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EARTH PRESSURE ON BURIED PIPES UNDER PROJECTION CONDITION

BN —3*-7E ' i3 K E - & koo
By Kazunori SHIMAMURA, Nobuaki NISHIO, Nobuo TAKAGI and Motonobu HYODO

The excess earth pressure ‘works on the buried pipes when they project into the sur-

rounding soils due to the settlement of the soils, This paper describes the review of the

formulas to estimate this earth pressure and the results of the experimental studies.

The comparison of the observed earth pressures with estimated ones shows that the

earth pressure on buried pipes under projection condition is most appropriately esti-

mated by the formula in which the circular slip surface is assumed and Kétter’s equation

is solved along this slip surface,
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Coefficients F1 and F2
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Internal friction angle ¢’ (deg)

Fig.1 Coefficients F, and F in Circular Slip Surface Model.

FVLMMT RYVFDOHHBEROTAYVEE & ELLT
XBENbhol 2 THB.

—7%, Vesié® ) i3 iZ#53% s h iz AR oMk =
Bl & & DER N 2 RBEAPOREE ICHHH
HEERIEHHEL LTHEL, LHV/OFHN L5
DT xofERNZHEEFTCRUL. XB13) IT@3¥
FOHDRINTBY, FELVBRAEIE14)
HWARENTVBERDLNSEH, ZOXEIET ) HEEE
RHshRESET, AFVEECTHY, BREETIT
FIZA>TWREL, LML, BEROBLE2EZEE>DHEIC
FHELTEFEEBEEEBRLTCAILELS, BEI-HULT
WBIENDbDrotz., #0128 Vesic DLFEERS
EELEBUAERTROONIZEHEELTNS.

M4+ ~VE%RE L T Kotter D5 EX RS, #
BEIERT 5T EEBET 55 Appendix IZ/R U
fz. ROBERT &,

;ﬁz(HJ;{gcc/z) Fu4)4 H;g:/z 2; Fi¢

 H+(1/2—/8)B,
+ T e (7)

~

THBH. T F¢), F{) ELONBEEALOR
T HEHT, Fig.1 K0RD 5.

(6) BLXEFEEFERICHIIBAAEORRA
Table 2 it &+ FEERICB T 28T LOREZ —&
LT LD, FEERIHPEITRVEZRET S
», MMTAVEERET S, KEoTKEL 2D
HEEhE RETNVAEZRET 2HEITE, Fig.2
IRT £ KMUMNES DD D EWEEXMHHE
REMS I, H5H5VIETAVEIERT 5 EERH OB
REHEL, ChEITXVEIREIWZEROLTOEE .
MEABFETLVEEFREER2BOTVS, FEEAD
BEA 1 oiidTable2 IR U & KT ERK K
DED» HE L TWWA, Marston-Spangler RT3 7 v ¥
v OEBLFHEE, Meyerhof-Adams ¥, Trautmann
HOEERTILREBICED 12/, Ladanyi-Hoyaux &



182

BN - BE - B - K

Table 2 Assumptions in Various Formulas,

Coefficient Horizontal Coefficient Incomplete
Repb?; ted ;’:\ss:]ﬂege of horizontal stress of friction Cohesion projection
sip a stress (K) [(7%] condition
Marston- Vertical 1-sing’ Koy tan ¢’ Not Conéidered
Spangler 1 +sin ¢’ considered
Meyerhof- Vertical 0.95 (Kyz) tan ¢ Considered Considered
Adams
Trautmann Vertical 0.50 ({loose) Kyz tan ¢* Not Not
etal. 0.65 (medium) considered considered
0.75 (dense)
Ladanyi- Vertical cos? ¢’ Kyz tan ¢’ Not Not
Hoyaux considered considered
Authgrs Circular Kotter's equation Considered Not
{Vesic) considered
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Fig.2 Vertical Slip Surface Model.

TWR7Z-urORBIEFREEZhERENTVS. £
72, KEIEHORDHIZHHEESHA S 5. Marston-
Spangler X TEAKFIEN 253 X0 EHOARIOSHER N
HHAIT2H0E LT VS, O, ERICHKEI
DEMBED, HERBEORLLIBFERICLZ->TNDS, —
75, Trautmann 5 3 & 0% Ladanyi-Hoyaux 133 ~ 0
DM DRBIS D vz TEha3NB &, 2LT, K
PN yz BT 22 L2 RELTWHS. 12,
Meyerhof-Adams 133 XV EIC/EA T 2 2 BEEH %R
HTBY, KECHTREBENOEIFAOHFII>NT
DFLIRIE H SN VDS, REEENN 1/2 v ItHHT 5
BIZis > T3 &pH Trautmann S & ERFKICES
BLEZ LMD, BEABOBIVThoRX LRI T
BB, ZOEDPIZHLTOMBNOEROTR, R5eqze
HEFOZROEE (TVEISHET CEET IHLE
P) DOV THEREERCIENDH 5.

