H2604E% 3 Vol.26 No.3 TR ¥
20094 3 H Mar. 2009 ENGINEERING MECHANICS 93

XEHS: 1000-4750(2009)03-0093-06
e R AR SR TSRS N

CRAEE L, R, S

(1 RIEF TR AR TR, K& 116024; 2. WK TRERS @M TR, MUK 1500015 3. WL RS0 TRE2ABE, HUM 310027)

# E: WMESHWITE UHPFRCGE =1 e 21 4 it VREE ) W 24 RE BT 7 M OCEARB 2 — o SO AN 2T 4 Xt
I 35 JEE IR - RN SR R AR 1) P A T RN R 93 A1, S AN £ 4 — 4L [ A8 5 73 A T UHPFRC S5
W, S TRTMTYE LT RS BRI HEMEGES Y UHPFRC WidS 8, BIIG FER A7 3% 7 Rl A4 8k
iR T A R RIE . LS THU BAE I T334, ik T UHPFRC HIHTBHAE hZk. R Fe
WHPTHER R M5 RE, Wik T HARFEYIEZMEE) UHPFRC = 435 RS LR . NIRRT BE
AW AR R I = 502 M ARG o B TR 45 S L5 SE UG A 0 LU« 12040 H (0 R A A D AR AR T 5 [k
BRI 5 JEE TR~ S o RN B st Rty o TR S 0 P VR RS BB AR S B . b T4 R (R W S B0 A0 £ 4 1) LA 42k
e M RE S R R AL, R T RESE T W34 24 I 2T Y TR e A BRSSO AL 43 TiE BU e v T 37 JEL g .
%34 HU ) UHPFRC WS 5T 244578, IRl 41 2 UHPFRC 4584 % VP2 A BRCHR A TT R IR 5%

KR KPR AR B AT, Wit PHAE ML, Wmtkat; 2Rk

hESHES: TU52831;0346.1  ICEKKRISAD: A

FRACTURE PARAMETERS STUDY AND APPLICATION OF ULTRAHIGH
PERFORMANCE FIBER REINFORCEMENT CONCRETE

* . 12 . 1 . .3
WU Xiang-guo *, XU Shi-lang , WU Ming-xi
(1. School of Civil Engineering, Dalian University of Technology, Dalian 116024, China;
2. School of Architecture Engineering, Harbin Engineering University, Harbin 150001, China;

3. College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310027, China)

Abstract: The research on facture parameters is one of the key projects on UHPFRC (ultra high performance
fiber reinforcement concrete). The effects of steel fiber on stress intensity factor and crack tip opening
displacement are assumed to be linear, and short steel fibers are assumed to distribute in UHPFRC randomly.
Based on these assumptions, the fracture parameters, i.e. critical stress intensity factor and critical crack tip
opening displacement, are expressed in terms of fiber geometrical parameters and physical parameters, and the
computational coefficients of R-curve are derived accordingly. Next, load-deformation relationship of the three
points bending UHPFRC beam are developed with different initial notches. At last, loading tests are carried out to
verify the fiber reinforcement model.
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Fig.2 Three points bending UHPFRC beam with initial notch

2.1 Fjjﬁir#l?’—K"

Wk 2b) s i — A i ZIRE S, AhEE R
9 9 R PR At
3PS
_O_P\/ ag,(a’b), op= 2bt (3

Hop, USRI g,(a/ b) HEE 185 i Lo A G

22 MABEEFK
il 2(a) i, AERITE UHPFRC S AR 11
HREFYERRIDON, )] AR A «
D7 Ly Nyt
2(a-2a)
Horpe Ly v Dy Mg 20l K. BAR
ﬁﬁ%wﬁﬁ;NﬁﬁﬁuﬁmL%%%ﬁﬁmz
8V,
(L; +nD?
ST R B L ZI R, AERI IR 2R 1 %
YERTI Py Wl 3 Bios, B 5 DR N g 9 I8 5
yg[ll]:

o = Xdx (10)

(1

uf =

2P
=——0,(a/b,x/a 12
\/EQZ( ) (12)

» » Y a

B3 2GR I ZIRE R
Fig.3 Single-edge cracked plate with wedge forces

PSS AR FR A RN g 5 S [R5 g «

or _ 2do
dK, \/_ g,
o, JUIF SR g,(a/b, x/ @) A

3.52(1-x/a) 4.35-5.28x/a

a/b, x/a —
9. )= (1-a/b)*? (1-a/b)"?

