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Research on backfill technology of drilling shaft sinking method in

porous water—bearing rock stratum
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Abstract: To solve the problem of the backfill layer of the drilling method in porous water—bearing rock stratum in western China, the
mechanism of filling layer and material preparation were studied. Firstly, taking the central air return shaft of Kekegai Coal Mine as the en-
gineering background, the fluid-structure interaction of surrounding rock, filling layer, and drilling shaft lining was analyzed by using
Comsol Multiphysics numerical calculation software. The calculated results show that the effective stress and pore water pressure curves
show obvious “pressure drop funnel” type characteristics (that is, the decrease rate is faster the closer to the shaft center) , and the steep
drop section of the curve is located in the backfill layer zone. It can be seen that the backfill layer not only plays the role of cementing and

sealing water; but also has the function of load reduction in porous water—bearing rock stratum in western China. Then, based on the effec-

75 B #9:2022-02-03 REHE AREL DOI.; 10.13199/j.cnki. cst.2022-0473
EEHR R ARBARLE I E (52174104 ,51674006) ; 280 BemF 5T AL WFFE %8 W90 H ( YJS20210382)
YEEE M W A H (1963—) , 53, ZHEHBIA 2R T4 SN, E-mail . zsyao@ aust.edu.cn



2022 4E55 10 # 2 A 2 H K 5 50 %

tive stress principle and Darcy seepage theory, it is proposed that the backfill material should have low permeability, high strength, large
specific gravity, small expansion, unshrinking, and good fluidity of the mixture to meet the requirements of pumping mechanized construc-
tion. Therefore, it is proposed that high performance cement mortar should be used as the backfill material of the drilling shaft in the por-
ous water—bearing rock stratum in western region. Finally, the main physical and mechanical properties of backfill material were measured
by orthogonal test, and the influence of the mass content of fly ash and expansion agent on the factors of backfill materials was studied by
the range analysis method. At the same time, the specific gravity, triaxial compressive strength, and permeability coefficient are taken as
the final evaluation indexes of its performance. Moreover, through the orthogonal experiment and the filling material of the main physical
and mechanical performance test, and based on the comprehensive balance method to obtain the backfill material of optimal mixing propor-

tion of cement : fly ash : expansion agent : water : sand : pumping agent=1 : 0.286 : 0.143 : 2.144 : 0.443 : 0.014 3. The research re-

sults provide a theoretical and practical basis for the backfilling of the porous water—bearing rock stratum in western China.

Key words : porous water—bearing rock stratum; drilling method ; backfill layer;backfill function; material preparation
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Table 4 Main basic parameters of filling materials

R4l = [y R /mm i3l &
1 2.10 690 1.57
2 2.06 675 201
3 2.03 660 2.65
4 2.01 700 1.64
5 1.99 690 232
6 1.94 675 2.71
7 1.95 700 1.72
8 1.91 690 2.36
9 1.87 680 2.77

800
e NNk 718%
7501 K 7110%
EAEIK12%
g 700 -
£
650 -
4
i 600 F
550
500
15 20 25
IR T 53 HU %
(a) ¥ EE
3.5
ez K 18%
3.01 MK 7710%

E K 12%

X 250
AL
S 20f
1.5}
1.0
15 20 25

KRR 3 /%
(b) HZHKIE
H8 FEMBMT REMPKEL MY

Fig.8 Trend of expansion and expansion rate of filling materials
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Table 5 Uniaxial compressive strength of filling materials

R AR RS/ MPa

i 3d 74 28 d
1 18.04 28.63 40.29
2 16.72 26.46 38.18
3 15.13 25.12 34.72
4 14.87 23.80 33.94
5 14.71 23.34 32.91
6 14.64 22.49 31.73
7 13.85 23.11 31.53
8 13.46 22.92 30.73
9 12.35 21.34 29.28
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Table 6 Results of stress—seepage coupling test

g B EIiS PP/ BiERR
B2
5%/ MPa MPa (1077m - d™")
1 58.34 5382 9.95
2 55.69 5169 9.43
3 54.13 4786 8.62
4 53.50 4730 8.15
5 50.10 4 608 7.91
6 48.12 4508 7.29
7 44.96 4496 7.91
8 42.28 4421 6.71
9 40.92 4360 6.29
70 |2/ - ;. /1 3/ - b, =
s —— BHAOKRTEY T RIS &
S 001 e WK PSS (S lE
@50t 7
P ]
S 40t
H 30t
j—ﬁ
= 20}
|
L 10
&
0
1 2 3
K

K10 =Z#yiEREERHERES

Fig.10 Trend chart of factors of triaxial compressive strength
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Table 7 Comprehensive balance sheet

