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< SUMMARY >

The purpose of this study is to develop large-scale buried arch structures
associated with an innovative load-reducing method, ETI (Embedded Trench
Installation). ETI is the revised and upgraded version of ITI (Imperfect Trench
Installation), which could reduce the earth pressures on buried structures by 80%
using embedded soft material zone. Nonlinear soil models and advanced
soil-structure interaction analyses would be adapted to evaluate complex structural
behaviors of soil-structure-soft zone interactions. The developed design guidelines
for ETI arch structures would make huge contributions on the safe and economic
construction of the large-scale underground spaces.

This research is classified into “Ist year : Development of 3D finite element models
on ETI arch structures associated with nonlinear soil models and soil-structure
interactions” , “2nd year : Development of design guidelines for ETI arch structures

Purpose & through full-scale field tests and developed 3D finite element (FE) models” and
Contents main research contents are as follow
B [1st year] Development of 3D FE models on ETI long-span arch structures
associated with nonlinear soil models and soil-structure interactions
(D Development of 3D FE models for long-span arch structures
@ Development of 3D FE models and field tests for ETI long-span arch
structures
B [2nd year] Development of design guidelines for ETI long span arch structures
through full-scale field tests and developed 3D FE models
(D Evaluation of Full-scale field tests for ETI long span arch structures for the
validation of the developed 3D FE models
@ Development of optimum design guidelines for ETI long span arch structures
using the calibrated and validated 3D FE models
The final results are as follows:
Results [1] Development of 3D FE models on ETI long-span arch structures
[2] Development of design guidelines for ETI long span arch structures
I Application plan
m Development of lightweight and economic arch structures under deep burials
would meet increased needs for underground spaces for the next generation.
m EPS Geofoam surrounding arch structures could reduce seismic forces imposed
on buried structures.
Expected m EPS Geofoam insulation would reduce the environmental damage on buried
Contribution structures due to freezing and thawing cycles.
B Expected outcome
Large-scale underground space and eco-friendly park businesses would be boosted
by the developed design guidelines and analytical methodologies for ETI long span
arch structures.
Underground . . .
Keywords Buried Structure | Eco-Pathway Soil-Structure Arch Bridge
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® 3-2. AFstT AEA DA 9y, BHE
+BEN) =2 N =R EN - mm)
Roark’ s Formules 0.72 0.5 241
ABAQUS s3fj 44 3} 0.67 0.5 221
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T

BF oA TEEY Hxd AL

LHJE H208H LT3k HUBA
HASZT  HE-AE

[

10 687

| |
==
P k=
e
£ ] n
Ot E RS G200

L (150m)
S ebe S (15-450m)

S 2100)

a0cm, |
(150m)

TNRM.CPIPE (@100)
€.7.C 10.0n

| 2 Tho) 2 4 == T 2i300)

19 3-6.
X 3-4. AEvAYEE 1Hg As A
s A5 $9-d9E A
ol
(kg/m3) (Pa) - (Pa) WY&
60,350 0
) 184,498 0.000946
Backfill 1,922.09 55,489,364 0.21
301,748 0.001634
888,692 0.003950
Concrete 2,402.89 28,209,167,426 0.15 -
15,000 0
Geofoam 15,000 0.01
(EPS12) 1.2 1,500,000 0.12 35,000 0.05
40,000 0.1
25,000 0
Geofoam 25,000 0.01
(EPSI5) 14.4 2,500,000 0.12 55.000 0.05
70,000 0.1
40,000 0
Geofoam 40,000 0.01
18.4 4,000, 12 !
(EPS19) 8 000,000 0 90,000 0.05
110,000 0.1
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TTEE SN o] WFors AFEAC] Wyl AY gl offY IHH 2ol
ABAQUS 3D a4 Axx ZAo)urske] whg} Contact Pressure’} dAsth=E AL o4
Utk weEbA 3D M ET golstal wE A S UPT F Qe 2D Ao E SN
&5t H . obx]= 2D Beam Section, "l E 2 Soft Material Zone-2 2D Solid Section
S 7 & ST

m o}x] WES wHPE @ Soft Material Zone FHEE I AZs|ordth ulehA
ABAQUS®] Interactions &A1& AHg3ste] tE F F2-& ¥, 7|4 Interactions<]
AF AeE mpEAlTE —‘jr‘f'&ﬂ Al AAsFo] HE 3 Sgfoldo] AV|A (A ST
Al Rz o2 Qlete] A= Hol A A A AA T

m olx] IES ujgdE P Soft Material Zone I}E
ABAQUS®| Interactions A& Alg3te] ME 7+ RS
AT ARE mpZA TS F3skA AR s Fo E F Sgtol
A SFRFRO R Qlst] M E HojR| A A HAEE

m o}%] Mesh type2 B21(2-node linear Beam in a plane)o]™, w|E 2 Soft Material

Zone Mesh type CPE4R(4-node bilinear plan starin quadrilateral, reduced integration,

rir
e
=)

AZ s obFT. maA
. o47] A Interactions<]
o] AR L&A 3l

ol dlo

hourglass control)-& #8314+
w3 e g WEko g A slslgon dnlAel AR o R 2P YL

# 3-5. Soft Material Zone 574 W4

Span Rise Span Rise Span Rise
Model s (EoD®E | Model W | (EoDWE | Model ek (FoD
S7H& | 71 vl& S7HlE | S7F vl S7HE | S7F Hl&
N I N R N A
SIR1 10% 10% S2R1 20% 10% S3R1 30% 10%
SIR2 10% 20% S2R2 20% 20% S3R2 30% 20%
SIR3 10% 30% S2R3 20% 30% S3R3 30% 30%
S1R4 10% 40% SZ2R4 20% 40% S3R4 30% 40%
SIR5 10% 0% S2R5 20% 90% S3R5 30% 90%
SIR6 10% 60% SZ2R6 20% 60% S3R6 30% 60%
SIR7 10% 70% S2R7 20% 70% S3R7 30% 70%
SIR8 10% 80% S2R8 20% 80% S3R8 30% 80%
SIR9 10% 90% SZ2R9 20% 90% S3R9 30% 90%
S1R10 10% 100% S2R10 20% 100% S3R10 30% 100%

20



(th oA Fx2E<] AAZA

3D

20 3D

1.5D

a9 3-7 §3teAnd =213 (D=Diameter)

Span=13.314m
Rise=8.33m
Rise Ratio=0.63

Ul u2 UR1
Arch (Crown Point) Resistance Free Resistance
Soil Side Resistance Free Free
Soil Bottom Free Resistance Resistance
a9 3-8 §3esrnd AARA

» Y 82 EYH #AGFI DA S YEIL e EY EEEe S
Azgle] Auint mdy Flon BEf-FxEo AzHddAM BEY Edd L Kang &
=2

T

% 29
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1 0% | 93% | 93% | 93% | 93% | 93% | 93% | 93% | 93% | 93% 93%
2 0% | 92% | 92% | 92% | 92% | 92% | 92% | 92% | 92% | 92% 92%
3 0% | 90% | 90% | 90% | 89% | 89% | 89% | 89% | 89% | 89% 89%
4 0% | 89% | 89% | 89% | 89% | 89% | 89% | 89% | 89% | 89% | 89%
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19 0% | 72% | 81% | 83% | 85% | 87% | 89% | 90% | 91% | 92% 92%
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21 0% | 68% | 80% | 83% | 85% | 87% | 89% | 90% | 91% | 92% | 92%
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¥ 3-12. Rise 0.85¢ @, A& Geofoam

