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Experimental Study on Fracture Behavior of Cement Mortar Containing
Fly Ash at Early Age

FAN Yingfang', LI Xinjie, CHEN Hao, LI Qiuchao

(College of Transportation Engineering, Dalian Maritime University, Dalian 116026, China)

Abstract: In order to investigate the fracture behavior of cement mortar with fly ash(FA) at early age, cement was
replaced with FA to fabricate cement mortar notched beams. Specimens at 1, 2, 3 d were subjected to three-point
bending tests and compressive strength tests. Digital image correlation(DIC) technology was adopted to monitor the
strain and displacement of specimens, while acoustic emission( AE) technology was used to record the occurrence and
accumulation of internal damage. The results show that FA leads to an obvious decrease in the fracture behavior,
compressive properties, crack propagation and fracture resistance of cement mortar at early age. It is worthwhile to
note that both the fracture process zone and the internal damage range are significantly narrowed for FA cement mortar
at early age. With the increase of FA content and shortening of curing age, the fracture parameters of the cement mortar
decrease, while the cracks propagation accelerates. It is found that a linear relationship exists between fracture
parameters and cube compressive strength.
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Table 1 Chemical compositions(by mass) of cement
and fly ash
Unit: %

Material Si0, AlO, Fe,0, CaO MgO SO, K,0O N,O Other

Cement 21.91 6.27 3.78 59.30 1.64 2.41 4.69
Fly ash 49.89 34.81 2.17 4.78 1.28 1.10 2.97 1.25 1.75
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Table 2 Test results of FA cement mortar three-point bending beams at 1-3 d
. Ki'/(MPa+ K;&/(MPa- Ki./(MPa+ G./(N-
Age/d Specimen F,/kN F, . /kN F,/F__ CMOD_/um ‘ a./mm ¢ /(1,, ¢ ¢ /(w é ¢ /(1,9 b P/,(l f./MPa
’ ’ 7Pa m’?) m’) m'’?) m )
FMB-0  0.265  0.407 0.651 10.6 30.78  19.09 0.164 0.315 0.151 32.45 9.40
FMB-10 0.207  0.330 0.627 7.9 28.44  17.98 0.128 0.217 0.089 18.76 8.83
1 FMB-20 0.184 0.291 0.632 8.4 24.14  18.13 0.114 0.210 0.096 18.71 5.96
FMB-30 0.129  0.206 0.626 7.6 23.44  19.66 0. 080 0.167 0.087 7.08 4.31
FMB-40 0.107 0.167 0.641 5.6 22.25 18.58 0.066 0.125 0.059 6.72 3.17
FMB-0  0.349  0.549 0.636 10.2 48.61  20.00 0.216 0.456 0. 240 35.94 20.99
FMB-10 0.319 0.514 0.621 10.7 44.30  20.12 0.198 0.432 0.234 33.48 19.92
2 FMB-20 0.306  0.489 0.626 11.1 33.23 18.66 0.190 0. 367 0.177 32.73 17.49
FMB-30 0.236  0.400 0.590 8.0 32.03 17.53 0. 146 0.276 0.130 19.70 14.51
FMB-40 0.202 0.330 0.612 6.4 30.63  16.96 0.125 0.218 0.093 17.32 9.87
FMB-0  0.420  0.681 0.617 12.8 45.73  19.53 0. 260 0. 550 0.290 48. 04 25.63
FMB-10 0.387  0.588 0.658 11.8 35.74  18.30 0. 240 0.429 0.189 45.43 23.09
3 FMB-20 0.363 0.574 0.632 11.9 35.16  18.46 0.225 0.424 0.199 46. 48 17.97
FMB-30 0.254  0.438 0. 580 10.8 32.28 19.09 0.157 0.339 0.182 22.14 16.47
FMB-40 0.228  0.355 0.642 6.5 31.24  16.63 0.141 0.230 0. 089 21.13 15. 49
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Fig.2 Relationship between compressive strength and fracture parameters of FA cement mortars
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