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Abstract: In order to improve the microstructure characteristics and fracture toughness of concrete by mixing
steel fiber and polymer emulsion in concrete , the load-deformation curves and crack opening widths of
ordinary concrete, steel fiber reinforced concrete, polymer emulsion modified concrete and steel fiber polymer
concrete are obtained by three-point bending fracture test, and the fracture characteristic parameters such as
fracture energy, critical stress intensity factor and crack tip opening displacement are calculated. By nitrogen
adsorption test and mercury injection test, the total pore volume, total specific surface area, median pore
diameter and average pore diameter of concrete are obtained, and the mechanism of strengthening and

toughening concrete by the incorporation of steel fiber and polymer is analyzed. The result shows that (1)
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After mixing steel fiber, the ratio of compression strength to flexural strength of concrete decreased from 8 to
5.29-6.21, the critical load and deformation increased by 48.9% — 112.3% and 10.7% — 136. 1%
respectively, the fracture energy, critical stress intensity factor and crack tip opening displacement increased
by 595.4%-1 936.4%, 96. 8% —177. 7% and 158. 3% —233. 3% respectively, and the total pore volume,
total specific surface area and median pore diameter decreased by 2.2% —45.9%, 8.0% - 75.2% and
6.7%—-43. 7% respectively.

emulsion, the ratio of compressive strength to flexural strength decreased to 4.85. The more the polymer

(2) Compared with steel fiber reinforced concrete, after mixing polymer

content, the smaller the ratio of the compressive strength to flexural strength. The increments of critical load
and corresponding deformation of three-point bending fracture are not significant. The fracture energy, critical
stress intensity factor and crack tip opening displacement increased by 24.4% —-61.0%, 7.9% —54.0%,
27. 8%—144. 4% respectively, the total pore volume and total specific surface area of concrete decreased by
28.1%-43. 7% and 42. 5% —67. 7% respectively. The composite polymer emulsion can effectively improve
the fracture performance of steel fiber reinforced concrete. (3) The curves of bending load-deformation of
concrete obtained by three-point bending fracture test are plumper, the descending section is more gentle,
and the effect of composite mixing is better than that of single mixing.

Key words: road engineering; fracture troughness; there-point bending fracture test; cement concrete;

5 40 %

steel fiber; polymer emulsion; critical stress intensity factor; crack tip opening displacement

0 35l

TREE 1A )z I By S kL, Mtk K,
SR, ZRNEHE, WEES AR s, BHA
AESE A SRH IR RS R, XA AR TR N A
ZBR, AR AR AL H . B AL 4] A AL
i TREE £ PN R Sy TR i) A AT SR IR E 4 A Y
st T RIREE L A bERE D | s bERE D A A b
REDO, MR, $RE TIREELASERESY W, N
UG O AT BRI S5KA TR, &
S i 2 I & =115 = S S W S 2 E =20 o
R EHLR G Sk e A B S X R TN
LR AERG RGP VR FRBOCR . 389R B 2F 4k 5 K e A
BT X, AN iR LB AT K, fEK
KA SRR AT 4 5 KR A A P AT
S, R AE A AR

R, ARG R TR IR EE 1+ &R B N AT 4 R
B LR B RHR EE - R ey B, R RILEM
TC50-FMC A A7 TR EE T Wr A GBI TT ¥, SR =
5 it S YRR A A S I I L B A Ny LB K
FFIERE, JEat M b, AR LW aE . A

il

BB E | Wl 510 7 58 B2 [R5 I 2 80UR g 5 Ao
e EWIRFIE S W, 38 20 B a6 A s ok
IR X REE + WO ZE A HEAT TN, 20 B 49 2T 24 A 2R
B PIRHR BE L I TR G AL

1 REMH R RET

IR I
JKPe. HamEmERREL 42.5 R KR, B, i@
b, AHEEREL 2.83; 1. 5~20 mm FELZLHNAL; W
4. DUHE TR F AR R A BRA R A, 41
FI5REE KT 980 MPa, 30 mm., H40.51 mm AY5X
YRR IR R SR SN, BEY. BIgEA
AR T KR AAR, % 1.01 g/em’, FIRi1E
4150 nm, BEFEALIRE 13 C, FRHEE 50% ~52%,
pH{EH 7.8~10, 25 CHIF BN 35~150 mPa + s, 3R
5K 7 30~48 mN/m,
1.2 REAR

