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Fracture Characteristics of the Pre-Cracked

Fibrous Concrete Beams
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Summary

In our researches we made mix-design, with the mixing ratio and pre-cracked ratio of
steel fibrous different from each other, building the steel fibrous concrete beam which had
pre-cracks. To obtain the fracture characteristics of steel fibrous reinforced concrete, series
of experiment were conducted on pre-cracked beam subjected to 3-point bending. Thus,
we carried out experiments on the destructive characteristics of its pre-crack and post-crack
and the result is as foliows.

1. The compressive strength of steel fibrous concrete beam increased more slightly than
plane beam, and the tensile strength increased 37%, 59%, 94% and 121% respectively
when the amount of fibrous was 0.5%, 0.1%, 1.5%, and 1.75% respectively.

2. As the amount of steel fibrous mixing increased ant the steel fibrous inhibited the
crack growth, the crack condition of steel fibrous concrete beam was retarded irregularly,
and this increased fracture load.

3. The defiance of destruction was reduced in the ratio of 135 times and 1.22 times
respectively when the length of pre-crack was each 2cm and 4cm in comparison with the
case of being without the length, and was similar to that of plane beam when the amount
of steel fibrous mixing was below 1.0%, and increased linearly when it as above 1.0%.

4. The experimental formula seeking fracture energy was follows and thus we found that

the value of fracture energy depended upon tensile strength and the size of specimen.
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5. We observed that in the load-strain curve of steel fibrous concrete beam the progress

of the crack became slow, compared with plane beam because the crack condition became

long to the extent of about 10 times.

Concrete was faultiest brittleness fracture through the study, it was known ductile.
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Table-1. Dimensions of different sizes of specimens

Beam Fiber Crack Beam Fiber Crack Beam Fiber Crack
o, content length 0. content length o, content length
(Vol. %) ratio (Vol. %) ratio (Vol. %) ratio

IS1 0.00 0.0 ms1 1.00 0.0 VS1 1.75 0.0
1S2 0.00 0.2 ms2 1.00 0.2 VS§2 1.75 0.2

1S3 0.00 04 Ss3 1.00 04 VS3 1.75 04
I1s1 0.50 0.0 IVS1 1.50 00 - - -

ns2 0.50 0.2 vs2 1.50 0.2 - - -

S3 0.50 04 IVS3 1.50 04 - - -

*1 A5 FEoZ AR YL 000% S: Static testd] A

I:Age] 7oz ZHF EUE 050% 1: i &% Zoli 0.0cm

m: Age 702 4K EYE 1002 2: 7 B Holt 2.0cm

V:Age FEoZ AR E94& 150% 387 @A Zojkk 40cm

VIiAge FE.Z ZFHH EYU& 175%
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Fig. 1. Geometry of specimens
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Table-2. Material properties of steel fiber

. . . Tensile | Aspect
Dia. | Length | Unit weight .
3 strength | ratio

(em) | (em) (kgf/m®) (kgf/emd)| (L/d)
005 | 500 7.85 13.0 100

concrete | SFRC) E&ol FHE AlME: B
FIEUE AWE D, A= FRHAS HY
< EASA .
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Table-3. Mixing proportion

Guax | Air [WaterjCement X{i(c:) azg,ri ggze
% . .
(mm)(%)| (kgf)| (keh) %) | Ggh | (kgh
25 115133 2432 45.7 3298 | 49.44
Fiber
. . £ 1. 1.75
volume( % ) 000 | 0.05 | 1.00 50
Slump{cm) 12 10 8 6 3
Weight | | 1795 | 3450 | 5.175 | 6.037
((kgh) ' : " "




50k TR @5k 344 #2%% 19924 6R

5. 2 3 e N

HE frd 2a2E BETHEY ES
Hatol 3o MMM BARE] 27 Al
BAE #ly =3 ES 5 &R dol7t &4
Ocm, 2cm, 4cm?l 33579 2 1570E HFs}
fch

%8 tgAF 2A3t0] Hol BedBfo R
gilgt e FEE AAT F APEL s
BogLs san. 27 4884 879
2 g AAT F 24~25Ce 2m2 2897
Keh#E Q) o] BE BYFEH 9% 10
cm, &9] 2cm, 4cm$l S5 YES Wu E=

HEE BHdate] i S TEAC.

