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A STUDY OF EARTH PRESSURE ON UNDERGROUND RIGID
PIPES BY CENTRIFUGED MODELS

HHE E*=51E A
By Jun TOHDA and Masato MIKASA

Earth pressure acting on underground rigid pipes installed in a ditch with sheetpiling

or under an embankment is studied by centrifuged models under various conditions, A

rigid model pipe designed to measure both normal and tangential stresses on the pipe

surface is buried in a dense or loose dry sandy ground without a concrete bedding. The

measured stresses show that the total value and distribution of earth pressure are both

affected considerably by the following factors .

1) methods of pipe installation, 2)

roughness of pipe surface, 3) cover depth, 4) thickness of sand bedding, and 5) ditch

width. The measured earth pressures and the bending moments of pipe section calcu-

lated from them show that the ordinary design method is dangerous in most cases be-

cause it ignores the earth pressure concentration onto the top or bottom of pipes.

Keywords . underground rigid pipe, earth pressure, centrifugal model test, load distri-

bution, design method
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Fig.1 Testing System for Centrifugal Model Test.
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Fig.2 Rigid Model Pipe (unit : mm).

Table1 Standard Dimensions of Model (unit : cm),

D H Hb By B
Model 9 9 4 13 3
Prototype 270 270 120 390 1020

Table 2 Pipe Weight (unit ; kgf/cm).

Pipe Surface

Smooth Medium Rough

Model 0.043 0.047 0.046

Prototype 39 42 41.4
Table3 Seto Sand.

Gs Grain Size Uc Pdmax P dmin

2.65 0.24-1.4mm 175 1.58¢/m® L1.32t/m*®

Tabie4 Mechanical Properties of Sand and Friction Angle
¢, against Pipe Surface.

[
4 [ ¢
Ground d d d Smooth  Medium _ Rough
Dense  1.55t/m® 0 47° 17° 42° 45.5°
Loose  1.43 0 36° 16° 40° 44.5°
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S th
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Ditch-1 13 Dense
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13
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E Ditch~1 Smooth 9 4 ;’( Loose 6
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Fig.3 Change of Normal Stresses during Test.
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Fig.6 Vertical and Horizontal Earth Pressures for Ditch-1
Standard Test (Dense Ground).
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Fig.7 A Series : Vertical and Horizontal Earth Pressures,

mis, BN y=o OBEREHEZENETN 6,=0, &
=0 & URHMEHEIC &5 po, p P EEBL T B

E HICHER-1 ORKE K & FOER L F G BRGHER
EREAMLFIE OO TED. TO LD ICEBOKT
BERREF AT OIS BE- 20 CcH Iz b
b 53 RME R HE<BE-1 05 PRGEROM
EELBHORBKRD & IKHHTE 5. BHIFFEEBTIL
2hELANEORZBRELIPEON LAY, KK
SOl EREs-TLIESL<EY, y=1
Bo/2 1BV TCHEKIZ 0,=0 OIGTIRESAE U, 20K
BELOETERZRL A, BRERTCIAIHEOR
VR 2 FH Wz 128, RARRGBRZT 13K & icpbic
o THREIATOL., ORHE -2 CRBEOIK
DREREETET, BU- 105 2L->TRUDHT
k& BT < & H—RICEREBEROISTIRE
EHEUBIOTHA. INNVER-1 2 HEERE LT
BALEHTHS.

4 THEEOTE (BY)-X)

BEOBEOIEOEMMELNT S 0, tOH %
Fig. 8 iZ/R UL 7. ZOBH-1 W EKSIEKesFOEEH o
BAE (WIFhLRIRTHABHEMEZBAL & X
BA&is-t) T, GOBRIRIEEHGENOMTH 5.
TR OLEETN o, FEDD t DHHT, T NI VD
TCoDSBDAYr—VTHWTH 5. EE, —E38,
EREsEhZnEE, PHE, BEORAT BED«
AR T LN WD ENREFEDE 2N, FTE,
BED ¢ WEENSVWSHLKEWV. WEETH LOME

Dy REBE LV /D20, SHELTEEE P, IREHEE

WLEBENHEVH

HRIZL.

