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Longitudinal load adjustment technology for high embankment culverts
based on settlement control
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Abstract: In order to solve the disease problem caused by longitudinal uneven settlement of high embankment culverts, based
on their vertical settlement control mechanism, the influences of the characteristics of culvert fill and foundation soil and
different EPS plate parameters on the vertical soil pressures at culvert top and the soil settlements at culvert bottom are studied
by means of the finite element software. The influences of longitudinal EPS plates on settlements of high embankment and
culvert are studied through the centrifugal model tests. Through numerical simulation, the influences of different moduli, laying
ranges, thicknesses of EPS planes and ranges of ground treatment on the reduction rate of longitudinal settlement difference of
high embankment culverts are analyzed. The results show that: (1) The influences of modulus and Poisson's ratio of the fill on
vertical soil pressures at culvert top and soil settlements at culvert bottom are not significant. (2) With the increase of modulus
and Poisson's ratio of foundation soil, the longitudinal settlements of soil at culvert bottom tend to uniform distribution. (3) The
results of numerical simulations and centrifugal model tests indicate that the longitudinal laying of EPS plates along the culvert
leads to the best effectiveness of longitudinal load adjustment of culverts. (4) Through numerical simulation, the design method
for high embankment culvert loads based on longitudinal settlement control is obtained.
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Fig. 1 Vertical settlements of high embankment culvert
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Table 1 Parameters of materials
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Fig. 3 Influences of soil modulus on vertical soil pressure at
culvert top
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Fig. 4 Influences of fill modulus on soil settlement at culvert

bottom
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Table 2 Influences of parameters of fill and foundation soil on longitudinal soil pressure and settlement of box culverts

. AR AL R 2
Lot TR EMPa FIFATL v
« s B R AR 10, 15, 20, 25, 30 0.25
AL BHEA VAR EE AR Ak, 20 0.2, 0.25, 0.3, 0.35
MR AR L 13, 22, 23, 25, 38 0.22
ﬁ/& AR
MR SRR TERA AR 1 0.2, 0.22, 0.3 23

= 3 AR EENE L EN R TR

Table 3 Influences of load adjustment measures on longitudinal soil pressure and settlement of box culverts

TR A&
EPS #i & E/MPa EPS iK% EPS 4l % & &
EPS A5 4L 0.5, 0.8, 1.25, 2.5, 5 Li=22.5m, L,=59.5m
25 L=L,=22.5m
25 Li=22.5m, L,=45m
, = , h=20
EPS i KA1k 2.5 L=22.5m, [,=59.5m P80 em Ao=20 em
2.5 L1:30 m, L2:52 m
25 Li=L,=L;=22.5m
25 7=80 cm, #,=20 cm
. 2.5 h=80 cm, h,=40 cm
5 5 ' =22.5m, L;=59. ‘ e
EPS i B2 24k 25 L=225m, [,=59.5m =80 cm, h,=60 cm

2.5

h=80 cm, h,=60 cm, h;=40 cm
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Fig. 5 Influences of Poisson's ratio of fill on vertical soil pressure
at culvert top
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Fig. 6 Influences of Poisson's ratio of fill on soil settlement at
culvert bottom
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Fig. 7 Influences of modulus of foundation soil on vertical soil

pressure at culvert top
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Fig. 10 Influences of Poisson ratio of foundation soil on soil
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Fig. 11 Influences of EPS modulus on vertical soil pressure at
culvert top
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Fig. 13 Influences of Poisson's ratio of EPS on vertical soil
pressure at culvert top

PR3 PO B S /m
40

0 20 60 80 100 120

|
[ 3
=]

R LAY /cm
|
=

—=— SR
_40 —e—1=0.10
—— v=0.15
_50 —¥— 1=0.20
—— =025

—— v=0.30

14 EPS JHHAEL XS R LA B R T i 2%
Fig. 14 Influences of Poisson's ratio of EPS plate on soil
settlement at culvert bottom
MK 13, 14 ATLUEH, ZHARTRIA R B EPS
A IR T B s g R R AT R R 9/ LB
I¥IEI 534 . EPS YA LLXS P 2 FOSENA%EL /D, 24 EPS
BAFAEAE 0.1~0.3 iAfLid fE rh, fEBRSE Pl it 5



