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Table 1 Fully-graded concrete proportions kg-m™
Stones grain size/mm
Water Sand Cement Fly ash Water reducing agent
5-20 2040 40-80
91.00 463.03 463.03 618.37 619.01 141.56 60.67 1.6




52 5 2 W TR & AR VR L E S A Rl B 2R . 571

o

_Lrrrrrrrret
l d |
~ 1
a) — —_—
N <4,
D
CTTTTTTTTTTT .
D
K1 A ZRe TR B e X s
Fig. 1 Schematic diagram of the axial tensile fracture test for fully-graded concrete
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Table 2 Physical and mechanical parameters of fully-graded concrete
fu/MPa

E/GPa v

pl(kg'm) fo/MPa

Strain rate/(10°° s™") Strain rate/(10~ s7")

4.40

42.171 0.167 2400 50.44 2.76

E, v, p, fc, fs denoted elastic modulus, Poisson’s ratio, density, uniaxial compressive strength and axial tensile strength, respectively.
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Table 3 Test program
Specimen No. Age/d Strain rate/s ™' Displacement loading rate/(mm-s ") H/mm D/mm 2a/mm
Co1 201 10° 0.002 450 450 90
C02 201 107 2.000 450 450 90
Co3 203 107 2.000 450 450 90
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Fig. 2 Arrangement of elongation and laser displacement gauges for axial tensile testing of fully-graded concrete
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Fig. 3 Fracture surface of fully-graded concrete specimens
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Fig. 4 Load-displacement curves
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Table 4 Axial tension test results for fully-graded concrete

Fracture

Specimen Energy absorption Characteristic
loads/ . . energy/
No. capacity/(N-m ) . length/mm
kN (N'm )
Co1 178.82 23.19 235.59 1304.23
Cco2 284.41 62.29 538.38 1172.73
C03 282.48 51.68 519.32 1131.34
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Fig. 6 Finite element type and maximum principal stress cloud for uniformly distributed forces (deformation magnification factor 2 000)
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Table 5 Displacement values of the laser displacement gauge at peak load
Specimen Laser displacement meter/mm
N Plane displacement equations
0. 1 2 3 4

Co1 0.008 100 0.014 100 0.033 100 0.029 890 x+0.528y+18000z=0.370 8
C02 0.008 960 0.015300 0.056 000 0.058 700 x+1.142y+11 8422z=0.438 0
C03 0.018156 0.040 180 0.032075 0.013 031 1.736)+32330z=0.8120
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Table 6 Comparison of fracture toughness

Fracture toughness/(MPa~mI 2

Specimen
No. Peak load/kN Eccentricity not Eccentricity
considered considered
Co1 178.82 0.546 0.939
C02 284.41 0.868 1.394
Co3 282.48 0.862 1.379
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Static and Dynamic Axial Tensile Fracture of Fully-Graded Concrete
ZHANG Yazhou, ZHONG Hong, LI Chunlei, WANG Haibo, LI Deyu, LI Zhiyuan
(China Institute of Water Resources and Hydropower Research, Beijing 100048, China)
Extended Abstract

Introduction As a non-homogeneous material, concrete has a large number of microcracks and even macro-defects on its surface
and inside. Cracks in concrete dams can impair the integrity of the dam, change its stress state, and shorten its service life. In practical
engineering, most concrete structures are subjected to dynamic loads such as earthquakes and dynamic water pressure. Dynamic
loading has uncertainty and complexity, which has an important impact on the load-carrying capacity and durability of concrete
structures. Research on the crack resistance of concrete is conducive to delaying and mitigating the cracking of concrete as well as
taking measures to stop the cracking of cracked concrete, thus improving the durability and safety of concrete structures.

Dam concrete is usually fully-graded concrete, subject to various conditions usually uses wet-screening concrete to carry out
experimental research, but its test results do not fully reflect the mechanical properties of fully-graded concrete due to the sieve out of
the large aggregate. It is thus necessary to carry out the fracture test of fully-graded concrete. In addition, many concrete high dams in
China are constructed in the southwest and northwest earthquake areas, and the existing research on the fracture under dynamic
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loading is seriously lack. This paper was to carry out tests during rapid loading to obtain the dynamic fracture parameters of
fully-graded concrete.

Methods Fully-graded concrete specimens were prepared using the same mix ratio as the Baihetan Arch Dam. The 15MN dynamic
and static material was used and an axial tensile fracture test was carried out. The specimens had a diameter of 450 mm and a height
of 450 mm. The central part of the concrete specimen was cut by a cutting machine to form a ring prefabricated crack with a depth of
45 mm and a ratio of the length of the prefabricated crack to the length of the ligament of 0.2.

To compare the fracture properties of fully-graded concrete under static and dynamic loading, a strain rate of 10® s was set as
the quasi-static condition. According to the range of seismic characteristic strain rate, a strain rate of 10~ s~ was set as the dynamic
working condition. The test was controlled via displacement loading, and the change process of load and loading point displacement
was recorded during the test. At the cracks, one trans-seam displacement extensometer was arranged at every 90° degree along the
ring, with a total of four extensometers at a distance of 50 mm, and the direction of the displacement extensometers was parallel to the
length of the specimen, which was used to determine the change curve of the crack opening displacement with the load in the loading
process. Laser displacement gauges were arranged adjacent to each of the displacement gauges at a distance of 350 mm to measure
the overall deformation of the specimen. The fracture toughness was calculated via the experimental and numerical data, where the
numerical method was an extended finite element method, and the eccentricity phenomenon that occurred during the test was also

taken into account.

Results and discussion All the specimens are fractured along the prefabricated crack surface. For the specimens under quasi-static
loading, the fracture surface is rough and exposed more coarse aggregate, and the interface between aggregate and matrix stripping
mostly appears on the fracture surface, and the fracture of aggregate is rare. In the specimens under dynamic loading, the fracture
surface is slightly flat, and in addition to the interface between the aggregate and matrix stripping, a number of coarse aggregates are
pulled off in the section. During the slow increase in load, the cracks tend to expand along the weak surface, i.e., the aggregate-matrix
interface. Under dynamic loading, the cracks do not have time to develop along the weakest part but expand along the shortest path,
leading to damage to the specimen.

The increase in the strength of concrete specimens under dynamic loading is because the process of extension along the
prefabricated cracks runs directly through the coarse aggregate, without having time to pass through the weak part of the cement
mortar-coarse aggregate bond. In essence, the inertial forces and inhomogeneity of the concrete material itself lead to an increase in
the strength of the specimens under dynamic loading. Under quasi-static loading, the rate of strain energy release and aggregation in
concrete specimens is slower, and crack expansion occurs along the weak part of the material. In contrast, under dynamic loading, the
rate of strain energy release and aggregation in concrete specimens accelerates and cracks may propagate through the stronger parts of
the material, leading to an increase in strength.

Conclusions The peak load, energy absorption capacity, fracture energy, and fracture toughness of fully-graded concrete specimens
under dynamic loading were increased by 58.51%, 145.75%, 124.48% and 47.71%, respectively, compared to static loading, while the
characteristic length was reduced by 11.67%. The numerical simulation calculated the fracture toughness taking into account the
eccentricity phenomenon during the test, which was increased by 71.98% for quasi-static loading and by 60.35% for dynamic loading,
compared to the uniform loading method without taking into account the eccentricity phenomenon.

Keywords fully-graded concrete; axial tensile fracture test; dynamic loading; fracture toughness; extended finite element method