Dial gage -l a Crack length
T AN
. 1
T I

il
T

L
10cm 80cm 10cm

Fig. 2. Details of specimen

P Sa8lEe] EBREES SIREES
golH 7] fete] HARFY Y TIHEE
fEFs e MR BA R whet 247k 370y 25
30709 HAREE WIESEc #EBE BEC=
W2 282§ gbA v F 35302 o
£AYEE AY F Zvid dPdE 2534
3% iR o r FegA E2d 358 9
A ek, 28w B2 AAS7] de Al
2aS ARGt #HEE 33 84709 B
=5 AAS F 28U7 23+ 2C2 22 K
#ESPon Kl X4+ ¢10cmX20cmol
=3

M. BERER
1. BhHEERE REX

3 HE HANEY BY EHRERE K
Tae Y O3 2 ASTME 399-74
23} Bazant. Z. P(1984)V¢] A|¢rajo] Qirt,

7. ASTME 399-749] #RERY

K= 1)
o714,
f(%) =2.9(—E~)1/2—4.6(%>3/2+21.8(%)5/2
—37.6(%)7/2+38.7(%)9/2
P=3}% L=x2 Zo]

t=Ho X b=19 o)
a=/ @\Hdol

L}, Bazant, Z. P2} #ER"

K={/(na) - fo@) reeeeeeeeneeenns (2

PL
bd?
A7) A,

3REWATYN A% ! £3(a)=1.635—2.603a

+12.3002— 21.270°+ 21.86¢*

a=— d=2¢] o]

2, BHOIX| RE #EX

BHAIUAE & KROZYH de Fig. 39
KRRERE o3t TS, RAAIA
& Fohe 42 Bed 2ol REHNULS



i BHE + MM T2 ER 9 HigkH

250
225

Is-1

175 P
% 150 15-3
315
3 100

]

(1] aan o aatan CEE L A A NN

0 50 100 150 200
Deflection( X 103mm)

(a) Beam no. IS Case

ms-3

ms-2
200 ms-1

O 200 400 600 800

300

250

200

Load (kef)

150

100

0 200 400 600 800 1000
Deflection( X 10-3mm)

(b) Beam no. IS Case

0 200

400 600 800 1000 1200
Deflection( X /10 %mm) Deflection( X 10¥mm)
(c) Beam no. MS Case (d) Beam no. IVS Case
700 7
VS-1
600
500
= VS-2
¥ w0
g
300 Vs-3
200
100
[, T T T T T T T Y T T
0 400 800 1200 1600

Deflection( X /103 mm)

(e) Beam no. VS Case

Fig. 3. Relation between load-deflection



BERETRBRE H34E H29 19925 68

AjtM g g,
b(d—a)

fT e e (3)
o714, §,=2AUER] HhHF
b=He %
a =H P
A=A1He Arle) -ujet AR EHE
Chn
M=x9 %
d =59 ZHo|
g =%9 7I&x
uehx] d5-A P M) WA D Wl x5
A% TS FEEIS BEEAUAE F3tn 1
¥EE Fig. 322 Jehdo, Fig. 45 Z24%
A& A9sFe BAEEAN § ERH)
7AAel uhet g S22 E pEIAE
S 4 & Uk £ i g% olF e
e BEAURAI}F A AdEe AL wiE
YA NA JHe) Eazerl ¢HS Bo
ol F7FAQ U7l ARy RO 4

predh

Failure load (kef)

sowasn NOTCH=0cm
©00e+ NOTCH=2m

*2e9® NOTCH=4cm

o0 180 200
Fiber content(% )
Fig. 4. Relation of failure load to fiber con-

tent
3. BOILX| Bl A
E3E A9 fAFY JGo e vA

FEEgo] FutE T o
vehle $8-U8E #A2 vlgstn Yo

Bazant? ol @2W G=WA=1/2Wef IE
o wAZE APy F W Fe2a9
x4 d,o Bl #H8k3, Ee,=Cie,, ,=f/E2
EAY £ Aotz 397

