T ARELHXE No. 502°V-25, pp. 83~92, 1994.11

BIBHE— £ 2 > PR~ MY v 7 AR Sk EEE R
R & iR T 7 v o Et L

AA-FO—"  NIFRIE

YYH 7 a—bDRA, KAV HOERS X CHEEN OBRASHEBH— 1 4
< N Yy 7 AREREOBENT & EEIERICRIZTHER N EREERAE ORH S
BREfH I B o5 L. ZORE, BERREHEROERSLT L & REAROBIEN
HOMALE b OoTERBORVWIE, BLUMNSHEIEMSERTOBETIIN
<, HHEICHY S HBMLEE OERSIE s 1, ChRERR OISR & BRIk

B BT EEHOMIC L

Key Words : interfacial zone, fracture toughness, frictional stress, fluorescence

microscope

1. EAME

—RR iR 2 v P REAME OB T oMR
PRIV B ETIRBIN Lz 2 v F — it & D il &
1, ZOWNLRVF—DOREHE= MY » 2 ROV
b AFEE L BOMME OS] XK BEORIN T % v
Foigkbhoxnd?, ULichio T, fkMtmst £
Y RESHMESRERERERIEST /01T, < b
)y 7 AQVTHNERET 2@HSKE L5 FREE
HEREBEL>>WMT 2 T L85 XRT 3 T EBFE
TH5. WDy RS ERIGEHOMNERBRIC L DT
i h 30, FHEOHEIRCERT 27 4 —R
BRVIEGIE, ZO5|EEXIERIEH—< Y v 7 2
REMAROBELRM LI bDER B, TOEE, Wi
D5 Bk Ficxtd BIEBUL, BEE <Y v o 2ADRE
KAEZRRET 3BRBICE T 2 ANER & B 5
BAEURECERT BB > THREBS WD L
EZ 5N BN, mEEXHL ML - HRRIER D
s, —F, BE, 3 V2 ) - P AOBIENF OB
BEBACKRE SN TED, BEPEMIEDL v 7 v—
Tavktr v RNy 2 REOMNER MO M
BENE NS A — 5 2BVE I EMBRESRTVBY,
INSOMEICBVTIE, NEWELEHE—<I) v
ZARBEOVUTHLNOEREE AL, REIICB T 5N
HE X OO ERENEREI NS, &5, 20
FRicbVTR, RICNEBEEE U RECIERT 2
BEEET O L CEMET 5 2 EMTEEETH 5. T,
B, EESEMEHE— 2 v R M) v 2 2RI
BOBENME % EBRNICRY 3 HEEEEEL 122

A Y FRMBO XS K SHEOMB OEE L RS

ERE # (DD SRAENT TERIAEETEN
(F920 £RAVIIE 2-40-20)
VESE T SRXFHESE TEHIAERTER

#570icid, KKEEE 2HFLOEPRAMILE LD
SEHTHETHEZER ST L0, bulk 22 ¥ b
<~ 2 b GREHEOREEZIIRVEER) LIIRN3
M BT 28—t 4 v b= b Yy 7 2REERD
MBI BV T b2 OMBOMBT LIcic X VOB
BREXTELEEZONTYVEY, REFEROHREE
T B HEE LT, KeA v P HOBRBXUYY
H7a—bLPRY T —DRBA VRN THELEZLDS
N, Bentur & Cohen® i3>V H 7 a— %2 BAT B &
REER OB 1 3 T & 2 EERETIAMEE
HICL VLML TWVWS. 1, DULhOMIEER
(TURMER) KX 28DEAL VS Ritth 513, R
EfER BRI TF 29SS TOUbhO#RBICHT 2
EinE e RKEsE3E:dEZ 503, L, 20k
5 15 RESEROBE LR L RE O b h &R
DEMBLUEHMO < L) » 7 25 OF[ XK EE &
BES U RASRE LAFRE VLS TH 3.
AR, YU HTa—bsDRA, KexYHEHOE
B L UHER OBRASTGHE—< Y » 7 2 KA
OWENY: L BEEERICRETHELHAO AL, 20
HEAEREEEREORFM LRSI EMSRTS
CEEBNET S, X5k, REMERONEOARH
BELT= Y » 7 AICERBBHESZBALLBSICE
iF BEEME—= b Y v 7 ARONT BRI O EA Lo SR A
BEN Y VOBECBLETEEI>VLT HRET
3.