26 Fig. 9 IR L LB E DR ED p, DN, FIH

1.040.2kgf/cm?

Fig.8 B Series :

--¢F- Rough

0.
(. . Rlsht-hand) 1.

" Side Data

kgf/cm?®
0.1 T

Normal and Tangential Stresses (Dense

Ground).
i 2 Pv/YH Pipe Surface
o —— Smooth
—--— Medium
- - - Rough
N
(
pp/YH Py /TH
1

Dense Ground

Loose Ground

Pipe Pt Pb Py Pp
Surface YH YH YHD YHD

Pipe Pt Pb Py _Phﬁ
Surface YH YH YHD vH

Smooth 2.13 3.51 1.10 0.30
Medium 1,69 2.86 1,14 0.31

Rough 1.63 2.86 1.07 0.33

Dense Ground

Smooth 1.94 3.47 .12 0.34
Medium 1.68 2.98 1.14 0.31

Rough 1.53 3.13 1.08 0.30

Py/YH Pipe Surface
Fr —— Smooth
—--— Medium
- - - Rough

Loose Ground

FEFECTH 5.

Fig. 9 13 L AsiR-1 (5ldkarh), THERLR (EHH))

0
/ Pipe B, Py Py Pp
/ Surface TIET vlb-l YHD YHD.
Smooth 1.40 2.44 1.25 0.75
Medium 1.20 2.24 1.23 0.74

Pipe b Py Py Pp
Surface_ YH yH YHD YHD
Smooth 1.55 2,49 1,22 0.73 “\ |
Medium .42 2.23 1.27 0.71

D Doy, Pr, D DHHT, VT HROAEFSHER,
LD LHEOBETHS. BA-1 TIEHHE, H

+3
Rough 1.32 2.27 1.21 0.58 Rough 0.98 2.41 1,23 0.7
8 Pr/YH

Fig.9 B Series : Vertical and Horizontal Earth Pressures.
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Fig.10 C Series : Change of Normal Stresses during Test
(Ditch-1, Dense Ground).
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Fig.11  C Series : Movement of Sand during Sheetpile

Extraction (Ditch-1),
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Fig.12 C Series : Normal and Tangential Stresses (Dense
Ground).

Dense Ground
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45T ST 152 0.6 L\ Yol 45T 129520 197 07
9 213351 110030 | [ T L on
12 212287083029 \ 4 12 L7268 09 00

Dense Ground

Y

P P Py Py \
Hem i i YAD YHD \
4.5 1.43 3.0¢ 1.30 0.88 \

9 155 2.49 1.22 0.73  \,
12 1.17 2,19 0.90 0.43

)/ S
i b, Py Py P
foem i i yab 7D
4.5 1.37 3.35 1.51 0.93

37 9 1.40 2.44 1.25 0,75
12 1.12 1.85 0.86 0.36

p./YH

Fig.13 C Series : Vertical and Horizontal Earth Pressures.
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Fig.14 D Series : Change of Normal Stresses during Test
(Ditch-1, Dense Ground).
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Fig.15 D Series : Movement of Sand during Sheetpile

Extraction {Ditch-1).

Fig.16 D Series :
Ground).

Normal and Tangential Stresses (Dense

177

Dense Ground )

Hy, cm Pt 2? R y h
1 200456124042
2 2.38 3.73 1.24 0.40
1,94 3.47 .12 0.34

Hb cm —;p}-[_T %Y—‘:‘{XESY_PIXD
T 229 402 128 0.4
2 245 3.53 114 0.35
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Dense Ground

7
7 3
H, em Px )
b ; Hme—}E{"?:ry_Hﬁ"hB
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SYH A 140 244 1.5 Q.75

e T il §
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Fig.17 D Series : Vertical and Tangential Earth Pressures,
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Fig.20 E Series : Normal and
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(Notes are the same as in Fig, 22).
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