<9 kPa>

N Rise 0.85
Number | Only Soil | ETI_SIR3 | Z%& | Only Soil | ITL.SIR3 | AZE
1 4.70 0.32 93% 4.70 3.65 22%
2 11.83 0.94 92% 11.83 8.51 28%
3 19.64 2.35 88% 19.64 17.66 10%
4 28.92 3.93 86% 28.92 27.70 4%
5 35.90 5.26 85% 35.90 32.32 10%
6 41.92 7.13 83% 41.92 36.24 14%
7 47.75 9.72 80% 47.75 43.77 8%
8 54.30 12.01 78% 54.30 52.64 3%
9 61.17 13.69 78% 61.17 63.16 -3%
10 69.91 15.16 78% 69.91 74.40 -6%
11 79.55 16.42 79% 79.55 84.75 7%
12 90.83 17.27 81% 90.83 86.84 4%
13 101.08 17.59 83% 101.08 79.00 22%
14 110.13 18.32 83% 110.13 48.48 56%
15 120.62 20.23 83% 120.62 16.97 86%
16 128.16 21.94 83% 128.16 14.55 88%
17 135.79 24.53 82% 135.79 11.2 91%
18 142.62 25.96 82% 142.62 14.44 90%
19 146.00 27.02 81% 146.00 24.43 83%
20 149.75 27.65 82% 149.75 26.67 82%
21 148.19 27.72 81% 148.19 26.92 82%
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¥ 3-13. Rise 0.75¢ @, A& Geofoam

<9 kPa>

Node Rise 0.75

Number | only Seil | ETL.SIR2 | #4%& | Only Soil | ITLSIR2 | A&
1 4.88 0.74 84% 4.88 5.37 -10%
2 12.34 1.92 84% 12.34 13.85 -12%
3 21.12 3.98 81% 21.12 24.82 -17%
4 29.43 5.90 79% 29.43 33.94 -15%
5 35.40 7.53 78% 35.40 37.89 ~7%
6 41.78 9.40 7% 41.78 43.82 -4%
7 46.96 10.80 76% 46.96 49.98 -6%
8 53.91 11.96 7% 53.91 58.93 -9%
9 61.93 12.85 79% 61.93 68.21 -10%
10 69.28 13.41 80% 69.28 75.17 -8%
11 77.31 14.13 81% 77.31 77.62 -1%
12 86.10 15.45 82% 86.10 70.68 17%
13 94.20 17.49 81% 94.20 54.15 42%
14 102.39 19.63 80% 102.39 31.09 69%
15 109.32 21.81 80% 109.32 15.47 85%
16 114.96 25.35 7% 114.96 11.10 90%
17 120.62 28.81 76% 120.62 19.07 84%
18 124.25 31.67 74% 124.25 25.62 79%
19 126.87 33.96 73% 126.87 32.73 74%
20 131.25 36.30 72% 131.25 34.84 73%
21 127.59 35.93 72% 127.59 34.72 72%
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# 3-14. Rise 0.65¥ W, ¥ 2 Geofoam

{9 kPa>

Node Rise 0.65

Number | Only Soil | ETI_.SIR2 | Z7%& | Only Soil | ITL.SIR2 | A&
1 5.76 0.99 82% 5.76 7.29 -26%
2 13.61 2.30 83% 13.61 17.07 -25%
3 22.09 3.93 82% 22.09 27.49 -24%
4 28.77 5.18 81% 28.77 33.81 -17%
5 34.35 6.28 81% 34.35 38.12 -11%
6 39.38 7.29 81% 39.38 43.43 -10%
7 45.06 8.23 81% 45.06 50.50 -12%
8 51.06 9.04 82% 51.06 56.32 -10%
9 97.75 9.97 82% 97.75 61.92 =%
10 64.72 11.03 82% 64.72 62.05 4%
11 71.71 12.65 82% 71.71 57.38 19%
12 79.28 15.04 81% 79.28 44.52 43%
13 85.48 16.11 81% 85.48 29.25 65%
14 91.09 17.91 80% 91.09 9.67 89%
15 96.97 20.60 8% 96.97 7.33 92%
16 102.07 22.90 7% 102.07 8.49 91%
17 105.51 25.10 6% 105.51 15.68 85%
18 108.83 26.47 5% 108.83 22.80 79%
19 110.88 27.58 75% 110.88 27.15 75%
20 113.69 28.55 4% 113.69 27.49 75%
21 111.29 28.46 74% 111.29 27.99 79%
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¥ 3-15. Rise 0.5¥¢ wij, #2# Geofoam

<9 kPa>

Node Rise 0.5
Number | Only Soil | ETI_SIR4 | 7}+&(%) | Only Soil | ITL.SIR4 | A Z+E(%)
1 2.34 0.52 8% 2.34 3.60 -54%
2 9.04 1.85 80% 9.04 13.34 -48%
3 18.03 3.00 83% 18.03 23.87 -32%
4 26.74 3.83 86% 26.74 32.95 -23%
5 32.34 4.40 86% 32.34 37.78 -17%
6 33.26 4.79 86% 33.26 37.54 -13%
7 42.88 5.63 87% 42.88 44.51 -4%
8 43.95 6.05 86% 43.95 40.87 7%
9 49.36 6.87 86% 49.36 36.68 26%
10 52.97 7.78 85% 52.97 28.76 46%
11 52.71 8.72 83% 52.71 13.64 4%
12 62.16 10.43 83% 62.16 13.35 79%
13 66.72 12.09 82% 66.72 9.87 85%
14 69.43 13.95 80% 69.43 8.50 88%
15 75.70 16.20 79% 75.70 12.97 83%
16 74.85 17.86 76% 74.85 11.52 85%
17 79.50 19.94 5% 79.50 17.56 8%
18 81.67 21.70 73% 81.67 20.50 75%
19 81.60 22.94 2% 81.60 20.54 75%
20 84.93 24.03 2% 84.93 21.71 74%
21 82.35 24.08 1% 82.35 21.05 4%
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rise= thEFzog Z

W), A eE o EE

Bl met “E
Eo], ES3R9 RE& 2 2 E9] spanE o}H]
obx] 9] rise®] 0.97} ®t} 2P ZH o}
247y 2m , 1m 7} 2 H o]t}

TZE9 spany

3 3-18. md A4

Case EPS Geofoam Analysis Designation
Initial X SO
ITI 0] [S#R#
ETI 0] ES#R#
W/2 W2

GEoroAM | H

GEOFOAM | H

R R
Bacash-acaa-as BaSasa‘@sasasasi
. S2 LSl _

(@ ITI (b) ETI

19 3-59 EPS Geofoam # & W
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=
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1% 3-61 CANDE ¢} ABAQUSS| A3} ®lal
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(th) Element Type

m =3 EPS Geofoam-2 =
Abgate] 22k df Al S sl on, R ofXFxES Wireo] deformable &4~
& AHgske 23 s s s

1= T
m EoF3} Geofoam-&

S|z 2 138 ABAQUSE AF&31e] Shell®] deformable &

R 4-node bilinear plane stress & 4(CPS4R)Z, 313

3 ofx|
& 2-node linear beam £4(B21)E AL3tgch w4(Mesh) Abo)

== 0.0785mol A
Ime] Y= AA3T)

T As 54

m =9k 79 ASTM D2487¢] ER¥ AU

= 95%9 Z Az met ALRYE AL
439tk Geofoame EPS Industry Alliance & %

Zrasked EPS 12, EPS 15, EPS 19¢] 37}
A BYES B AFolA AHEstA T

B Ao AMEH AAlE HA FEZE 275 Nmm® o sidse= S2752 ASTMY]
A36 FAet S=rdA7]E2] SS400 A9 5

-~
m 9374 H ofxFxELS standard and deep corrugation &35 @ dked 152 x 5lmm
¢} 400 x 1508 =7 E zZt=to

@ AEE ZHeh

m Rectangular section® 338 221 beam Corrugated plates®] =dl#3sl7] 93, =
7b FAG), $7F gRAAFEE dFHEo s AabEojorsitt (Mellat, 2012, Beben,
2012, Sutubadi and Khatibi, 2013, and Sobotka, 2014).

