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TRAPDOOR TESTS AND TUNNEL LOADS EQUATION
CONSIDERED THE ANGLE OF THE INCLINED LAYERS

BIaEHY - AR Z-pE B8 -8 BRY
Toshihisa ADACHI, Makoto KIMURA, Kiyoshi KISHIDA and Si-Hyun PARK

In this study, tunneling model tests are performed in the ground with inclined layers. Tunneling is simulated
by a trapdoor experiment, in which earth pressure acting on both the upper and the outer parts of the trapdoor can
be measured. Aluminum rods and blocks in the shape of rectangules are used as the ground materials for the
formation of the inclined layers.

Not only variations in earth pressure but also the surface settlements due to the descending trapdoor are
investigated. Moreover tunnel loads equation considered the angle of the inclined layers is induced so that
comparisons between tests results and theoretical results are also conducted.

Key Words : tunneling, trapdoor test, inclined-layer ground, aluminum blocks, tuinnel loads equation
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Figure 4 Surface profiles at the trapdoor displacement 8‘ =2.00 mm

10D, 200D 3NREF =L LTRBREfTHoT. L, HREOHEHH 6 IIAFEL L.
HEHUEZEFERTDICHE-T, 7, TH7T/VIBHBEYBR TREBOERBICH, =25 cnRETS. T
B7NVIBEEGELTAVT, BBV Iy 7HBREREBTI 5L, BFNNECEFTRENELPLTIRB.
TRIZE>THIMHESIMBFH IR, ERICKITIBFBRAERLCER V- BOLBNEEICLEZ. £ T,
INSOMEEBFTIY, ERBMUO TR T ALV IERBERLAY, VPFESAIHRIT TSRS
ol £, TRVNVIEBMBLOB SR, TAI Ty 7 OBTELR—D 25cm & L. FTR7N
IBMEBEEOLI, HEEEAELRTZABTAI ey 2 4RETS. FoLiz, TArI7va v s BBEE
BENDLEY A, ETHRAZL LTS, AR THAVELERTERRERR, HILEERLABS Y TAY L ATHE
REBEHBT I LBTREILRZ>TNS. #-T, THVERLIZKESLEZEG, BHREOSTEERNEEL
BRWEOSEREB L. BRI, TAHIT oy /MBHREOLZ BTV IBHEEEY H,=15on RETS. B
TIBRBEEHREORLIEZBMBE LA LOTHY, HRANCE THRAL LV HEICERTES.
BTEROTEIE, BRXS50mmETEL, FHTEHREEZ 033 mmw/ min ThoTo. ke, WEHIZLAHED
BIEBREL 1%L, V—FEMHOSRBEEIX 0.003mm THD

3 MEREXTICHYTSIRBER

(1) wEREA TR
BRTETERS =2.00 mm BT 5 #RELFHRO—F% Figure 4 12777 . Figure 413, ERBESHET L
IZE#,D Hy=l0cm, 20cm, 0cmDRERETBy FLt. ZTAOGOREDVUTOILEERS.

(a) KEBEAFAE 0 FHE  KFHBEEFES 0 EHBCRBVTIR, BEEMFRIICHRENCLE TR, ®&TF
R, Fa—rBLRoTEY, BRXETRETROPLRETHS. £/, tHVBKELIAZBIZ2N,
BMEBLETIZ/HASL AR5,

(b) EEFEFILE OEHE  HERBOLTIX, £HY H,=10cmDFE, BTEROELSE - ELHBOBHICR S
nic. t#Y H,=20 om itBWTiz, BTFROAE LSRN, £, L8028 H,=40 cm KK &<

nAL, HRENPULTIRLRL LS. BVESE2FES 0 EHBRICBV TR, HBEMFAICHHEEO LTI
KELBENRBZ ERbhotz.

(c) EEEFABLE 45 FHE HEBOULETRECETEROELHBICRON . UL, 8D H,=10cm & 20
cm DRERBTHROELBIZLHETETHRENL. LHEVBH, =40 cmic K& 22 L, HREHLTIRE
EAERLNT, MILREBMRERRETHELELONS. PEBEHTES 45 EHBICINTIE, HE
BERFEADLETR b oL bRENI LBbRS,

() EEGEHAE 60 FHE  BREHERES 60 FHBIZIHV T, tHVICIOTRTRELFICHRELT
BROoN, HBEBSFAOEEBRARE NI LB8OMDE. THIPKEL 2BIZoN, KTFTMNERBRTEHEL
MOE~EBITTE. ELEETHR Lo bASVEEY H,=40 cm OBETLETETRED 70% (14



mm) LEDXTHRBELE.