10

UK, S BT UT R I BRSO 1) e BR 1795

2 %5 4k ()RR T B b R T R ZE B 4 il D 329.48,
343.16, 348.62, 349.636, 356.83 kPa, I -AAVTIE
HIZEMICN 27.14, 28.12, 28.13, 28.14, 28.25 cm,
P 1) 2 AR A, Ui B EPS YA LR
e N R il )= AL N 2 B P P 12 e 0 Y i g =1 N
I} A] LLZ0E EPS YAFA B IR R 0

bIEPS i 15K X IR T 52 77 J 1 3ok 350 B 52 i 43

Hr
ANIE EPS WK EAEFH T, T B 1 & /1 LR
TR AR BRI O 7] 2 AT FEE A B 15, 16 BT
B P O BE S /m
o 20 40 60 80 100
o 160
g
l.ﬁ -3201
AW A
*@ -480 —— /1=22§ m,5=225m
: T
& 640 =300 m. =52 m
——1;=22.5m,/=22.5m
-800 C h=22.5m

15 EPS $#IR K 3T 2 B+ [F hF MLk
Fig. 15 Influences of laying length of EPS on vertical soil pressure

at culvert top

BB Ao B m
0 20 40 60 80 100 120
T

—=— R
——/1=22.5m,/»=22.5m
——/1=22.5m,5=45m
—¥—/;=22.5m,/=59.5m
——/1=30.0m,/»=52 m
—%—[1=22.5m,,=22.5m
6oL 5=225m

16 EPS $#i% < B3 I (AT P2 N ph 2k
Fig. 16 Influences of laying length of EPS on soil settlement at

K LAY cm
|
[=}

culvert bottom

M 15 7] LLE HY, 24 EPS B4R K [, 922.5 m,
LAE 22.5~~59.5 m R0, FEITEESE AR Ak IR I
B4 JE AN, {BAE EPS ARUE BEARL b 2 A2 i
TR, 2 EPS MK E =30m, L=52mM}, F&IE
WO BRI SR B R 3 HOK, {RALE EPS AR AR b 2
RN FIFRARN, HITE B4R VR T  m A
BN s). 24 EPS flw K 1,=22.5 m, L=22.5 m,
1=22.5 m W}, WATTIEE 1 K 39 I m) 2 A 5
5. [FRE, MK 16 Ha] LAE H iR a5 K 1
EPS MR AR T35 o AR ) 25
KAf ¥ EPS B (1,=22.5m, L=22.5m, =22.5m) i},
BRI R L R IROK, RS2 1528 T o A

SEINE R, RSO R .
¢) EPS i B )& FE XTI 32 71 b ke R 2

#r
ANIF EPS F R JEREAE R, R T B 7 PR
TR RS AR TRV IR A 7] S AT R B 17,18 Pl
PR B IR 0B B /m
0 20 40 60 80 100
B -160
A
=
320
.H
@ —480 —=— SRR
= —e— /=80 cm, /=20 cm
et —&— /11=80 ¢m, /=40 cm
—640 —¥— /=80 cm, /=60 em
—e&—/11=80 cm, /17=60 cm
-800 h3=40 cm
17 EPS $HigEE xRN EE + [ 2 mthsk

Fig. 17 Influences of laying thickness of EPS on vertical soil

pressure at culvert top
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Table 4 Centrifugal test similarity of high filled embankment culverts
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| 700 |
ReFH4E: mm

20 RN EPS 18R i E &
Fig. 20 Cross section of model without EPS
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94

500

~

100 405

RF8AL: mm

21 S EPS tREUi i i &
Fig. 21 Cross section of model with EPS
3.3 BUREAIMR O
AN EPS B2 5 4 15 EPS AR5 A i AR T B 22 1k
UL 22, 23 iR,

