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Analysis on size effect and failure characteristics of filling pillars

with modified high—water material

WANG Yan',XIONG Zugiang'*,SU Chengdong'
(1.School of Energy Science and Engineering , Henan Polytechnic University , Jiaozuo 454003 , China;

2. Henan Collaborative Innovation Center of Coal Work Safety, Jiaomo 454003 , China)
Abstract:In order to study the influence of size effect of filling pillars with modified high—water material on the load —bearing capacity
0.2% polypropylene fiber was added to the samples of high—water filling pillar material for modification. By comparing the uniaxial com-
pression test results, failure process and morphology of the modified and unmodified samples , the size effect and failure characteristics were
analyzed. Finally,the test results were further discussed by scanning electron microscopy (SEM). The results show that the size effect char-
acteristics of the high—water—filled pillars remain unchanged. With the increase of height—diameter ratio, peak strength and peak strain
gradually decrease and the elastic modulus gradually increases. The modified samples’ load —bearing capacity increases, and the peak
strength increases by 10.78% ,the peak strain increases by 28.62% ; the failure types of samples are not affected by height—diameter ratio
and the fibers , all of which belong to “X” shear failure of splitting type. Due to the fiber’ s crack resistance effect,the integral compressive
stability of the modified samples is significantly improved. SEM microscopic morphology comparison shows that the fibers prevent the de-
velopment of original cracks while delaying the generation of new cracks,so that the material has a more stable ettringite skeleton structure,
which indirectly increases the strength and performance of the material and show a higher residual strength.

Key words : modified high—water material ; filling pillars ;size effect;filling support
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Table 1 Uniaxial test results

2H 5 H/D i R/MPa  &o/% E/GPa p

U-1-1 15.19 0.565 2.69 0.17

U-1-2 14.68 0.695 211 0.14
Ho U-1-3 14.20 0.614 231 0.12
SEHE 14.69 0.625 237 0.14

U-2-1 14.50 0.507 286  0.16
U-2-2 12.95 0.492 263  0.14
20 U-2-3 14.86 0.504 295 0.17
S 14.10 0.501 281 0.16
U-3-1 14.29 0.466 3.06  0.10
U-3-2 12.21 0.464 2,63 0.15
XTHRZL 3.0
U-3-3 14.52 0.492 295 0.13
SFHE 13.67 0.474 288  0.13
U-4-1 13.28 0.442 3.01  0.17
U-4-2 13.60 0.469 290 0.18
0 U-4-3 12.90 0.441 292 0.13
F-H{H 13.26 0.451 294 0.16
U-5-1 12.46 0.433 2.88  0.17
U-5-2 13.47 0.406 332 0.19
>0 U-5-3 13.66 0.405 337 0.18
e 13.20 0.414 319 0.18
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215 H/D =3 R/MPa  &./% E./GPa p
X-1-1 16.23 0.788 2.06 "
X-1-2 16.44 0.616 2.67  0.10
Ho X-1-3 16.30 0.773 2.11  0.16
S {E 16.32 0.726 228  0.20
X-2-1 14.46 0.606 239 0.15
X-2-2 16.17 0.743 212 0.18
20 X-2-3 16.07 0.664 242 0.13
A5 {E 15.57 0.671 231 0.20
X-3-1 15.34 0.561 274 0.17
X-3-2 14.90 0.591 252 0.20
KA 3.0
X-3-3 15.18 0.659 230 0.14
FHME 15.14 0.604 252 0.26
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o X-4-3 14.91 0.564 2.64 0.1
A {E 14.77 0.580 2.55  0.20
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>0 X-5-3 14.39 0.593 241 0.02
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Fig.2 Compressive strength characteristic curves of pillar specimens with different height—diameter ratio
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Fig.3 Axial peak strain characteristic curves of pillars with different height—diameter ratio
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Fig.4 Characteristic curves of elastic modulus of pillars with different height—diameter ratio
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Fig.6  Stress—strain curves of different kinds of high aspect ratio specimens
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Fig.7 Failure patterns of high water material pillars under uniaxial compression
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Fig.8 Microscopic morphology of pillar samples of blank high water material
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