= El-Sawy(2003)° ¢J3f, ¥

Tk S7F FA g A T o 2ol ALt
o}

S 2~
6‘__[_01

)
i \/? )
= 13_51 @

o714, 1

+ corrugated platee] ©¢] Zo] & TA

corrugated plate<]
@9 do] & AF, Ex Ao @A ol

lo -
f I_ J’;—:W-Qﬂ%\
F(ED - % ﬁ/ \ g F(E.N)

\\\ﬂee_-pﬁ“’f

=

(a) £ = Modulus of Elasticity

i f
F(E.1)

T e T TS

il

R —- F(E.D
(b) E = Equivalent Modulus of Elasticity

a9 3-62

“

Fgw SE B
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s7F 9d A

o

. Equicalent
_ Modulus of Equivalent
Profile Thiciness, t Elasticity, E Thickness, t MOdl_lh.lS of
(mm) (MPa) () Elasticity, E
(MPa)
3.0 210,000 60.0185 12,323.2101
152 40 210,000 60.1894 16,844.8188
5X1 5.0 210,000 60.3635 21,391.8968
mm 6.0 210,000 60.5339 25,883.1914
7.0 210,000 60.7019 30,139.4033
3.0 210,000 182.9002 4,483.5918
400 40 210,000 183.0655 6,138.2938
1)5(0 5.0 210,000 183.2511 7,805.1912
mm 6.0 210,000 183.4060 9,457.7042
7.0 210,000 183.5711 11,027.8811
E 3-20. A= 54
. . Modulus of _
Material | Density,p . Poisson’ Stress, o ,
Type (kg/m®) Elasticity, E s Ratio, » (kPa) Strain, e
(MPa)
60.350 0
. 184.498 0.000946
Sail SW90 1,922.09 55.4894 0.21 201743 0.001634
888.692 0.00395
15 0
15 0.01
EPS12 11.2 1.5 0.12 a5 0.05
40 0.1
25 0
EPS 25 0.01
Geofoarn EPS15 14.4 2.5 0.12 55 0.05
70 0.1
40 0
40 0.01
EPS19 18.4 4.0 0.12 % 0.05
100 0.1
276,500 0
276,500 0.004
Steel S275 7850 210,000 0.3 283.900 0.02
370,000 0.15
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n 5ES EYy 9349 oxFxE AFo] AHLE T Surface-to-Surface Contact
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=
% 3-21. e AN mdo] AA XA

Material Location Ul U2 U3
Top R F R

Corrugated (Crown)
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Steel Arch . . R R R

(Spring Line)
Side R F F
Backfill

Bottom R R F

(uh FEassy A

m o] A& EPS Geofoam<e E}Q] Eul
ANE A A}

o o=
= XIIH

+ SW90¢]

F: Free R: Restrained

ofuet A, A7l WE IFS A3 T
B o= o}x) 9] span 2m, rise 1Im, E %o] 3mel 94719 =4
Ol &= S275 53¢ 152 x 51 mm, FA TmmE =t EYoR

Zo] Arg-E . EPS12
o}x] span W3O Z 0% A 30% Z7FAFH L (S0~S3) EHole o}x] 9 risen

oA 100% <74 % THR1~R10).

D EPS Geofoam F /o w& &3
m 1% 6-63 b= ETI mdle] A4S ;q

3} spring lineoll A/l ESte] IA %

¢} ITI=d
. ETI=
7}t AT

m 1% 6-64+ SIR2ZEH O] o}
A 2k 31° )ell A9

ol e},
" 18 6-65=

el A2 ES ol

spring lineol A E<}to] A %

 SE R
FRANE ehd B0l x

SIR2E = o] o}z

o9 §8€S vud AES UrEWi %
WA= BE-S spring line®} haunch(crownoll 4] ¢F 31°
$3o] Z7}3 ESIR2-G19E A93 =&
. OIRZIAI 2, 2E [T haunchol A
o 53] G15, G19oA e,

EPS15, EPS19E A}851% 1, Geofoame] U=

o= 0%

Q3 #3o] EPS12, EPS15, EPS192 & uw crown
28eS RojZrh EPSI2¢ EPSI5S #8417 ETI
} RIolA R2% W8} o o] =7 24ska
sk ot ITs

[y

spring lineol| 4] E<Qto
g Zo|th ax haunch(crownol
, b= crowndlAl 2] $2HYE YEA A

oy, Ao E¢ol
218 ar crowneltt. Crownol
73 9-9ll A spring linex} crownoll A -2 o]

$8o] ZAs R ETIRdS =
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m ¥ 3-22 & EPS Geofoam f&o] wa IS w3 AJQD ofx] Fz2EY A%
A& 893 Aol 1 A3} EPSlbe ¢, ¥

A3ta EPS Geofoam &3 o)1 EPSI2E= olx|==molAe] obed, w9, <8 714 Z=uo|
A ETlel 718 A3t oz 245U

70
ZESIRI EESIR2Z =ESIR3 ®ISIRlI  BISIR2  =ISIR3  =SO

60

EARTH PRESSURE (kPa)
1
\\§

EPS 15 EPS 19
TYPE OF EPS GEOFOAM

(a) Earth Pressure at the Crown

ZESIR1 BESIR2 ZESIR3 NISIR1 HISIR2 2ISIR3 =S0

EARTH PRESSURE (kPa)
Y

EPS 15 EPS 19
TYPE OF EPS GEOFOAM

(b) Earth Pressure at the Spring Line
% 3-63 EPS Geofoame] ol & Initial, I[TI ¥ ETI £ vl

3 3-22. EPS Geofoame] FFol| M2 g3 olx1txE 723 As 4

Crown Spring Line Haunch
Geofoam
Earth Earth
Type Stress AY Stress AX
Pressure Pressure
ITI(TG) TP To TAY P lo TAX
ETI (TG TP To TAY TP To TAX
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325
/«,——c\ (CROWN) 90°

275 {
/ : (HAUNCH)

HORIZONTAL DEFLECTION (grr1)

—+S0 -8-ES1R2-G12 —8-ES1R2-G15 --ESIR2-G19
-#-1S1R2-G12 -#-IS1R2-G15 --1S1R2-G19
-5
0 10 20 30 40 50 60 70 80 %0

ANGLE TO THE CROWN (degree)

(a) Horizontal Deflection

H
3
z
S
=
3
=
-l
=
=
A
E ) - _o
£ 00 90° (CROWN) \
—+50 ~-ESIR2-G12 -e-ESIR2-GIS \
-500 ESIR2-G19 = ISIR2-G12 -®ISIR2-GI5 \)\
o O-ISIR2-G19
-600
0 10 20 30 40 50 60 70 80 90

ANGLE TO THE CROWN (degree)

(b) Vertical Deflection

El

1% 3-64 EPS Geofoame] ol o2 Initial, ITI, and ETI ¥ <] ¥

T
&
3
w2
E &
@2 -
5 (CROWN) 90°
P —-4-SO -+-ESIR2-G12 ESIR2-G15
-~ESIR2-G19 -=ISIR2-G12 = ISIR2-G15
-7 —-ISIR2-G19
0°
-8
0 10 20 30 40 50 60 70 80 90

ANGLE TO THE CROWN (degree)

a9 3-65 EPS Geofoame] F/ol o+E Initial, ITI ¥ ETI &9 ®lu
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@ EPS Geofoam &Atol w2 &3}

zZZESO mEmES1 ES2
subES3 =180 sIS1

=152 ==IS3 —SO

EARTH PRESSURE (kPa)
&

RS R6 R7 R8 R9 R10

GEOFOAM HEIGHT

(a) Earth Pressure at the Crown

ezES0 mmES1 ES2
EZDES3 ==IS0 =YIS1

=IS2 e=mIS3 —SO

EARTH PRESSURE (kPa)