B B SR B B /m
0 10 20 30 40 50 60 70 80

5L

22 RN EPS #REHH IR LA TURE AL (L %k
Fig. 22 Variation of soil settlement at culvert bottom without EPS

plate

PE RS SK B B fom
0 10 20 30 40 50 60 70 80

& 23 $#i% EPS MR/EH KL AL L

Fig. 23 Variation of soil settlement at bottom of EPS plate

M 22 FTELE Y, B ORGSR i A4
VIR AR S R B A 45 AR — 2L,
BV S O AL TR IR AR TR e K, AR TR AR/
PIE DTS ZE N 4 mm 24, BERINEEEN 150g, P
PASEBRITIEAE Y 60 cm, I80JE S AR DT R IRR 0] 2
A A, B 23 ATRAE ), Bjigd0 5id%
AEEIUTREZE DY 1.5 mm, B FISURR Oy 22 cm, 5K

BN EPS AH ELEGR R LARUT 98D T 63.3%, JRJEIT
R A e 45020 o i B 3 T VS R IR A T Al VA [ K K
JEFE 1) EPS B, I 2 e 3 Aip SR HH I

4 BT Y\ BEIE S AU S B 12 0K R A
IR 7554
4.1 IR
I FIRBEFRTED, BT YA DR 1
TR 1 A W T v LR AR R T S8 H
1, AR, R R R K
JJEPEI EPS Mo 7EMEFERE 142 LAt 4 B A 2,
B REEHRIR I A DR .
4.2 AEHELEE TEEHIZA EPS HRiZE1E S
A HEAR TS, AFEE S EERT
EPS R A% T i 6 S IR T O 1) e B 22 0D 2 1) sl
2k, Wik 24 s

80 —a— /=4 MPa
—o— /=5 MPa
—4— [s=7 MPa
60 ¢ —¥— /=8 MPa
8 —— /=9 MPa
¥
gaf
g
B
20
<
0 1 | | | |
20 25 30 35 40 45
HEAFE/m

24 FERELEET EPS #RAR S X HR MBI FEZE R 2
A
Fig. 24 Influences of modulus of EPS plates on reduction rate of
longitudinal settlement difference of culverts under
different filling heights
M 24 FTLUE H: BN 4, 5 MPa [ EPS AT
e 22 ik 2> 2 ot S A v P AR DB o s RN T
MPa 1] EPS B I7C R 22 k> 2 B 3 - s P2 O 18 T S 18K
JEIR/N: KRN 8, 9 MPa (1) EPS MRUT R 2 kb 2 bt
S R B B IR I R EOR T B R IA B v
SEWRTF A e s 0 B FERICR BRI R it 44H
N 205~30 m I, EPS AR & 5 L 4 MPa /i £ ;
IR 305~35 m i, EPS ARUBE FH 5 MPa
Ay AN 35~40 m I, EPS B R E L 8
MPa /A5 .
4.3 AEHELEE TERER EPS IR ESH
I B AT A, ANFEE AR T
EPS AR B 71208 i 6 B TR T G [0 I o 22 k2D R I 5
WA 2, T 25 FR
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5 PR, LR EPS AR HUBERE L, 46 LA 3 AbFRR
ol , i HE AL VR E BN 8 m 2677, Mo HE LR B 95 FE £ 30 m
g —— —ER

ﬁt 25| —— FE# s
ﬁ —— ZER 530
# - o o
¥ 20 52.5
g 3
sk . 5 5201
1 1 1 1 1 % 5151
10 15 20 25 30 35 H
EPSHRK B /m % 51.0%F
(a) HEXBEHN20m
505 |
sor- —=— —2k 50.0 | | | | | |
—a ., ——FER ] 2 4 6 8 10 12
50+ —— ZERK Jh B PR fm
N (a) RFEHILA R
gor T
% 301 Br
#
% 20 T
10} *E\f 53|
1 1 1 ﬁ
0 20 40 60 30 g 521
EPSHRK F/m B2
(b) HLLRER40 m s
25 A[EHELEE T EPS #R$H &7 A3 R YA B bEE D> 50 . . \ . |
0 10 20 30 40 50

