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Quantitative analysis of fracture behaviour of steel fibre concrete

based on deformation energy

DONG Bigin ,LLI Dagian ,ZHANG Chengjie ,WANG Zhiyi , HONG Shuxian
(College of Civil and Transportation Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract: The energy consumed by the concrete during its fracture process is partly used to expand the new section,
and the other part is required to meet the elastic-plastic deformation inside the concrete. This part of energy is often
overlooked in previous research on concrete fracture behavior due to its difficulty in observation, resulting in
unstable test results. In this study, digital image correlation (DIC) and three-dimensional scanning system (TSS)
were employed to obtain the displacement field and fracture surface model of steel fiber-reinforced concrete.
Through these techniques, the energy dissipation during the fracture process and the fracture area were calculated,
and the fracture behavior of steel fiber reinforced concrete was analyzed and quantified, ultimately determining the
fracture energy of steel fiber reinforced concrete. The focus of this study was to discuss the correction of this
method for the fracture energy of steel fiber reinforced concrete with different sizes and different crack height
ratios. The results showed that the improved fracture energy calculation method was reduced by an average of 28 %
compared with the original method. Furthermore, the improved method significantly decreased the sensitivity of
fracture energy to specimen size and crack-height ratio, providing more stable and accurate fracture energy values,
thereby weakening the size effect phenomenon of fiber reinforced concrete fracture energy.
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Tab. 1 Composite ratio of steel fiber concrete
KIRH  FHEBs R/ % K/kg + m™ KPE/kg - m* AR/ kg - m? W/kg - m™° WY /kg - m
0. 63 0. 67 212 336 1 145 750 78.5
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Tab. 2 Mechanical parameters of rigid fiber concrete

DU 9 & Py SR AS X
. THAALL /v
/MPa /MPa E/GPa
26. 4 3.96 24.5 0.19
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Tab. 3 Basic information of experimental samples

TR B di R SF /mm? el FF dh i B di R S) /mm? BE Ll
$50-0. 15 5050 200 0.15 $100-0. 05 100100 X 400 0. 05
875-0. 15 75X 75X 300 0.15 $100-0. 10 100100 X 400 0. 10
S100-0. 15 100100 X 400 0.15 $100-0. 15 100100 X 400 0.15
S125-0. 15 125125 X 500 0.15 S100-0. 20 100100 X 400 0.20
S150-0. 15 150X 150 X 600 0.15 S100-0. 25 100100 X 400 0.25
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Fig. 1 Schematic diagram of three-point bending test
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Fig. 2 Fracture surface of fiber-reinforced concrete
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Fig. 3 DIC experimental strain nephogram of steel fiber concrete under different sizes
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Fig. 4 Load-displacement curve of steel fiber
reinforced concrete
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Tab. 4 Input work of steel fiber concrete
PR CRAITRE CRATEE CPATEER
FE w285

A/N-m A,/N-m A;/N-m {f A/N-m

S50-0. 15 6.78 6.2 6.76 6.58

S75-0. 15 12.29 12. 54 12. 88 12.57
S100-0. 15 21.02 20. 18 20. 26 20. 49
S125-0. 15 28. 64 29. 67 29.22 29.18
S150-0. 15 39. 15 39. 07 38.8 39.01
S100-0. 05 25.2 26.7 25.8 25.9
S100-0. 10 23.5 24.1 23.4 23.7
S100-0. 15 21. 8 20.9 21.2 21.3
S100-0. 20 19.6 20. 2 19.7 19. 8
S100-0. 25 18.5 18.0 18. 8 18. 4
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Fig. 5 Deformation energy of fiber reinforced concrete under

different variables and its energy proportion to

total input work
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Tab.5 Area of fiber concrete fracture surface under different section dimensions

Fean2eh)  PATHE S /mm’ PATHE S./mm’ PATHE Si/mm’ CPATHERIE S/mm® BAFEAR Sy, /mm® EAZEE L 5/ %
$-50-0. 15 2796 3010 2 962 2 923 2125 37.6
$-75-0. 15 6 326 6 248 6 297 6 290 4 781. 25 31.6
$-100-0. 15 10 604 10 890 10 886 10 766 8 500 26.7
$125-0. 15 16 193 16 418 16 335 16 315 13 281 22.8
$-150-0. 15 22 985 23 124 23 707 23 272 19 125 21.7

TE: S, RaFEMZER B LR n AFATREG 30 5 i I 22 1 AR

U BB S R S A0 150, S FRFE & 2K B T 2 T
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Tab. 6 Area of fiber concrete fracture surface under different crack depth ratio
BN CEATRE S /mm® SEATHE S, /mm® PATEE Sy /mm’ CPATHE S/mm’ BRI Sy /mm’  HBZERLL 9/
S-100-0. 05 11 864 12 040 11 846 11 917 9 500 25.4
S-100-0. 10 11 074 11 291 11 621 11 329 9 000 25.9
S-100-0. 15 10 900 10 990 10 916 10 935 8 500 28.6
S-100-0. 20 10 377 9 964 10 778 10 373 8 000 29.7
S-100-0. 25 9 989 10 092 9 373 9 818 7 500 30.9

T Sa ZREEMZEA B S n A PATARE I G RO W R A, e SR a4 5 S-100-Brn.