R5 R6
GEOFOAM HEIGHT

(b) Earth Pressure at the Spring Line

19 3-66 EPS Geofoame] Apo]Zo|| t}E Initial, ITI 2 ETI 3 W

m 1% 3-66 a= ETI®} ITI =5 53] RIOE2 A crowne Esto]l IA Fastes A
= BoEr =%, BRE 292 Geofoam®| Fo] F7gtel wef gF¥o] &7
7V S7bsel wet hEgo] FoEs e BAFETH

m 13 3-66 b= Geofoam Fo| o}x]¢ UH| I FUI AHESOE A3 ETIRD -2
Spring lineell A Egto] ZA&st= AL BHoEt. EZ, Geofoame| Fo] F7h35tol whe}
spring lineol| A o] F=o] ZHAsta 7} S ekl wE o] Fkete Ae K
=T}

+
ol
ki
Hir
o

Hr o

o]
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3£ 3-23. EPS Geofoam®] Apoj=o w&E G ofx|Fx&o| A B 4T &4

At the Crown At the Spring Line
Geofoam
Size Earth Reduction (%) Earth Reduction (%)

Pressure | Min. Ave. | SOR1 | Pressure | Min. | Ave. | SOR1
TWw TP 39.95 l P 25.81% | -87.30 | -90.18
M= op | GRD | 78 2092 M= G3RD) | (ne) | dne)
gr | TW TP 39.92 I P 77.58 -59.82
I Mgl L p | G3RD | O8M f OL9s o e | G2R10) | 8498 nc)

m 1Y 3-672 Geofoam E°]E HAa L HUZ Z71A17] RloA R107HA] =& Geofoam
A7) g FEFS aHst] AR oA FEES] Weld e AAE Hlug Ao
tt. A <EE s haunch(crownol A 31° ), FAMYE crownFES 1839
R109] % ETI 2 ITI A% =5 Rl vl&] H9 Z44&7F o 2 yepdr

G *-S0 -+ ESOR1  ——ESOR10
55 n e--o W —~+ESIRI —-ESIR10 —e-ES2R1
25 s e
W i ; ——ES2R10 -#ES3R1 ~~ES3RI10
_ ” e Y ISOR1 ISORI0  ISIRL
5 2L 47 e W\ —-ISIRI0 —-IS2RI -e-IS2RI0
Z , 3 ® IS3R1 IS3R10
S 150 #
E ‘// Yol L
’ 0 = = N
E 100 / ‘ /7/,/_ — '\C\ 'y N
E s > - Nt &
CE s At ~ S
g A 1 : : =%
(=) 0 S = S :
: =
E W(CROW 50°
<)
=1 50

(HAUNCH)
-100
(SPRING LINE) 0°

0 10 20 30 40 50 60 70 80 920
ANGLE TO THE CROWN (degree)

(a) Horizontal Deflection

rg 0 —]
; -50
=
= -100
3
2 150 3
1] N N
g 00 a
= 3
-250 \ﬁ p
J \‘" \
= 90° (CROWN) i\\*‘ S
x -300 -1=S0 ~~ESORI —~—ESORI0 ~--ESIRI Q{8 ™.
g 350 ——ESIR10 -»-ES2R1 ——ES2R10 -® ES3R1 \, e
= =
-~ES3R10 - ISOR1 ISOR10 ISIR1 2 e
-400 L\
—-ISIR10 -0-IS2R1  —e-IS2R10 -+ IS3RI N\, -y
40 : IS3R10 W ey
0 -
-500 =N
0 10 20 30 40 50 60 70 80 90

ANGLE TO THE CROWN (degree)

(b) Vertical Deflection

El

198 3-67 EPS Geofoam Ale]=o w2 Initial, [TI 2 ETI ¥ H]
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m 3 3-24% Geofoam®] ©haFdt Z7|9 FFS AT AFAR ofx] FxES WY A
T B8 993 Holth o] ®E Geofoame HAFHFS zh= SOR1EDe Crownd}
Spring lineoll A H4 B WY DAHES HoFEt. A n=24, [Tle okXE
FTAOEZ WY TAh SHAA ETIERD vl&)] ¥ £ 29E RoFo

¥ 3-24. EPS Geofoam®] Apo]zo] mE w7} ofx|Fx2E2 A W9 A B4
At the Crown At the Haunch(31 *)

Geofoam
Size AY Reduction (%) AX Reduction (%)

Min. Ave. SOR1 Min. Ave. SOR1
ITI TTZ Iii Orsy | 8141 | 7520 Iii &R0 | 9376 | 89.77
ETI TTZ Iii SO | 3099 | 2048 iii G | 3133 | 1885

m 7% 3-682 =& SIR29} SIR10 %ol that Z olx|Fx2ES &9 AdE vlug A
S HoFrh EE ETI9F ITIRd 2% Crownd} spring linedl Al 23 o] 7H4gS R
=t
m X 3-25% Geofoame] =Z7]ol Wit FF& L3 7 ofAF=ES 715 4e 29
3t Aol E= FHATHe] Geofoame zZk= SOR1e] 74 %<} 7 crownd} spring linedl
A Ha 9 B SHTAES HAFEng. Ao wad, [Tl ofx ¥ &8 %
4 SHolA ETI=" A Hla) o U A3E HojFE.

STRESS (MPa)

(CROWN) 90°

-6 -+ 50 ESIR2 —<~ESIR10 -®=ISIR2 -+ISIRI0

30 40 50 60 70 80 90

ANGLE TO THE CROWN (degree)

I3 3-68 EPS Geofoam Afo]Zol whE Initial, ITI ¥ ETI € wlw

83



¥ 3-25. EPS Geofoame] Alo]Zol W& 337t ofx]Fx2E9 A 8 A3 £4

At the Crown At the Spring Line
Geofoam
. Reduction (%) Reduction (%)
Size Stress Stress
Min. Ave. SOR1 Min. Ave. SOR1
g 7 g 7
% Except Except
for ISO 24.98 for ISO 50.41
ITI p— (S3R1) 70.40 61.73 p— (S3R1) 82.02 68.28
TH Except Except
for ISO for ISO
TW ) A4.15* o T | 2186
ETI H ) SIR1) 38.09 15.48 ) (S3R1) 55.49 45.07

@ Steel FA o wE W3}
13 3-69= A FAUE Wttt s ETIS crownd} spring line RFoA Egto]
A FAasFom, ITIS crowndlAe] Edvle] ZHAgS HolFEth ETI9F ITI

Geofoame] *=o]7} Z7}38ol] wel crownol Aol ¢g-e 7HAasdith

=
=

by

G

o

EARTH PRESSURE (£Pa)

10

T S
S G

2
=

wn
=]

(=)

T5

T6

ZESIR] BESIR2
BESIR3 SISIRI
BISIR2 EISIR3
=-$0

CORRUGATED STEEL THICKNESS (mm)

(a) Earth Pressure at the Crown

EARTH PRESSURE (kPa)
o

ZESIR1

BESIR2

BESIR3

SISIR1

DISIR2

SISIR3 =80

CORRUGATED STEEL THICKNESS (nem)

(b) Earth Pressure at the Spring Line

a9

3-69 9@ 7ol FA o W& Initial, ITI 2 ETI E4HInL
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2 spring line ¥ haunch(=Zz}2] <F
.45%
st PR R, ITIRd
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L

701- i
s A3, Tmme] FAS AH

Ze glskit

)
o]
1l

<7}8F ESIR2-T3E A9 =
ISIR2-T3E A &35}k
3l a, Wl E ETIE9-S hauncholl A &3 o] =713t
#el T/ WstE u#t dZd4H ofx FREY AF
2 g2 FAd vske] ofE, W,

i

34

7390l A spring line®} crownel A

, crown= 1.7

=
i Ee

S|

=]
RUNE |

500

S
S
15}

%
1=}
5}

5]
=3
S

100

HORIZONTAL DEFLECTION (uemr)

