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Abstract This study examined the behavior of the ground by comparing the methods using the results
of the Terzaghi formula and the ground investigation data and method considering the dilatancy effect
for a circular tunnel using the finite element method. In the case of the Terzaghi formula, the tunnel
load can be overestimated and cause overdesign. The method using the results of the ground
investigation data cannot be applied when a reasonable coefficient of earth pressure is not determined.
This is because it behaves completely differently from the actual behavior, and unexpected problems can
occur. In the case of the method considering the dilatancy effect, however, both the strength
enhancement effect can be considered through the dilatancy angle and relative density. Therefore, the
tunnel load was calculated most reasonably using the method considering dilatancy. Finite element
analysis using the geotechnical survey results showed that the tensile stress acts at the top of the tunnel
when the upper soil of the tunnel is shallow. On the other hand, additional verification is necessary, such
as a comparison with the field measurement results. Through additional research, if normalized, the
tunnel load can be calculated reasonably at the time of tunnel design, and safe and economical design

is possible.

Keywords : Tunnel Load, Finite Element Analysis, Dilatancy, Arching Effect, Height Of Ground

o] dF= FeTHHtE ShedTHE AU 21=.(2018104056)
*Corresponding Author : Heui-Soo Han(Kumoh Institute of Technology)
email: hanhs@kumoh.ac kr

Received August 3, 2020 Revised September 1, 2020
Accepted September 4, 2020 Published September 30, 2020

626



Dilatancy 835 123t 9%

Y o|g4sl=o] st sjA% A+

=2

—

1. M

A E@8A Aol Bo g B4 HAE fIsf
o|2H WS 5o B RS EUS APdsklt ot
A9t AFE L] AL Qg $A]514S B3t WHo] H
YaAo] theE e T8E T o} EYsiao] AFeE

A G2 A AEA ZhsiHT EAEA 2D
sS4 2E]a AHE mdsiy Al 72 . o

&4 ndsfjdoz = Rt AM(FEM)Y F3ttEH
(FDM) 281 FAALAHBEM) 5ol Jom, EA&EA
ndsjdog= /fHQ AH(DEM), A9tee HEs)y
HoZE HQA4AH(Beam with Elastic Support) 5°|
AUtk 53] o] F ARSI T HOA] T3 AEPde= <l
off fere AT {E L %]'3 ﬁ—%ﬂ e oA
Hol 71 g AMEE L St} 55] Ate AW H¢
SH-HFPE ASE melst 4 9= AHo] 9ot AAr
A] B3t ARko] AVYEICkE Bl Afslgit et

e 9] etz Qs sS4 Alzte] A2 A=

Ol

o] S 7P ARl ko =H Ed AR
ofzt Bgt ?Z“ﬂ Asddel digt =724 F4
S =9ATH1,2

SEA|E, %&ﬂiﬁﬁ% 53t 59 AL w9
S S Bl =, 22215 o B4Rl v
AF QA7 sRPESt WA, ANRARE 5 AF
BRE gRlsta FFAES Bl A= (cohesion)Tt

b ZK({riction angle), ®/8Al4(young’s module) &
T} o] Aute] AEALSE Ak, dukxoZ EQH

F(K) 0.5, 1.022 st A EA o] 2-gsh= %7t U
SHE, A, AR 58 7IEA] USRS
AESITE.

SEXIRE, Han et al(2011)[31 ol2igt &g HAH
ERS HsHA| Astod, wlEAIARl AL A S
o, oo tigt ZJARRte s A|Hte] WS =Gt
Bl AR B APIRES AASA BE 23 A A
Hro] o= QI EAYskE dilatancy 3743 whizel 4|
Hhe] AT AT Yehue olE Rita4si4
oz HARG uf BYZH(y)T 2EEAE LT EUA
F(K))E ol-gstofoF qhtal st ATH3)

Avty o2 Edo] AA Alofl= Hd *JT°1]
ojstFE Terzaghi's EREA| 0= Qs AMFSHATT
Terzaghi's E¥3412] 3¢ 220= Qs Tt o]
GFGS A BAYsh= ol gl Hlsh st 7HY

sto] EQto] A sHA AP ETHS]. 12 QA Eld o]

o
-

ZAN-T5 AT

627

jui]

