specimen To% - Not Not
11)§) saturated at 20° C deteriorated i
v m 856 (5.90) 129 (1.15) deteriorated
1000 psi = 6.895 Mpa GFRM specimen e & months Zrmouths |
saturated at 20° C (041
*1 Peak stress is defined as the peak moment divided by the section modulus GERM ooy 081 3 : 2 :
*2 Toughness index (I*) is defined as the area under the losd-deflection curve for saturated at 80° C (0.05)
the PFRM specimens up to a 0.5 in. deflection point divided by the area for the
plain concrete specimens.
* Predicted value
1.34 0 : PFRM specimen )
u : Carbonated SIFCON specimen
] O : Standard SIFCON specimen
B : Standard SFRM specimen
1.2 @ : Crack induced SFRM specimen
¢ : Carbonated SFRM specimen
a : GFRM specimen saturated at 20° C
& : GFRM specimen saturated at 80° C

1.1

Toughness index ratio

§ specimen
|  :m:Carbonated SIFCON specimen
| O : Standard SIFCON specimen
A u : Standard SFRM specimen
02 | N @ : Crack induced SFRM specimen
", © :Carbonated SFRM specimen
".\A : GFRM specimen saturated at 20° C
‘-‘?: GFRM specimen saturated at 80° C
\
*

0.7 T T T T 0.0 A
0 2 4 6 8 10 i T T T T T T T T
Saturation period (months) 0 2 4 6 8 10
Period of saturation (months)

B-4 774N -G O BEEW L AEOME  B-5 770V -HRAEOBRRERN L U AEOBER
5. AF—IyANR—avZ—rOEMLILTH

ERIICHBWTIE., BENMEEYOBRES IV ULAMICESA S BB LGNS 201 LK
MV EX (0.5in. =12.5mm) DERAKERAVWE. LALRID, AF—=WI77AN—=DHVLH
HZEBEDIBHBEABEVWZ LASHKLEZIETHRIRHHNET 20 EXH B, 20D
EOAF—=WI77AN=av 72— hORMSETFREFVERRLUE. FMESE 1LIORT A
BEE (BRI7AN—DHRELXBL I 7 AN—DRETRLEDD) BRADLILRDLES.
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Lece Lf/2-Lecr Li/2-Lecr
S={J(anxDdeL)+I(Ux1l:xDdeL)+J(fsxA xdL) } /(Lf2x U x © x D x Lf/4)
0 0 0
Lecr=Lf/4+ (Dnin?- fs) / (8UD)
ZZT. S=HEHK Lecr=fRARE (mm) Dnin=7 7 A N—DB/NEE
U=¢#H&EH (N/mm?) D=77A4AN—DE#% (mm)
fs=774N—DFHEVMEE (N/mm?) A=BRBICIIBRNT 74 N\—BiEk
YU TVEFE LT, BEREDRR>E I 7 AN—HBREORIME * PHT 5. EREE
FLYVRDEEMH VWS, a=T.7 (percent/months), b=0, U=7. 8 (N/mm?), D=0. 5 (mm), L£=30 (mm), fs=11
72.4 (N/mm?), r=0. 0036 (in. /month )& — 71c. SHEEOMEER=0.5,2.0,4.0in. (12.5,50, 100nm)

B2 RBHM L RELIETFHERT. £-7 £-7 REUE:ENZILOBR

KEhiE, BEREAHEVWES. BRICX341t e — —

ODHBEZRITV, UDUARAD, BERE A [t pecmen

NEA. RENOBRREFTORBEbLF | %" > e

. Hﬂlfgﬁgmﬁ_]:‘i]t&w&fﬁb‘u d=20in. 1.00 0.99 0.73
d=4.0in. 1.00 1.00 0.

6. & * d : Depth of the specimen

EREL BT OKRRD Z L BB S MRS =,

1) AF =W 74A4N=a0 I —rBEUPS I FCON#HERKIZ. 6 » AU LEHEBERXES
LHMEYETROIEILLDIC. CAMEREISBLXES,

2) USATy4ANR=av 7 —hEREIE., SAkPICEEBREIEILHME. CAtrbick
ELWPEED. B, BOCHAHFICA » AHBREEEDORMYV DA RAE L 3155
WKE S,

3) KU FobE L vHBAAIRPOREBRICEDST. RESICLAROETFEED Sh L
Mo f=,

4) RBERSLURITHERIT. REOBREHETO 7 7 A X—DMAKIOVWTKRD & > i
flie o t=.

good <€—————— durability ———— poor
PFRM > SIFCON > SFRM > GFRM
low 4— nate of deterioration ——  high

5) AF—NWI7ANR—a 7 ) - FORMFZIETEBITERE. HEOFE EEDIEEICX
LHMELIEARENVZLERLE, LALRAS, HEABEVWEEDIENHOBARETAD
RBUODPDOLT ., BELHLESBRWEEISL S,

2% 3CHk 1 : Kosa, K., and Naaman, A.E. Hansen, W. “Durability of Fiber Reinforced Conc
rete’ Submitted to ACI Meterial Journal.
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