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EARTH PRESSURE ON VERTICALLY YIELDING
SECTION IN SAND LAYER

By Sakuro MURAYAMA

Synopsis

If one part of the horizontal support in a sand layer or a local section of mass of
sand lowers while the remainder stays in place, the earth pressure on the yielding section
decreases from the initial earth pressure corresponding to the overlaid sand layer.

In order to study such earth pressure, two-dimensional model tests were performed
by using the trap door set beneath alminium rod mass. Investigating the results of these
tests, assumptions and conditions necessary to set up the earth pressure problems mathe-
matically are determined as follows:

Sand mass above the trap door can be devided into 3 zones separated by 2 sliding
surfaces.

Inner sliding surface is assumed to consist of 2 symmetrical logarithmic spirals which
start from a point on the center line of the door making angle of (x/4—¢/2) with the
horizontal line respectively and reach both edges of the door intersecting there at right
angle with it. Therefore, earth pressure acting on the inner sliding surface can be
obtained by Koétter-Massau’s theory.

The outer sliding surfaces are assumed as surfaces rising vertically from both edges
of the door and the vertical earth pressure in the zone between these surfaces is assumed
to be caluculated as similar as that in the silo with vertical walls.

Therefore vertical earth pressure on the trap door is expressed by the sum of the
resultant of vertical comhponent of the earth pressure on the inner sliding surface and the
weight of ‘sand existing in the zone surrounded by this sliding surface. The amount of
the earth pressure thus calculated shows well agreement with that obtained experimentally

by the model test.
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Photo. 1 Apparatus and specimen of Photo. 2 Simple shear apparatus for rod
alminium rod mass used for mass.
experiment of trap door.
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Photo. 3 Flow of rods above trap door. Depth Photo. 4 The same rod mass with Photo. 3,
of rod mass D=60.7cm, width of but §=26~35mm.
trap door B=15cm, amount of lowe- i
ring of door §=8~15mm.



552 UKD B FESEIBB (.43, 3)

e 5.

Photo. 5 The same rod mass with Photo. 3,
but §=46~70mm.

Photo. 6 Flow of rods. Depth of rod mass
D =30.8cm, width of door B=15,
lowering amount §=7~10mm.

Photo. 7_ "The same_ rod mass with "Photo. 6

Photo. 8 .Flow of rods. D=70cm, B=10cm,
but §=44~50mm.

§=44~70mm.
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Photo. 10 The same rod mass with Photo.9,

attached to trap door. Depth of almi- but §=28~31 mm.
nium rod mass D=30cm, width of

door B=9cm, amount of lowering

d=4~7mm.

Photo. 9 Photograph obtained by the camera
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"Fig. 2 Experimented result of vertical load on trap door Q
due to its lowering of amount 8.
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Fig. 3 Relationships among shearing resistance, volumetric strain and shearing
strain of alminium rod mass tested by simple shear apparatus.
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TH5LDTH5B, 7 —FDOHRE LT, BEOWEYEA B BRI HEME (geostatic curve)
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DAL, Meem® /NEF - HH® ORALENDH B, ChORIBFDT7 —F v 7 DFEEXHC L OTH
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iz AC ORI T %, ek A, C lizthth
D,E A% B5EEHTNY HERFELOLATS B
%, AC FIOWTE 512 b v kA chl bl T BAfE J 1
Smaz TLOWMBBTrRIND L L, WTEHLS
LS hORILND B H, PHALEFDS B b
VHEABE RSB EOEEN b ¥ R HD B IRE
HEIC B LARE L, OELE D 2 OS5 5
KEEDOWT % 8, FooMlod L@ > b &4

T, 8 & h DB, C o Hul o kAER F
(Bleibende -Auflockerung) % p% &+ uf &= A
CRERB, YI\\'~7ﬁFJ-
5-Ax=(p/100)-h-Ax 8-',
S h=1008/p
%7 hmao=100 8mas/D
5 DRMABARLE LD, HEDP D HERD D
B hLELBRSMELDN, BELEPBAME Fig. 5 Half ellipsed representing loosen
a2 ACHEREL, hna ¥ERETHEMABC zone due to yield of tunnel tim-’
TEBT S & E258\s, S DBAICIL L YR ATH bering (by Kommerell).
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LT, BREOERLENEINBLUNORRNAERTH D00, WBOBEEFRLBEHEIDTIE
T, IERPHABEIX BRETHRELIL, AL ENERISEAL CEETAHIUODPEA KTH o
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Table 1
W o' o & KAREARER P (%)
g o5 v o B 1~3
o R EE O E Mg 3~5
RIKE, ¥LF Co@Fee)
B®oB W 8 ~ 12
BOH o #® i 10 ~ 15

