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Abstract

Ifthe safety factor does not secure the safety factor suggested in the design standard at the slope design
stage, the safety factor is secured by installing an anchor. Stability analysis is used to verify the effect
of reinforcing the slope of the anchor, but in this process, most of the anchor construction intervals are
assumed to be equal and analyzed. For economical and effective slope reinforcement, stability
analysis is required by adjusting the anchor construction interval. In this study, the effect of the anchor
construction interval on the change of the safety factor of the slope was identified. Stability analysis
was performed by setting a virtual slope with two berms and different anchor construction intervals.
As a result of the analysis, the stability of the slope is secured when the anchor spacing of the lower
surface is narrowed and the anchor gaps of the upper and middle surfaces are wider than when anchors
are installed at the same intervals on the upper, middle, and lower surfaces of the slope. The result was
a 15% reduction in the amount of anchors. This means that, rather than reinforcing anchors at the same
intervals, it is economical and effective to have an economical and effective reinforcement effect to

vary the anchor construction intervals according to the slope characteristics.
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Fig. 1. Slope with anchors installed at equal intervals.

= Ujol|A Bl AlFohs o379t TRl Alg 1HA o B8-S efet At A (k. 7= IRk EA ol 2H8-
Sh= -S540l wet g 453 2.2 W= Gu et al (2019)-2 T WsHA|(anchor body)E AF8-Sh= U5 <4
o] - Hebor| Qlofl B2 olAlE ARgoh= w4t 379 WokA 2] 1HAS 2 stel= A+ X1¥6t%
58 WA= 730 717t A Etoll $1A1gh WakAlell <Jal] T1eke-Eol| oF5 -3 o] WAsl=d], WolA|7t 3A
3 9 < A4kt ol A S A
ASFSATE. Kim et al.(2014)- HIRHO ARE-SH= Tef2-E 7= o 25t off2] e z]gto] Ax|gh A7 o] o4 7+
Ao w2 QI Ao et A5 SPotrt. o Atollxe DLBA A8 Bl E E ESE BAE =
ol thgh QI z] 2] 2 o] F7hgol| taliA] =2lot 5.0 ™ 7] TEatel| ot A28 34 alof] tisiiA] AEstSirt. of
QlofA= o371 2] s do] v 2] EA-Ee] nl A= &, A Alo1E2] HA Aol thet A7 A= 3rk Yang et al.,
2015; He et al., 2019). He et al.(2019)-2 H[2Ho| Al-F== F7 2] Ao|E HEAA FFoidS =ag5tSl=tl, vlEH
O] Aol A] shto 2 PAE BT 79, B dolE sV A B 73, P& 7 &byt Artar Btk
Yang et al.(2015)> Y7 AlolE |2 AAIE $1alA HIEH B H90] QP& -§24S Hlwoto] St AP
HEo] 7t B7S k=] 0 2 ISt Shfjeld oz o7 Alg 7o i obd-S ¥sh e u] &gt Motk

é
uls
il
we
o
C
3
1
ﬁ‘
ot
En
05
gt
ox
AY
)
R
%
L2
5
olo
W,
o
O{Zi'
i)
rd
2
o
o
olo
W,
mE
0%



WA AIS 2HA0f| (2 HEH QPRI HEL G - 517

r

L & MS 2 71

[ =)

W[k o) A1} PelE )0 2 S wsrolA Weleh AATA HE A2 Jeke A A - A
) 7)) Hrelo] glrkTable 1), o]@lo] 715 B2 Ak} Peldl 71 So] glont 1 8-S A EA} Higel A1
1} 37 the A itk DA EAL g A1) 7] Bl 7] 287l distel Tt 2ol 7]4ati ek
§719] 723} oo djste] wigwe] AR 4L mefele] Ao sl glon] J1E HdslA) Bt
o] 112 AJgelo] whe]s|E 2 AAISHE 2 Aokt glck, gk o7 s H]ehele] sl Zaat i je] Zofop

Ao Z75to] sfASHES Fof QIMOLIT, 2016).

H

ox F{N A

|t

[¢]

)

Table 1. Domestic anchor construction standards

Sources Chapter Remarks
- The anchor spacing and length are determined in consideration of the overall stability
6.3.2 Anchor of the slope.
Design criteria of ~ application criteria - Designed to exhibit even resistance to the ground by appropriately distributed
construction slope arrangement.