1 . d , d

G= Py CoCif,? E: =Cyf,? _Ij:i—
1 , d , d

Gy Py C1CoCsfy Eac =Cyf; Ei

KA Cp Cp Cp Cp CE A4ZH
AR FE 238 ¢ v 294 99
2o B3 e Kelx BEAISHA

d
G=Kf 2
C

gtu AL 5+ g

V. WEER2 i ¥ =%

1. #ilk#t Z32|E0| BREMES} 513K
M

Fig. 5 ¥ Fig. 63 o] M@k E B
fEEE T Mg BAR vHslg itd &
7V, T S RMEE BiE 2}
w2t F7bske ¥4e Jelld.,

2. Al BRHESY ME

B B2o] v MMt Z22E Witol 3
BAAES At BEMES 57 &2t B
3to} & AR W E V=23 § FRH)
AARMRE =4 23 Fig. 7% 2o BA
fE g e REZTIAYE vj3tod R
B BAEKO 05%, 1.0% 15%, 175%<]
Mgt 2a=0M HT 1.13%, 1.69%, 2.88
%Y 7zt Frvstglen, g7 & Lolvt 2em,



i MAE T Sl S ER O] BT

(kef/cm?)
g 8
Loty
0D q

£3.8

£

Compressive strength

3204 a

310 j

R L A AR N —
0.00 0.50 1.00 150 2.00

Fiber content(% )

Fig. 5. Relation of fiber content to compres-

sive strength

3253 3
o 3007 °

N
N
3.3

25.03
2257 A

20.07 3 °

]
1701 °

P

150

Tensile strength(kgf/cm

1253

10.0 e ey
0.00 0.50 1.00 1.50 2.00
Fiber content!( %)

Fig. 6. Relation of fiber content to tensile st-
rength

4em?d FH AHL FRHEC e
Hsle] PF 8% Z71eti, 10% E7HEe o
ket

3. MM RARO OE SBEARD
NG

ZaEd oM BHEBES e T
2% AAF @ s P =237
B3 @mHEol EAPYE Aot & a9
Ev i@z &S gAglel 3 &R
ojate] gl ol=2A He Aolth

arararera Fiber content=00%
4007 99869 Fiber content=05%
] 888688 Fiher content=10%

Fibes content=15%
Fiber content=175%

S
LAl fas s S SN
0.00 0.10 0.20 0.30 0.40 0.60
Crack length ratio(g/w)
Fig. 7. Relation between crack length ratio

and deflection

Deflection ( X 10 3mm)

Griffithe] o] o8, HERMES K%K
oz BSd Wl Aole MMEN T
FRAg o] MKtFl EAste 1 F9 e o} F
 EH%E+FES dod)7] qEd Py 3}
Ak,

] gl o}, K WRAAMNE ol
ol271Hol| fEHo] Tt I ol VY E
o wat gsEEAen Fol Ave F KW
FEoA B EHASE oA B KE
HALSE ¢ 4 Y

HE EIER = §3o] LAASE &4 v
E2 Aoz FYHo) u) MMmEsEo
W, S Wik ZaCERE &Ko) A
At O EH AYPLFS Sl 3 el
ol o] o8 Wgow BRYHoes Ay
HAen O Q8 BWENES Mg BAK
o me}l ®ivme s ZFd =),

MG T2 E o) WHMEL Fig. 83 2o)
M) BARC 42 PUNRiE] S-S
g g R, oA BE F38E) @S
A7V Ak BE 2AYE By 9453
& vehdd

ey, S BASA I9 & g



BER TR F34% F29% 19927F 64

Failure load(kef)