3. EBRICLBZ3IEOHE

(1) =BoBEE
EHEATORREIER S 5 LEOEBRE PIRE
DEREREME S O/NOEEDERNCH T TRARS. B
B, THEOMELHFPIZEL BT XVHOBEEZBW
EURERT, MBTNXVEEFVICL D TFEERS
HOBETIT-12. #EFE, EEL0MBT AH5HT
15 EEFELRICITON L ERTSH 55, RETHILS

LHERRERT—5 L2507, KETEBRBNAIZHIN
THL.

(2) PORBOER

a) EBREEEL LU

Fig. 3 It EBEB % T T. COERTIIEREOKRE
KRz, BOTHORBES»>XRET Tz,
LT, XEOMICHIMEZEL, HEO LICh 545 L5
ICUTHEBZRE L. 0125, BEOTFEIZE N7
ERIZZ>Tw5 (Fig.3(a)). #EBFIX3HEL, &
MZNOBLHMALOMIcu — FE Vv EANTEICIER
TEXTEZAEL. BEOBEIXT 7 YMKRTIIZEL
7z, Efz, BOGHEMEDOE, BLOEOTHOBEN
HALAMOHBEDORIZIZI LY > 7 + —Abt 53
iz, #EEOOFE I Table3 83 3BT, /ES
TIAFv IS4 v ran@EER V. BHREL
BRI TITL, 30em & ITHSITERL . S D& X,
bR TEHEEASACAKRE 2cm BEDER T
BOTHBE, EEBRTHRICIEN L THRBIE Uy
DOINES» S TROEONBZBREL. #RE0LH0
i$1.2m & Uiz,
BORUKTRICZEOTHRICEA UL ZFEDO Y v v
FTERELGFSIHL LT BB IEHT A EES
HE L 7.

b) BOHR LTI HEMN
HORUICHWIZ 1L O T B % Table 4 127539,
¢ HEORU ZRETOEKE (11~14 %), BHEEM
RIEESE (15.6~16.2kN/m?) S iZFEELL< 253 &S
ICHABELUZEBIC L5 CD HRBO ¢, AL, ¢ i
tabagllz, i, HBHREURECOETEE L

Table3 Dimensions of Pipes,

Nominal diameter {mm) 200 400 600
Outside diameter (mm) 216.3 406.4 609.6
Inside diameter {(mm) 204.7 390.6 590.6
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Fig.3 Apparatus Used in Experiment.

Table4 Properties of Soil.

G Gravel Sand Silt Clay ")
s %) (%) (%) (%) ¢
2.69 00 94.0 6.0 0.0 23
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Ye KNm®) | IKNfm®) %) ¢ {KN/m?)
13 174 114 12 36° ~ 0.0

ST 0.59 TH - 1.
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Photo1 Ground Surface After 10 cm Upward Movement of the
Pipe of 600 mm in Diameter,

Photo2 Vertical Section of the Soils After 10 cm Upward
Movement of the Pipe of 400 mm in Diameter.
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Fig.5 Observed Slip Surfaces in Experiments and Assumed
Slip Surfaces in Circular Slip Surface Model.
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Table5 Dimensions of Pipes.

Nominal diameter {(mm} 80 100 150 200

Outside diameter {mm} 89.1 1143 165.2 216.3

Inside diameter {mm} 80.7 105.3 165.2 204.7

Wooden Pipe

support
. 135 x 135 x 250
Ammonium sulfate
0
Load cell o o o
=1 j=3
: 3 s
o
=]
/] <
} ~ Unit : mm
2004 | 1300 | 1300 | 1300 | 1300 200
T e T Load cells
5600

{a) Profile view

(b) Detail of pipe supporting
system

Fig.6 Apparatus Used in Experiment.
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Table 6 Properties of Soil.

N.ominal Gravel Sand Silt Clay & c R

diameter {%) (%) {%) {%) {KN/m?})

80, 160 211 785 0.4 0.0 40° ~ 0.0
100 25 85.0 125 0.0 38° ~ 0.0
200 2.5 89.6 7.9 0.0 35° =~ 0.0

Table 7 Observed Earth Pressures.

Nominal Earth pressure Normalized earth
diameter ay (kN/m?) pressure oy/yH
80 200 8.4
100 211 9.0
150 146 6.0
200 125 5.3
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Fig.7 Comparison of Observed Earth Pressures with

Estimated Ones.
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