A A8t3)2] A 519 A 35, p. 303311, (201549 6Y)

J. Geol. Soc. Korea, v. 51, no. 3, p. 303-311, (June 2015)

DOI http://dx.doi.org/10.14770/jgsk.2015.51.3.303

ISSN 0435-4036 (Print)
ISSN 2288-7377 (Online)

dFoE m3 2 Ao obgA o4 ek 8

1 = 2 1 1§
Ao HaZ? - REO - AR

ISIZ AR ZA} K-water T2

2 o

Be] APl g A4 0 2 A shE 2, Shae] ol S AP A3k

2 fu
N

e A Aol oW e v AeA) FESATh 2740 erak o) s)4] Aol
oI5, YIS T 97 WSk B 9o Hlste] FHSHULE 19.6-20.3%, H7ISkE 12.0-213%
HE QPago] e 0= ekt on], 2740) EAMRPE] 14 ATH 5.8% P 8.5% Fasks A0 et

529 YT 2§k Aol Aoke9) Zo] Y Wash 9L RojEch. ohee, siet Abdl 3}
2 $HEE 2G5 AR BYS DA ) Y] 9FL vA S 9o Il wetE Bat gt

FR01: 5ok, o A, EAF AP, X34, SAB A

Eun-Sang Im, Hae-Geun Jeong, Jeong-Ah Ryu and Gyoo-Bum Kim, 2015, Considerations on the stability
analysis of the waterway slope reflecting ship-wave effect. Journal of the Geological Society of Korea.
v. 51, no. 3, p. 303-311

ABSTRACT: The levee or natural slope of a waterway can be influenced by ship wave during a vessel operation
and it is examined how the wave height can affect the slope stability analysis in this study. The result for two rock
slopes indicates that the safety factors for planar and wedge failures are reduced by 19.6~20.3% and 12.0~21.3%,
respectively. In case of two soil slopes, they are reduced by 5.8% and 8.5%. This interpretation considering a ship
wave reflects the actual field condition better, which there exist some of rock falls and soil erosions. Therefore,
wave height needs to be used as groundwater level at the slope stability analysis considering continuous ship wave
effect. Slope stability analysis along the waterway should also be done by reflecting wave pressure, slope saturation
condition, and freezing and thawing action judging from the slope phenomenon.

Key words: ship wave, rock slope, soil slope, groundwater level, limit equilibrium method
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Fig. 1. General distribution of longitudinal and trans-
verse ship-waves (Han, 2004).
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Table 1. Field survey result and geotechnical information for two rock slopes.

Classification of Slope RS-1 RS-2
Slope length (m) 40 35
Height (m) 10.95 9.65
Slope orientation 50/170 50/015
Rock type Biotite Gneiss, Acidic dyke Biotite Gneiss
Strength of intact rock Moderate ~ Strong Moderate
Degree of weathering Slightly ~ Moderately Moderately ~ Highly

Major geology structure

Faults, Dyke, joints

Faults, joints

Joint and Type Strike, Rectangular Strike, Rectangular
Fault Dip/Dip direction 44/143, 74/247, 56/092, 43/258  55/340, 40/040, 29/247, 65/150
Friction angle (°) 26
Unit weight (t/m’) 2.69
Cohesion (t/m’) 1.0
Waterway management level (El.m) 6.3
Ship wave height (m) 1.68

‘..~ Maximum raising height

i HU ......... .
N

Design water level

Bank slop'e .

Fig. 3. Conceptual diagram of maximum wave height
at the bank slope (MOF, 2005).
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Fig. 4. Result of rock slope stability analysis using DIPS program.



308

a4 g o] A5k 9)gho 2 A-8-3l Bttt

Dips Z2 T &85t 271 MRbAbH ot
o3 {3S BA% A3}, F APA 33] FHuaet
7| o] o] HhAY ThsAo] EAfjehs AR YER
om(19 4), A7IA G AR F o] 24 of
gt SHAIE PN AL Y8 THE 2). RS-13} RS2
ZkZko]| tfsto] HHTRA of Tt s Ay}, Fm
£ 13HA] o2 7399 P2 09113} 0.8479]
Qo guks 1EskA =W 0.72637F 0.68124]
0.185~0.1662] 2012 K o 19.6~20.3% H &= WrobA,
o} 3L, 5 AP gt 27] 2] 34 Aafol A,
ks sk g2 399 kHE2 14793
1.0260]¢l o1} 3F2ul2 va5HA =9 1.3012}0.807
24 0.178~0.2192] o= Hod 12.0~21.3% FE &

opxl o2 Uepyith

71 8 =4 AuS AA ] A AE
oF vl st o2k Zh(71H 5). RS-1 AP 73F 5
STA. 361+15 ~ 362+07 m Afol= Fwiuta]7} e}
wom], AT AT Yo U EALH
A Aoz HRAITK(IH 5a). UA si4S B 3
AnH O] QFH&-2 H-- R e o, F5ute)
P NI o =Rt A 02 A=A E
2). TR, RS-1 A b 0 2 obuf 7759}
9| WA= = S A& o3t #7] o7E R e
2 AEshaL glog S =59 A7t ddH e
aqtrols] g o] Fake At fAfsted S
AR oF o] ZA3EAL QUTH(LH 5a). o]2t 2]
At L) 71 HE 132 A9 $55t= 51 2

Table 2. Comparison of the stability analysis for two rock slopes.