ESiEAlL]: S
Fig. 25 Influences of laying methods of EPS plates on reduction

rate of longitudinal settlement difference of culverts

under different filling heights

M 25 (a) ATRAE Y, 3L R0 20 m i,
b2 EPS MR EERISG N, a2 1 T B 22 s>
SR IE /N, 72 EPS BTN 25 m 5 KR
¥, A AT R RN 0~25 m. BEEB EPS
RJE LR N, R N TR 22 el ZR BTG N,
B RO ROR B . B 25 (b) ATRAE L, 24
SR 40 m i, BB )Z EPS AT K
Praih 58 m, 4HEH)ZE EPS UMK 1T N
50 m, i —J= EPS BORF K AT 9 40 m,
A% — = =2 EPS MR 1-& 3 far 6 [ 43 51
0~58, 0~50, 0~40 m. ¥ =/Z EPS A HIAHN
I I e 22 Y/ 2 ) BT e N SR 35
4.4 A EESEE RN EFETIR S

DN A5t K T X YR I 0 ) A SR P 5
RS BUE AU AT 4T, AN [ b3 A B 5 6 0 v
PRI P ) TR 22 g D R S 2, AN &l 26 P

iR AL RI0) M FE AT A AL, At o ASE B
#2460 MPa. MK 26 (a), (b) AILLEH, BEEH
FE AL PR N 56 BE G0, IRTIR O e T B 22 D AR B
VTGN, ELHE T bt A B 5 o AR A [ U A 3
EE I N R A FRUR P 2 . M SR AL FR IR FE T 8 m
Ja s R IE DORE 2 g D RS TP AR AL
HLRE R 30 m JE iR IR O T B 22 e FR A S T

AL B 58 B fm
(b) AIFHEELE T FERE

26 A[E)Hh B AL IESE X R A BT R 22 A D R B M 2
Fig. 26 Influences of different foundation treatment ranges on

reduction rate of longitudinal settlement difference of culverts

5 %
CU SER ST FO L, VR o 5

EPS #%. A[HJEE EPS AR, ELARIRIR =3 4% /158
K, AHRRIAZ 5B AE NG, IEEE T
W — eV A2 E8 % EPS BUCRESEAT R AT 2 14T
[

(2) B8 Lo R R I6 75 HE 1A 0R TS AR I e A8 A R A
S E R A A — . i IR 1 4
AN A B K% 5 B 1) EPS A, R A e 1 RS 2 %
BE—I0UE T I8 7RI T — 5 Ve [ N 43 2l 1 EPS i
SRIEAT A AT AT

(3) @ B E BT EAS H AN A EPS AR &
BTG R R DA Fe b it Ak 31 R o v % S YRR A A 1)
DURE ZE DD 2, B DL B vk

a) It E N 20~30 m N, EPS HUBE E K
4 MPa fify: MmN 30~35 m b, EPS fRis &
HE S MPa fifi; MIETEEN 35~40 m i, EPS
MR A5 & B HL 8 MPa 245 .

b) ML FEN 20 m B, EPS ARCE 5> = 251,
S EETEREY A 0~25 m (AR D
LI R TEEET 40 m I, EPS ME 2 =240
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W, BEEREEN: & EJE 0~40 m, FEZE 0~
50m, B NZE 0~60m; 4+ mEAE 20~40 m I,
A IE YRR EPS AR PR 152 70 ] DAIA 3 5y 2 S iR I )
VAT R B A R

o) fE FibHH& EPS MRAHE:AN b, il DA LAk
AREE, HBIEACPRVRFEEHN 8 m /24y, HUIEALPE YR H
H30m Zity, LAk E|sAR e .
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