fHIfR% b O8RTE ae, bf LHEL, 2 0 2 RERMCHEETIRIC X VIFFC S LiETLEY v 4 = OKH
HECKH LT Thhi: Janssen OEHY R @A L TR, RABECE » TERTHEANBEY s
EL, s=ontand &35, T O IEBHOPIRERS, on XEANECEECFERTIKELETHS,
IHROMERANECIII R dz DR OPNEREROD D AL Fig. T bHbh D X O 1T,
B-'Y-dz=B(av+da-1,)—Ba',+2-s-dz ......................................................... (4.1)
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$RELIE, BREFFDETH S, $HELE oo XFA—KFHEHLC EHMINTHBEL, Fh on/oy Dh
REDEITL—EEEKELEET S, 2V AWK (41) REYHWREBHOLETHRNE, z 0B THT

HERE L FEL,
| ce fd 1 rgm— BT,
]\ ; : \L 2:-K-tan ¢
! Iz [1—exp(—2K-i-tan¢>] —-(4+2)
D i o_' ! B
\ Wil / WP, B EER (L2) Aks\WT z2=D &
NE22122N "
\ / LIcdED o WX THELZBRB,
K ] Tersaghi OEARB# L 7 KB Liug, K(-
B~ () o) DIAEFHLREC 30T, FROE LT
i K=1, 2o EFCETICORTHML, BFE
WBOB S TRAERZRL, K=1.5 &ith, Tha
i I BLEFTIIERWLE 2B~3B L ETIR EFOBTI
7
[ [
D| Z,
', o PPN
D yd{diiddy z
T 'g Y Ov
e Lolr b
D2t [l |/ &
il el o
/
0\l 7777777 I% - T TT T T T
dz ~
—B— (b) L Oy+ dOy
Fig. 6 Failure in cohesionless sand layer 7 Bdz
due to lowering of trap door (by Fig. 7 Diagram illustrating Terzaghi’s as-
Terzaghi). Illustrations (a) for the sumption on which computation of
case of shallow sand layer, and (b) pressure in sand between two ver-
for deep sand layer. tical sliding surfaces is based.
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W57 K X EREBRREROED ¥ § 2R - TE e, BOLTRBIAETH L LEZD T3,

Wxicthsh DHIVEL S 2~3B Ll EH 28412, RANEIINEZ TRELT, TOoLHIERER
BOILIREOEERHBE L LB, L ZDOFHEIL, Fig. 6(b) DX 5 D% LTS, “AKE
DRET D% Doy D LF Dy ORF X OWBIZAREBRRBOL IR R 2L 0L T 5, RAKEIL,
@ B, & Dy © ag,bh & L gh HEiKiX Dy DESOWEOHELIE v D, K ERHEL LTERTL LT
B, TOFHEDL L (4.1) REMNE, REFIR abhg RORBELERIRRC L > TEL DR B,

——BY [ expf—ox-2
op= 2K -tand [1 exp( 2K B tan¢)]
+7Dl-exp(—2Kz—£--tan¢) ............................................................... 4-3)

I 2k gh HEEELE LT TRAZCH - /EIT, BECINDEEL 2,=D; LLIcLED oy T
IoTEZbID, sk Dy MO WBROMRELER, HFELIDVOEIY 2, L THEKRDLICRER
%o
op=72; (D) RFEHZHF L T) errererrrrmrmenmintimrii st san e (4.4)
4.2) RETX 4.3) REBWT, FRERZFR 2 NBRELTH7 ) (BD 1.5~ 2 {SBELL)
REL T, BEBED ¢ % L oBBTIXEREEY exp(—o0) LFEUTBLIcL D, BRE KR
THEETHZEMNTES, REKDHEILERE K=1 BRAVLRTV 3,

e B K= T e
Tp= 2-K-tan¢o ) \_\_.k- K'— o soee (4’5)
ek (4.2)~4.5) RTREhBLEFMHO—H (K=1, $=40°) ¥R+l Fig. 8 L7g5,
5. EE DR

b.1. BIFCRAWAEEL &M

VEOBEY 3FEBCHT TERT S 2 &, BSNCRIFROIWLBbhaD T TIHEE -
¥ - BHOIFEBC ST CRFLEDREN XD S, FiiL 3. 1 CFWTEORBZEELERCL L3
Z OFICIL O ORE L &L BT 5.