() EEEHAL 00 F#8: £HIKEST, BTROELD . €h] —
HEECEBOICKE AETHAEONE, THDBAEA -y =
BLUETOUFHEVEOTHN, ZOERM S 0.20 mm

VS Vs

(2) ATE - ATVAIODLTOEER

FFABRNCEI BRAOUTICL > T, HRPBTOEE
DUEERFOERREENBLIEILEHD. T I T, #HRA
UTHOEBEERMCBEBTIZLXAMETS. £2C, BT
RTRERS =200 mm® 10%TH5 020 mm Z E#MWEE LT, T Figure 5 Diagram for surface settlement
ULDETHRNCBRELSDVWTETREETORBERDL. 2T, BEME 0%ER, T—FRA—-JY
TEITHR, BRRUETREOEBEZZRALTRSZ. Figure SHIh S 2 AR LZbOTHS. HEFTOULT
REALTHRBRIUTOISICERTS.

LT & (Normalized volume loss) =_Vi;_VS_2 (1)
T
tC F#E (Normalized extent) Shth 2]
VS, VS, : #HREICRELBRELTEN
vy S BRTHRTRIZEL 2B TR THRERN
iy, iy P MREIZRE L HREL T OKEERE
D s B TROE

Figure 6 iC& T8 Y H, Z - DRTETRES 20mmil BT 20 TREL AL TRELTT. 0 EBBOEEICIT,
BEREBLETRILHEY OEMEFIBI 228, WTEARELS 25, 30 EHBOFEITE, LEYHKREIR
ZEBREOUTRLIATRASSBIIT/NELS 2. SEMBIPOLTHEY H,=40 cmDFRIZE, HRADILT
BLATHEERL> L b/, Fiz, 60 EHAR - 90 EHRBOFEITE, THEICIOTHREOUTRELT
HEAR—BETHY, ETENMOBHABAEICHEASTRERELRT I EPOHRECKEREERBLATVS
LEZOGNRS.

4. THICHTIRBER

() xESfER :

Figure 7 12, t#Y H,TLICBRTHKTRES =2.0 mm BT 2 LEXMBRO—-FI2TT. RIS IRELL
E, BB THRPILIALOKEERY uy b L. B, HELIECRETETERICABLEATEL R
IMERBEZDOHMHEWETRLELOTHS. FIRLEL IR, TEFAMILE, TAIBIESRMZYIRKENYAX
DTNVITayZICLVBRENTVEOT, HILEREZHRLMFERESE L ZPBEATHES 2V T
3. PlxiE, 8D H,=20 cm#BO—FlE LT, FHWNE 774V - FERE 133 Tho. —H, AB—1¥9»0
THIBETERWIBEE, EHFHEGCSN - BEREZE 09 THoT.

Figure 7L 9, BTRTERROLESHHRIILHE I ERBEMAEICIVR22 L8005, FiZ, REHE
FIABL 4SEE - O EEHM T LY H,=10 cm & 20 cm HIARIZHB W TR, BRTRELBRVADSREETERPLICHL
TEAHMHZLENFHRERLTVWD, BTFEAIBIZEWTHE, EUSEQLY TEOMMBKXE AN,
ORI, BESER LZBILOBE, PoRAVBICLVENEPRRBENBELIBILERLTNS, o
DESEREFTOHHUTRE P RANVORFEEICET, IRV -, BHITESICOWTERERZILILE
RhHrLEZLS. ’

(2) BTKRLEATE

Figure 812, T# 0 T IR TERERIKERTILEZLO—FIERT. SEMICHBELIEZ, BHICETERT
BEs i 7oy bl ZORRS, ETONRF—VEBWTERTERLER, BTRTERAMPIZKEEDS L,
BTERTRRES =0.50 mm i ICIZE - BEICEEL TS LWE S, Figure 8L Y9, BTERTHERS =2.00 mmiZ



g1.25IIII![IKI!'l‘.!.TI|! 910— “;-(S):llli!llll!llll!llll! 910—
2 10 £ 25F
Eos 5 2.0F
S 0.6 3 1LSE
o = E
804k g 1.0
EO02F iy Lo BoSsE i - rbn
200 liillllIII|!l'1|'||||Illll: 0.0:I|||‘J Illlllé[llllllll:
: 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Overburden Height Hz(cm) Overburden Height H2(cm)
(a) Normalized volume loss (b) Normalized extent
Figure 6 Variations in volume loss and extent of surface settlement
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Figure 8 Variation in normalized earth pressure on the trapdoor
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Figure 10 Model ground considered the angle of inclined lay ers
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