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SOME PROBLEMS OF UNDERGROUND OPENING DESIGN AT SHALLOW DEPTHS

MEEEe -1 T RERH v BRE— o
Tetsuro ESAKI, Yujing JIANG, Siro SUEMATSU and Keiichi FUKUSHIMA

Development and utlization of deep underground space have attracted considerable attention in recent years.
However, Utilizations of underground space at shallow depths are more profitable with considering the construction
cost or connection with the surface . With reference to the detailed analysis of cave-in phenomena happened due
to the shallow mining in the past, the instability of the shallow openings is examined in this study. The influence
of each factor, such as overburden thickness (h), width of opening (D) and geometric shapes of opening section,
and seismic coefficient etc., to the instability feature and deformational bebavior of the openings is quantitatively
clarified by using the large deformation finite difference method. The following conclusions can be drawn as the
analysis results : (1) the shallow opening is easy to become instable in the condition of h/D<1; (2) comparing with
the circular opening, the rectangular one is more instable even if the overburden thickness be the same, the
shallower the overburden, the more obvious this tendency and the influence of the width become. Furthermore, it
is also pointed out that taking account of the whole overburden weight as the loosing load would be an over-
design for opening support if the strength of ground be larger than the critical one.

Key words: underground utilization, shatlow opening, cave-in, instability, support design.
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Photo 1 Aerial view of Winter Park sinkhole on May 13,1981.
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Fig. 1 Relationship of diameter and depth of subsidence feature to overburden thickness.
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Fig. 4 Analytical model for shallow opening.

3.1 SEMREITIC X AHEEROFME

Mindlin 2 & #UE, Jeffery i, Figd D& ) ICHREPSEEHDE A ICARERI? H 22 RTKEEZEXT, £0
AZEC, BEICE D p, 225 RVAPRET A ETHE, BEFL Y AICH ZT ECERE LTOERIFEL, £
CTHREZEOEFME IHIC), 22EANRRETHEEX TR0, BUMETRMEEESR )L 24D, COZ2ND
EMEPECERFCFETAI LT, BEFHREHL T2 y=0HIBVTORAMICH L EEILNEOL 2D, &
WHTZERZ L) DICH EEROBERY 2B LML, ZEOELFBEETCRIZTHEL, ZRLELFOBILOREL,
ERAOELATDBERACELILTRU,,, CE>THIBEFMTE2EERT, UTORN LT o4, ARERD
ELAOBRBRLTRU, 1, ARICL>TREN S,

_ 22*(1 + ) ay_va a ay?
Uyou = “ﬁ(ﬂ* vH[1-20 + 2t +(1 - R )] - BH1 - R} - ap -2 ) ]} )
CCT, EL pilUDERRELRT V], yidEA -2
BRER, L ITAERKERT. HONT X - S DEHIT E=500MPa
FigdiaR L. SORLY, HEEOLTRIEE LTq, sk o
HECERENDZ ENTPA, T pi=0
a=5m

Fig.siit, ZR*¥ZE@%sme L, BERZRK %0.1,
05,10k Lict&ny & hDMEFEERT. Fig. 61213,
kE0SEL, a%3mSm8mE Lt EDU_ & hDH
BERL, £, W IRHET 2 WDDEIZERERE, D=2a)%
SEROTLTHETCRT. ThODE»S, KD LHTF
5.

(MWD<ATHEEDBIHE>TU, HRETH. £12,
ERELBREIEEL TV RIIL, BHIOHEITK
&G EMERRADHEELENEZTII2 5. £hUC
LT, WD>1 kB k, U, d—EEcEI<. Fig. 5 Relationship between U, and / according to lateral pres-

@ FICEB N ()T, ZRPFKEVIEE Y HKE sucaaie. k.

Subsidence on surface, Uyms (cm)

0 10 20 30
Overburden thickness, h (m)



C7h, FREEIFIOMUTOHESIHETS =~ -2 Y
B, 70k AIZEED h=dm THEMEE De6m DL 8 b E=300MPa
ENETRICHLT D=16m DBAICBNWTELR EJSJ \\ :jz
BRLTRAWIOBE R, AFCREMEECE o | e o
RTH . & EMka T S
(3) MERKIC L 2B, HIMOBFIIBNT, it 5 -%a ! L? u//
TR—HTH B, hidm EFFCHOBE T, 5 N A S B
U W RBICHINT 5. 272, 0L ZiZkAUNE £ .05 el T pmom
WIEESHT A, Tbb, TR FTOBE T, 3 L‘ e
QERKICL HBIHEELLD. —F, h>In T a = ==
HU_ DTS L, LAk & TRITY_ b B8 o3 o % W
Mooy AA5, EOMMNMEITAIICE o‘C%{t_l,tcw. Overburden thickness, h (m)
() EMAREUALE T 512 CRBETLEBAORIT Fig. 6 Relationship between Uymax and b according to opening
THEINE R, U, A — BT 5. diameter, D,