=

7:]

o

FAZE A AlEAS A/go] At

o] glou}, ol YA O B A A

39 29
He 24
Fsict,

oA B AFoA= f3ta4s4S B9 Han et
al201D)[3]°] AAFE BT} ARtRAL ATHE I2 2
235t 9 183 Terzaghi EY541S 539 o|¥sls
APt olE HFA o= MWt

o
o
=

2. O|2X HZ

2.1 O|ots

49| go]dof ZEoh= sl R EAY AFo
2 QIFF EQtd ¢, "t o] EAsh o] A7|= &
7 A5ke] X &skd E43 Bd &, SR, Aled
A 5 oI AREE sl oIt gk ERlt. shA|w
KTAQ004)[51°] &5t gtelde] &&st= sk5 5 7}
& T 7IA= QRICEE EYoln E3] o|gst
ZFolzhar ARIsIth olekEe] B9, Terzaghi(1936)14]
7} TrapDoor A8S 53] oF A7 Arching Effect)Z
AErt ol aTte] A9 Hd9 EFirt SES F
- oHARE 5| ESteo] EHjEo] EX AFHETt
AL sh5o] A-gsHA HAR Exart SEA £ A
$ olggdo] 2415 FAHEA Kol AH EA AAY
Aol EFOoR g3 = itk

o
=

A e¥3t7] wizoll &2l 2
= 15k e, e
o /ol 283t A=t %
A] HRIEHE Eld o] WEat AR o]9)

20| AigstA] Fohe Bl ArH3l
w2hA, Hd 2 Al Y86k dilatancy = Q1
3 ARAE S 8 1Estojof oh, dilatancy &
=2 QR AEFade BH(y) o2 FHE ], Eq.
(Dt Zo] wpdzto] S71sHA ok

p+ =g, ()
where, ¢ denotes friction angle, ¥ denotes diltancy
angle ¢, denotes friction angle considering

dilatancy.
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where, D, denotes relative density 2’ denotes

effective overburden pressure
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where, K; denotes coefficient of earth pressure

considering dilatancy.
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where, 0,, denotes vertical stress acting sliding

surface of random depth considering dilatancy
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Fig. 1. Geometry and Mesh for finite element analysis
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Fig. 2. Dilatancy effect on Mohr-Coulomb failure
envelope [8]

628



Dilatancy &35 M3 4F Hd ojgstsol it i8] A+

Table 1. Weathered rock properties [9]

Division Value
~ (EN/m?) 23.54
c (kPa) 49.035
K, 0.50

E (kPa) 118,665
v 0.30

Table 2%& dilatancyE 11&83}o] AASH AL Lo
o2 X4k 2448 vehd Aol A E= 30%, 50%,
70% 1211 90%= 71gste] Eq. ()8 B9 WA
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= 15128 "¢ Aol gho] A=t At zo]
o2 B3l B3zt WSk= Fig 37 Zon, Atd:
7t S7Yeol wet AFH0 =2 Frkete Ao Yehgtt
AEIo|A w37 o] 7PFA APIEAL, Do
o2 I7EE 7MY 2 Z0E YETh

Table 2. Properties considering diltancy

D, (%) K, ()
30 1.512 5.82
50 1.512 13.80
70 1.512 2191
90 1512 29.95

350

O-H=10D —0-H=20D

300

-0-H=30D —-0-H=40D
0 -8-H=5.0D

Dilatancy Angle (deg.)

20% 40% 60% 80%
Relative Density

100%

Fig. 3. Dilatancy changes according to relative
density
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g. 4. Tunnel Load using Terzaghi’s formula
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2. 5. Tunnel Load of w/o dilatancy
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Fig. 6. Vertical Stress contour of w/o dilatancy
(2) 0.5D (b) 1.0D (¢) 1.5D (d) 2.0D (e) 2.5D
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Fig. 7. Tunnel Load of w/ dilatancy
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Fig. 8. Vertical Stress contour of w/ dilatancy
(2 05D (D, =30%) (b) 1.0D (D, =50%)
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Fig. 9. Tunnel Load using each methods (countinue)
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E
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E
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Fig. 10. Tunnel Load using each methods
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Exn1 05D A% dilatancyS 123 S HA
48.7%001A At 553%F=9] o|¢slEo] AR &
L Acg Ushgow, Edn 25DY w:
57.2~82.5%9] o|&stEo] ZHEol= AR Ve Th

Table 3. Ratio of Tunnel load for each methods

H 0.5D 1.0D 1.5D 2.0D 2.5D
Eq. 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
w/o 0.0% 0.0% 3.2% 12.6% 37.5%
30% 48.7% 44.6% 47.1% 52.2% 57.2%
50% 49.5% 46.8% 49.9% 56.0% 61.8%
70% 51.3% 50.6% 55.1% 62.3% 69.4%
90% 55.3% 57.8% 64.5% 73.7% 82.5%
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