2. EBHE

(1) FERAVHBLUES
HERHLEEA Y FPRIEEERVIS VY FEAVETH
3, fEMCIE, EEDBIOIIBDERVL, FHLE
SRHE ZEEAH0.5mm F 7243 0.6mm D R b L — b
HTH 5, WO SKEFRIC BV TR, HYALE

]

83



it — £~ PR b ) 2 B ERIBEREE & BB L 5 L OBt F R - )ik

Table 4 Mix Proportions of Cement Paste and Mortar Matrices Used for the Pull-out Test
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Table 5 Mix Proportions of Steel Fiber Reinforced Mortars
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Table 1 Physical Properties of Silica Fume

Specific Bulk Den31ty Spec1f1c Surface Particle
Gravity (g/em®) “Area (n®/g ize
2.33 0.2 24.2 0.1-0.3

Table 2 Chemical Composition of Silica Fume (%)

Si0: Fe:0, Al:0, Ca0 Mg0 C Na:0 K.
87.44 6.94 0.30 0.20 0.41 1.11 0.19 1.00

Table 3 Physical Properties of Carbon Fiber

Specific Number of Diameter of Tensile Young's

Gravity Filaments Filament Strength Modulus
per Strand (um) (GPa) (GPa)

1. 90 £000 17 1.8 180
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Cement Paste Prism
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Fig. 1 Diagram of the specimen for the single fiber
pull-out test
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Tip of Interfacial Slit

Photo 1 Progressive debonding in the interfacial zone
between a vertical steel fiber and the silica fume
—free cement paste (a) at a pull-out load of 14.7
N (b) at a pull-out load of 29.4N
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Photo 4 Interfacial zone between a steel fiber and the mortar
matrix after catastrophic debonding (a) silica fume- Photo 5 Distribution of fine aggregate particles in

free (b) 10% silica fume-bearing

the interfacial zone

# (Photo 3) OFSHEOEMEEOEAARZV. ZOZEEF
W o AMTEERE DR T okofiiod~<n
BWETOTP) v 7 2LOEMEBICLOF) v 2R
PELIHELTWS CEERLTVA, L, ¥
HTa—biEAEA Y FR—R MIBWT T OMER
WOIROREE EE@E A v F— AP LD EPE L,
o | 2R EERCBVWTHEEZ T AMHE I
BohfcbOitlaEtWwaA’s TOL3i, ¥V A
72— LADBEAI L DIEEREOR ESANE (LB
HlRrELsLe b v 7 A0BESICLED RS
(Photo 4). ¥riz, ¥ ) A 72— ABAENS LOE
R Y A 72— LBAR—RAPDERID/PEL

HoTWaZEMFEHsNS,
(3) FEMEEOMEIY & ATEWEETEE O
& DR

Wik A ¥ b _—2 b T, FKkfie2 v b RTH
Ca (OH): #£&EVUUDhOEREHT 2 L5 /T
BCEY, BrUE{LEA VY b<—2 FHEOREHETY
RS ICREE LM T o b hofed &4k ic
Lo-oThAEEOWENFEZNLGLEZLNEY, [
—DKEA YO EE LY I 72— LERBALEES
i3, SHARCREETVHHFAIEHMEEhE, &
Hig, A v FOKHRIEMEES N THRAKFIE A ~ b
WEdELT L Ebic, £V35 vRIBICE b CalOH),

L

&8



TA¥LHXE No. 502,/ V-25, pp. 83~92, 1994.11

OREFbEDT 5. 1z, ®V3 YEIGI L Y Ca(OH),
BEEL TWIERaic i, HBIMARE LR OMAMIES
NB", LkdoT, YUHT7a—siBARXY b=
2 b —figE o RmfEgic By TR, Mo REERIc
ERLEHZOUbh SRS ORETE I E B 1L,
VUDLhOERET 3 X SR F 60, Lidi-
T,C@%é,ﬁEUUbhu&ib§<®OUbh%
FESEDZTENHERT 3120, M S BIER
ﬁ(ﬁ%ﬁﬁ)@ﬁ%ﬁﬁ&b,ﬁﬁﬁﬁ®W§ﬂﬁu
EFLib0EELONS, —F, Kex v HERR

LIcEaid, RIMERYIBARORE T % V¥ —BEKd
30L& B ISR CRAMALESRL T 3. 35,
FIKFIE A v FRIT® Ca (OH), HREHUTOKLELI
%L, DB, KAV rHOERICEsTEA Vb
<R—Z FOKBET A NMF—HBREAL, KRRV
3. &f, CUDhOERETHTIRTIREMT 59
2, REEROBIEGESEALLEEIONS.