A k{E ek
LD k, k, ks VT & &
HHE 2.06 1.98 1.91 0.927
AR

A 56.05 50.57 4272 0.762 A,
R
BiE R 9.30 7.78 6.97 0.749
L H 2.02 1.99 1.95 0.965
=P

B N 5226  49.36 4772 0.913 B,
[

Bk R 8.67 8.02 7.40 0.854

H13& 7 AT LU H B KB i (A) XS F8FR 1Y
T A 1838 R 50— =P TRsR I — L, 30
A NZEXBIE R RO BN R, X H AR 0 Sk
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8 (HZE A 30 B R LU 3 A0 % 18, ILAL B 2 A, MR B
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IR B, A FTHUA, B A, , 25 A BUA, B, = Hil
PURMREE LE A, B FEAK T 9.8%, T8 % R AL HX
A, BREAR T 16.3% , RIHTBPERESE & 1716.3%, 25 |
OyME, A R B A, [6) B AT 4 B % F B Bk 550 45
W (B),B, ALK, B, BE G I I 0 i
PRECLE R w0 (K UE + R BE K+ BEIK ) = w (OK) -
w(H) +w(FEi%EF )= (0.70+0.20+0.10) : 0.31 :
1.5 2 0.01, #5AH FHBL A A w(KTR) @ w (M
W) = w(BEAKR) cw(K) w(B) - w(FEER]) =
1:0.286 : 0.143 : 2.144 : 0.443 : 0.014 3,

3 % i

1) Filer | FE3E0Z FRE T I B I 10 15 2 ] 11
OIT R TEPG R LR A SR 2 SEBUZ ANME A
8

A R KAER i Had HAT Rk DI RE

2) T AN 7 F AR P B e, S P
H M X LR Y 5 A 2 R T RE S SRR Z A R
N EAARBENE B E ok R e E Ik )
BHPES YT S PR LS i R A DL A T, JF7E
FUIEVERT 3550 s W e B 54 B 5 LB
240, IR L T35 9 SOk IE

3) B R FH e PR RE K VD SR AT A v S Hl X AL
B AL S KA R I R B JE SR E AR, i R AL
PRI Y B 2 R AR, AR PR 25 A T v 1S
FNEARAEL A LR w (FKIE) = w (BHEK) + w (K
F) tw(K) T w (i) s w(EER)=1:0.286 :
0.143 : 2.144 : 0.443 : 0.0143,

52 3 HK ( References)

(1] SEER. RREASHT RN ERBAIN[)]. HR TR,
2012,44 (1) .27-28.
DOU Yukang.Discussion on the experience and lessons of the con-
struction of Tarangole Mine[ J]. Coal Engineering, 2012 ,44(1) .
27-28.

[2] Z=iEL, HEd, 20K, & AERMZHRSE AV
PERELIS BT[] MERBHAHOR , 2015, 43(5) :30-33.
LI Borong, YANG Gengshe, XI Jiami, et al. Experimental study
on physical mechanics of freezing sandstone of Cretaceous Strata
[J]. Coal Science and Technology, 2015, 43(5) ;30-33.

[3] E&F, XMER, £ 8. s s g ot 5T
[J]. #HHA, 2020, 41(5) .43-45.
WANG Jianping, LIU Weimin, WANG Heng. Ground freezing de-
sign and construction of auxiliary mine shaft in Hetaoyu mine[ J].
Mine Construction Technology, 2020, 41(5) .43-45.

[4] Hz=Je. fOEI TR TN M A0 st B3 Tl i i,
2003 :1423-1429.

[5] XURESR. MU Eh e AR R e SBR[ T]. o4, 2013,
38(7):1116-1122.
LIU Zhiqiang. Development and prospect of mechanical shaft
boring technology [ J ]. Journal of China Coal Society, 2013,
38(7):1116-1122.

[6] MM, BR 32 iR DR SHAR R R[]
HIFHEAR, 2015, 36(2) :1-4.
YANG Renshu, CHEN Jun. Development status and prospects of
mine shaft construction equipment and technology[ J]. Mine Con-
struction Technology, 2015, 36(2) :1-4.

(77 8 &, XR&, K%, & RWESIHHE RS SR E
PUEIEOAR L) ]. BEHBLAEOR. 2017(12) :36-42.
ZHOU Lin, LIU Chengzhi, ZHANG Guangxue, et al. Pre —
grouting technology of freeze hole water channels in full - deep
freeze shaft[ J]. Coal Science and Technology, 2017(12) ;36-42.

(8] M UK, Wi, T SIREPCE 2R LI 2RSS
WK EBNAHALI]. 8K, 2019, 40(4) :5-8.
TIAN Le, FENG Xuhai WANG Jianping. Prevention and control

technology of second water disaster from full depth ground freezing



WA FLBRA

KRB B SR SRS

2022 4F55 10 14

[10]

(11]

[12]

[14]

of mine shaft in weak cemented soft rock strata[J]. Mine Con-

struction Technology, 2019, 40(4) .5-8.