-4-S0-T3 SO-T5 SO-T6
-0~ES1R2-T6 -0—ES1R2-T7 -#-IS1R2-T3
-100
10 20

30 40

SO-T7

50
ANGLE TO THE CROWN (degree)

(CROWN) 90°

(HAUNCH)

(SPRING LINE) 0°

ESIR2-T3

ESIR2-TS
ISIR2-T5 <+ISIR2-T6 <+~ISIR2-T7

60 70 30 90

(a) Horizontal

Deflection

200

H
=
z o]
=) O
= o
8] - - .
=) ® TT=0—0
= . -
Q "
O -600
E 90° (CROWN)
E —4-S0-T3 SO-T5 SO-T6
i SO-T7 ESIR2-T3 ESIR2-TS
~~ESIR2-T6 ~~ESIR2-T7 -®-ISIR2-T3
ISIR2-T5  —-ISIR2-T6  <—ISIR2-T7

o

-1,000

20 30 40

ANGLE TO THE CROWN (degree)

50

60 70 90

(b) Vertical

Deflection

a9 3-70 g 7Fe] FA ol wE Iitial, ITI 2 ETI ®<] vl

7d %ol A haunch

dz oo
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STRESS (MPa)

(CROWN) 90

—-+S50-T3 SO-T5 SO-T6
SO-T7 ESIR2-T3 ESIR2-TS

6 -0-ESIR2-T6 ~0-ESIR2-T7 -=-[S1R2-T3

=-[S1R2-TS -+IS1R2-T6 ~L-IS1R2-T7

0 10 20 30 40 50 60 70 80 90

ANGLE TO THE CROWN (degree)

% 3-71 ¥R FA W& Initial, ITI 2 ETI &3 ®lal

# 3-26 SBAR FAlo| hE PR WA EG FY B

- Crown Spring Line Haunch
Thickness Farth Stress AY Earth Stress AX
Pressure Pressure

mo|o1T L P o1 LAy Excegt P | ot L AX

ETL | 1T TP o1 LAY Excegt P | ot L aX

@ Tk AFFH] FH

m 13 3-72 a9} o] ETI 2 ITI =5 crownol A2l & 48 A o= 73] A ¥ o]
%3 A FolA deep HEATHOZ vl HEA ETI o] A9 4ol Frista, ITIRd
o] A Atk =3k, ETI®F ITI 5ol A Geofoam o]7F Z71gel wat crownol
Al gtele Zawth nabA =, Spring lineol Ao 94e] 74 EE 18 3-72 bol A
1S 4 Atk be ITIEHo] deep HFAHOE A Fo] vfHAA Aoz Z ¢
g Z77F UEst o, Geofoame] =o|7F ool wet g W3yl HAsE o
= A ¢ F U

m 79 3-732 SIR2EH 9 ofx|FHe WYPS v A% AL YERH Aot EE
Aol 7] EF 2D(@60) ®8] haunche] SHWH 9} crownol A9 42197}
ALR S Py Ve
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0
#ESIR1 mESIR2 #ESIR3 NISIRI s6IS1R2 gIS1R3 -S0O
0
70
T
% 60
E 50
(7]
E 40
= »777
30
3
20
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0
400 x 150 mm
CORRUGATION PROFILE
(a) Earth Pressure at the Crown
#ESIR1 mESIR2 =ESIR3 =ISIR1 @ISIR2 =ISIR3 =S0
8
=
2
2o
7
2
Ay
E 4
%
=
2
Q
400 % 150 mm
CORRUGATION PROFILE
(b) Earth Pressure at the Spring Line

a9 3-72 7ol Feof wrE Initial, ITI 2 ETI E¢F vl
-74-2 SIR29] o}x|FH ] 8-S Hlwg Aoty o|RS o] TFEA o
o2 Wl wel =8 Aolxr}t Spring lined} crownol A &3 o] 7Has)
9P ‘IT/‘]'HL ﬁJJrE Hoqfn}

m 18
RAS

l‘k:oo
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T CROWN) 90°
, S
& | SR
200 o y LAY (HAUNCH)
T / AN
3 P. "
st \,
1S 4 e (SPRING LINE) 0°
g 150 /o A
3 N\
= M
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=) \
= A
a 100 \
g XY
z, \\
=} \"
50
™ | Do R |
= P’ ; Hom, AN
RN
0 = it e S G,
—4-S0-152x51 S0-400x150 »ES1R2-152x51
ESIR2-400x150  -m-ISIR2-152x51 IS1R2-400x150
50
0 10 20 30 10 50 60 70 80 90
ANGLE TO THE CROWN (degree)
(a) Horizontal — Deflection
100
g B N
g P S
> T | g
S -100 N S
3 N -
= N\ i ]
2 \
B 0 L
\
= N
E \
N
# 300 S
= 90° (CROWN) N
A
~
——S50-152x51 SO-400x150 \A
400 <
ES1R2-152x51 ES1R2-400x150 A
S
_"s
0 -m-IS1R2-152%51 IS1R2-400x150 g
-500
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ANGLE TO THE CROWN (degree)

(b) Vertical Deflection

O 3-73 @A Feo] wE Initial, ITI 2 ETI ¥ ¢ #la

)
& =
s
4
% J —4-S0-152x51 SO-400x150 (CROWN) 90°
A
-6 // =-ESIR2-152x51 ES1R2-400x150
/
g & -e-[SIR2-152x51 -~IS1R2-400x150
-
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0 10 20 30 40 50 60 70 80 %

ANGLE TO THE CROWN (degree)

a9 3-74 B¥ 7R Felol W Initial, [T 2 ETI $8 Hw
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# 327, }84we) Fujo] e ol TR WA B AT BA

: Crown Spring Line Haunch
Corrugation
: Earth Earth
Profile Stress AY Stress AX
Pressure Pressure
ITI TCP L P g LAY TP a | 1 AX
ETI TCP TP a | LAY TP a | 1 AX

® EokBackfilDe] HF

m 19 3-75+ EF Zolo] & crownd} spring lineol A 2 Eobl 7%%% |23k
Aol ol HolA ETI® ITI =5 E3] CrownolA EtE =
HAoh 28y, E¥Y Zol7t Imel ESIR1S A%+ aok Zo
(SO wvl3l E]to] 12.33%57FstRth. HEHll, Geofoamo] ¢l ER(SO)F Geofoam©]

Geofoamol S

J= RYUETL ITDY 48 2= omet 10m 2doA B 4 Q= crownollA 2 s
14 eteEl R} Eoke] Zolr) ZdojAo wrel odEo] AxAHow =1yt £33 be
Eoko] wjy Zo|7l E7}&4E ETI9 ITI=Rd %5 spring lineol Al Eto] ZF7)shs

g HoFErh

s 19 3-76o) A= SIR2 mdle] ofx Zwlo| w9 mwaldth Eoke] wjPzlolzt Im
?l ETIZE S A3 ZE 7 %ol hauncholl A =399} crownoll A 4297} 7+
a5kt

m 9 3-772 SIR2= 9] o}xFHel & wwEyrh ESIR2-ImE A& ZE
5ol A spring linex} crownollA] -&#o] A ATh =, TIRAL g HFaFs B
ol ®HH, ETl= B9 o7t Rojgdl wet ofx] F¥ e 8o Frtetes Ae &
A 4 AT

m ¥ 3-282 thUdE B wigzlole IS 1T FIAFoAFEEY AT 4
< Q983 Zlojth. Ao w=H, ETIRY S B wjygziolrt ZojFol wat hd,
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¥ 3-28. EFO zZolo mE oA FxES Y E

—

Backfill Crown Spring Line Haunch
Earth Earth
Depth Stress AY Stress AX
Pressure Pressure
TAY o1
(Im-3m) (1m-3m) T AX
ITI TD TP Fluctuates | TP ) lgut (—)1gor
AY m & 10m
ETI ™D TP ol TAY TP ol T AX
(Ah)

PS GeofoamA FeEo} 43 9 Ek] 1
< Dassault Systemsol| A 7%k
2 APk B A7

D EPS129] Geofoam2 ETI 2 ITI =Heo] ofx] F2]9] E¢, 8 2 Ho AHRLS &
ZEAIZItE. 22y Spring linedll Al EHE 4 Sl A= EPS159] Geofoame] ITIE ]
o e Z ol

@ Geofoame] =ol(H)&= ETI € [TI =29 olx|FxE9o Eg}
=8 8% 9 31, Geofoame] =(W)-2 Spring lined] ¢8-S AlHth

@ ETI2 ITIel Hl&)| spring lined] Etd7tdl o &3&o|th. 12} ITli= ETIel Hl3)

g, W9lE B

<8 2 o}x)o] W A7 SdolA o &<l AxE A Fg.

