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Fracture Properties of Multi-Walled Carbon Nanotubes Reinforced Concrete
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Abstract: Incorporating multi-walled carbon nanotubes (MWCNTSs) into concrete can improve the fracture toughness of concrete.
The fracture properties of MWCNTs reinforced concrete were examined via three-point bending beam fracture tests. The fracture
parameters of MWCNTs reinforced concrete were analyzed by using the double K fracture parameters. The results show that
MWCNTs can improve the fracture toughness of concrete. When the content of MWCNTSs is 0.10%, the 28-d compressive strength
and splitting tensile strength of concrete are increased by 1.7% and 11.7%, respectively. When the content of MWCNTs is 0.15%, the
initial fracture toughness, unstable fracture toughness and fracture energy of concrete are increased by 31.0%, 32.4% and 24.6%,
respectively. It is indicated that MWCNTs delay the propagation of micro-cracks by bridging across the micro-cracks in concrete and
strengthening the interfacial transition zone.
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Table 1 Chemcial compositions of cement wi%
CaO SiO, AlO4 Fe,03 SO; MgO Loss

64.47 22.18 4.51 3.15 2.56 1.2 1.36

w is mass fraction.

(a) Before the dispersion

I um

(b) After the dispersion

1 MWOCNTs [ 5% L8 Fr
Fig. 1 TEM images of MWCNTs
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#2 AEMWCNTs ZE2RETHRSHT
Table 2 Mix proportions of concrete with different contents of MWCNTs
X w/% m/kg
Specimen group Slump/mm
MWCNTs TNWDIS Water Cement Sand Aggregate

Co 0.00 0.03 230 437 656 1077 80

Cs 0.05 0.03 230 437 656 1077 80

C10 0.10 0.03 230 437 656 1077 80

C15 0.15 0.03 230 437 656 1077 80
MWCNTs—Multi-walled carbon nanotubes; TNWDIS—Dispersant.
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Fig. 2 Compressive strength and splitting tensile strength of
concrete with different MWCNTs contents
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Fig. 3 F-A curves of concrete with different MWCNTs contents
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Table 3 Fracture property parameters of concrete with different MWCNTSs contents

S"Iff;me“ Fo/kN Fu/XN A jum  E/GPa  aJmm K2 /MPam'?) K. /(MPa-m'?) KS (MPam')  Gp/(N'm™)
C0-1 1.582 2.534 64.1 18.9 54.4 0.396 6 0.986 0 0.589 4 81.18
C0-2 1.514 2.326 542 18.8 52.8 03795 0.858 1 0478 6 69.89
C0-3 1.405 2303 56.6 18.8 53.8 03522 0.877 1 0.5249 67.70
C0-4 1.382 2.408 60.1 18.8 54.0 0.346 4 09248 0.578 4 70.71
C0-5 1.294 2.304 58.9 18.8 54.4 03244 0.897 4 0.573 0 68.30
Aver. 1.435 2.375 58.8 18.8 539 0.359 8 0.908 7 0.548 9 71.56
C5-1 1.494 2.326 512 19.3 523 03745 0.843 1 0.468 6 79.12
C5-2 1.668 2.682 544 19.8 513 0418 1 0.942 0 0.5239 82.01
C5-3 1.534 2.306 614 19.5 557 03845 0.9397 0.5552 7775
C5-4 1.450 2.566 73.5 19.3 56.8 03635 1.086 7 07232 79.41
C5-5 1.368 2.528 779 18.3 57.1 03429 1.084 2 0.7413 81.82
Aver. 1.502 2482 637 19.2 54.6 0.376 7 0.979 1 0.602 4 80.02
C10-1 1.858 2.844 575 21.0 522 0.465 8 1.030 1 0.5643 85.35
C10-2 1.758 2.842 74.6 202 56.1 0.440 7 1.173 8 0733 1 93.06
C10-3 1.920 2.688 642 19.8 542 04813 1.038 1 0.556 8 84.09
C10-4 1.902 2.700 69.2 20.0 55.5 0.4770 1.093 3 0.6163 78.04
C10-5 1.554 2.584 59.5 206 542 0.389 6 0.998 5 0.608 9 64.77
Aver. 1.798 2732 65.0 203 54.4 0.450 9 1.066 8 0.6159 81.06
Cl5-1 1.820 2.648 642 206 55.1 0.4562 1.0549 0.598 7 79.21
Cl15-2 2.016 2.932 81.8 206 574 0.505 4 1.270 1 0.764 7 100.62
Cl15-3 1.868 3.028 92.9 21.0 59.3 0.468 3 1.407 3 0.9390 110.20
Cl5-4 1.714 2.802 742 212 57.0 04297 1.1974 0.7677 79.70
Cl15-5 1.986 2.764 592 227 547 0.497 9 1.0856 0.5877 76.14
Aver. 1.881 2.835 74.5 212 56.7 04715 1.203 1 0.731 6 89.17
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