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Table 1 Soil Properties of Backfilled Sand.

soil component g}:g,ilge l%"ﬁ percent
gravel more 4.76 5.3
sand ;gg{lsx; g Z(Z) %672 1%:%
fine 0.074 to 0.42 69.0
silt 0.005 to 0.074 7.3
clay less 0.005 1.9
specific gravity, G. 2.783
unit weight(kN/n®), 7. 16.9
uniform coefficient, Ue 3.58
vater content(%), w 13. 42
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Table 2 Test Conditions and Wheel Loads.
Exp. d iti velocity | vehicle front load driving load | trailing load
No. mode position (km/hr) load left | right| left | right| left | right
1 107.1 21.5 | 23.0 17.0 | 17.0 14.5 | 14.1
2 tam F. D&T 146.7 23.5 | 24.6 24.9 | 25.6 22.8 | 25.3
3 iy and — 169.5 | 2409 [ 271 | 29.1 | 315 | 254 | 315
1 YU Fe, Dt & TH 194.8 24.7 | 25.8 36.4 | 37.0 35.6 | 35.3
5 223.3 27.0 | 28.8 43.9 | 42.0 40.5 41.1
[ Right tyres 110.2 21.9 | 22.9 1.1 17.5 14.8 15.4
7 _ travel just 10, 20 146.7 28.5 | 24.6 24.9 25.6 22.8 25.3
g | rum above the and 169.5 209 [ 2101 | 20.1 | 31.5 | 25.4 | 31.5
9 [ ™" | instrumented 30 194.8 24.7 | 25.8 | 36.4 | 37.0 | 356 | 353
10 sections. 2238.3 27.0 | 28.8 43.9 | 42.0 40.5 | 41.1
11 brakiﬁg same as above 30 221.5 27.5 | 28.5 44.9 | 43.2 41.2 | 42.2
12 curving| same as above 10 & 20 227.5 27.5 | 28.5 44.9 | 43.2 41.2 | 42.2

unit of load in kN
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Fig.5 Time History Responses of Strain Gauges (Exp. No. 10).
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Fig.6 Bending Strain Profiles at Various Positions of the Vehicle (Exp. No. 10()‘
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Fig.7 Bending Strain Profiles in the Various Modes.
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Fig.8 Load Distribution around a Pipe (GUIL).
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Fig.10 Maximum Strains and Tyre Load.
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Fig.11 Contact Area and Tyre Load.

Boussinesq THE L Y &, KLV X& <FFilid % Frohlich
TEOEBMNEERRS. ULzH-T, 6 2 Frohlich -
EzFHATzTHb EEZL NS, UL, Fig8h
SHEFAND LD T, BI/EAT 2 EEES LORIE
WEEN o, B ABEROENHFELREINTNEY
A, CITITCRBHEEEZBAFMLTWHE I &z
B. D% 0, G EE OFMAES IBR S LT, R (1)
DL 6, IZ Boussinesq TEMSBERA I R TH, HEFL
+oniHEsE LS.

(2) HBAHETE

Fig 11 IZRRIEIHESRO 57V 5 4 YOME L Bt
BOBGRERYT. BILRETY 4 Y EHE (S8FIR)
DORPICRREREET 4 VAR &, 54 YOEMER
W7 4NV AREBINS. EHEECoEERE S
FTZA-FTHEELY. BO &S ICEMERIZS 4 Vi
HITIFERRS 5. :
N FEOBAGE S, Figs TRULZ VT HADE
RSB EES S, ARROBBICES INE (X
WOW) ITERT A, GRS TEIIOERTE
Ik BEHELEZHIZL, OB HE RO
BNTEE L TERITZIENTES. ZOINBRER

 EOBBEEICNT S, MBANERTORELETSH 5.

ZITLOBBHEZHIENELEET L, KOHE
oy EREEIC AT B TR B0 T, REHBES
BEMME T TORETEDKEH ST % BRI E
3. Fig1l2 32 0—@Td 5. Wi, 5 EEEE~ o
FHRIEIRO LD UCEREL 2. BTEEZEET
& 5D 7T, Figs Tl & B> 20— @
ERTEAD 6ME — 7 OFFERREZRD 2. £ L THI
B & BATEOBIEE (3.2m) ZChTRIC&ICLY,
EsRE2EHL, ChiETHROERE L. Fig.12
DOIFRIE, T OREIXIGT % Frohlich 1 (R,
—B, IWHEPFEH v=5) TH53. ABLUSHHEH
BEIZXF % Frohlich T, #hE#nX(2)BLT(3)
& (4) TEZHNB. 5B, Boussinesq E (UGN
ERFREv=3) 11, R (2) BLU (4) ORIPDK
BMOEHTE R bNn b, FHHEEOEMIRIEIESTE

1

35



EREOERTMER IR HREEOXEIIHT 2ER &K

S=511lcm?

