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Behavior of Buried Pipe under Embankment
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Abstract

The stresses on the buried steel pipe under embankment are analysed by the elasto-plastic
theory using FEM to study the influences of the geometry of soil-conduit pipe system and the
elastic modulus of the fill on the pipe responses. The geometry of the system considered in this
study includes the height of embankment, the thickness of the pipe, and the width and the depth
of the trench.

By comparing the stresses computed by Marston-Spangler’s pipe theory with those obtained
from the elasto-plastic theory, Marston-Spangler’s theory was discussed and analysed.

It is found that the stress distribution around the pipe by elasto-plastic analysis is similar to that
by Spangler’s flexible pipe theory when the geometrical ratio (diameter/thickness) of the steel pipe
is 400. And Spangler’s flexible pipe theory does not seem to be suitable to analyse the buried steel
pipe of which the geometrical ratio is lower than 200. The vertical loads by the rigid pipe theory
are always larger than those by the flexible pipe theory regardness of the variations in the
geometry of soil-conduit pipe system considered above and the elastic modulus of the fill.

= g

W+ Foll 3 E MEel F8sl EHS ARERES fAsd BREMITS o dEgol, 4%
5o B AS, el A, sele] £ m) Zlo|sl Ml mlXE AT fEtsiach. 2ela Ew
MEREHT 5 9} Marston-Spangler Eigoll o 8 BEHS Harstch.

e st A7z D5l eke] ulvl 400 Q) A Sl = WM #5F 9 Spangler o] 2] S
BT #R7F vl Zshut o] W7} 200 Hoh e St S sEESl Aol E sMEBETl 2
ot . el n EIBERT oA T MEMRL dEFe, AEFY wAAS, By T
A, Bale £ 9 Zolo] BAGle]l MBI o uct g4 2}

*OFETH, RIS TRERH, B
w ok LRI KA

KETHTSeEE 49



. &

s&?

A EzrEe] . AAE Marston® BHA 2
L3k #EME B Spanglerd]  #&HEl
i o EHEtEoZ o] Fo{A+ Marston—
Spangler F3(¢] 3t M-So| Zole} A 3ol 9
A F2 o] Fox|i Ut

£ dT7olM e e dE¥e],
eBAAI4, #e FA, =&l (trench) 9] F ¥
7ol Fo| LT HapFo 283 $RERH
i o pEha Aol o)A e 43S FRERLS

Mt SREBMERRAT S Sl 1 MSRE —Sol
i"ﬂ o3 mIE W EME e 86
fE rbar EFT A ok

AAEZo

2. Marston-Spangler 1%

HIEES &3 HEERS st m%
& (rigid pipe) 3} B&MEE(flexible pipe) 22 +
o] mgAdeiol uel EdXdejet HEA
gz ol age = HEAde BH
o] FiMlE 29 Aulz M=l Fd
Al (positive prolectlon)—% Hlad FL Ea
Aol EFTHel YAkt ofefo] FolAls
£ AZHA ) (negative projection) 2 thA]
o] A
a2 EEES Fol v 2 mng 1A
v B Al 3ud-g AR g @ HE
&5 oA A o}olAl (negative arching)¥
45 e sMEES AE8S sl E9
olo} A (positive arching) ¥ AH-S velfic) 22
I HEES RMEEC v 3He 79 =
ol &3} 3'—4“ B Yol oA F
2 g}, sMEe A5 KBS B

o] ZA wWhstw ol oldld Fo] LIt
o] f-ubshA Hcf,

2.1 WM

ZFRTHEe] Btm LT Uy FE2EH

e (incomplete projection)?l 79  FzZEH
o AREAHE o P @EEl FE3: ¢

50 H A% B 1% - 19884 3H

BERE, Wre A1) o (2)9 o] ZAH,
AEEEZR A :

WR:CC)/!BCZ (1)
e AR
Wr = Cu7s Bs* (2)

s} 5 AelA vk Fo BHZF el B
W Bo= A7 #4743 2dx 22 gepdo
283 €9 Gk WEERBEA A(3) 2 4
(4) s o] FAR}>?