BHHTFROCONOEREHFED0T, —fRict A
VER=Z LD SENINVOFDHIEERMEIIARELA
5. LdL, Photo 5iRT&HIC, HiE—Ers=
by 7 ARERERICEET APRTORIDRY, &
DTED, YYBT a—sERML TS V—EKE
REARICBVTS, YYhHTa—bser v =X}
OIS (Fig.6) L[EIREIC 2 ORISR LD -
folEEBRLTWREEZ SRS, LbL, YU

— ATV VTBIT ZBIETEN Y H 72—
AL A Vb R=Z VBT BENED E/NELEB
BRI TH 5.

Table 6 ICR 2~ Y v 7 RICBWTHNEWERE
ERT3EBEBIENETRT. YV h7a—sDRBAKK
b BEEIN I3 AT 2 ERIEZ/RL TV 5, Photo 3 B&
T4 XD BSHEES I, MEHEREOBIERR (F0t
BB MY YN T a— LOBAICED/PESHEELS
&, YUA T a— LOEMNIC & - TEEED RIS
BEN S FEEROEABBRSEA LI EERT b
DTHD. Fi, ERRE-THSWIEEER (o &
WAL O » 2 REOBEEL LT 20 ET BIEHIb
EDHIRLIDIGNEELZ NG, Lith-T, ¥V 4
7:—Aﬁﬁv%u/72—%ﬁﬁu366H§Wﬁﬁ
mEEEE A v FOBELD L RS BEEINE 3
BTXBIEIINBEEZONS,

(4) BRESBRTENIIOETE(CEEICETIE

=

Brandt® iz & 3 &, Mt A Y PBWTI A
OFBHEDT | XTI 5 L X DRRINT 2 V¥ —ZLITD
SEAMOIRBEELTVWS.,

D =MbYy 7 2 oBMEPERET 3 L 20K

I RIF—

Table 6 Frictional Shear Stress (z) of the Debonded

Interface

Type of W/C Silica Fume Carbon Fiber T ¢

matrix (%) (%) (%) (MPa)
paste 58 ] 0 0.74
paste 35 0 0 0.70
paste 25 0 0 2.37
paste 55 10 0 0.82
paste 55 20 0 2.87
mortar 95 0 0 1.22
mortar 55 10 0 2. 44
mortar 95 0 0 0.69
mortar  §5 10 0 0.87
mortar 58 0 0. 1. 26
mortar 55 10 0. 5 1.28

(values at the interfacial slit Tength of 15mm)
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Photo 6 Interaction of an inclined fiber with a crack :
Yielding of parts of the matrix due to the
local compression
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Fig.10 Fracture toughness for the interfacial zone

between a steel fiber and mortar matrix reinforced
by carbon fibers
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Table 7 Mechanical Properties of Several Matrices

Type of Strength( MPa) Fracture
Matrix ens. Flex. Comp. Energy (N/m)
Control 2.87 7.72  86.2 17.47

10% Silica 3.53 7.03 49. 17 71.59

Fume

0.5% Carbon 2.68 6.23 36.6 169. 7

Fiber .

Carbon fiber/ 4.84
Silica Fume

47 47.8 189.3

40|

(@) Silica Fume-free

m%///"“\\\\;

(b) 10% Silica Fume

Load (N)

40

r —
20

(c) 0.5% Carbon Fiber
L 1

"~ 20f (d) Silica Fume/Carbon
Fiber

1
0.5 1.0
Deflection (mm)

Fig.11 Load-deflection curves of steel fiber reinforced
mortars
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FRACTURE PROCESS OF THE INTERFACIAL ZONE BETWEEN A
STEEL FIBER AND CEMENTITIOUS MATRIX IN RELATION TO

THE TOUGHNESS OF STEEL FIBER REINFORCED MORTARS

Shin—ichi IGARASHI and Mitsunori KAWAMURA

The fracture toughness for the interfacial zone between a steel fiber and
cementitious matrix was experimentally obtained .by applying a compliance
method to the single fiber pull-out test. Effects of the addition of silica
fume and sand grains, and water : cement ratio on the fracture toughness
were discussed relating them to characteristics of the fracture process
revealed by the fluorescence microscope. Interfacial fractures under the pull-
out loading were not a simple shear failure along the real interface. Local
failures of the extended regions around a steel fiber were accompanied in
the fracture process. The decrease in fracture toughness due to the addition
of silica fume can be related to less microcracking in the interfacial zone
and less tortuous extension of the interfacial cracks. In order to increase the
fracture toughness for the interfacial zone, a small amount of carbon fiber
was incorporated into the matrix. The addition of short carbon fibers was
effective to improve the fracture toughness and the frictional stress in the
interfacial zone. Steel fiber reinforced mortar with the matrix containing
silica fume and. short carbon fibers exhibited greater M. O. R. and toughness.
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