(MOLIT, 2016) 6.4.4 Anchor
reinforcement slope - Performed repeatedly while adjusting the length and spacing of the anchor.

stability analysis
- The installation interval is determined by the design anchor force, the thickness of the
Guide of anchor body, .and the ?nch9r speciﬁcations such .as anchorage.
road design 2.3.1 Anchor - If the anchor installation distance is too narrow, it affects adjacent anchors or decreases
(MLTM, 2011) installation interval pull-out resistance due to group effect.

- Group effect is not considered if the anchor body's installation interval is more than 4
times the diameter of the anchor body or 1.5 m or more from the previous experience.
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Table 2. Slope size and ground properties conditions

Slope angle Upper natural slope angle Unit weight Cohesion Friction angle Remark
55¢ 20° 17 kKN/m® 30 kN/m? 30° Sandy soil properties
2709 kS 2l HIETHE A 7)) S ZHA| o} 2 Atell= 14T ofe o] TS Sk (lower surface), 14°EF
9z, 24t o o] HH-S FTHH(middle surface), 24 $1Z-0] HH-S AFHH(upper surface) 2.2 HH5FCHFig. 2).

Upper natural
slope angle(20°) ™= -

/ Upper surface
/ Middle surface

/ Lower surface

Anchor —>

Slope angle(55°)

Fig. 2. Slope analysis cross section of this study.
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Table 3. Anchor construction conditions

o Anchor
Classification ; .
Construction space (m) Length (m) Capacity (kN)
Case 1 Upper : 1.5, Middle : 1.5, Lower : 1.5
Equal Case 2 Upper : 2.0, Middle : 2.0, Lower : 2.0
spacing Case 3 Upper : 3.0, Middle : 3.0, Lower : 3.0
(ES) Case 4 Upper : 4.0, Middle : 4.0, Lower : 4.0
Case 5 Upper : 5.0, Middle : 5.0, Lower : 5.0
Case 6 Upper : 2.0, Middle : 2.0, Lower : 1.0
Case 7 Upper : 2.5, Middle : 2.5, Lower : 1.5
Case 8 Upper : 3.5, Middle : 3.5, Lower : 2.5 15 140
Case 9 Upper : 4.5, Middle : 4.5, Lower : 3.5
Differc?ntial Case 10 Upper : 5.5, Middle : 5.5, Lower : 4.5
spacing )
(DS) Case 11 Upper : 2.0, Middle : 1.0, Lower : 2.0
Case 12 Upper : 2.5, Middle : 1.5, Lower : 2.5
Case 13 Upper : 3.5, Middle : 2.5, Lower : 3.5
Case 14 Upper : 4.5, Middle : 3.5, Lower : 4.5
Case 15 Upper : 5.5, Middle : 4.5, Lower : 5.5
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Table 4. Results of slope stability analysis

Case Factor of safety Anchor quantities (ea) Remark

1 1.508 27
1.447 21
1.399 15
1.369 12
1.339 9

Equal spacing
(ES)

1.555 27

1.466 19

1.399 13

1.358 10

1.342 9 Differential spacing
1.504 27 (DS)

1.443 19

1.382 13

1.352 10

1.317 9

O 00 3 i B~ WD

e e e
wm R WD = O

- Safety Factor Safety Factor
0.000 0.000
0.500 0.500
1.000 1.000
1.500 1.500
2 2.000 2.000
2.500 2.500
3.000 3.000
3.500 3.500
4.000 4.000
4.500 4.500
5.000 5.000
k1 =
5.500 5.500
€000 60004
%
e ]
3 5
T T : T : : T T ] . . : ; : : T 7
P 7 % p) 5 ) & 2y : o 1 % % ) L Iy g

Fig. 3. Results of slope stability analysis for Case 1 (left) and Case 6 (right).

Safety Factor Safety Factor
0.000 0.000
2] 0.500 ] 0.500
1.000 1.000
1.500 1.500
2] 2.000 P 5] 2.000
2.500 ) 2.500
3.000 3.000
2] 3.500 =5 3.500
4.000 4.000
4.500 4.500
=K 5.000 71 5.000
5.500 5.500
€.000+ / £.000+
]
20m g 20 0 ) 1 100 120 20m P 20 P & ) 100 120

Fig. 4. Results of slope stability analysis for Case 3 (left) and Case 8 (right).
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