(a) DOBEHRRE»HART, WEBELEROHEC LI - CHEE: - 8 - B350 SERCHE T3,
ELZ G, EERRIDRIER &RA—T8%T
B, MESREEFIRONHC S > CHRE o___1 2 O/rB
FOBET X b P WTiBIE T588, EHRBILD
BOWBDL: Ulc I L EHT 5. |

(b) Fig. 9 K&\ T, IEBOREF% ab TxR,
3.1 off#w (10), (11D, (3) 1LEBF LA TES
EERERT, Rop#ac, be TRINZTNOETH
Fhi-RERATHLbLIhB EL, B ac, be X
FheZham, bATab EBERL, BERLEED
C RTEXTHHRHILHBOMTH 5 LBEET 5,

(c) 3.1 D&sH (8) Iwkb, cHATIXILEH
BEETHL0LTE, B LEORBHHEIc KT
KFRE (n/4—0/2) OEETIH D, ZIIT ¢ X
BO RAMEHAT BBo HHABDE O—FD _
ab MEEE (p-0) TRRTHL, Fig. 8 Results of the computations by Egs.

(4.2), (4.3) and (4.4) applying
p=porexp[(f—a) tan ¢p]--roreeeese (5-1) K=1, $=40° and D;=2B.

L /0»

LIV

Y/

D/B
N H W N
Eq.(4-8) Eqla-2).
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ST, ¢ BBHORAMIELA, po ko RLKTS e | f
HEOHROBE, aiX po PHREEETAT, KX
DAL X DI a=n/d+/2 LB, MBS, lo;
* DR ETIEE LB L DT ANORIKC $TH B bbbt
26, HEALPETDEE LCHERIL, TXNVE - D e
RIFRT S HERBRETAC» 1D L i, On| — | -
() ¢ BBEENS LOKTFENL LR - £ =
Zh oy on LTHE, ZEBHOEEND, P e,
ca=Kp-oy, -6 0
Kp=(1+sin $)/(1—sin $) } mGD
(e) 3.1 ofFE (1), (4) TONRISE, M a d b
 « SEFTEROTRE LA b DAL L, 2 7 A
DEFOBET &L BITIRAL, LB OB & 2kt
RICETH, WVTROFELHEETRIETH B2, B
T &Tik Terzaghi o3 fE LD H & MERICE Fig. 9 Sliding surfaces in mass of sand
BCHIN TRV EXRET . ThbbTRbE due to lowering of trap door. Inner
FRECHT SBECI, Fie 6 S Hs o g sl b el by
ae, bf, HTRIN% BOMEY b o THEHR Y and outer sliding surfce by two
FROBEEEL, TROBEAECE L& & vertical surfaces ae and be.

i3, Fig. 6(b) @ aghb TRIh 73 PECHE N ERHERREKET 5.

(f) (5.2) RAD ov i (&) ROXFTXYEE AT Terzaghi 2FA LI+ v DEHR L HRD
L3 L DERET S, MEFEBENORIRENBFHECK IFT#8L, BEFROThRETHE
WeBbhaoT, HEREED LECELZ O BEOELUTERXLLWLDET R, Tihbb o &LT
i3, MBS I MBRCETSERXIT @2 RRBWT, 20RO CEDHEL D DERX 2. ¥HV5
ZER I Y TED (6.3) RTrRdh, ¥-HMEBEEEIBFCIELAVE T, A3 ARBWT 22 D
Rz c OMEFEBHPREALD OBER 2o XAVIE 6.4 RTHELLRS,

- Bv [,_ ~2K-Ztand) | e .
o= 2K -tan ¢ [1 exp( 2K B tantﬁ)] 3
- B [, _og e,
Co= 2K -tan 6 [1 exp( 2K B tanq&)}
+7D1-exp(—-2K zl';’ -tan¢) ............................................................... (5-4)