@ 8 FA F7b= ETI 2 1T B5olA ofx9 ESh &8, 9o & FAaE&S Al
Cia=y

® Deep 3373 (Deep corrugated steel) & FFE9EFZART ETI 2doA ©f & o}
219l Eq), §9, HAE Btk Iy EERIFARL T oA o Y2 55 4
Hel g welth

Agstm gl AL Eoe
Wl tagol o A Uehdo

® ITI¢] Spring lineol Ao Eghta o} g Zl o] 7}

S B¢ mls) ofx o] &St &¥ Y

[elNe)
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) AF4 ETl ¥ ud<s o) &3 HH3d A 7hol=el nd
b ETI7F A& ZAYE AFotxT2E< Soft Zone Geometry A7

(D Soft Zone Geometry A|<F
n 2 A=AFS =3 A=9 ETI 71€9 Soft Zone Geometry H 232 98 H& 7}
S0l = 47FA Soft Zoneol| gk 3o e Xy
m Soft Zone> EPS Geofoamel 9J&l FA == Yoz B Y&oA ofxFx2E A&
Al Soft Zone®] 4L tha 1Y 3-59¢F Zo-
m 2 & AFEE 89 orle v 2
- R= o}Xx]¢] #o|(m), S= oA Fx=2 A 1t4ol(m)
- W= EPS Geofoam<®] #(m), H= EPS Geofoam®] *=°](m)
- H/R= EPS Geofoam o] W] o}X]FxE2| &9
- Wise= Fx2E29] A7tdo]2} EPS Geofoam 39| H]
Ex)H/R=0.2= EPS Geofoam =°]7} o}x] %=o]2] 20%%.
m S| oA EPS Geofoame] W&t He= Z+2; 10-20% ,10-100% HAZ H3lH.

=
1o
o .
1

I W I | W |
| |
Bl 3
Geofoam H Ceofoami H
J‘T_ 4
R R
gD g
| s | I s |
(a) Casel (ITD (b) Case2 (ITD)
I w |
i
Geofoam H
¥
R
1 4
i 5 I
(c) Case3 (ETD (d) Cased (ETD

1% 3-78. Soft Zone A<+ At
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# 3-29. Geofoam # & Felo] w2 nd F&

Upper Side Analysis . .
CASE ) . ) _ Reinforcement ratio
reinforcement | reinforcement | designation

02< <99
CASE 1 0] X Cl R

02 < %s 2.0
CASE 2 O A C2

W

02 < %g 2.0
CASE 3 @) @) C3 W

L1< <20
CASE 4 0 0 c4 A e —1o=02~20

@ FEFessy mdw Wy

m EPS Geofoam & Ao @& AFox| 7259 As &4
z3|4 =23 ABAQUSE AH&d =3, 334 3o 7t
Hal HAHF A 23 23 3

n mElE g 7|2 7]E 3% Kang et al. YHEES A A

o A=
/‘KjITE'_"'I_

o RaE e 19 3-799% #S

- Program= ABAQUS(2016)

ot

- Elements= Beam(B21), Shell(CPS4R), Shell-Plane Strain
- Contact Option= No Sliding, No Seperation

- Loading Condition= Gravity

L

m Soft Zones AL3t7] 93l AA ALHA ol FRES
KeX

= AZt4do] 10m, =o°] 5m, 77 0.4me] olx|Fx2&

o[{‘
T

Zahel A g3so

SABIA 224 =2 st
Aol dido= 3t s.

Overburden Pressure (Fill height=3D)




m Soft Zoneol| Al&%+= EPS Geofoame®| +A3 A7 EA %S ASTM Internationalol A
AFst= ZEE=HE< ASTM D6817<91  Standard Specification for Rigid Cellular
PolyStyrene Geofoam A3} <.

m EPS Geofoam2 HE&o] Wz} &5+ BHARAE JEASHAEE 1] F 3-30
o] YebdA EPS 152] ko] # &3,

n 2O EE B4 28GPag] HEZIAYE, Ak A
kg/m*2] AiE = 90%<%0 SWI0<s & &3

1l
Jm
>4
%&
ro
rH
do
o
of
©
N
3

3% 3-30. EPS 15¢] A5 54

Densit Elastic Poisson’ S Compressive Compressive
(ro/ 3)y Modulus Ratio Resistance at 5% [Resistance at 10%
o (E, MPa) Strain (kPa) Strain (kPa)
14.4 2.5 0.12 55 70
¥ 3-31. 23] AAxA
Tyoe X-Axial Y-Axial Z-Axial
P (Lateral) (Vertical) Rotation
Soil Side Restrain Free Free
oi
Bottom Restrain Restrain Free
Arch Upper Restrain Free Restrain
Lower Restrain Restrain Restrain
® frEazs Az
m A mEld A Eql 89, HUHe 2wy vaE 5 siA g FAdS
3 g A%%

2 g AEAAL u dAysts B9 Soft Zoned & A

m Degree 0 & o}x =gt Degree 902 o}x] 3lohS omslH Case2o] A-$ ofx =gt
& FE Soft Zoned] 4= W7} FES] Loy 01X %Zl——?zl-y}x]t Eoto] 7ha
=} Soft Zoneo] Ho|x|&= ofx|stekF 85.5° oA Casel®} #Zo] Eg}o] Soft Zone &
& HEY Frtete dAde] TS

m Case 39} Case 4+ o}x] HA|odA Edo] A

st AAA o2 =3t EY AFS Holu B

o Soft Zoneo] HLHE= HAL =
< Eal
ZFR B A Case3o] EQZAEo] B 2l

B3} o} FHE TR ] opx9

ot
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Earth Pressure, MPa

—No Soft Zone -8 Casel Crown 0°
—o—Casel —k— Case3 \
0.4 1 Spring line 90°

——Cased
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Angle from the crown (Degree)

19 3-80 Cased A Eg

Axial Stress, M Pa

—No Soft Zone —8—Casel Crown 0Q°
=20 A —a— Casel —&— Case3 \
—¢ Cased Spring line 90° 1
-35 T T T T T T T T

0 10 20 30 40 50 60 70

Angle from the crown (Degree)

30

90

1% 3-81 Case® =<9
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4 - —DNo Soft Zone
—8— Casel
g —— Cased

—B- Casel

—— Casel

Crown 0° 4\

Spring line 90° _1

Horizontal Displacement, mm
[ ]

1

: w

'1 T T T T T T T T

0 10 20 30 40 50 60 70 30 a0
Angle from the crown (Degree)
% 3-82 Case™ w3 WS
1
g -1
=]
=
¥
82 -3
%)
¥
i
(=7
& -5 4
=
.E = —No Soft Zone —8—Casel Crown 0°
E —e—Case2 —&—Case3 \
—s¢ Cased Spring line 90° )
-9 T T T T T T T T
0 10 20 30 40 50 60 70 80 90
Angle from the crown (Degree)

m 7% 3-82% 3-83<

9]