TREEL SR SR C40, FEMERCA LR KR -
Wb« AT : /K =441 : 873 : 946 : 190, W/C=0.43,
Werde (S) MiREEHABBE, BREWILW (L)
B KRR, BARR LR 1 s,

1.1

F1 BRIBNAHEMBEWIIRE L IZT
Tab.1 Mix design of steel fiber and polymer in concrete
G5 S0 S6 S9 S12 L6 L9 L12 L18 S6L12 S9L6 S9L9 S9L12  S9L18  S12L12
LY/ % 0 0.6 0.9 1.2 0 0 0 0 0.6 0.9 0.9 0.9 0.9 1.2
REW/ % 0 0 0 0 6 9 12 18 12 6 9 12 18 12
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Tab.2 Slump test result of fresh concrete

i S0 6 9 s12 L6 L9 L12 LI§  S6LI2  S9L6  SOL9  S9LI2  SI2LI2
PHEE /mm 65 40 33 25 125 155 175 — 160 60 100 108 80
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/N T D T U S TS — T T it U
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Tab.3 Result of 28 d compressive strength, flexural strength and splitting strength test of concrete

s S0 S6 S9 S12 L6 L9 L12 S6L12 S9L6 S9L9 S9LI2  SI2LI2
PSR EE/ MPa 41.6 45.8 49.7 50.2 31.0 30.6 29.8 36.0 44.5 42.3 34.0 39.8
PilromE/ MPa 5.22 8. 66 8.22 8.08 6.27 7.63 6.24 7.67 7.55 8. 45 7.01 8.07
BEZUSR ¥/ MPa 3.39 3.94 4.14 4.44 3.19 3.03 3.15 2. 80 3.86 3.43 3.15 3.84
JEdT 7.94 5.29 6.05 6.21 4.94 4.02 4.77 4.69 5.89 5.01 4.85 4.93
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Fig.3 Curves of bending load vs. deformation of steel fiber polymer concrete obtained by three-point bending fracture test
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Fig.1 Curves of bending load vs. deformation of steel

fiber concrete obtained by three-point bending

fracture test
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Tab.4 Result of three-point bending fracture test of concrete
B gy OATRCRIE, WA e e R
mm I IEE/mm P I EE/ %%

S0 4173.7 0. 425 0. 040 — — —

S6 6214.2 0.471 0. 058 48.9 10.7 43.8
S9 8342.0 0.942 0.075 99.9 121.5 87.5
S12 8 859.6 0.998~1. 009 0.373 112.3 136. 1 832.5
L6 5354.7 0.399 0. 045 28.3 -6.1 11.3
1.9 5815.5 0.526 0. 059 39.3 23.6 46.3
L12 6 195.2 0.502 0. 045 48.4 18.1 11.3
L18 6 737.4 0.785 0. 061 61.4 84.7 52.5
S61.12 6 638.3 0.596 0. 057 59.1 40.2 41.3
S9L6 8 770. 1 1.015~1. 021 0.332 110. 1 139.5 728.8
S99 8 846 1.116~1. 118 0. 442 111.9 162. 8 1 005.0
S9L12 8229.5 0.912~0.929 0. 504 97.2 116. 6 1160.0
S9L18 8 794 1.124~1. 144 0.700 110.7 166. 8 1 648.8
S12L12 10 246. 1 0.776~0. 782 0.410 145.5 83.3 925.0

WAFAESS , TREE T B Im AT 84 & 48. 9% ~112. 3%,
e FLAp 26 07 1) 28 T $ 8 10. 7% ~ 136. 2% , S48
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0.04 mm, WAJUL, SRAVHILE 2R - i 45, B

