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Fracture Performance of Recycled Aggregate Concrete
Modified by Nanomaterials

LUO Surong’, LIN Qian, LI Weiyuan, WANG Dehui

(College of Civil Engineering, Fuzhou University, Fuzhou 350116, China)

Abstract: Recycled aggregate concrete (RAC) was modified by adding nano-SiO, (nano-silica sol and nano-SiO,
powder) and nano-CaCO, powder to study the fracture performance. The fracture property of RAC modified by
nano-materials was tested by three-point bending beam method and traditional electrical measurement. The results
show that the 28 d compressive strength and splitting tensile strength of RAC can be effectively improved by adding
proper amount of nano-SiO, and nano-CaCO,. Adding 1.0% nano-silica sol, 0.5% nano-SiO, powder and 2.0%
nano-CaCO, powder respectively has the most effective on the improvement of double-K fracture parameters and
fracture energy. After the addition of nanomaterials, more cracks pass through the recycled aggregate than that for
ordinary concrete ; nanomaterials promote production of higher density hydrate and reduction of the number of internal
pore in interface transition zone.
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Table 1 Chemical compositions of cementitious materials

w/%
Material  CaO SO, ALO, Fe,0, SO, MgO IL
Cement 62.53 21.70 4.35 3.32 292 208 1.60
Flyash 11.20 46.32 29.51 6.78 0.57 1.34 2.63
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Table 2 Physical properties of coarse aggregates

Apparent density/ Water absorption Crushing index Mud content(by Acicular content
Type of aggregate _

(kg-m ) (by mass)/ % (by mass)/ % mass)/ % (by mass)/ %
RCA 2653 4.24 13.0 1.24 0.20
NCA 2595 0.92 3.9 0.38 1.45
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Table 3 Physical properties of nano-materials
Type of nano-material w/ % pH valve  Density/(g-cm *)  Viscosity/(mPas)  Specific surface area/ (m*+ g~ ') Mean size/nm

NSL 30.0 9.0 1.20 19.1 11.7
NSP 98.2 9.0 0.06(Tap) 210 26.0
NCP 99.0 9.3 0. 29(Bulk) 25 40.0
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Table 4 Mix proportions and mechanical properties of concretes
Mix proportion/(kg-m ™) 98d 28d
Speci . splitting
men mpressiv
peNc ¢ River Water 0P esh/e tensile
° Cement  Fly ash L Waer  NCA RCA  NSL NSP NCP reducing  SUenst strength/
san
agent MPa MPa
NC 273.00 117.000 616.50 164.000 1 250.00 0 0 0 0 4.91 42. 36 5.16
RACS50 273.00  117.00 616.50  164.00 625. 00 625.00 0 0 0 5.46 43.27 4.78
RAC100 273.00  117.00 616.50  164.00 0 1250.00 0 0 0 6.01 45.08 4.57
NSLO. 5 272.00  117.00 616.50 161.00 0 1250.00 4.70 0O 0 8.58 47.63 6.10
NSL1.0 270.00  117.00 616.50  158.00 0 1250.00  9.00 0O 0 9.75 48. 36 5.73
NSL1.5 269.00 117.00 616.50  154.00 0 1250.00 13.70 0O 0 10.53 43.68 5.25
NSPO. 5 272.00  117.00 616.50  164.00 0 1250.00 0 1.40 0 8.97 47.35 5.72
NSP1.0 270.00  117.00 616.50  164.00 0 1250.00 0 2.70 0 9.36 45.22 5.40
NSP1.5 269.00 117.00 616.50  164.00 0 1250.00 0 4.10 0 10. 14 43.52 5.11
NCP1.0 270.00  117.00 616.50 164.00 0 1250.00 0 0 2.70 9. 36 44.96 6.00
NCP2.0 268.00 117.00 616.50  164.00 0 1250.00 0 0 5.50 10. 14 47.53 5.57
NCP3.0 265.00 117.00 616.50 164.00 0 1250.00 0 0 8.20 10. 53 39.50 4.67

Note: NC represents normal concrete; RAC50 and RAC100 represents the replacement rate of recycled coarse aggregate is 50 %, 100%,
respectively; NSL0.5, NSL1.0 and NSL1.5 represents the content of NSL is 0.5%, 1.0%, 1.5%, respectively; NSP0.5, NSP1.0 and NSP1.5
represents the content of NSP is 0.5%,1.0%,1.5% , respectively; NCP1.0 ,NCP2.0 and NCP3.0 represents the content of NCP is 1.0%,2.0%,