Safety factor without wave

Safety factor with wave

Decreasing rate of safety

Site effect effect factor (%)
Planar 0911 0.726 20.3
RS-1
Wedge 1.479 1.301 12.0
Planar 0.847 0.681 19.6
RS-2
Wedge 1.026 0.807 21.3

7

S| Acappe

70
| e =

s 4
Sta. 383 + 10 m Sta. 383

Sta. 381+ 10m

(b) Site RS-2
Fig. 5. Photographs and face maps for two rock slopes.



e} 2, RS-10)4] &2 #)7] B §3o] 23
She 22 wetol] o3k AP o] Ast H HeE
E9 79l 5ol FFE vAE AR FHHG o
de TN HH, AA AP el @5 19
F A Aol ke B4E Hola lee &

RS-2 AbHL Auld o 2 271 A o] T3 E
Holi glon}, ThEo| Wesh= STA. 381+15 ~
382+10 m 3t oo whf oo} S5 AEHE B
0]+=STA. 382+15 ~ 383+05 m -7+ 413t &3}
ST 5b). T AP HelSol vt
E20 2 dgstal Qlof AR dejete] 23
ofste] F B 7] vk 7k & yehar Qi 7HA)
B s Aol ofstH HH E 7] 53] <] 7]& kA
g0l 27 1217 Foho] Yol o3 AHe] &
g RoIFIL k. ohe2l, RS2 Abdel] S
AR =) GRro AlFe] AEs] AyEcl
U=t ols B WAA| v deHuliE ot
2] ot Eo] FYHo] et @R sNg
o} olek e B4 Pyt Apee] F22Q <
473 s ol 93 v & ofy, o] "7t
RSl oA wgto] o3t Al 4 A
F71H oz AejE|ojof ghg mojT),

ghH, APAS] &A1) 2 APH T 8}l
A1) A4 Ao R AXtEE AR &
A H7HMLTM, 2012)E AAJ8g ) RS-1 A
Wl A, A&AQ w7 v 7Hs4S YESL
Abe o whgsle Balswe ko] 2Wskn A}
7t Bejete, 7 9 Asiol uhg- 2eket A
RAL I D" SFORA A ST Aol

3}t
pal
o
A

T oa

Fig. 6. 3D image of scanning survey at the target soil
slope, SS-1.

| OFAAL SliAd diob A 309

Ao} o) FYAE 743 Aoz = ek
RS2 Apele) 4, t30] oitt shije) 9Ho2 o
okt AubElE Holn] 45| WF R M
4l ZJAlo] |4 WASk= “C” E:L_q Z|oF3l Al 2
sfetElgic}. 53, Aol A 9] As}4 e, RS1
oM T 82125 (12) 9] AARQ GBS 7S
9 x5 2o] Sz 57, 04) YA &
EsHe 55 7~8%)9 AHIE Hol1 ot Al
@ Z3} Aej7} ok Uehube, RS2604% ¢ 57
(3~47%) WA SHESHe 5o, 7~8%)2A &

o] LA x5} AEE B elr) o]} Zro] BT 74
O = g7h AR A S HE A e
o} gl str| Kok FFuke] upatef ot &
& 28 @4, Tk mpefo]| ofgt uhd 5ol
EgHog ugjg A0 g Blch wabr], 2 A
Ao Qg ol et awu ﬂzﬂé ﬁﬂiﬂ A3k
9 2ot 2AS Wgshs A2 vt gl AR
Bk

42 EAIANE A
AT g AFEE B 119 AR 2AEHUNS

U, W] aTgell UR A4 Rl 24

o
T

Elevation (m)
£
T

0 I L I L
[ 10 20 30 40 50

Distance (m)

(a) Site SS-1

o
T

Elevation (m)
ey
T

0 L ! 1 L
0 10 20 30 40 50

Distance (m)

(b) Site SS-2

Fig. 7. Cross sections of the target soil slopes for the sta-
bility analysis.



310 224 - Yol

rld

Table 3. Comparison of the stability analysis for two soil slopes.

Site  Safety factor without wave effect

Safety factor with wave effect

Decreasing rate of safety factor (%)

SS-1 1.542

1.453 5.8

SS-2 1.545

1.414 8.5

= S

(a) Site SS-1

Soil erosion

(b) Site SS-2
Fig. 8. Erosion features of soil slopes.
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