3 3-83 Cased =3k WY

Ao A Casels

Tl — %EH
ol ol =g v Wl ohd Koz Wv} wASE AL AT F YL,
3% 3-32. Case™ wH=(Degree=90)(unit: kN)
Case
) ; 1 2 3 4

Direction

X-Axial 509.49 277.25 119.24 189.28

Y-Axial 1,241.1 541.09 541.22 581.27
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m Soft Zoneo] ZHELEHZA & Aol Aol WAEHE WHE F =T484TkN
F,=2,305.60kN ). ¥ 3-22& 7 Case 1-4olA @AEE whES Yo glom,
Soft Zoned| FHo] F7tst= Casedd] FESY XEFWF) F, =119.24kNO= 84% 7+

ad e HoE

@ Soft Zone Geometry ¥l @ HF A<t

m Soft Zones Al Folx|FxE AHEAZL AF Fx2E FHHF Soft Zoneo| fFF-<F vF 2
Y Ee olXF T "ol FEREY A Bt Fag dAYLS FUFh

m Zho]=H] 0.59 ofA|FEENA ITIFH 284 Tt oF 32% sttt E"’J =7 A%
< sAsta 8% AR AEAHRE FHE] HsAe FERESY FHF Soft
Zone< A Al7]1+= ETI 1< Case 3°] #A Soft Zone Geometry$d.

¥ 3-33. Soft Zone Geometryol] W& EUAE

Degree Cl C2 C3 C4
0 68% 67% 63% 68%
4.5 67% 66% 62% 68%
9 67% 69% 65% 69%
13.5 1% 1% 68% 69%
18 4% 75% 2% 70%
22.5 79% 7% 75% 2%
27 81% 80% 8% 73%
315 86% 83% 81% 4%
36 1% 85% 84% 76%
40.5 63% 85% 85% 7%
45 3% 86% 87% 79%
49.5 23% 86% 88% 80%
54 4% 85% 88% 82%
58.5 1% 84% 88% 83%
63 0% 82% 87% 84%
67.5 -3% 79% 87% 85%
72 -6% 1% 86% 85%
76.5 -14% 58% 85% 86%
81 -18% 34% 85% 85%
85.5 -88% -90% 78% 84%
90 -132% -132% 74% 83%
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(1} Soft Zone S A<k

@ Soft Zone ¥I& HAAS 9% 34 =1

m oHA FY FAA Y Soft Zone GeometryE AAEPoH, Hd EdgriAany
Elb= Soft Zone H1&S AAEL7] a4 47}A] Caseoll EPS Geofoam # & ¥ &S
THAA LA S Pstds. REE S 9ok 599

m 2o ARRE 8019 oml= P W& Zom WIS = 1.0+ oFx9 Axh4 o]
¢} EPS Geofopam®] o] & Zolg HZAFHAJSS veluiyg W/S = 1.1& EPS
Geofoam®] F-o] o}x] z3kdo]e] 110% 3133

m 3| oA EPS Geofoame We He= 242t 10-20% ,10-100% ®HH = H3l=.

(3

o L

i

@ Soft Zone o] Hl& w3l W& 34 A}
m 19 3-84+= Case 1-4°] Soft Zone< #8&AlZ1 & EPS Geofoam =°|(H)E Z7HA1Z
S o ofXFEREANA TS EJTANFE YERH A,
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} ENBEE Ede] % Bad
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ol 5 EPS Geofoam 9]
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T

m o}2]FxE9| Folot EPS Geofoam®] Fole] ®Il H/Ro|] 0.5¢ wf 74x|= 1 Zpol7h
Ay I o] F¢] Geofoam ¥°] F7h= Etel & FFE FA &+

m (DL (0ol A Case2¢} Case3e olx|g]H o ARE A Ystas 242 60°, 50° o] F 9
st o 2 25 Goefoam Eol S7ho] mE EQF 4 ol ztol7) g+
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@ Soft Zone & H|&WH3}o] W& 3§ A}
m 73 3-85 (@} (h)= Casel®} Case3e] 7%l EPS Geofoam ZL& Z7IAIAE w W
HeteE EQRS e,

0.5
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(b) C2, C3 (H/R = 0.5)
19 3-85 RPeF RAAH|E FSUAIe mdd kAl Eqt

m Cased®] 7% EPS Geofoamo] o}x ez ¢|xst o] w ARl =wol EPS
Geofoam H]&o] TL3 FA Mdolng AHAE =AsHA =
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E AZA AN ofx 2 B
Caselol| A A sl= o}x)sgh
m Casele] ZA$ W/S = 2.02] v&<
oNA B} H Ho Egto] AA

m (b)o| 4] Case3+= CaselH Tt}

Eqe Ao A,

@ Soft Zone H]&¥H3}o] w2

m ¥ 3-34~3-379 EPS Geofoam

B

2oE Z7AZ0] me} wA s

# 3-34. Geofoam =°| 7l W& £¥e (W/S=1.0~ 1.1, Unit: kN)
I“Cg;aRsed C1 2 C3 c4
0.2 509.45 541.10 119.24 581.27
0.5 515.67 409.32 113.90 263.24
1.0 547.79 354.88 119.45 219.75
15 570.43 338.22 125.50 205.08
2.0 578.36 322.13 128.09 196.63

3 3-35. Geofoam *=°| F7Fd mE pyRbe (W/89=1.0~ 1.1, Unit: kN)

mc;e/aRsed C1 o) C3 C4
0.2 1,2411.70 277.25 541.22 189.28
0.5 996.18 278.54 387.39 719.88
1.0 879.79 289.48 318.90 520.85
15 835.33 294.68 298.48 425.64
2.0 802.83 295.98 283.46 366.43

¥ 3-36. Geofoam % F7hel w2 g ¥t (H/R = 0.5, Unit: kN)

Incéveﬁ;ed C1 C2 C3 4
1.0 574.43 *277.38 277.38 -
11 512.21 - 113.40 -
1.2 438.48 - 85.46 -
15 253.80 - 75.13 -
2.0 214.20 - 130.03 -

*w/s1.08] A5 C2=C3
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¥ 3-37. Geofoam % ZF7}ell W& FywbE (H/R = 0.5, Unit: kN)

I”C;e/aRsed c1 c2 c3 c4
1.0 1,131.18 *335.45 335.45 -
1.1 922.95 - 313.54 -
1.2 791.11 - 331.68 -
1.5 734.24 - 426.97 -
2.0 968.44 - 637.76 -
*w/s1.09 735 C2=C3
@ Soft Zone A& H]& Hlu 2 FHF At

= Soft Zone A&H = =] BlE&s S7HNZE A% ofAFE=Y AR, F HleS ST
24 A ol X FzEL] =4 9 3}
stk Bt 7 @S A g glew F nlE FUMA olAFRES] XXHdo] 24|
TE HIE S FooF ofx] F2E HAA Hi 50%0 B AAES HS
m ETI <l Case32 gHolA FHA9 Geofoam AFE-Al 65%°]% E%} tASIE Hol
 EPS Geofoam=©°] F7}& H/RE H]&o] 1.00] @ wi7tA] EX2E3E Hd 25%
F7HNE 7 & Casedoll A= oA gl B A ANA oF 15%-8% B= S7HAZE A
m 3 Case32 Z H|ES W/S 1L1-W12Y u H 80%e JEY ZAAEHEHS.
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Reduction Rate, 2o
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Angle from the crown (Degree)
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19 3-86 Geofoam %o] Z71A1e] Egt
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Reduction Rate, %
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—a—W/51.0 — W/S1.1 Crown 0°