1.30-0.30(x/a)*"*
J1-(x/a)’

(a/b,x/a) (13)

+0.83—1.76§ [1—(1-x/a)a/b]
(14)
B FE(LORN T FE(13) IR0y, R A] sRAFAN 2T
PG AEH o 5N )3 BE PR 10 -
_j‘- 8ymaV D7 Lt x
- 2 (@=ay)(L; +1)nD] a

—0,(a/b, x/a)dx

(15)
23 HYGERNABEERETFK,

WRIETTRE9), a1 K| W RARIE N«



96 T s

&
B

K, :O'P\/E%(a/b)_
j~ 8ymaV D,z Lt x
5 (@=ag)(Ly +1)nD7 a
2.4 CTOD, RIHaE
B A WIG6 %R 1 = ri 25 il 2 0 2 L e i 5K T
PRSI AR IR A -
CTOD = CMOD;, - g5(a/b,a,/a)-CTOD,,  (17)

o
g;(a/b,a,/a)=

1/2
{(1—610/a)2 +(1.081—1.1493){5—(x/a)2}}
b/)la

g,(a/b, x/a)dx (16)

(18)
Ki _ h
CTOD,, =—'_=0;ma Efdo, /(a-ay)|=
opma2(a-a,) as)
EC(a+a,)
CMOD, = 4"*’ g,(a/b) (20)
1, ﬁﬁl?c M B R, RS T R
C:%anTmefNuf 21
hny
40,8
CTOD = P g,(a/b)-g;(a/b,a,/a)—
apnaZ(a —-a,) 22)

EC(a+a,)
25 BEaflpHHE
AR I 58 5 DN 1 BE S SR e AR A A, W]
LUK VRV PRI 43 DAy JUART I 45 K R0 LA 67 4
A O R N S AT = R G E A IS
WRAT SR I REIR o T JLART SR g 4, 34 a0m] DA
G FRAY R R T I, N R R T T AR
AR . AR, BV ZIRE ) UHPFRC — 045 il
& T U gt K fidK, /da=0,
ME—HE o 1 g o HrP AN KA 25 a, f
Opc M HI T AT FRA1 KA

{%J_gmm>jw %N_

g,(a/b, x/a)xdx}: (23)

CTOD, = 4"PCa

g,(a./b)-g5(a./b,a,/a,) -

opma,2(a, —a,)
EC(a, +4a,)
XK, avlha, =aay K15, AT K Mla KT,
L a, A R FIFSME R 5 K BFIRAR N
Ric = flag, —a)" =(Kc)’/E  (29)

24)

W2
B=(Kc)(aa,—a,) " /E (26)
IXFE, UHPFRC FIFLME R #h2k i FE(3) nl =Rk 15 .

3 FLABR{E R BB A
31 R
T FHRGH BATE X R, T FEH

HRJEEHITR . MR PE W )27, AR RERE
JECR AT AR IR«

P2 oC
~dnr ca @7)
Hdr, C ZEER SIZRE. NIRRT,
FEARPE G=R, St FERIEL N
C= jbz - (28)

FH M AT iff 5 &5 W R 2 fur VR FH ST AR TE
32 HEHEREER
FRHE LIRS, Gl T oI AR E i 4 Fros .

/Lf DY T'meaO bSt /

a,,0pc Eas. (23)(24)

Kie (K[,

a,a=a./a, )

=8, .0p=0pc

|
d,,d, Eq.(5) S Eq.(26)
| |

R Eq.(3)

C Eq.(28)

§=P.C

e

K4 B Hm LA

Fig.4 Flow chart of numerical calculation




A 97

4 BRI

4.1 UHPFRC Bttt 5iK38i%it

ASCIFRE T UHPFRC HNZESELe, M4 8EIHC E
1R fE/NKIKIGII AR T, SRR A sk «
KRS8 % H ERER A R A4, KA 13mm,
FAE 0.2mm, SRR &2 800 . Pk
PELE 90£2°C IR JEIREFE 95%MZERFRY =, FRP"
48h, MPIRZFLTEYT 24h 1) UHPFRC 7 (A1 Ry
{H58E 2 145MPa, PRI (EHE 12MPa. {HE
TR PSR AN = a2 i se g b, TSR
R e FH 22 2587 25 AN ] il R AT e oLy, T 3R
UHPFRC I H B 4 B il A R S AR ff AR 1
TR T B AT AR T i G2 Ua B B AE AR