32 BV TEROAERZ ST
EFRREOBESIFITCHEBH P OaHA L 510, BT EMIHRICERET 213, ZMLEFOBUNTEEIILD
2, XROBVIRETIIBILOBESBESE TIURBTIE, RREVSLTERLATEELS, D& LH
FIIonTiE, RROBIEHERICESCBMIIEERANS 2720, LT TRV TEMAREE 2 588 X
EREFBNELHVTHEAT 5.
(1) REEBFREOERE
KREHER I - FFLACHABRES I~ FTHY, [RAOBI] CBIABOHEY [REDNHE! »oFBRREED
TERDONDWHRLIFREICED CFMETERBR TH A, TDERILITIE, HRELTWIMEIIHLTE
WEDARER (BEH) +XERFABERELTBE), FRELME, BBT 2 MBI L THH O post-failure B8 % 18
HLEPSEENCHENEONL V) FEHD. ERET LT, ERHFBRIIROL ) C—KLENh TS
du, doy
Pa, a'ix + P8

IT, p REE, (1IZRR, x BB~ FLORS, g RENIEE (WEH) ORS, 3RS, o dRNT
VINDEFTHD. T, ELARFVTVE u PEMBRELRT.

1EFFA I NVELYORHARTRTOBRCH LT, BAOBIEE, S AT, AR AVWTH
LWICHAMES»ND, 27, TRCOMAUKLT, HEERNVEAATYWIRAOERLCH» AN, EBFER%
AuTHEN»SH LWHSERFBIrNE, ERZLATREFBELENOCEEORETHLTRAL, BEMBIES
ITDV23IL—L 3 UHEETHD.

2

(2) BIFEFLNORE L RN &M

JITiR, BOEROI L) OBUOEEIZOVT, EEDI ImOARERE, B RBABKTKE LEEL
R1F7, THERARDIRIORSE L 17m, & &2 7.17m) & RIT L ORI B129Im, B & 116.36m)DEEFLEF D RAK
FHROWTTr—ARA8 74128 > THTOER 1T . #1Lid, Mohr-Coulomb DEEIEFHE 1208 5 WM KT, Fois
ﬁu XYY IREIRLOXIOMPa, K7V ribpid03, W%&&ﬂwiw°ﬁﬂﬁﬁﬁnyuﬁmWﬂtﬁsz

. IR EREED 110 £ T 5.
§MLﬁ@ﬂMﬁT§%t&n.ﬁ&ﬁi%ité%ﬁ%#ﬁ?étbu,QﬁtﬁmmﬁﬁﬁﬁﬁiuﬁﬁTét
EDMHANCBRRIERN(CHEEEL, T8I (), ZREEO) L LELORRERD L. BREFNIRENEVS
DL, BUDOREMAMEHINENC X FRL, T2, BUOKENFC L H/NETHIE, ZRLEFOBILIBES

i



[T ][ [/ [ [ [ ] [ /o oJoJoJo/o/o 0
1777 73N\ [ 1177 7xA || []le]efefo/o/o/t |
11777 | o] ] 77 75/ U [e]ojojo/o/o/0/
ol’ [[ // //7/// // a{u/o/o/oo/ V/ 5]0 ooooooooo
~| [e]o/=/o/0/0 - ) L
EIEIEYETAVA /// rln/e/8/8/X/0 /// Sgooooo ///
Q] 1=70/0/7 LA ola/0/s/s % % 5T=1=1010 L
11 10707 | L+ | BCEE 3 /// | B czpdizdjes
/////// /// /// r‘/////
gl -t~ ,‘"/ L L4+ Lt
LT g L4171 1 LT
Lt ’,a’ . __‘,f’
TN \\\\\ DN N\\\\\ TN \\\\\
NJ T NN NN
Ql\\\\ \ \\\\ J\\\\
FEEERR N T QRPN PR T
{ N N | N Nr\ A N N
(a) (b) ()
Plasticity Indicator + yield & tension failure X elastic, at yield in past Grid plot
* atyield # general tension failure o uniaxial tension failure
0 5(m)

Fig. 7 Developing process of failure above a rectangular opening.
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