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The cut-slope of a large-sectional tunnel portal is recognized as a potential area of weakness due to unstable stress distribu-
tion and possible permanent displacement. This paper presents a case study of a slope failure and remediation for a large-scale
cut-slope at a tunnel portal. Extensive rock-slope brittle failure occurred along discontinuities in the rock mass after 46 mm of
rainfall, which caused instability of the upper part of the cut-slope. Based on a geological survey and face mapping, the reason
for failure is believed to be the presence of thin clay fill in discontinuities in the weathered rock mass and consequent saturation-
induced joint weakening. The granite-gneiss rock mass has a high content of alkali-feldspar, indicating a vulnerability to weath-
ering. Immediately before the slope failure, a sharp increase in displacement rate was indicated by settlement-time histories, and
this observation can contribute to the safety management criteria for slope stability. In this case study, emergency remediation
was performed to prevent further hazard and to facilitate reconstruction, and counterweight fill and concrete filling of voids were
successfully applied. For ultimate remediation, the grid anchor-blocks were used for slope stabilization, and additional rock bolts
and grouting were applied inside the tunnel. Limit-equilibrium slope stability analysis and analyses of strereographic projections
confirmed the instability of the original slope and the effectiveness of reinforcing methods. After the application of reinforcing
measures, instrumental monitoring indicated that the slope and the tunnel remained stable. This case study is expected to serve
as a valuable reference for similar engineering cases of large-sectional slope stability.
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Fig. 1. Tunnel construction layout and location of the slope failure.
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Fig. 3. Time-lapse photographs of the rock-slope failure.
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Fig. 6. Damaged rock bolt and clay seam in discontinuities (left), and tension cracking of shotcrete on the side wall of the

No. 2 tunnel.
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Fig. 9. Location of the displacement survey point on the berm of the slope.
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Table 1. In-situ boring status in the tunnel portal.

Boring 1D Location Depth Remark
HTB-1 #2 tunnel inlet 25.0m
HTB-2 #1 tunnel inlet 25.0m Horlzontal. boring
NX size
BTB-1 #2 tunnel slope 20.0 m
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Fig. 16. Location of horizontal in-situ boring.

Fig. 17. Cavity concrete filling and counterweight fill
construction (4 days after the slope failure).
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Fig. 18. Selected sections for slope stability analyses.
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Table 2. Material properties used for slope stability analyses.

Layer Unit weight (kN/m®) Cohesion (MPa) Friction angle (°)
Weathered soil 20.0 20 30
Weathered rock 21.0 32 33
Soft rock 23.0 350 31
Table 3. Result of slope stability analyses based on joint orientation.
Section A-A' Section B-B'
Method Type (with rainfall) (with rainfall)
Slope direction 73/233 63/198
Setl : 65/245 Setl : 70/126
Main joint set Set2 : 71/345 Set2 : 68/351
Set3 : 70/201 Set3 : 68/256
Planar failure Yes (for 1:0.7 slope) Locally Yes (for 1:0.5 slope)
Overturning Locally Yes Locally Yes
Wedge failure Yes Yes
Streographic
projection X
analysis .
’ VN ‘
& “ ' A .
Result for planar failure w £ ’
FT
. o*
5 5‘
Wedge failure No (FS$=2.01>12) No (FS=156>12)
Planar failure Yes (FS=0.58<1.2) -
Limit E
equilibrium =
analysis Result for planar failure '
before reinforcement after reinforcement

31 th(Fig. 19).
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23x23m.
E.L:150.000
€.L:145.299 / \
E.L:140.163 A "““————ﬂ_u_____ﬁ
€.L:135.362 _ - |
berm drainage drainage
E.L:130.265 als \
o i [ < Grid block + Anchor
E.L:125.183 e el 2 _
E.L:120,103 / berm '/ \
7/ Am I
E.L:114.775 |f berm |
E.L:110.000 i Anchor
/_'_\_\-H\::\ /__\
#1 Tunnel ﬁm
Fig. 21. Front view of the slope stabilization using grid anchor-blocks.
Yepton], B9 2 desde) el F¥Aos A AU 98 FEAS bl TUEH A%
S ¢ e Zo® yehont, Al AFast HE SUTIE 3HES TR HESRITHKorea

AFZALS HioR O g A k2 Aoz A
=0t 2y BHE = ApaRe] A, duiv of
4 EASHe] AR A eqEE = et
won, Bt Aol dadh Zlo= ekt

2Z3YE o¥
= AP A ARl iR Tt RAkERe] A

Expressway Corporation, 1997; Abramson et al., 2002).
FEYS PVl FPOEE YE, A A4} &
s, SFEA 7 AA AEReH, 23y
7WM71e dHLe2% F71 soil nailing, rockbolt,
B8, A% P Y, $HTY,
AR}

FPHQ PEAD, AFHOR Boby Ao of

= o

S =
o=

o

S

=

noe "

(o3

-
M,

tension net &5 S=



Y Q7N gEE AP oA Al 9 127

Micro-cement milk grouting

Fig. 22. Grouting applied around the No. 2 tunnel crown area.