%1 UHPFRC HIEL& L
Table 1 Mixing ratio of UHPFRC

ARYEREAR BB A K VIR MR BWETYE oKD
1 025 03 1.1 022 0005 0005 002  0.04

ASCBEUE T DY R4 2R RS 1) = s i 2
W4, 499 E 20mm. 30mm. 40mm I 60mm, i1
SN 150mm>150mmx450mm, RS 46 2K
PRI 2 4, Lot 5 41 10 M. BA WG ZIRE A
ANHAWIEZIRE R gt S an & 5(a). B 5(b)

j‘;gg HIHEZIRE Omm
40.00 ol '\:“\
Z 35.00
5 30.00 /;/ \\
#= 25.00 //, -
# 20.00
a4

15.00 /

10.00
500 vd [ W1 = il
0.00 y y

0.00 1.00 2.00 3.00 4.00 5.00 6.00
F g AL 8/ mm

(a) TEHIUEZIREZARAT

45.00
40.00 S
35.00 el S _
30.00 il M‘M '\_\ ]
§ 25.00 -"’ f "
2 20.00 .
10.00 ‘ } 7
5.00 /ff.-/ — HIRZIE 20mm - HIEHZIHE 30mm | |
0.00 = YIRS 40mm o I 60mm

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
E 8 A A /mm

(b) BAWIIHZIRER R
K5 HAANFRVIERZIE R = SO s th gk gcge g5 1
Fig.5 Test results of three points bending beam with different
initial notch

Fi7s o ARYEVH SRR B ) B TR 4 2R 5 St 45 R
fFxs LB 6 B o
45.00

40.00 <
35.00 et
Z 30.00 /J_ -
T 25.00
$E 20.00 // .
& 15.00
10.00 Tt
5.00 A
0.00

0.00 1.00 2.00 3.00 4.00 5.00
P i A7 B /mm

YILEZIFE 20mm

35.00
30.00 e

25.00
20.00 /
15.00 ,'
10.00 - /
5.00 - / _

y %JJ?E‘ZME 30mm

0.00 =—— : ‘ : ‘
0.00 050 1.00 150 200 250 3.00 3350 4.00
5 PR AL # /mm

AT P/KN

25.00

20.00

15.00

10.00 //
5.00 ——=

000050 050 1.00 150 200 250 300  3.50

et 242 /mm

#Hfir P/KN

YIEZIFE 40mm

YIUEZRE 60mm

0.00 1.00 2.00 3.00 4.00 5.00
E5 et 7 /mm

DR S PR TR

Klo i de B £ BIR TR 15 5200 45 A% bh
Fig.6 Comparison of computed loading deformation curve
with that of test

SERRWI: PR TIUR 1 B K 3Air b 28 HR AR
TEAREHA . VAR BT S AR N A2 A% BAT B IR — 2L
Vo 1y FLMORLERBUG HEME TERE 5, JFARATHe L
LS T35k, FEINERAIUGRI By — B A7 A L2220,
2B A i Co R T S RS (K, (UGS K
HBAT I K




98 T s

)1

2
5

5 258

AR CHIE T UHPFRC [ S b 5470, HE S
TWSH K, MCTOD, LK R MMM S M o \ B
TR RIS, JRRT =0 iR ks . 45
R, 4 H AN AR GERT I P 5 VR T 5 1R 20N
588 [ DR - FH 2 S0 9 iy K T A% 1) 568 el ASE R0 AR R
L, HESFHIWRSEREI 4, v {Eh UHPFRC
Wi PERE IV E S .t T iAW S HUE N LT 4E )
JUAT 2 2 R B 22 5 1) 40 A R A, XN T R
UHPFRC # R0 L b B TH 3R A 7 561 W 2 2
WIIRIE, RIEE T3 J) %21 UHPFRC # EH Hiad
O A EC b BT S54h, A4 HY UHPFRC XU
SRR 0] R 4 T e 3 T It UHPFRC
SER LAV AT R R 2%

TR B FE G AL 2 &,
ILAEALTE Y T RIth O R NN 2T (AL e/ S S IRV PSP
KRR Z A TP WS B 53K Wi
HEMIARZS &, IAFEAS B LAN AR 4E M R S ik 1
& T %25 )L )N sf UHPFRC 45M i 5 & .