A TR, RIREA B &R
(3) ENFHERETPTEBREYARE, R
Wt LIt S RGN 0 B TE S% e A, B S AT FRAK,
AELIG Sy 206) I 114 722 T 38 IR B 3K 20% 224+, il
ST 0T 10 54 230 W 5K T v E 4 v I R AE 342, 0% ~
832. 7% /Ay, HIRGE L4k - & s, T
Bof B B TR A
3.3.3 MLFHEMBESYITEL T R4FER MM
S5CHK [17] BYJ7 %, TREE 1 I S far 2 %) 17
8, 28, F138, ZBILAL Wi BE T A R LK 5, I
IS e AN E R € N W& S AN L S VA 4
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Tab.5 Calculated fracture energy of concrete

WiZdfE/ (N - mm™")

P 24 e = R/ %

R 5

8 25, 35, 8 25, 35,

S0 806. 4 — — — _ _
S6 1149.5 3604.7 5607.4 4.5 347.0 595.4
9 2819.1 9127.6 13 336. 1 249.6 1031.9 1553.8
s12 3984.8 11 889.9 16 421. 8 394.1 1374.4 1936.4

L6 1.006. 3 — — 24.8 — —
L9 1118.2 2283.0 3218.8 38.7 183. 1 299.2

L12 1355.8 — — 68. 1 — —

L18 1634.6 — — 102.7 — —
S9L6 3 563.0 10 611.8 16 592. 6 341.8 1215.9 1957.6




58 VAR S S 3 o 40
@RS
WiZERE/ (N - mm™") W4 RE i = IR EE / %
RS
I 28, 38, I 28, 38,

S9L9 4891.9 13 328. 8 20 060. 2 506. 6 1552.9 2 387.6
SOL12 4496.0 12 114. 4 18 713.4 457.5 1402.3 2220.6
SOL18 5659.8 14 462.6 21471.4 601.9 1693.5 2 562.6
S6L12 1417.6 7 882.3 11 827.7 75.8 877.5 1 366.7
S12L12 4435.1 12 011.2 18 299. 8 450.0 1389.5 2169.3
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Tab. 6 Calculated fracture characteristic parameters of concrete
W S WARIORRE MR GRRART,  MeciOr  Adcms RO
Gi5 WRIE/MPa  BEMEESS/mm  (x10°N - mm)  (MPa-m %) (A mm KR/ U WIS BRI A RCREL
SR By kIR KR
SO 3.34 0.014 3.52 0. 824 0. 006 34.3 — — — —
S6 4.97 0. 029 3.57 1.622 0.016 41.6 48.8 96. 8 158.3 21.3
S9 6. 68 0.035 3.74 2. 085 0.018 40. 4 99.9 153.0 200.0 17.8
S12 7.09 0.038 3.81 2.289 0. 020 41.3 112.3 177.7 233.3 20.4
L6 4.73 0. 021 3.31 1. 146 0. 009 36.4 41.6 39.1 50.0 6.1
L9 4.65 0.027 3.32 1. 428 0.014 40.0 39.2 73.3 133.3 16.6
L12 4.96 0. 028 3.34 1. 500 0.015 39.7 48.4 82.0 141.7 15.7
L18 5.39 0. 030 3.29 1.614 0.015 39.4 61.4 95.9 150.0 14.9
S9L6 7.02 0. 040 3.54 2.250 0.023 41.1 110.2 173. 1 283.3 19.8
S9L9 7.08 0. 044 3.53 2.420 0.019 42.6 112.0 193.7 216.7 24.2
S9L12 6.58 0.043 3.45 2.300 0.038 41.8 97.0 179.1 533.3 21.9
S9L18 7.04 0. 065 3.40 3.210 0. 044 49.5 110. 8 289. 6 633.3 44.3
S6L12 5.31 0. 040 3.31 2.008 0. 0205 45.1 59.0 143.7 241.7 3L1.5
S12L12  8.20 0. 064 3.42 3.270 0. 0265 46.3 145.4 296. 8 341.7 35.0
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WrBLAEHE B 595. 4% ~ 1936. 4%, Wi L1k feds 3
B
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15 6%~ 18%MRE YL , TREE 25 Mg &
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BT 24.4% ~ 61.0%, 7.9% ~ 54.0%, 27.8% ~
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BRI R S = R
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Wi HE > it 507 1 7 > 25 il B b i B > R AL
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3.4 FLBE4FE
3.4.1 FLEEFFENKER