Z W Dy EEEEFRESEOMEL D DEXTH B, 20 F0L 26 HNBRELTREVERIL, R
BOTh L EMHRKRTRERS,
e B ettt ettt et et .
To= 2K -tan¢ -5

S KIMERBROMNE DT B R W THELTE L K FELEDRTH - T, BHE K=1 £1LT
‘J‘Z)o

(8) BEHHEBOABIRNBESHBCRERSTRVBEEEEL D, ZOFEERERTIERELELE
AMIEN EDRIGTIPIL, P OEARCH T HRBSROBBOHFAIERL, pORE I, TR
BEEHDD Y HFRYG L B TERE LA DHER IR S Kotter-Massau OHEFRIT L >RDDH T ENTE
60

5.2 BRAPEEOBREFHONE
—RC T RO E RCFAT BIE /02D AV Fig. 10 (a) ERTEERC S LW URT L,
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oox or .
8X7+' aY =0 ! 1 (5 6) (O)
doy , Br__. J FO+5 - ¢
oY | oxX x o .
¥, ¢rx=%(0';f<rz) ‘ ;91-{-—%
01 :
l-+*(a'1—a“g)-sin(29—q§) o:
o \ ds,/G; N
0'Y=5(0'1+0'z) !?"'(5'7) /7,'1 S,
‘ "—'I > z_¢
_.l(o‘l—o'zj-sin(zg—¢) (/d;( ?’T 42
\
. \ P
———(a-l—crz) cos(20 ¢’)( /\\V// Oy
Coic oy o BEES (>0, Y EBoNtgE O \ A4
BEECEOFEEYEHEET B, Kho dsy, ds (% ‘ Y
KEWHOEILS o1 DFAENL G EH OB IUR .
Bt b e (r/4-9/2) EFEEEL PO EHA ) (b
DFFETH B, Fig. 10 (b) © Mohr DM & IHRTH
LR D&ELD, on=(01+03)/2 & 8L,
a1, o3 ITRK &8 D,
0‘1=(1+S?n¢)“"m }---(5.8) 0 o
ce=(1—sind)-om

(5.8) X% 5.7 RfRAL, ZbHiZ (5.6) i Fig. 10(a) Stresses and slip lines for soil

ARDH, BEOHEEL X, Y OB THI,D, element, (b) Mohr circle for
Rk I BT the stress condition shown in (a).

™ 1 sing {sm(ZG 4>)

S0
o B
+20msing {cos (26 — ¢)a— —sin(26— qb)*} =0

aa,,,,

—cos (20 — ¢)

o0 m . . aa'
oY —sin¢ {sm (260—¢) oY

—20msing {cos (26— ¢)5? +sin(20- ¢)57} =7

ds; © X, YEhCRH 5 HRAEN sin, —cosd, ds, TIX X, YEICK L cos(6—¢), sin(6—¢) TH
BEHANT, X, Y HAOHEE R T VEAROMBRTrENL, ThE (6.9 RCAWLER
REMB,

cosqba

o .
— 20 m*sing

)
831 = —7-cos(§—¢) }

cos qb +2crm sm¢> =7+sinf
S2

Fig. 10 (b) IR X 51C, f«\oﬁnrﬁm#%amﬁp & om LML, om-cos $=p DORIFADHM
5, ch¥ R AR Kotter-Massau DO & L TRRIEDND,

op
os;

a9 ‘
—2p-tan ¢ a5, =—7-cos(6—¢) { (5-10)
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op o8

a5, +2p-tan¢ 053 =7-sin @

BEEHEBOAEOTXVEELT, s, S D220TROAD 5, B L hEMicERE2RTREh
% sy @ AVB &, s iR Fig. 11 o X 5 Bin i 0
DEfEY AT L LD, LEMEOID s KBIC S & - P
LTHbHT,

X, .

HhigE s ’ o

=\" ds,
s SPO s,
_ dg \* ., _ o9p \?,
ds—‘/1+p2(d—P) dp \/P“f(w) de R L
THEML, bRy (6.1 REOATHE, % v
ds=(1/sinp)dp=_(p/cosp)+df --e-eee- (5-11)
iz Fig. 11 Relation of a set of slip lines
- and stresses where one of the

slip line is expressed by a loga-

op 26 cosp 9p
rithmic spiral.