Bk

[1] Cavill B, Chirgwin G. The worlds first ductal road bridge
Sherpherds 21st Biennial
Conference of the Concrete Institute of Australia.
Brisbane, 2003.

[2] Okuma H. The first highway bridge applying ultra high

gully creek bridge [C].

strength fiber reinforced concrete in Japan [C]. 7th
International Conference on Short and Medium Span
Bridge. Montreal, Canada, 2006.
[3] Graybeal B, Hartamann J,
performance concrete for highway bridge [C].

Perry V. Ultra-high
FIB

(4]

(3]

(6]

(7]

(8]

[12]

Symposium. Avignon, 2004.

Wecharatana M, Shah S P. Predictions of nonlinear
fracture process zone in concrete [J]. Journal of
Engineering Mechanics, 1983, 109(5): 1231 —1246.
Ouyang C S, Shah S P. Toughening of high strength
cementitious matrix reinforced by discontinuous short
fibers [J]. Cement and Concrete Research, 1992, 22(6):
1201—1215.

Banthia N, Nandakumar N. Crack growth resistance of
concrete reinforced with a low volume fraction of
polymericm fiber [J]. Journal of Materials Science Letters,
2001, 20(17): 1651 —1653.

Xu S L, Reinhardt H W. Determination of double-K
criterion for crack propagation in quasi-brittle fracture,
Part II: Analytical evaluating and practical measuring
methods for three-point bending notched beams [J].
International Journal of Fracture, 1999, 98(2): 151—177.
Sumarac D, Sekulovic M, Krajcinovic D. Fracture of
reinforced concrete beams subjected to three point
bending [J]. International Journal of Damage Mechanics,
2003, 12(1): 31—44.

Bazant Z P, Kazemi M T. Determination of fracture
energy, process zone length and brittleness number from
size effect, with application to rock and concrete [J].
International Journal of Fracture, 1990, 44(2): 111 —131.
Ouyang C S, Barzin M, Shah S P. An R-curve approach
for fracture of quasi-brittle materials [J]. Engineering
Fracture Mechanics, 1990, 37(4): 901 —913.

Shah S P, Swartz S E, Ouyang C S. Fracture mechanics
of concrete: Applications of fracture mechanics to
concrete, rock and other quasi-brittle materials [M]. New
York: John Wiley & Sons, Inc, 1995.

Wu X G, Han S M, Kim S W, Kang S T. Shear failure
load of SFR-UHPCC I-beam without stirrup based on
limit analysis of concrete plasticity [J]. Key Engineering
Materials, 2006, 324: 491 —494.


http://www.springerlink.com/content/100129/
http://www.springerlink.com/content/mxk0q5l0r9r4/
http://www.ingentaconnect.com/content/klu/frac;jsessionid=142ptmv1f7l3h.victoria
http://books.google.com/books?vid=ISBN0471303119&id=v63v9KnKVHYC&pg=PP1&lpg=PP1&ots=NgxPq39Ilt&dq=SURENDRA+p.Shah+Fracture+mechanics+of+concrete&sig=dMJ9yE08cH1qMoQskW49kKkCyDM
http://books.google.com/books?vid=ISBN0471303119&id=v63v9KnKVHYC&pg=PP1&lpg=PP1&ots=NgxPq39Ilt&dq=SURENDRA+p.Shah+Fracture+mechanics+of+concrete&sig=dMJ9yE08cH1qMoQskW49kKkCyDM
http://books.google.com/books?vid=ISBN0471303119&id=v63v9KnKVHYC&pg=PP1&lpg=PP1&ots=NgxPq39Ilt&dq=SURENDRA+p.Shah+Fracture+mechanics+of+concrete&sig=dMJ9yE08cH1qMoQskW49kKkCyDM