A
—&—W/S12 —s¢ WIS15 \
--------- Wi§2.0 Spring line 90°
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Angle from the crown (Degree)

(@ Cl1 (#/R=0.5)

Reduction Rate, %

= WiS11 —Wis1 Crows Dq\
L 171G
—4—W/515 —=<W/S20 Spring fine 90°
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Angle from the crown (Degree)

(b) C3 (H/R=0.5)

18 3-87 Geofoam & Z7lA¢ EgF ZHA S
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(th HA Soft Zone Geometrye} H]& & A] gho]=n] M3lo) WE EQAS

@ Soft Zone ¥l& AAHS 9% |4 =1

m YulH O ® olXPALS zte TREL ofx|g]B o FAT glol=H|d] wlet AAA 9@
Aol S W ofx mFe A9 BT golzul 0.1-0.27F AHEEHT AsAE %
Elde 0.7-0.82 AL Astde AL

Z 36m, =°] 4.96mel go]=H] 0.730] = %%

@ Soft Zone o] H| & W3l WE &4 A
F# 3-38~3-402 =tol=H] 0.2, 0.5, 0.758 Ze ofx|FxEo| ETIE F&st3<s o &
Al EY as 232 A EPS Geofoam == HHQJ W/S 1.1 ¢} 1.29} Geofoam
o] ¥&<¢ HR 01~1.05 A&3S wjo E4ASS HE.

3 3-38 R/S=0.25¢] EQFFA&, Unit: %

W/ S=1.1 W/S=1.2
H/R
Max. Mini. Average Max. Mini. Average

0.1 86 7 60 86 1 58
0.2 86 37 68 86 31 66
0.3 86 51 72 86 46 70
0.4 86 59 75 86 56 74
0.5 86 65 77 86 62 76
0.6 86 69 79 86 66 78
0.7 86 72 80 86 70 79
0.8 86 75 81 87 72 80
0.9 87 76 82 87 74 81
1.0 87 78 83 87 76 82

106



3 3-39. R/S=0.5¢] Et#tA <&, Unit: %
W/S=1.1 W/S=1.2
H/R
Max. Mini. Average Max. Mini. Average
0.1 88 36 75 91 29 74
0.2 88 59 80 91 55 80
0.3 89 70 83 91 66 83
0.4 89 76 85 91 73 85
0.5 89 79 86 91 77 87
0.6 89 82 87 91 80 87
0.7 89 83 87 91 82 88
0.8 89 85 88 91 83 89
0.9 89 86 88 91 84 89
1.0 89 87 88 92 86 89
® 3-40. R/S=0.752] E}ZAE, Unit: %
W/S=1.1 W/ S=1.2
H/R
Max. Mini. Average Max. Mini. Average

0.1 88 44 78 90 41 79
0.2 89 66 83 91 63 84
0.3 89 74 85 91 72 86
0.4 89 79 86 91 77 87
0.5 90 82 87 91 80 88
0.6 90 84 88 91 83 89
0.7 90 85 88 91 84 89
0.8 90 86 88 92 85 90
0.9 90 86 89 92 86 90
1.0 90 86 89 92 87 90
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. : lowa Engineering
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concrete culvert Trench Installation
: ) Ames, LA.
pipe committee ITD
Centrifugal model ofjrﬁuizglrllm?gssfre Proceedings of the 4th
Okabayashi, | test for reducing P International Offshore and
. at top slab and ) .
Ohtani, the earth pressure Polar Engineering. Osaka,
1994 . recommended .
Akiyama, on the culvert by . . Japan: International
. . optimum size and .
Kawamura | using the flexible ) Society of Offshore and
: location of EPS : :
material Polar Engineering
geofoam
The vertical pressure
was reduced to less
Load reduction on than 50% of the .
Vaslestad, rigid culverts overburden Transportation Research
1994 | Johansen, g . .. | The vertical pressure Record No. 1415,
beneath high fills:
Holm Lono-term behavior at the crown was pp. 58-68
g reduced to less than
30% of the
overburden
Centrifuge and Master’ s Thesis,
(TS . 30% reduction of Department of Civil
numerical modeling : . : .
2002 Borque . overburden pressure | Engineering, University of
of induced trench .
twin conduits at top slab New Brunswick,
Fredericton, N.B., Canada
Bedding and fil C;‘;ggr:ggleth;;tte}ﬁal Final Report, ALDOT
Yoo, heights for p ) Project No. 930-592,
be placed directly .
2005 Parker, concrete roadway : Highway Research Center,
. above the conduit to : )
Kang, pipe and box . . Auburn University.
obtain maximum
culverts ) Alabama, USA
earth load reduction
VAF were affected
Soﬂ—Strpcture by he1ght of bgckfﬂl ASCE Journal of
Interaction and and installation .
Kang . . Geotechnical and
Imperfect Trench |practices for bedding .
2007 Parker, . . . Geoenvironmental
Installations for and side fill. The ) .
Yoo . . Engineering, Vol. 133,
Deeply Buried modulus of elasticity No.3 977-985
Concrete Pipes greatly affects the > PP )
load reduction rate
Soll-Structure g ded 92% arching .
Interaction and . Transportation Research
factor reduction rate
Kang Imperfect Trench . Record: Journal of the
. related to axial force, :
2007 Parker, Installation for . Transportation Research
: and 18% reduction
Yoo Deeply Buried . Board No. 2028,
: rate for bending
Corrugated Polyvinyl pp.192-202.
. i moment
Chloride Pipes
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StudiednewEPSlayout
- (top+side) which led| International Journal for
Eff f f 1 i : .
Kang fof(i\ss oactilctlc;rrlla to  additional 50% | Numerical and Analytical
2007 Parker, . 8 ¢ reduction at bottom |[Methods in Geomechanics,
sidewalls of buried o
Yoo box culverts slab and quantified Vol. 32, No. 3,
drag down force pp. 289-306.
effect up to 80%
Soll-Structure Arching factors were
Interaction for not  affected b
Kang Deeply Buried e’ s slen derngss ELSEVIER: Engineering
2007 Parker, Corrugated Steel pipe ¢ . Structures, Vol. 30,
. ratio and fill
Yoo Pipes Part [: . : pp. 384-392.
height-to-diameter
Embankment .
. ratio
Installation
S;lt(iiflfj er;org;g;e, The vertical pressure
g >SUng, at the bottom Canadian Geotechnical
McAfee and and numerical
2008 : ranged from 9% to Journal, Vol. 45,
Valsangkar | modelling of an
) 39% of the pp. 85-101
induced trench
: : overburden
installation
Proceedings of the 17th
International Conference
Instrumented field |The average pressure| on Soil Mechanics and
Vaslestad, : ) . .
test and soil was reduced to 23%| Geotechnical Engineering:
Yesuf, . .
structure of overburden The Academia and Practice
2009 | Johansen, : . )
Wendt interaction of pressure and of Geotechnical
Damtev:/ concrete pipe with | successfully prove a Engineeirng
’ high fill 17 year monitoring (pp.1802-1805).
Alexandria, Egypt:
IOS Press.
The pressure at the
Centrifuge testing top was 28% of
McGuioan and numerical overburden and 35% | Canadian Geotechnical
2010 Valsangkar analysis of box less pressure was Journal, Vol. 47, No. 2,
g culverts installed in| obtained for ITI pp. 147-163
induced trenches |compared to positive
projecting case
17% pressure
reduction on the
Experimental side walls and 70%
investigations into |pressure reduction at| Doctoral Dissertation,
the role of the upper wall was Department of Civil
2016 Ahmed . geqsynthetlc observed Engineering and Applied
inclusions on the Mechanics,
earth pressure 90%.pressure McGill University,
acting on buried | reduction at the Canada.
structures crown and about 25%
at the invert was
observed
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