AT F LSRR A IR AT K TR B BN [ ],

INAREERFEH , 2018 (1) ;22-26.

NIU Qinghe. The Practice of cutting hole grouting technique in the

water damage control of Dahaize coal mine[ J]. Shangdong Coal

Science and Technology, 2018 (1) ;22-26.
BHAE, LS, W A, Bl 600m

27, hEBER, 2004 (6):9-12.

HONG Bogian, ZANG Guimao, TAO Jie. Design and installation
of sidewall of 600m deep well in Longgu mine[ J]. China Coal,
2004(6) :9-12.
XAE R, B B OR R RO KRB [T ]. Mk TR,
2018, 50(6) :44-46.

AT S

LIU Zhigiang. Overview and outlook on development of mine con-
struction technologies [ J ]. Coal Engineering, 2018, 50 (6):
44-46.

WES, oM, BOME, S BRI P I R R O BE Y
MBS R [J]. P B L R4, 2019, 48(4) .
742-749.

YAO Zhishu, WANG Chao, CHENG Hua, et al. Design optimi-
zation and engineering application of high strength shaft lining for
rapid construction with drilling shaft sinking method[ J]. Journal
of China University of Mining & Technology, 2019, 48 (4):
742-749.

X, R, Fsple, . TR I 4 Wi A7 5 ik
BEGREH RS [I]. BRFEM, 2020, 45(11):
3645-3656.

LIU Zhigiang, SONG Chaoyang, CHENG Shouye, et al. Equip-
ment and key technologies for full-section scientifically drilling of
kilometer—level vertical shafts[ J]. Journal of China Coal Society,
2020, 45(11) :3645-3656.

WHUE, B A, RWIM, & 7T S0 20 LS
BRI R AR SR [ 1] BRI, 2022, 47(1)
499-514.
FAN Jingdao, FENG Hua, SONG Zhaoyang, et al. Key
technology and equipment of intelligent mine construction of
whole mine mechanical rock breaking in Kekegai Coal Mine[ J].
Journal of China Coal Society, 2022, 47(1) :499-514.

SRR Al TN MO AL s Tl AR, 2010.
AR N RIUHI T B S5 & B0 GB51227-2017, L34
IR T S OB S 1AL ST h E Rl AL, 2017.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

EWE, I A BRI R I TR R S SR
R Bl C 1/ /72 E T I # R E AR S BESCR&E (F
W), 2004:134-138.

WANG Huaizhi, SUN Jie. Optimization of height division design
of backfill section in Longgu Coal Mine double main shaft deep
drilling engineering [ C ]//Selected Papers National Mine Con-
struction Science Conference ( Volume Two) , 2004 :134—-138.
TKREW, Bk, AU BRI N TSR R IS SR T
PRI T]. #EHEA, 2000, 21(4) :13-14.

ZHANG Jiaxun, YANG Zhigiang, ZENG Fanwei. Application of
drilling method in deep shaft after grouting back filling[ J]. Mine
Construction Technology, 2000, 21(4) :13-14.

T R, BN, PR R IR T BE S SRR
BHRISHIFE[T]. H EH° 1L TR, 2018, 47(3) :55-58.
WANG Jianzhong, XU Changlei, CUI Chuanjie. Test study on
backfill materials used in shaft drilling of potash deposits [ J].
China Mine Engineering, 2018, 47(3) :55-58.

TR BT T BE T TR 3 [l BRIy i [ 7] £
K, 1998, 19(6) :1-6.

HONG Bogian. Influence of filling after drilling on vertical addi-
tional force[ J]. Mine Construction Technology, 1998, 19(6) .
1-6.

BRELL, B, UGk, ARAIED WIS 67 i T < e b 2t
[1]. 2R, 2001, 22(5) :18-20.

QIAN Yuhong, ZHANG Guiling, LIU Jinlin.
flooded ventilation shaft in Qidong Mine[ ] ].
Technology, 2001, 22(5) :18-20.

WA, BEgERE, PRES. IR RUZ BT IR AR K LB
FFEEIBATS [ ] BEBRLAEOR, 2015, 43(S1) :1-4.
YAO Zhishu, XUE Weipei, CHEN Tingxue.

Treatment of

Mine Construction

Discussion on
mechanism of water leakage and grouting technology of drilling
shaft lining in deep alluvium[ J]. Coal Science and Technology,
2015, 43(S1) :1-4.

BRI, S5 IR RE IS FEBIRb IR A BT Ao SR HT[ D] 3
B EHIL TR, 2013.

CHENG Dingwei. After drilling a well wall mortar filling materials
configuration and application[ D ]. Huainan: Anhui University of
Science and Technology, 2013.

e N RAE B S5k 2 #BE. 1G1/T70-2009, HHH
SHEA M e 50 7 bRk [ ST b s o E SR Tl Hh R
1, 2009.