158 H=27cm Q=28 .8kN

180

50

158 -

100

S8

150

100

earth pressure(kPa)

50

1s@ H=119cm
~~~~~~~~~~~~ measurements
£q.(3)

Eq.(2)

190

-

-15@ ~1e8 -58 %} 1%
distance, x(cm)

198 15@

Fig.12 Dynamic Earth Pressure Distribution Transformed

from Time Histories (Exp. No. 10).

EREL, 20—BDOEx (24) EHEE (S) o
BIE@E» ok iz, K (2), (3) BLU (4) Oz
BLUOy3EELE20ETNIELL.

_vQ 2
=0 (@24 g+ 22 4272
oa=q(x+A, y+A H—qx+Ay—A H

—q@—Ay+A H+qax—Ay—AH - (3)

g.x..L:,

........................... (2)

ﬂ[ xyz (x2+y*+222
21 (xz+y2) (y2+22) (xz+y2+zz)1/z

. Xy
+arcsin {(x2+z2) ) (y2+z2)"2}

q(x,y,2)=

|qO
" om

w; zyz’
3 (x2+22)z (yz_|_zz)2 (1.2+y2+22)3/2

X {2 (x®+y®+32% +3x%® (£2+yD +72°

c(xtyH +H112 (4D + 12x2y2z2}]

TH0,
o,  RMEIC X B8ETE
0s  FENTHEIC L 20ELE
v LIS HEFRFRE
Go=0Q/S FENTHMERE
Q : RiEE

maximum earth pressure(kPa)

® 59 188 1S@ 58 198 158
T T T T T T
Q=43. 1kN
S=639cmZ om0
©0 o O - o
g - 000 o sl o aa
-~ /I-’
€
2
Ne | »
.®©
£
»
% sinesq
o — Froh=- |
» 1ich
kah © 18 straight
© 30 straight © 18 ourve
[ A 2@ straight
ﬁ ¢ 32 brake ! o 20 curve
(a) Braking mode (b) Curving mode
(Exp. No.11) (Exp. No.12)
Fig.13 Vertical Profiles of Maximum Earth Pressure.
- [ ] H=88cm
o &/ o 0%3 aF
o N 8 -
P o
o &
§ =i . o g"
© 8
£ ol 8 S
amn n
@ H=27cm
©
& " 10 26 36 46 B 10 26 30 48
<
o H=58cm - H=119¢cm
0 - o
e — = o stationary
g g_ 8— running(all)
E - . ~| & running(front)
% ol oL Fréhlich
E 0 n
%18 28 36 48 B 16 20 36 48

tyre load(kN)
Fig.14 Earth Pressure and Tyre Load.

2A=VS | EFEHEOSLOES
H:EBOX#HD
T,y,z2 HETH% 2z L 3 HEXEEZR
ThH5.

Frohlich T, 60cm DIETHRAEER LBV —
WEHBY, BI30em TEMPZVBKICEHET 2.
Ffz, 60cm DR CIRWELESHHEIZ LD MAE
ERHOEZFZEAEH LN,

I, BAEBTCEULTIEDRE HAIKET 55
6% Fig.13 (a) B LT (b) KWRY. FEALEDES,
H3MOPTHEOR O KEVWEROBETT, HFEOR
KEPECT. UL, ERBEOMBPEZIY ba—)v
&> T, OGS BTUH LN ENH -1z,
DL BRT—ATHHEIZASIKD > bORAEEZ
& U7 LLEOKIZIE Frohlich £ FELISMZ, Bous-
sinesq LIEBPFRCL 2. MBHOLHEE b, SHE XK
(2) ltx=y=0%, —HAEDHHEIRRX (3) »
XY, x=y=0L H=2%2f{AF52,LT525N5%.
VWFNDE- FIZBNTH, Boussinesq tE LY B
Frohlich - FE#5 60 cm BUED LE% & <ERT 5. =

36



AR ATE No. 430/ M-15, pp. 20~38, 1991.6

NOEDEWS KBV TEIRAWENIRD 5 VIRIEAEES
WCTH->TH, Frohlich LHEIZKRE BEZ Iz 0, —F
30 cmDESDOEEITH U TIE, Frohlich LB AFE
iz, E550&0ZIEHESHD Boussinesq 1
MEAEIGED. FEs L oihEE - FTRRKETO
FTOBFRUISRE 2 o5, BEBEDES D EHh
BORENY, FEMICITEROEEETTORRLY
KEBZTESE U, BFIcHEHE— FITBI5+EN R
bREVWEREEE X2, hb>0HEATEIMTI TITR
Nzl BOTHB.

Wiz A YHEBELSHBELEORFK % Fig. 14 IZ7R 7.
HEhs LOHEE - FOF— 7 3B L. KB OFBA
OEHICEEE—- FOTFT—5 1L, ARimIE>TEES
BRI RARTHED 2BEAH V.. RICBRFEI
&% Frohlich T, 372 bh535K (2) 2BEHKEELUTH
AU (DHEEILLBIEIEAEDOLOEZ 2AD
B &bz, TAEBRTEZOWERH T ZN).
Frohlich +E 5 60 cm LUEIZ B % EEBE R 28I
FHEiT A&, CORPLLIV—BIFEEELD. £
fz, BRAEROUVT HOHBE RIS, SBRETEES 4
YEEICITITHEIT 5.

4. ¥ E ]

B ELS T ABE (PO 400 OHE) OBAAFH
