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Effect of Nano-SiO, on Fracture Behavior of Rubber Concrete
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Abstract: In order to improve the mechanical properties of rubber concrete,, nano-SiO, was used as a modifier to study
the fracture behavior of nano-SiO, reinforced rubber concrete. Digital image correlation technology was used to analyze
the fracture performance of nano-SiO, reinforced rubber concrete, and its strengthening mechanism was explored
through microstructure analysis. The results show that with the incorporation of nano-SiO,, the fracture performance
and strength of rubber concrete are improved significantly. The incorporation of nano-Si0O, and rubber can improve
the stability of concrete crack expansion and prolong the time from cracking to instability during the fracture process.
The improvement of the fracture performance of rubber concrete by nano-SiO, is attributed to its improvement in
the cement matrix, thereby enhancing the bearing capacity of concrete.
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Table 1 Basic properties of nano-SiO, sol

. . Average particle . Specific Specific surface area/ Viscosity/
Appearance Particle size/nm . pH value Solution . .
size/nm gravity (em®-g ") (mPa-s)
Liquid 10-80 30 7.9 Water 1. 202 250 4+ 30 3.39
*2 RBEIHEAILRNFMEEE
Table 2 Mix proportions and mechanical performance of concretes
Mix proportion/(kg-m %)
Specimen  my/my /./MPa  f/MPa
Stone Sand Water Cement Rubber ~ Nano-SiO, sol ~ Water reducer
PC 0.43 1100. 00 675. 40 185. 00 430. 00 0 0 0.30 44.9 2.99
RC 0.43 1100. 00 547.90 185. 00 430. 00 56.71 0 0.43 34.2 2.70
NRC 0.43 1100. 00 547.90 185. 00 430. 00 56.71 43.00 0.52 39.9 3.21

1.2 BRI

S DL/T 5332—2005¢ 7K T & % 1 W7 248 36
FRFR ), B2 ) Fi 8 £] Al 7 BB U 38 AL (50 kN,
SR = A5 il ) 1 S 6 A AR TR B L K TR 4
ST AL GE N2 2R 2 0.05 mm/min. i1 55 6l /E
3L 1541 A, B4 R 5128 100 mm X 100 mm X
515 mm, # @& o 4, W1 R 48 1K 0, 40 mm. H ) 25
REMRGRERXE B, 52 T 88—
24 3t ¥ 143 8% (P-CMOD) il 28 71 fof 8 — 13 %% (P-0)
i 2 . Ay A5 BT 2Rk 1 A T 4 37 AR B L R
DIC-3D Z 48X U I 1 4= 37 )07 A% 33547 000
1.3 X

KW WA 28 d IR BE T 7 7 R R R

SEM XM 4 #4855 TCFE 1 26 245 B4 A9 A% e ik 5
KA ITZ FEAT T 50 25 4 S, 75 2 7K e b 3¢
REE L ITZ AR BB A .

2 WRSHHIHTELK

2.1 HiRWEMTERX
W7 284000 2 S IS IR A R I R 2 4 7 7 S 5 E

P SR Xu S0 T AR B AR R LK
S DU 7 ) W 224 JEE O SR A T I
RIGWT B K it 5 oh

15 Fm+% % 1072| X 10°Sa"?
K=

- £(a)1)



7

EIE LA UK SO, BE B W RAT S B S 733

1.99 — a(1 — @) X(2.15 — 3.93a + 2.7a%)
f(a)= :
1+ 2a)X(1 — a)¥*
(2)
a:% (3)

K F,. A P-CMOD il £k (9 06 8 fof 25 5 S ik 14k
A S TA] 1 5 B 5 L oA iR K B 5 o o i S [R] Y
T, R B R R R S/L WA g R s
E 9.81 m/s*;a WA B EER B s iR s 0ol
BAF R B f (o) 5 RBCREEK A R JLRDE R
s a Rl S 4% G L

AL H B K T 0
1.5 F@-%1%5><1o 2] % 1079 Sq!”?

K= pr f(a)

(4)

e 1.99 — a'(1 — @) X(2.15 — 3.93a' + 2.7a")
o)—

(1+ 2a)X(1 — &)
(5)
aE% (6)

A Fo R R (o) G WA R EE K A G
JUAIBARH F 5o WG 5% 1L .

4000
= PC-E
— PC-DIC
—_ « RC-E
- - RC-DIC
+ NRC-E
% o L NRC-DIC
1 000
i Ferriaesinnn.
o 06 12 18 24 30
CMOD/mm
(a) P-CMOD

2.2 EEEMTEAR

WA P-o 4k, % ] RILEM [E Pr 45 #) 5 84 6 0F
TR Ay 25 P RE 1) = A0 O I W 2B G b AT
TR T RE G 5 EPEFR B D S50

Ldeé‘ + mgO pux Wt mgd

B(h—ay) Al
D,= Gy /P, (8)
K W ok P-6 f 4T i B IRDE 1 T AR5 0, R R i
T TR N B AL RS 5 BRI TE B 5 Ak i 4T
VIR 3 P, N P-0 R A I (8 T 28

3 ERE50MH

3.1 HRAWER

B 4% g e X 513 (E) A1 DIC 5 2 (19 1R % +
P-CMOD & #:47 %5 [, 45 3 01 1(a) s TR BE + 1Y
P-6 & WL 1(b). ph 1 AT UL, 2 F o 325 R 46 19 B dis
W) R G5 3 2 i il 4 B A A DL DT 2o R R
IR i) = i Be o, A0 S o e st B B RRE T R Y
BERIL R B B ARYE P-CMOD #1 P-6 #h £k, 1l i
(D)~ (8) K15 32 KA 0% W12 28 d I iy WL K 7 24
SR 2L .

Gy = (7)

F1 IREE+ 6 P-CMOD 2 fn P-o il £k
Fig.1 P-CMOD and P-¢ curves of concretes

32 MATERHETEELAR

K FH DIC XF 507 BG4 A X3 42 35 460 7%
A7 W, BRFE AN K S10, 19 51 A KR TR B + W 24 48
FEIX (FPZ) Z4 45 e 3 Ak B0 A 19 5% i) . AR TR e +
2 #k By B 2 & LK 2. i B 2 7T WL, P1~P6 fin %
a3l Ab T far Gk B B B 0.4F,, . 0.7F .\
1.0F,. 1 F B 0.7F, ... 0.4F, . 0.1F B AL & . th
TG LW M A 2 a0y BIE Tl oh 1
BRI W I 3 44 5 B DX A A B AR 37 AR AL i L R
o i) g AR

4000
- PC
« RC
3000 - + NRC
, g
£ 2000 - %
3
1000 F i
(3
“"'mw...
. e,
0 0.5 1.0 1.5 2.0
d/mm
(b) P-6
1A P3
g P4
z | fP2
% [
R
! P5
Pl
P6
0 CMOD/mm

K2 MRIBREE L 45 B Bos &

Fig.2 Schematic diagram of each loading stage of rubber concrete
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Fig. 3 Crack propagation in FPZ of specimen PC, RC and NRC
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Fig. 5 Comparison of fracture energy of of specimens
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