HIZE 5. 6 AT, S 34 )G 00 2F 45 IR B L I
24T T AR 55 B AR D) ) 22 B H AL T 2006 ~
4076 2 8}, I HIX ol 22 B Bl 4 30 i B 1) 36 Ok g
TR, REE 4% LB N3 . 6 ROR T A
Ivi) AT v BE . AN ) 4 i b AT 00 T 2T 5
RPN R, LA RE, ALk
7 2 T B 5 ) el T AR ) 22 1L I A T 2R AR A 9/
MR, XEWENTHAERELM S, A%
PR AR T IR BE L W SRAE A 2 R BT SR AE
R RE.

25000 150

o pEmREES B,
20000 - = R R .
1 140 o
- a 135 3
£ 15000 F =S|
: 130 &
& 1,
= 10000 5 E
120
5000 | 115
< 110
ob— - . . an
50 75 100 125 150
A B /mm

(a) dErntha



T A2 T HE 1 BN £F 4 e 5E L I AT S AL S A

481

55 4 3 R, A,
14000 - “35.0
o FHE WA T R
= R |
12000 - 325
g
. | =
£ 10000} 300 &
i #
= 1 =
=
8000 - 27.5
6000 — : : : —25.0
0.05 0.10 0.15 0.20 0.25
HERSHE
(b) I ey 4

6 AEETETHAHRBIANESEH X HFHBEI
Fig. 6 Comparison of scanning fracture surface and

fracture ligament values under different variables
2.5 ETREETE
WiodRE, i SRR I A7 T B GE P
W HVRE R, PP AN A 1R IF 25 45 4 R AR R TR
HESH, [FR A TR O IR BE - R AT, JF
BEATAT IR T AL 5 1) B N 25, AELATE Y I
=7

ZLREM B SLgh b, ORI RILEM P 45 1) 55 T
o JFE = R S, I

G, = A +gﬂgb\m _ A(lgjszgx (5)
Kb G AIREELWIRAE, N/m; A h=xE
BT, MFERAEM R INRE AN, I h
AL RS- 7 B0 2 5 AR R T AR s 0. AR
R KRB

FEHIEATERE 5 W R AR 5, % 4
(v
G// :Al _’_@gamaxiwd (6)

S
A: W, hiRse W Rd fe v = AR AR T RE; S
DR K2 = 4T 5 4 B 0 I T AR R A
B 5 W SRR AR 5 AR TR RE )G, AR 2 X (6) B
MBETHH Tk, TPRAERWEE 7. %R TEH
JEM R m LU AR L RER AT S T, %7 IR A R
o A EGE R R TR L

AERRLTEZEMNERMEHENBTRETEREG,

Tab.7 Fracture energy calculation value of fiber concrete considering fracture area and deformation energy

— FATREGH  PATHE G, PITHE G, PITHERNME (G bR BOTEBME REEG kR
/N+m*' /Ne.m' /N.m' (G/N-m"' /Nem'  (G//N-m' ifE)/N-m’
S50-0. 15 2 238.53 1894.80  2097.58 2 076.97 141. 08 3162.89 126. 04
S75-0. 15 1 847. 80 1 908. 92 1943. 87 1 900. 20 39.70 2 742. 94 49. 90
S100-0.15 1 948.43 1826.88  1833.78 1 869. 70 55.74 2 572.46 43. 85
S125-0.15  1827.24  1832.40  1872.61 1 844.08 20. 28 2 442. 38 35.07
S150-0.15 1 836.15 1825.82 17 70.13 1 810. 70 29.00 2 363.72 6. 41
S100-0.05 1 913.91 1.991. 87 1 969.78 1 958.59 32.84 2 726.59 64. 95
S100-0.10 1 921.28 1 930. 65 1.828.61 1.893.47 46. 11 2 630. 85 34.47
S100-0.15 1 855.36 1 768. 29 1.809. 14 1 810.58 35.54 2 506. 24 44. 41
S100-0.20  1771.48 1907.52 1714.59 1797.66 80. 96 2 479. 26 32.73
S100-0.25 1 742.16 1678.25 1.894. 84 1771.52 90. 59 2 363. 14 42.09
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Fig. 7 Fracture energy test of two groups of experiments
before and after optimization under different variables
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Tab. 8 Stability analysis of fracture energy calculation results

for fiber reinforced concrete under different variables

BOEEE /mm 50 75 100 125 150
k' /k 0.52  0.35 0.23  0.15  0.10
Yt 0.05 0.1 0.15 0.2 0.25
k' [k 0.93  0.67 0.49  0.35 0.68
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