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A DISCUSSION ON THE INCLINED ROOF DESIGN OF LONGYOU
CAVERNS FOR ENGINEERING SCIENCES
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(1. Key Laboratory of Engineering Geomechanics, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing
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Abstract: An ancient man-made near ground surface rock cavern group was found in Longyou County, Zhejiang
Province. The 24 large caverns were excavated 2000 years ago. Its findings attract the attentions of the scholars in
the world. Through the field investigation it is found that there are many highlights involved in the excavation of
these caverns, such as the inclined roof, the iron-shaped pillars, and the inclined sidewalls and etc., in which the
most noticeable is the inclined roof. In this paper, the detailed field investigation and 3D numerical analysis are
carried out to show the engineering scientific problems contained in the inclined roof. The field investigation
results reveal that the dip direction and dip angle of the roof are almost coincident with those of the bedding plane.
That means the ancients knew very well how to control the direction and the dip angle of the cavern’s roof to
sustain the stability of them. The results of the 3D numerical analysis also provide the same conclusion of that. The
design of inclined roof can not only improve the stress condition of the surrounding rock but also reduce the
settlement of the roof and the lateral deformation of the sidewalls. So, the inclined roof is the best way to solve the
shallow buried problem.
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Table 1 Mechanical properties of the surrounding rock for
the Longyou caverns

s AE S MRTE AL PHPURRRE o
ARA KNem ™ /MPa B IMPa MPa /()
KT 220 4500 0266 31.61 - -
WAk 230 3030 0269 1813 56 26

P AR KRR IR A 1 B Al b R R, R ml gk —
B EARRAE AR RECH 57.4%. 54k, M 3
AR 10 B 2R 50 25 AT B S8 i s E o 1.63
MPa.
23 IEfF=

T ARSI ST LT 3 NS AT 1)
FLIAIRE AL

(1) = B E A VAR R

(2) #AERI T B

(3) i = R A A EAT S

3 XTARRBMEFZRIEE S

W 2 T2 1R 7 R 3 AT bR T3
Pl J FRL A BB A e 0 TR AR AR N
K, XA A T, E K,
AEN AR E R AR T A M. O T HfiAR —
s B AR T AR AR e Sk AL 1) A



* 338

HA D1 TRER

2005 4F

W1 H 2R, IR 2,

2 #MeES ESEEMEM LR
Table 2 Comparison between the dip directions of
cavern roof and the rock stratum
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Table 3 Comparison between the thickness of superincumbent
stratum and the width of corresponding cavern
from No.1 to No.5
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Fig.1 The surface topography and the geometric positions of the sidewalls and pillars for the cavern No.5
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Fig.2 Local mesh of the model with inclined roof
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Fig.3 Local mesh of the model with flat roof
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Fig.4 Comparison diagram of the A - A section between the
models with inclined and flat roofs
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Table 4 Comparison of the ground settlements between models with inclined and flat roofs

4k VL FEmm T 1% gk VL fmm T %
T I P I
23878 0.941 21 1.169 4 80.49 28 214 1.200 50 1.639 30 73.23
23879 0.906 03 1.137 2 79.67 28 215 1.196 10 1.642 70 72.81
25135 1.010 90 1.2339 81.93 28 833 1.227 00 1.768 00 69.40
25136 0.995 69 1.2215 81.51 28 834 1.223 40 1.761 40 69.46
26 208 1.361 20 1.800 3 75.61 28 908 1.258 80 1.806 00 69.70
26 209 1.356 00 1.793 2 75.62 28 909 1.256 20 1.801 50 69.73
26 283 1.357 00 1.764 8 76.89 29720 0.791 68 1.035 10 76.48
26 284 1.353 30 1.7600 76.89 29 726 0.748 10 0.961 94 77.77
27 095 1.042 20 1.4145 73.68 30839 0.877 81 1.208 50 72.64
27 101 1.042 70 14210 73.38 30840 0.824 34 1.117 70 73.75
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Table 5 Comparison of the roof settlements in the middle of pillars between the models with inclined and flat roofs

5-1HF~5-2 7

5-2kF~5-3 kT2

VIR /mm DUk E/mm
ghims 4
Eaav SET RTPFTRY % A SET R T %
18 634 1.6428 1.976 8 83.10 20914 1.6145 1.914 4 84.33
18 635 1.6378 1.9700 83.14 20915 1.6105 1.907 1 84.45
18 674 1.620 4 1.9382 83.60 20954 1.6619 1.9921 83.42
18 675 1.616 6 1.9331 83.63 20 955 1.6589 1.986 4 83.51
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Table 6 Comparison of lateral displacements at the middle height of the east wall between the two models

o ] i 437 F fmm o ] iy 437 F /mm
LVTHEs LT

R I R I
33759 0.03 0.04 35307 0.11 0.27
34 485 0.00 0.17 35323 0.09 0.27
34501 0.04 0.22 35339 0.08 0.28
34517 0.04 0.23 36 065 0.00 0.28
34533 0.00 0.24 36 081 0.03 0.28
34 549 0.05 0.24 36 097 0.03 0.26
35275 0.10 0.25 36 113 0.00 0.22
35291 0.11 0.26 36 129 0.00 0.15
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Table 7 Comparison of lateral displacements at the middle height of the rear end wall between the two models

- M) 7% /mm ) (77 fmm
4 - ZE -
R FT5 R T

36 855 0 0.192 054 37 645 0 0.272 409
36871 0 0.235 935 37661 0 0.256 595
36 887 0 0.259 785 37677 0 0.221 156
36 903 0 0.271 87 37693 0 0.146 924
36919 0 0.276 492 37 709 0 0.037 969
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Table 8 Comparison of the stresses in the lower - layer zones in the middle of pillars between the two models

RHBNY 7 {H/MPa P53 {E/MPa AT 1%
LiVTHEs o7
o o o ox o o ox o o
24 653 s 0.1390 0.089 0.009 0.181 0.162 —0.007 76.80 54.94 -
27 278 A 0.069 9 0.046 —0.001 0.177 0.158 —0.006 39.49 29.11 16.67
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Table 9 Comparison of the stresses in the upper layer zones in middle of pillars between the two models

BTN J1{H/MPa SETRN ) {E/MPa BT T5 %
I [0A=S
O et o o o, o o oy o
24653 i 0.130 0.080 0.002 0.155 0.141 0.005 83.87 56.74 40.00
27278 T 0.058 0.031 —0.005 0.151 0.135 0.005 38.41 22.96 -
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Table 10 The tensile zones above No.5.2 pillar and in its vicinity
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BN RICA R R R % KRN ) /MPa( e )

25 116 70.7 0.146(25647) 52 317 0.0078 (27430)
Al 143 87.2 0.170(26305) 113 68.9 0.127 (27430)
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