Com ol (B i
¢ 2Ku B. B

C. = 1_2»2KI'He/Bd (ﬂ H()
n - ZK,L(
o~2K”He/Bd

o] 7] 41

K:FsEdA+

p o & wpAAE

H: 344 JE=AA S Fol & HEgo]

H.: 538kl 4 QA7 9 7)o

a23x ARz @yd e =dAF
Bu7} A(5)9 BAEYAF BB} & A4S

ol Fgemigez BFske] Al(1)ol oA
SRERT RS AlAbgbch,
= Wr
( VT 2R
----- 40
——| 100 ) ] h = e:A_ZX_
40! =
Hund T Subgrade

T ow

V= Rsine

Fig. 1 Assumed distribution of pressure on flexi-
ble culvert pipe.



Bdc—Bc\/%?

2.2 WBME

Spangler & #&tEE oHE EHES 29 13}
Zrol sraigtcha fisEskd cf o v

2.2.1 HEe L3l pERE Wr
EZELAE -

We=H-" 7« Be  sorroveemeeanneainn (6)
BzeiAle

ez Fo] 343 F Afolc HIME
Egiti el ok azbdee]  spEMES 2
T A7) o] AZRMES HEAK Cn

E= —?—3}-1:‘-
BC seetttiretsansenanees 7
Bd) o ( )

Co< Cre ol 9] A 7o) 122cm(48 inch)
3o 2tn 2o FZo] S| go] & opxA A
£ olale] Al(8)ol oJshA Fghri,

Cre=C (

Wr=Cu* ¥ B Bd

22l CozCucql Aol ERE A2
el $pEMES T

2.2.2 KIPE#R
28 164 wel FY AkTFME Axv A
(9)8} o] FAIHE Jowa Aol oshA
_‘?.Q-}E}..A,S, 8.9

K R?

Ax=Digi b R (9)

A7\A ;D AN A S

R : %o 7

E'=e'R: &9 A4+

K : bedding 44

EI : 3o} A+

e : &9 FEAPAF
Bdﬁé AAAS Die BHRE (AL FAd
F A Ao ubeh webAe =&d &l 7
vzl 2y QdedErt Faoa gAHA
Aole ke 7hEE 18] A

o\

Yt o otk
2o 2

(o]

“H«l 2AxE 71Foz & o AFY 7k
0A sy, 1V ae Spangler+ o
sgx]z}]ﬂ]—,—i/ﬂ 1.25~1.50% A& A& A
stk P =3 bedding A4 Ki+= bedding
angleo] 0°¢] 7% 0.1122 H¥ 902 7%
0.0832.2 77| bedding angle &) Z7}ellufel 7

El

aejz 9 mitEs vetle & KRB
(modulus of soil reaction) E "+ 243 x| 2 4
He| 27, o AA Sl a4
aA b, Spangler 'Vof ot AAlE
E x|+ 234~8,000psi 2] = ol
¢}, 22y} HowardV & AE&He oA xs]
HAdAzUEe] 90% ¢ EXE
3w 100%9 A% 920psiT HE AL A
A skl

ok i

HEFO],

3. HIREF A0 28 BBMREIR

2 @il Ae HEe] BIBH B Sk
RES WMHIRRC] dolnd Lltkols (L
F#ho] dojvte Aoz sl olwel %
- HaweR Wi o Bt slo] R
o Mmmshe T WHEES deyt MUME
S (dej)est WHR ARG (de)p 9
& delz FAHY F

deij=(deij)e+ (dey)p

= d2‘7‘”+ 1-2y Oidowk + aii dA

A71A ; dei=doii — % Oij» dokk

E : et A 4+
G : Anerd Al
v Fol]
dA: YE SRR

FEpeiiE-e Ase) YA wala vlmA =
sechn A E¥ES HEsiged” ol
tha 4= Mohr-Coulomb ##-$ =2la §RE
o a4+ Von Mises ##S 839}

