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Tab. 1 Mix ratio of roller compacted concrete

ks kI BYEIRS Wy A/(kgem”) yokN A HY
(kgem™) (kgem”) (kgem”) (kg'm~) 5-25mm % %

e

HIE 120 120 120 7155 13288 1 0.1

x2 WREEL

Tab. 2 Mix ratio of mortar

JZ1A] K/ A B /W WK ks gk
W (kgem™) (kgem™) (kgem™) (kgem™) % % %

VIS 225 225 225 1350 0.7 0 0

Ak 225 225 225 1350 0.7 2 0
SiO, b '
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ik '
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Fig. 1 Preparation and curing of specimens
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Tab. 3 Number of test specimen groups
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Fig. 3 Splitting failure modes of roller compacted concrete layers
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Fig. 4 Splitting tensile strength and incremental percentage of

s

roller compacted concrete
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Fig. 5 Load displacement curve during the splitting process of roller compacted concrete
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Fig. 6 Strain cloud map of the splitting process of roller compacted concrete
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Fig. 12 Microhardness of roller compacted concrete
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Crack propagation law of roller compacted concrete layer
based on DIC technology

LI Zhilong', WANG Jing’, LI Yang’, CHAI Jiaqi’
(1. National Energy Group Xizang Electric Power Co., Ltd., Linzhi 860114, China; 2. Faculty of Water Resources and
Hydropower Engineering, Xi’an University of Technology, Xi’an 710048, China )

Abstract: Roller compacted concrete has the characteristics of low hydration heat, zero slump, high application
speed, and low cost, making it suitable for constructing large concrete structures. The roller compacted concrete dam
is constructed layer by layer using the roller compacted construction method with dry and hard concrete. However,
layered construction often forms many layers, and the interlayer joints of rolled concrete are the weak link in
engineering. Under continuous loads, cracks, holes and other defects will inevitably appear, endangering the anti-
skid stability of the layer and posing a threat to the safety and durability of the dam. Layer cracks are a significant
sign of structural failure. Therefore, it is necessary to conduct research on the crack propagation law of roller
compacted concrete under load.

Three different types of mortars (cement mortar, nano SiO, mortar, and expansion agent mortar) were designed
to treat the layer of roller compacted concrete specimens, and a universal testing machine was used to apply splitting
load for splitting tensile test. The splitting tensile strength and surface morphology of different specimens were
recorded. During the splitting tensile test, the DIC analysis system was used to collect the strain of the specimen
during the splitting process, in order to obtain a strain cloud map of the entire process of crack formation and
propagation in the roller compacted concrete layer. The variation patterns of crack width and propagation rate were
calculated and analyzed through system software. The cutting machine was used to extract the layer of roller
compacted concrete, and the microhardness of different mortar treatments was tested using a microhardness tester.
The microhardness has a high linear relationship with crack propagation rate and splitting tensile strength.

The experimental results indicated that: (1) The mortar treatment could better embed aggregates and provide
mechanical interlocking force for layer bonding. Therefore, the splitting tensile strength of the compacted concrete
layer was improved after mortar treatment. Nano SiO, and expansion agents could promote cement hydration and
fill pores, and the improvement effect of the three types of mortar was based on the following: nano SiO, mortar >
expansion agent mortar > cement mortar. (2) Under the action of splitting load, strain concentration zones gradually
appeared on the layer of roller compacted concrete. Based on the change of strain color gradient, the crack
development process was divided into initial stage, initiation stage, expansion stage, and penetration stage. Mortar
treatment could improve the stability of the layer structure and delay the development of layer cracks. The load
displacement curve shown that the peak loads of the specimen layer treated with cement mortar, nano SiO, mortar,
and expansion agent mortar were 44.43 kN, 52.90 kN, 62.48 kN, and 59.81 kN, respectively. (3) The width and
propagation rate of cracks were basically 0 in the initial stage, and then began to rise, with a sharp increase in the
expansion stage. The crack propagation rate of the layer treated with nano SiO, mortar were the smallest. (4) The
microhardness of layer was lower than that of the upper and lower layers of rolled compacted concrete, and the
determination coefficients between microhardness, crack propagation rate, and splitting tensile strength are 0.941
and 0.960, respectively.

When carrying out roller compacted concrete construction, the layer as a weak structure, the occurrence of
cracking needs to be considered. The expansion law of cracks on the layer of roller compacted concrete was studied
through DIC technology, which could provide reference value for improving the bonding quality of roller

compacted concrete dam layer and reducing the occurrence of cracks.

Key words: roller compacted concrete; splitting tensile; layer crack; digital image correlation; microhardness
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