1003 QROP9 NOTCH=2em
3 AR NOTCH=4cm

0 S — BARESSEREREL v
0.00 0.50 1.00 1.50 2.00

Fiber content( %)
Fig. 8. Relation between fiber content and
failure load

EpiT EHEES 37k ARE A o
B, ot te WENESI 4N HILE
% gich,

4. 29| fFH) W&

e AT2IYER ] HES FIAAM
th, MEI SHEME, REEFREES B
8o} Table-49} Zo] St TANEY A4S
ZEg 7Y 712 KR2ES ¢10cmX20
cme EHEE $AME ol 8st MRS
FlEMmES TR WES FIHR MRS
KBS = W 23202109 F4F sl
AL WEY ol AANE FF8i, i
Ho| Ftol whet P RS WA

Table-4. Compressive strength of concrete

Beam| Strength [Beam| Strength [Beam; Strength
no. | (kgf/cm? | no. | (kgf/cm?) | no. | (kgf/cm?)
IS1 2166 |IDS1| 2636 |VS1| 3183
1S2 2115 |IS2| 2255 |VS2| 3280
IS3 1881 |IMS3| 2688 |VS2| 3220
IIS1 195.7 (IVS1| 2944 - -
oSz 1850 |[IVS2| 2832 - -
IIS3| 2020 |IVS3| 2726 - -

Table-5. Tensile strength of concrete

Beam| Strength |Beam| Strength |[Beam| Strength
no. | (kgf/cm?) | no. | (kgf/cm?) | no. | (kgffcm?)

IS1 153 |MS1| 198 |[VS1| 322
152 146 |IIS2| 225 |[VSZ| 285
1S3 116 |IIS3| 237 |VS3| 309

Is1 171 {IVS1} 224 - -
sz 196 {IVS2{ 300 - -
OS3| 200 |[IVS3| 279 - -
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Actael diyd, HEs 2 ERe Table-67
#t}, Table-63 o] EHBERME 77 &3
Zo]7} 2em o) $REHE B AREC] 0.00%, 0.50%.,
1.00%, 150%, 1.75% & W3] e 4z n &
ZagleR} 2,124, 2194, 2564, 3.8144
37t A i EE A7 4emY WE 1710,
20741, 2294, 336Ml2 Ztzb @I oy
°lE KR MY BAEC] 100%o14d
e gl uid |iitkel A¥How Fog
€ Jebdch & §i &2Z0)7F 2cm, 4em, 6
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Table-6. Comparisons of stress intensity
factor

Beam| 8 | P. | M KD Ki(2) Ki(3)
no. |[mm) (kgf) | (kgfm) [(kef cm ™) kef cm *Y(kgf cm™>?)
IS1 |0.17] 190 | 47.75 - -
IS2 10.14( 160 | 40.00] 59.128 | 59.003 | 59.066
IS3 {0.12] 140 | 35.00| 87.705 | 87.351 | 87.528
IS1 {0.71] 350 | 87.50 - - -
IS2 10.68| 340 | 85.50| 125647 | 125.382 | 125515
1S3 |0.64] 240 | 60.00| 150.358 | 149.745 | 150.051
1IS1 (0.76 | 420 |105.00 - - -
MS2 [0.81| 350 | 87.50| 129.343 | 129.070 | 129.207
HS3 |091) 290 | 7250| 181.675 | 180.942 | 181.308
IVS1 |0.61( 660 | 165.00 - - -~
IVS2 | 067 410 {10250 151516 | 151.196 | 151.356
IVS3 |0.80) 320 | 80.00| 200.466 | 199.660 | 200.063
VS1 (041} 690 {172.50 - - -
VS2 |0.67| 620 | 155.00 | 229.122 | 221.263 | 225.193
VS3 [0.78] 470 | 117.50| 294438 | 293.251 | 293.845
1D Ki(1) : Bazant 33l A] A2t
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