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Deformation mechanism and "'stress relief-support reinforcement'' synergistic
control of gob-side roadway under thick and hard directly overlying roof

ZHANG Guangchao', LEI Teng', LYU Kai', ZHANG Zhaoyun™’, DONG Jinshuai', HAN Fei’, LIU Yuhang',
LI Xiaobin®, YIN Maosheng', CHEN Tong', ZUO Hao'

(1. College of Energy and Mining Engineering, Shandong University of Science and Technology, Qingdao 266590, China; 2. Shandong Energy Group Co.,
Ltd., Jinan 250101, China; 3. Yankuang Energy Group Co., Ltd., Jining 272000, China; 4. State Key Laboratory of Water Resource Protection and Utilization
in Coal Mining, National Institute of Low Carbon and Clean Energy, Beijing 102209, China)

Abstract: To investigate the instability and deformation characteristics of thick hard roofs overlying open
roadways in deep mines, this study employs the sixth mining area of Dongtan Coal Mine(Yanzhou mining
district)as an engineering case. A Timoshenko beam model on an elastic foundation was established to
characterize roof deflection, incorporating structural and mechanical properties of thick hard strata. Analytical
solutions for bending moment, shear force, and deflection were derived, revealing significant influences of roof
layer position, thickness, and strength on roadway deformation-validated through numerical simulations. Key
findings include: (D Roof flexural fracturing is critically controlled by thick hard roof properties. Maximum
subsidence and fracture dimensions exhibit negative correlations with roof layer elevation: each 5 m elevation
increase reduces subsidence by 16%-37%. Lower-layer roofs develop fractures deeper within coal walls,
generating larger fractured blocks. The influence of roof thickness and strength evolves through two stages:
During initial roadway development, thick hard roofs form stable, high-capacity cantilever structures where
subsidence negatively correlates with thickness/strength. Subsequent intense mining triggers cantilever fracture,
releasing dynamic loads that dominate roadway deformation. At this stage, thickness and strength positively
influence fracture dimensions and energy release, intensifying roadway destabilization. 2) Roadway deformation
progresses through static load-dominated and dynamic load-expansion stages. Initially, the cantilever transfers
static loads to deeper coal, expanding plastic zones. Post-fracture, the absence of immediate roof buffering allows
dynamic stress waves to directly intensify surrounding rock damage. (3 Field tests demonstrate that hydraulic
fracturing combined with deep-hole blasting reduces dynamic impact energy by 60%. Integrated with high-
preload anchor cables and grouting, this limits roof subsidence to <300 mm. Optimizing advance rates to 3 m/day
reduces high-energy seismic events by 65%. This research elucidates the mechanical mechanisms of impact-
induced failure beneath thick hard roofs and proposes a targeted control strategy integrating directional roof
cutting, multi-level support, and advance rate optimization. The outcomes provide theoretical and technical
foundations for roadway stability control in deep mining environments under thick, hard, directly overlying strata.
Key words: thick and hard directly overlying roof; goaf-side roadway; elastic foundation; deformation and

failure; multi-stage coordinated support
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Table 1 Cantilever model calculation parameters
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Fig. 8 Deflection curve of cantilever beam in different

occurrence layers of roof
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lithology of roof
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Fig. 11 Three-dimensional numerical model
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WS 2500 5.6 45 25 22 36
)z 1412 23 1.2 13 2.6 25

Pl AR gk, EBUSAETNR 0. 5. 10, 15 m RAF)=
fIF1 10, 24, 30, 40 m WRAFJE 8 K A . /Wb 4l
WE . b A AR A AT R 5 . At A2
g AR ST — N P —63 . 05 T AR
53 #5—63 1 06 MR A T 42 —63 06 TAETH
SHHTZ

REFDLE I Ty 58 A (D7 JEEASE T0UA JIC AT 2,
G0 A T AN [ a2 T T A T Al e 7 ) 43
AR AL A, o BRI e JEL A8 TOUAS X i 25 A HF
JEASFEAE FHFEBE, 7E 63 . 06 T 44 1 & 38 T9 A8 1
5 m AbAEINZE, S BT s 4518 FLA AR T R AL
3.2 M AEEHE

P12 S AN [l et B g T T R T A T 1
I 153 AR

12 AT OFF TAE I RATHE, tF Tk
BER AR, BRI FLA R T RER R sh 3 fr,
N S BE I G AN B I, THORR AP 4, S R
Z RS, T BV ) AT B 5, SRR IO ] SR R
TN, R AbFHeRa e A QR TAE m gk 224
i, K B JEAE TR B IR V5 V6 A0 BE, BT Bk BT

|
S LIDLILIIIINIII O b
—0000NULIOCONUI—O~JNNI~I—ND
pvlesiesiesies lesles}

Tt

OO

I~

I

(b) #EiE350 m

023031-9



KSR RS R R TR Vol 8, No. 2(2026): 023031

(¢) HEHS550 m

VR FH, B2 3 A EE B 43 C e 1) PSR v
B, JREAE N 55 T8 B INE 46 v X, 224 AR T A
350 m M, AR RE 0 1) SR R T K T, B
ik 8 MPa; X TAE i % 550 m A, iA %) L7 X
Sk, A TOUR I A 5, A2 e BESE R, SR BN
Y& NNy (2 B . MR TOUN A 0 YK 5 95 ) 1Y
TR 5% A 5 AR ORI 28 B 2, R AR )
U, TESREREMIE BN ) WA, 24 36 MPa; @Ffi % TAF
TR SE AT HEDE S 750 m, B TRk A, LE
FIRESTE IR N A BRI, TE L B P s R
L (R 22 phRE T, SR 3N L ) RN 5 3 ar F A
il B VR AT G R AR, 0 1 S AR R 7 ]9 AT
%26 MPa. [Alif, I AE 55 48538 FlA 0 AR L BB
T, BlA KRR G Mk E R, i
B PEFRA, SRda TAX R BB

ZE LTIk, Bl TR e, JEEAE A AR T Al A
BV 135 R B G AP - AR YR Y
JEL M AR RAE, S SR Sf ik B v TR A R
2o ]) TR R WS S YR = B

T B AL /m

290 295 300 305 310 315
7K 25 /m
(a) TAREEIEEO0 m

~5.0E+06
~7.9E+06
~1.1E+07 ~5.0E+06
e ek
C16E+ -1
AT s oo 1907
Sairs ey ym 23EH07 &
: R DBEHT S
“2.8E+07 21 30EH07 D
EPLRIET -34E+07 2
ES W -3.7E+07
3.6E+07 ~4.1E+07 &
-3.9E+07 ~4.4E+07
-4 2E+07 -4 .8E+07
—4.5E+07 -5.0E+07
~5.9E+07 ~5.1E+07
~7.0E+07 ~5.5E+07

(d) HE#750 m
& 12 RN B RN TR 2 BN S 4 A RRAE

Fig. 12 Vertical stress distribution characteristic diagram of thick and hard direct overburden roof
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Fig. 13 Deformation characteristics of roadway roof in different occurrence layers of thick and hard roof
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Fig. 16 Deformation characteristics of roadway roof with different occurrence thickness of hard roof
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different thickness of hard roof
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Fig. 18 Horizontal displacement diagram of two sides of roadway with different occurrence thickness of hard roof
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Fig. 19 Deformation characteristics of roadway roof with different lithology of thick and hard roof
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Table 4 Orthogonal design scheme
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