°p _9p 99 _cosp 9p
s 00 os P 26 (5-12)

G.1D, 5.11) L 5.12) X% (5.10) XOE 2R IRATHITE,

PP | gptan g1 L0tSING  @-adtang e, .

20 +2p-tan ¢ cos & e (5-13)
POTHEEDIMELG % po, KFEHFNE o & T5E,

Do=1-C0S 8, Pr=1esin @ ecovrrermriiiiiii e (5-14)
ERE1Rx (5.13) RicfRAT5 &,

%_I_(tane_;’_z tan ¢)pv=w e(&—a)~tan¢ ........................... (5.15)

ot
CHhEBESL, EOERC 0=a DL E po=p KithLOEEEANRDE, b TKRARD LSR5,

cos ¢

7 —a)-
Po= (9-tanz¢>—iol) o8 {(S-tan ¢-sin 6 —cos 8)-cosd- e tang
—(3-tan ¢-sin @ —cos ) +cos g.g 2@ ad)-tand }
$ P06 guemHOTENAN e (5-16)
cosa

5.3. EBENRTORFRICHhMBLIE
EEFEROS BOERTIFF OB L O R K
LREBEL TV D00, HEL Fig. 12 D L 51+ DkE
0 acd DR DWTEHES =& & T35, 5.1 D (b),
(c) DREIZ LD, WHESH ac iX a JTHHE, c AT
KL =/A—¢/2 Of%leTinE Fig. 12 thof o, 81
RD L BEins,

a=n/4+¢/2
B=n/2+¢ (=2a) } 6D %
HERF OIS OLE (B/2) 1chi 5 HELEY Q & a ¢ |d
THE, Q WEEFHRONRCH1BEIEH P OHRER L_
5 bo D ac 5 47 P & EEFREEROBO I W B/2—
LOEHTHD, Thbd Fig. 12 Logarithmic spiral.
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Q=P TH  seevnremeretrt e st (5-18)

SEAHPIT (5.16) XD po e H (B=a) b a i (0=8) T TTNIIHITB->TELSLIETHS
b, BOLIEROREYRT L,

o=p
P= S pv'ds
8=a

7po?

=m1) [{(3 stan? ¢—1) sin 28 —4-tan ¢-cos 28

2
_ 1+tan® } ZB-o>tang _ {(3.tanz ¢—1)-sin 2a
tan ¢

—4-tan ¢-cos 2a—

1+tan2¢ }]
tan ¢

3.t sl — —(B—a)- . :
B e

n bo-po. {g—(ﬂ—a)-tarm .sin (8—¢) —sin (a_¢)} .................................... (5-19)

cos a
o BUC T B T BB E SIT/EATBIEN po & (5.3)~(5.4) ROEX BAKFEICIEAT %8
BEIG ov & ORI,
go-dx=p°ds, dx/ds=sina
OB H B DS, po KRN TREIND,
j)o=0'u~sin QU eeetreeseerstsenaeiatieite it et et ea st rate e et e et et st s st sahs (5.2())
Fig. 12 LHOD L X 512, po & BE ORICIIROEFFERBEGRLES D,
porsina+B/2=pgsin 8
#iZ po, pp 1T,

B, 1
2 exp{(B—a)-tan¢}-sinB—sina =} i, (5:21)

pp=po-exp{(8—a)-tan ¢}
FEHEEBROEAOERMLDOES cd i, ABIMATHIND, WADL IS,
cd=py+cos a—pg-cos 8 »
= polcos @—cos Brexp{(B—a) -tan ¢} wor-rerrecersirenniee s (5.22)
BEEFR acd OHEEY 4 ETHE, 4 1% Fig. 12 1 H RO L SERDLRD,
A= ad’c+Aaed—Aed'c
S B aoc=p2{e2P 0130 _1}/(4.tan ¢)
Acged = Bt-tan $/8 JRRS (5-23)

Po=

"Aed’c= (pqcos -+ porsin - B ‘tand — B-+tan ¢/2)pg+sin a/2

DEDEARIC L - C, BEFEROETCRERRINELET 6, 7, po BIVBOREHE L TRDLNSD,
16]E LT ¢$=30° DPEDO M HHETOHEMEIIRD L 51278 s, (5.21) RI W HESHOBR,