3.0% ,respectively.
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Fig.1 Sketch of three-point bending beam

experiment (size:mm)
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Fig.2 Layout of strain gauge (size:mm)
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Table 5 Young’'s modulus value of phase from

nanoindentation **""’

Unhydrated

cement particles

Type of phase ~ Pore  C-S-H  CH crystal

and other

substances

Young's

0-10 10-35 35-50 =50
modulus/GPa
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Fig.4 P-e,P-¢,P-CMOD curve of RAC100 specimens
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Table 6 Double-K fracture parameters and fracture energy of RAC specimens
K'/(MPa- ) K&/(MPa- > G
Specimen No.  P,./kN P, ./kN E/GPa CMOD./pm  a./m 1€ /(1,,, d (’Vm‘ff : /(1,7 ¢ (’V“‘jf '/El
m’?) K m’?) K¢ m )
NC 1.52 5.78 33.25 69.62 0.115 0.215 0. 046 1.332 0.028 187. 44
RAC50 1.43 5.61 31.63 60.42 0.110 0.202 0. 054 1.175 0. 028 152. 37
RAC100 1.27 5.45 30.40 59.72 0.109 0.181 0. 056 1.126 0.037 143. 16
NSLO. 5 1.79 6.31 25.41 65. 28 0. 100 0. 250 0.062 1.132 0.091 141. 67
NSL1.0 2.09 6.51 28.01 63.62 0.102 0.289 0. 045 1.195 0. 046 149. 18
NSL1.5 1.71 5.82 22.34 77.16 0.104 0.238 0.075 1.117 0. 069 142. 65
NSPO. 5 2.04 6.47 25.41 71.55 0.103 0.281 0.043 1.207 0. 029 155. 02
NSP1.0 1.90 6.43 24.44 70. 28 0.101 0.264 0. 050 1.159 0. 055 142.78
NSP1.5 1.42 5.46 19. 11 82.97 0.104 0. 200 0.042 1. 040 0.075 124. 36
NCP1.0 1.83 5.86 27.42 64.22 0.105 0.255 0. 087 1.139 0. 040 144.30
NCP2.0 2.01 6.35 29.84 64.39 0. 105 0.279 0. 054 1.235 0.110 157.00
NCP3.0 1.62 6.04 29.80 64.87 0.107 0.228 0.047 1.218 0. 088 138.69
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Young's modulus/GPa:
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Fig. 5 Failure forms above the crack of specimens

(d) NSP0.5

(e) NCP2.0

Young's modulus/GPa:
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Fig. 6 Distribution cloudy map of typical interface indentation lattice Young's modulus of RAC specimens
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Table 7 Characteristic parameters of various interface with different nano-material content
Mean
. Thickness of Mean Young's Thickness of Mean Young's Thickness of Young's
Specimen No.
ITZ,/pm modulus of ITZ,/GPa 1TZ,/pm modulus of ITZ,/GPa ITZ,/pm modulus of
ITZ,/GPa
RAC100 40 23.09 60 27.34 50 26.68
NSLO. 5 40 23.70 60 27.52 40 30. 38
NSL1.0 40 22.48 60 28. 88 40 25.34
NSL1.5 40 23.59 60 34.29 40 28.61
NSPO. 5 40 23.09 60 25.72 40 26.57
NSP1.0 45 22.55 55 26. 82 40 25.32
NSP1.5 40 22.98 60 35. 36 45 29.55
NCP1.0 35 23.70 60 28. 56 45 31.21
NCP2.0 40 22.60 55 27.65 40 32.32
NCP3.0 40 22.25 60 29.93 45 24.02

ITZ, 5 1 A 5 B0 & AR B R B (B 57 v & B UL
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K CaCO, ¥y AR Al C-S-H BE e ME 3 A B2 25 . 3K
W B A SIO, FI 9K CaCO M K m , 9K
S1O, 1 I LB A8 AP 2 B4 il A B0 ek 38 1 CHL iy
PRA & A AN RS, (2 Bk A 0% 7 A C-S-H,
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