R U B 36 375 2 ) S L B B
2 TR 3t B AR 40 e 55 3 6 00 3 A5 2] 174 4 FH v AL
1% REFAEFLE B NAZS R a3k 7 fis,
3.4.2 MAHERTE & T FLER4FME SN

BEE N AEB A, REE - BALBRIARR, A
R RARF P EALARRRAR, FLR %5 B 27 2445 3
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TRIEE R, MMLTYEB R 1 2%, BFLBRARL, &
Fb R AR S ARFR A EALAR 23 IBEAIR 459. 5%, 75. 2% Fl
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Tab.7 Characteristic parameters of concrete pore structure

U B FoR A5

22 . X FWB Ty
s BILBEE  BHERmB Rl E TR
|1

(X107 em® +g) (m?-g)  FLE/nm e om

|1

S0 34.90 41.11 76. 4 8.7 26.0
S6 34.13 37.84 71.3 8.1 23.6
S9 29. 54 25.51 52.6 7.8 20.5
s12 18.87 10. 18 43.0 7.9 19.0
L6 39.27 44. 85 62.7 7.9 22.6
L12 27.85 17.25 64.6 8.2 23.5
L18 14.03 7.29 55.9 7.3 20.5
S6L12 26.79 18.94 47.2 7.4 18.9
S9L6 55.77 64. 47 67.4 8.5 23.9
SOLI12 21.23 14. 68 86.3 8.8 28.5
S9LI8 17.65 8.23 61.0 8.1 22.6
S12L12 16. 62 9.51 48.8 7.6 19.6

43.7%, X, WL AR R R 78 - B 45 7R FL
Bzl Mk TR -+ N fL et fy Y, i
TR TR BE - P Y 25 S BT A X YR BB AL BURRAE
SEM PALEEAE T, ANEFAERR G T IR EE L iR T 2L,
FETRBE 1 K Ak i A v PR T B AL I ik 46 A2 TE
W TR EE - FRAEFLBR A RS, XK U8 TR B 1+ FL B
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3.4.3 BAYIEER L FLES RN

EMAYEIREE LT B ARGY ARG, HER
GRS RGN, EALBR AR BRI R
WG, MBEE 6%, EFLBRIARFURE L
FRUT 08N 28. 1% ~43. 7% 1 42. 5% ~67. 7%, W
RE VTR BEA SONGE B £ 4 5 K Ve A 3R 2 8] )
FLHERZ, , MGEMA YK G R s X, Mk
P S B LF TR e R R R H

RA W FLIBOHRBE - FL B AR AE 2 0 (AL AE T
REWFLR S TIREE LA Sk, RE -7 IR
ERTFES %5, LB/, e, REWILR
RAKWES, A BT EE | TSR EE L b R AL R Bk
WAL, s TIREE LW FLES R

4 Zig
(1) 7E¥EIREE P B ARG, B3 R
f£F)5.29~6.21, & TIRELNPNYE, EBRE

YIFL W, REEL AT I B R 4.85, HE
BYFLRB RO, R BN, IREE LR EIERS

F— s,

(2) SNLYETREE LML, B4R SR E
=Sl T N A 2R R I A 2% L 114 A8 T
TR A A G, T 2 i e A v ke v A 43
HANT 24. 4% ~61. 0% H127. 8% ~ 144. 4%, 545 SBR
FLIRAEA SR = B 2T SR TR b R RE

(3) FEIREE L hFIRHB AN g MR A Y IR
J5, Re R SR EE Wb RE, W AR IE S R
TR R IR Sy« 2804 sty 5K 57 B > W 24 6 > I
B 3 > MR > A R B K

(4) BALT4EFN R4 W AE 2 $ v TR U 4 Iy 4k
e, HMARMBEVWAREBIRMETHIE, E
FHPLHELE: , N deanfb TR EE A FLBR, (HTR% -
SFLBR AR AL b 2R 1 LA 5 R B 2.2% ~ 45.9%,
8.0%~75.2%, TEMAYEIREE TR 6% L) L HHR
EWFLRE , G S AL B AR BUR R b 2 1 AR A
TR 28. 1% ~43. 7%, 42.5% ~62.7%.
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