Po=0.604:B, pp=1,271+B «+errerremrtiiiiminmiiiiiit e (5-24)
(5.22) R X b EHEFEBENRDE XL,

cd=ce+ed=(0.694+0.289)-B=0,983:B  +teorrreersrrcerinsimtiiiiiniieiineiiniiiae (5-25)
(5.23) R X hEERBRELHOWO HE,

T =0eA=0.3547B2%  +rerrerrrretnettmiimttiiritiiiesiarersrenrrii ettt tistiraanne (5-29)

5.5, (5.20) K&V, BEERREAGIOMBFEBCE - TTXYVECE 5 SBELE 5o 13,
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Po=0w'sina=0.868 c»
cv=B7/(2-K -tand) = B7/(1. 1548K) }
Wiz (5.19), (5.24), (5.27) X& AV TEEERONECH 25 LEDRES DAL, BERRAY
W L TRD X 5l b,
P=—0.18337-ps2+0. 0797 0p+ o
=(—0.088+0.048/K)-7-B? }
BEEEFrBEE (P+W) % Q TREE, o0 © QT JFTHEI W L TED TS,
WE K=1 L3, BIRTEOEFLIEC 2 2HEMNE 2Q 13Kk X > xbhb,
ZQ=2(P+W) =2( —0.040+0. 354)732=0. B28 Y B2 trrereeritiieniniieiiiaiieeene (5.29)

3.2, 3 ORI X O, BB N7 v 3 BRERKE AV ERTIR ARHIERA ¢ OfE,
AWThOGREE AV/V X o> TEIEL, 3.2, 3 THWRKTIE AV/V =0~4~5% 1 LT ¢=27°
~33°~36° LZME LT, —H - OREEHWEBEOER L h L5 LFEFELEAORRD AV/V IR &
DET B, Buc bR L 5 hFF+FEOEER G5 FERNTL ¢ DEOREICIL L BHENSLETH 5,
COTREEOD ¢ DFHEE LT 27°~33° DEHIFHE LT $=30° XA LL,

3.2 KONFZ#ETE, B=9cm, Y=2.16g/cm?, FFOBT L=5cm THHnb, FACIrH5LE
428 §(=2QL) o hb#ETxk (5.29) REARTED L HEkDOLND,

Q=2QL=0.628x2.16 x92 x 5=549. 3¢
—Fr— VA Tllo eBFELEDOEMEIH 550 g TH oo b, —IG LD X 5 EED S LRI
AERCL ETBEERIEREE XS EHT D2 &b, 7ok Terzaghi OEBRC X HAFFLE
X (4.5) RiLL B oo KAVB L, TEAHELT @=0v-B-L THHbIN%, K=1 & LTLEER
BILERATEE, @ 12,

Q=0s-B:L=7-BL/(2-K -tan ¢)

=2.16x92x5/(2 % 0.5774) =758(g)

Eeh, M hRAMEX b AEREL S,

6. LOBCHTS2 3OER

6.1. MEERAORNELE
COFEOBEEIL (4.2)~4.5) REERL L, FORPOFRE K ot LT, Terzaghi iX§hHR
DE35E, BEROE RO TREAE T K=1, ¥0FER X 03T B 23Tk K iERER &
h K=15 b LDNT58, WIFhO K OEVRAT 5B LA TR, L LEE, BEOM
BTORBELEOHEEICIT K=1 BMELRTWADT, {25 L b BEE LJ0D Fig. 9 D c SOHELED
HERIL K=1 2RI E 7D L 5 Bbhs, —HEFEROE BRmER X b Eiks o O
MEBL, B TIERRBENTHE B, BEERADBRELE oo ® p ¥KDZ (4.5)
A% (6.27) ATiE, K,B 358, FFEHNTHETHIcH, K 2 BlitifiE@ L EX b bR
WEEHWDEL T, 00 R po iILTHhOBPER L - THRIFE RELEXELRNTHA S, HIZZ
TR E LCBOR Y 2 b oBEELFEL, K1k K=1 B\,
6.2 MMESHOTHEBOMESR
LD X 3 mEBEFRO A BOT<DEIL Fig. 12 0 L 512 Fila STHREXR U8 Lo d k5B e K
FLie bLafitsiTabRouE IEChvE ¥, UROEMGINEEERC,HBEIICE 2
LYEYEHNTL, toLEDa SOEEY (p-0) TRT,
—fic, a iRt LT (5.21) ROEMEMBIRNIKILT 505,
po=B/(2-y), y=e(a~“)'tan¢ «sinf@—sina
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YD o+ A5k dy/do FRDB L,