Fig. 23. Site landscape after ultimate remediation using
grid anchor-blocks and tunnel grouting.

sleo] AXEE + G TS Agsiion, Bd W
5 oHg3ls fJsle] Sk SHEE + a2 IS
A7tk (Fig. 20~22). £ Aol 79 UIHE A<
gl gto] oju] WA, A HE EFHC
THE WA ot loeng gyl SAg of
7 sol dasiith. A AAS A3t AN} A
HlghH R7kg @ Aol Al Fojok s, AR
375 vt JET A7t L) A3
3} GFBAL] 23 F2 iR Do B
gt Aol A= FAN|ZE A7l a AlFAlZte] 4
AR & o= Al mEbA 71E B (GY

vd@)e] 8] kst FAPIZke] duidoz w

2 AZges 977 e A4 FHes A4
et
Apd

B7 ZWo I} = AP o|gke] o#r} glo
=38] AR, AlZr] F7F Ax 2

1,500

Grouting L = 8.0m 1,500
Grouting L =7.0m
Grouting L = 6.0m

34 BUERE gekstes 2131 u} Edel 79,
AFRA O] wet FRAQ] JES
A7 e @ glo) =59 OJj"é% A7k

gPET A At

w ] 28d Y EE AR e 3
WOR AL + gl S A8sle] A LE
siplen, Bd W 45 ddhe 57 gEE ¥
e S AFACR dusiirh B S
AZ7] AR APERE FHASA e R AFEAH 1
Ma A, 1“ i HJ*BM 2GS A 2R

o] A& ﬂ-n— Flg. 233} 7EH:]—.



128 ke -

4 e

Ui Ede] G dE Ale 550 A F

$eo] B, BA%U Held BE 5oz
POl Ak A7k Wl B ATl
128me] Tied WEEE 97 AR QAbae] 7
$ F FAN Alls @A, 984, ST 2
YTET O vl ABAS 5L Aoz o
FHOR §8% FIARE AT, f4F Bl A
Ak Algel Zlefstan sk, £ @A Bslol
Hesh 2o AR AT & Ak

(1) 2 AT@ge] o B 475 Ae w9l
el ele SIEE s AlARE AR
7 o 627h Ra® F4 QR WEsk A9 B

)

o}, @42} A9, s Bidmo] EAlai
2R Aolo] Agde] A 2 4 9

w
= T M=

Agol el Exgoza dejw Az

L

BN by
2
Hm
o oX B O ofh @ 3@ Mo

7t AA I E AR AoE FAENCH,
A EAGHY] HE JAE] Exshe A &
o] AL 73 Al FEusel] tigk AA3 )yt 2
g Aow FAgHEng

(2) AL A FYF 9= vgde AxE FoS
ASAE o5t Al o]d, Al Slo] 4
g HYSUIEEE BYloH, B AlsE FF A
A WEe] 8 A FaAEE B8 F UL
ZoZ JctEc) FEoh Anhile] At ¥ W It
&5 FAMSIERTRE 7 e AR o] B
o} 2yE A ekd o] A8 FaAEE AFseE
Aoz Yepth

() NFRAL HEAS, Age] FPgert des] 4
g Hel| &39om, delue wel FakslE, x5l #
T4, HE FdE Fol g, AFPA 9o
AL AFIRE AR FFHUt. Gl T
ok s Hnpek ke 53] AdUiFoE Fslel ofst

sy

) FAE AR Q) BASHAS Wt 3
sk PgS wolw, 4Y AFY WaE F71H9
B3] 7Fs4o] AlEe], 4 R Yo

iiet.
(5) FTET WO, ApEnRge] B35 JHos

—Z
5

Qg Sl felahr AT A1y 4
A2 + g7 PHL, B e B9 3t
2E 9 394 olg) 229 3
o fE4E s,

AR 978 Fale] e |
Beh 0 2 Agl AE 2
FAbEO e BoH Bk 2
Aew 7.

oL
o
o
e

g
o

ey
o
o
oo
ofr
2
i,
K

—_
ot
ofo
i)
4
;(_}‘

B A AEs) F4 e VleAEd drds

References

Abramson, L. W., Lee, T. S., Sharma, S., and Boyce, G.
M., 2002, Slope stability and stabilization methods,
John Wiley & Sons, 736p.