aelx e A(10) # RERagrs 23 5o

Kea+HITLE 51



PHEAM: FE 7 — WAk BaBlRE matrix ¥
B2 A ofel A(11)3} Fo] vjepoiA D

dU:Dep cde
dD - dDT
= PR v .S S 1
Dep D A+dTa ( 1)
1 aF

dﬂﬂ;a=%%ﬂﬂ
K:A8A%
F:gauesl a4z ep
oA FEEATS

D : et HY A9 matrix

28n BREZRRS H4357] dstod a4
WS 28] 29} o] mMLEACH HEMK
3 Y Wiko] ol Aolmz A wbwe]
/2% FEHES 2384 A 139719 g4
2 vrlon] ofu] A 4787 o)tk &
& Alelo] EMmAmE 24T Hgdle
73;“\:;]174,] 0:16'01;_2 -‘]’—x]‘?g- Z4r:o]1+2) odxé
o] Hfoll= ofopAlo] Uojtmz A
Ao e Z Fo) A2 vlnoe F3g
2 Aol M HATMEERS 1] Folof T A
oz Az a2y B dFolAEe A4t
o] HelE eidle] A TAME uv|aze]x] o]
slcha 744 sl A} Fo| H3le Hio] A
Aless ALslx g )45k

A Wee T FAMoz HE o
Anteko 2 = ub o] 4uf Holxl ] Aol A

shar = o] Wy o oldh 49389
£ 3 A7 2.5u) doiz AR el
Banard ¢ A7 # Vel a4 gautsto
= & H&?é-‘ﬂ 6u HojAl Ao A FHHAE
TEAck el AEIFe A 283
= Aoz shAsan mymmaire o

0O,
rlr

o 4
ol
ok

o b
rir
_P‘ W

4. BITRER o EE

Ezed, &zed o ik T E+FE
o HES #33+ A7 100cm 9 iﬁl TS %
%oz 3Ach Fithte w9 Sk 7.8t/m?,
B A = 2.1 x 108kg/cm?, lol't“]‘\: 0.3

52 4% B 1% - 19884 3R

(3
L
o
§

t g 3

Ra
R
F
B
o~
'3
<
6R;

i 3

Je

‘Fig. 2 Finite element mesh topology

ol i, Jiag+o) whyF ke 1.5t/m?, b4 A
% 1,500kg/cm?, lo}chlL 0.3 Hstn
= AEZFO el A4+ 900kg/cm?o g 8y
ct,

Bl 283l Aol dE¢E AH Aoz
AdEls HoA ER F HEEo], HEF
BAAg, A, Edlae] & 5 zle] 58
HIA 7| A A RIAMEREAT-S Slod i EE 7 (no-
rmal stress) SRIEME S B 7}<ZFF§73% T3}

H ol Z&3= spEE NS T Zo
‘HFHH #E%O}C’% i"Eﬁi WEP F TIkdch

22la = M-Sol&ol oA $EME  Wa
(REENA) = Wr(sMEENA) S T8l
Wep 9w dbgd of,

4.1 MEZO0|

R 2 Y e Y= 23 FEH
2] EFolE HAAoz v v))7l 0.99 F
R 2 #5xE 77 0.5cm 9] S 300,
400, 500, 600cm® ¥olZ AEH LW ol
g EhE mirskdch

SRERMESEATO] o3l A EEols} Foldt4E



Bl FgE £488, Axed 3
Ao 27 Fohsht 2 RZYYE AR
epech 13, 3 AE¥ols Wl #E 4

A8 0,3 o) WHol NP ARE BAF

2 9w z2elx 27 4% dEEolel e &
EREY WHE 2odFn dEd YEEes
1845 dAFe Frhsn 1 Fhee
A Aol Ao} b4 A 22n =E
A golol dald AAAFL FYBNA, ©
24804 o AR £oz AH A4d
O CELER U1 TP
T4 GEMES 278 M-S0 &) HHLER
Bish RSOl o1 T SREFTERS) TioEs}
w3},

o (kg/cm®)

Deflection(cm g

-
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Table. |. Vertical Stress and Maximum Horizontal Stress

Prpe thic- | Dia/thickness | max. Horiz. stress, h (kg/cm?2) Vertical stress, V (kg/cm?)
kness t(em)[- (D/t) Spangler Elasto-Pplastic Spangler Elasto-Plastic
0.25 400 1.465 1.303 0.90C 0.874
0.50 200 1.394 1.275 0.900 1.095
1.0 100 1.006 - 0.900 -

2.0 50 0.312 1.200 0.900 1.165
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