BRIZEZ BHEBIZIO>NT, FITHAEEOLTHEY 21
{ba g TREERZT, FHLERERE28L. X
BRERIIROEBVTEHS.

F9, BERAAROOTHIZBELT, RO KD siEEwHD
wRB5hB.

(1) EROETE-TET S, EERANOERS
ROV T HSHEREL, ERMHEOBRHICL2EERE
DICEZBELHIZU T,

(2) WFhOTHEVICBENTS, EEAFRADDTH
DIIEEETRAE LS. T, FABREEROHINRE
YEIZ & BHFE L, 80 60cm IEOREDO VD T #5
BEREZ LERT A, —HLHEV 0ecm DHDIT
DNTIIBKE LS.

(3) B/ ABBEZLERMREOKEZZIRLTL
B, EBROB/NLHOTH 5 30 cmD|EITBNTD,
FOBE CRBEROT HIEFROT AT AN
W,

(4) EWTTE L EBERORRE S 7 ABEIC

52328813, hbERROWEORINZ BM—Fh
EL D AEEEOFETHMT A S8E R 2L, BOD
BOOHEHIEDORETIHATE 5. 2L, ¥y
AXE—BigEHTT.

(5) HMOETHEEIF->TETLIOTHOEZITE
EAEBVY, BNHETROOTHIERETFOVT
HEOHULKE.

(6) HELSFAEELTTL—F%01) 58420
I LHEIE, BEETEIT2BE5ICHAT, vTa
D RE .

(7)) BXRXOTHIEI [ YREIZSIZHAL, L0
60 cm LIBROAEIZ D WT I, HABEEROEINELEIC
JVEFEEINEIRAVTAEBLIBEET S. —F,
Towa AT EBHEETIE, FABERICHATHIREG
OBRAVTHES 2, EERERIBEE L.

WITHIBANICHE T HRITERICDOVTIE, RO
DEANG.

(8) 60cmIEDERETEE OKFEF @D,
Boussinesq THE L 0 &, & UASHERBE, v=50
Frohlich T © L 0 BYITEL A N3, 7272 LBEE
F# 0 30 cmicHB I HBELTE % BAHET 5.

(9) HEEATL—FEh1F2ESPHMET BB
i, BEETZITIHEICENT, SELREEPE DK
X1,

(10) HBARORIIAELTE XS 4 YHEEICZEFLH
I5.

Bk, YHPREE Ly T -2 - £V 5 —OBERA
T, RERBREERATo L2453 5.

& E X B
1) Spangler, M. G. : Underground conduits—An appraisal of
modern research, Trans. of ASCE, Vol. 113, pp. 316~
374,1948.
2) [HFAL{eppoff LOMBZED 5ETR] BATAE,
WREEERY, KB 45 EHIE.
3) Timoshenko, S. : Strength of materials-Part 1 : Elementary
theory and problems, D. Van Nostrand Company, 1955.
4) EAEE - -HEEH : BEREOERHFALNEER, B
WA A - FATTIgeRTEe, %308, pp. 23~39, 1986
5) BEAREN : BHEI XS EREOHS M0 3 H M
s, TARZAERE, No. 430/1-15, pp. 88~97, 1991.
6) Bulson, P. S. : Buried Structures—Static and dynamic
strength, Chapman and Hall, 1985.
(1990. 4. 25 2F)

37



HRED

=1

AL RERCRITHTEORE R 2ER EA

|

AN EXPERIMENT ON THE CIRCUMFERENTIAL DEFORMATION
OF BURIED PIPELINES SUBJECTED TO VEHICLE LOADS

Detailed field experiments were carried out to investigate the hoop strains developed in
shallow buried steel piplines of 400 mm diameter and 5 m length due to static and roll-
ing wheel loads. A commercial heavy vehicle having axle loads of up to 83 kN was
used to load the buried pipelines at speeds of up to 30 km/h. The hoop strains mea-
sured during loading became the largest at the crown of the pipelines. The maximum
hoop strains for any given load tended to increase with decreasing depth of the pipe-
line. The hoop strains were found to increase linearly with the wheel loads, and super-
position of loads from the closely spaced driving and trailing axles had little effect on
the maximum strain. The design formulae of the Gas Utility Industry Law (GUIL)
gave a better agreement with the measured hoop strains than the Iowa formulae.

Nobuo TAKAGI
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