Baek, Y., Koo, H. B., and Yoo, K. J., 2002, A study on the
stability analysis and countermeasure of tunnel portal
failure slope - in Suanbo hot springs 1 and 2 tunnel
failure site, The Journal of Engineering Geology,
12(4), 367-378 (in Korean with English abstract).

Barton, N., 1973, Review of a new shear-strength criterion
for rock joints, Engineering Geology, 7(4), 287-332.

Chun, B. S. and Shin, Y. W., 2004, Application of coun-
terweight fill to insure slope stability near the tunnel
entrance, Annual Conference of the Korean Geo-Envi-
ronmental Society, September, Cheongju, Korea (in
Korean with English abstract).

Collins, B. and Znidarcic, D., 2004, Stability analyses of
rainfall induced landslides, Journal of Geotechnical
and Geoenvironmental Enginnering, 130(4), 362-372.

Fuchsberger, M., 2008, Slope failure at a major cut for a
motorway in Austria - Its cause and its stabilisation,
From Research to Practice in Geotechnical Engineer-
ing, 616-625.

Goodman, R. and Kieffer, D., 2000, Behavior of rock in
slopes, Journal of Geotechnical and Geoenvironmental
Enginnering, 126(8), 675-684.

Jang, J. H., 2013, The applicability of the pressure type
nailing method to prevent the collapse of the cut slope,
MSc thesis, Kyunggi University, 73p (in Korean).

Jiaoa, J. J., Wangb, X. S., and Nandy, S., 2005, Confined
groundwater zone and slope instability in weathered
igneous rocks in Hong Kong, Engineering Geology,
80(1-2), 71-92.

Kim, H., Lim, D. H., Park, S. H., Yoon, H. D., Lee, H. G,
and Kang, M. G, 2004, The case study of slope failure
on tunnel portal, Annual Conference of the Korean
Society of Civil Engineers, December 16, Seoul,
Korea, 109-121 (in Korean with English abstract).

Kim, N. Y., Kim, H. J,, and Park, Y. S., 2010, A study of



B G ohEE AR QR AR AT

road tunnel exit slope collapse by Gneiss folation,
Annual Conference of the Korean Geo-Environmental
Society, September 2-3, Seoul, Korea, 487-496 (in
Korean with English abstract).

Kim, Y. J., Lee, Y. H., Kim, S. K., and Kim, J. H., 2006,
Case study on failure of rock slope caused by filling
material of clay, Tunnel & Underground Space, 16(5),
368-376 (in Korean with English abstract).

Koo, H. B., Kim, S. H., Rhee, J. H., and Kim, J. H., 2008,
A case study of collapse at tunnel portal adjacent to the
large cut slope, Annual Conference of the Korean
Society of Hazard Mitigation, Feburary 28, 573-576
(in English with Korean abstract).

Korea Expressway Corporation, 1997, A study on the sta-
bilization and protection measures (II), Research Report
(in Korean).

Kwon, O. L., Baek, Y., and Park, C. H., 2010, A case study
on stability analysis of tunnel portal slope, Annual
Conference of the Korean Society of Engineering
Geology, April 8-9, Gyeongju, Korea, 249-253 (in
Korean).

Kyeryong Construction Industrial co., Ltd., 2013, A report
on slope stabilization near tunnel portal, April (in
Korean).

Lee, J. Y., 2009, Causal factor analyses and reinforcement
scheme of big cut slope failure: an example in
Okcheon area, MSc thesis, Paichai University, 79p (in
Korean).

Ministry of Land, Infrastructure and Transport, 2011,
Design guideline for slopes in construction project (in
Korean).

Na, H. S., 2013, A case study on reinforcement method

129

for failure of rock slope, MSc thesis, Chosun Uni-
versity, 64p (in Korean).

Wang, Y., 2014, The Tom Lantos tunnels at Devil's Slide
Project, The longest highway tunnels in California,
Challenges and Advances in Sustainable Transporta-
tion Systems, 459-466.

Yang, H. Y., 2013, A case study on the design and con-
struction of large cutting-slope in colluvial soil, MSc
thesis, Sunchon University, 58p (in Korean with
English abstract).

s

K-waterad -9 7|HRA A 74

305-730 tHAA] ST FAAZ 168902
Tel: 042-870-7611

Fax: 042-870-7619

E-mail: fulgent@kwater.or.kr

125

Gl

K-waterd 79 7|WEA] A4

305-730 tHAAl 37 AR 16894
Tel: 042-870-7642

Fax: 042-870-7619

E-mail: jsoem@kwater.or.kr

125




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