ay _ ing- .
a0 (cos §+sin f-tan §) -e

B Y ITELOERANZ 0L T5 01V THEY -5, CO&GEXFT0,

e>% =L, e=%+¢>
IHRID O LT dy/der<0 THD b, 0==/2+¢ Ticbh 0=BDL X YIIBKLEKD, Liat
S TCIDEE p B NE B, ~HEERBRCERTAAER L 2T (5.16) RD L 51 6 BRILTTH
L, po D—RIZUBIT B0, BEEFEEONETLIL 2 EABIMERX & D X5 e RBEL
TWAH I ErHBRD,

(f—a)-tang

1. & B

LR, BEARBILTEC, 1S BELED BBD0, ¥F (trap door) XHWKEREE
Wz b TEOBROINT T -7 b D TH 5,

FEORBRTIY, BEHAVS EROFEIHE ARERMOBEIED -bIC EREENMEVRS13H -l
B, T TIRMRIED b 9 ICHE « DEOSBEL THCRA R A TH BB LR AV T ok %
Buic, ERTIIBEThOBOBEILENT5 L L31C, 2OBBRHEIE XA TRERWLEBLTRV
BEORFEAYPALMNC LI, —HEREFLEOHRBMMBICIIERL vE TR, D51, DROBERS
CASEHTH L5 RBHRHE DI hTohkWnWL S iBbhb, ik 2 2 CREBOBEHRNLEZT
LETE, BEEAOWBLXEE - M - EHO 3 HRC T TEELED, HOBEEREROERI—NO
SRS BN S5 & LTEACERTALEOEEARYHE L1,

ZOBEHRNLRDOIEEFROKE XCFFLENHEIERESL IV —BERL, ZOBROZLUMELE
BTaoblnTE,

ABBOMOFHFL I ZJITERDL, X5 FDBOERIIFMAILELL B OSAE KR RRES
BETOXRTHEEDAMERERICIB T3 TOLDTH 1228 3.1 TONXABEHEBHIC L 5FEMN
KT THo el FEEOERICEREY L THEI® TR, BT 4 1 BO—BOREET DT
RHEAMOEIC BARSRE K. K. OMIFE 4\ o2 %, ¥ h BV ERCIAFRFRSEERMT, %
B NIEATEEOR I 53 b DT, & oREL BB AETARETCH 5,

& £ % W

1) FHUBEES, R b v RALEDORKAEBMICOWT, BRAUM2ERE A% LB SEREMRHEE
SEEHE, EAM2.11, p.245.

2) N, BEHHR  ERBBC RT3 EELE, TAR¥ESE, 24%5%, W13, pp.437—495.

3) XEEY : BOSREENCET 5 —EEK, AAT¥EH, 17—1, #E17, pp.31—45.

4) Kommerell: Statische Berechnung von Tunnelmauerwerk, Wilhelm Ernst & Sohn,
Berlin, 1912.

5) Meem: Transaction of ASCE., 1908, p.12.

6) BifE—2).

7) AHEERE : Calculation of Sand Pressure on Horizontal Top Surface of the Tunnel Heading,
Tech. Report of Osaka Univ., 10—374, 1960, pp.109—111.

8) Balla: Rock Pressure determined from Shearing Resistance, Proc. of the Int. Conf. on
Soil Mech. and Found. Eng., Budapest, 1963, pp.461—471.

9) Rilg 0.



il PEARRIL TR 5 BEHAE 565

10) HitE 4.

11) Vslimy: Eingebettete Rohre, Mitt. Inst. Baustatik, Eidgen. Tech. Hochscule, Zurich,
Mitt. No.9.

12) Terzaghi: Theoretical Soil Mech. John Wiler & Sons, N.Y. 1943, pp.66—75.

13) #ig 3.

14) Janssen: Versuch iiber Getreidedruck in Silozellen, Z. Ver. Deut. Ing. Vol.39, 1895,
p. 1045,

15) FHUMIER « b v ALE, FARFAREIE L v A2 YRS A, W41, pp.7T—8.

— 17 -



