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Abstract

The ground shear force at the expected failure surface and resistance force due to reinforced anchor
can act as important factors according to a failure type from the stability viewpoint at a slope.
Furthermore, the anchor’s axial force may vary at an anchor-reinforced slope due to ground
weathering, settlement, and corrosion in the incompletely anti-corrosion treated steel wire strand at a
ground where the bearing plate is installed. However, in case that the resistance force of the anchor is
locally lost due to the variation of the anchor’s axial force, the resistance force may not play the role so
that the external force tends to be transferred to the surrounding anchors, causing an increase in the
tensile force in the surrounding anchors. Accordingly, a stability problem at the entire slope may
occur, which requires much attention. Thus, this study proposed a method to monitor a variation trend
of the tensile force of anchors installed at a slope and infer the external stability at the entire slope

considering the monitoring result.
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Table 1. Measurement results of residual tensile force at seven places

L . Specifications Residual anchor force in the test hole (kN)
District Completion Anchor . . 0
(m) . Design (residual rate, %) FS
name year —— . Quantity
Length Height No.1 No.2 No.3 No.4 No.5 No.6 Mean
144 182 58 50 179 158 128
DHS 2 2015 54 9 54 343 ) (53) (17) (15) 52) (46) (38) -
278 275 400 307 260 258 296
BY 2 2 1 2 1 -
009 300 00 L 39 (70) (700 (102)  (78) (66) (66) (76)
361 394 378
106 343 - - - -
105 115 110
i1 2006 275 60 (109 a4 o8 povs o0 (629)
212 - - - -
637 94) 94) an 99)
212 218 207 155 248 208
D2 2017 70 21 59 294 72) (74) (70) (53) (84) - 71 1.1
131 167 145 81 120 148 132
201 2 10. 1 2 1.1
803 016 > 08 6 39 (33) (42) (37) @21 3D (38) 34
166 142 150 82 181 144
GM 2016 48 17 77 490 (34) (29) G31) a7 37) - 29) 0.8
215 240 230 230 205 115 205
YH 2016 58 14 177 450 48) (53) 1) 1) (46) (26) (46) 0.8

Hongcheon

Fig. 1. Study location map (National highway 44, Inje-gun, Gangwon-do).
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Fig. 2. Anchor condition in District 1J 1.
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Fig. 3. The test result of anchor tensile force in District 1J 1.
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h(b) Analysis results of geological linear feature
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Fig. 4. Geological map and analysis results of linear features.
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Internal friction angle (°)

Note

Applied value

Unit weight

Experimental value

Table 2. Calculation of strength parameters in the limit equilibrium analysis (Lee, 2017)
Experimental value

30.0

Cohesion (kPa)
Applied value
30.96

25.0
32.92

32.0
35.0

(kN/)

Category
19.0

26.2
30.55

30.0
100.0 -

21.0
24.0

Weathered soil
Weathered rock
Soft rock

Considering the anchor
function loss

After reinforcement
Anchor

Length
engt force

Table 3. Analysis result of STA.0+075 in the limit equilibrium analysis

Current state

Cate-

(kN)

gory  (m)

Caie;/— Anchor force (KN)

449

Anchor force (KN) 00

Cate-
ry
0/Cone defect

g0

449

614/Cone defect
0/Anchor force loss

741
603/Cone defect
413/Strand defect
101/Strand defect
265/Strand defect

0/Cone defect
0/Strand defect
0/Strand defect
0/Strand defect

0/Strand defec

449
449
449
449

t
15.0 449

ct
F.S=1.65>1.5.".0K

8
7
6
5
4
3
2
1

0/Strand defe

159/Strand defect
FS=145<15"

8
7
6
5
4
3
2
508/Strand defect

1

-N.G

FS=156>15..0K

Considering the anchor

After reinforcement

Anchor

Table 4. Analysis result of STA.0+125 in the limit equilibrium analysis

Current state
An

function loss

force

Length
(kN)

Cate-
(m)

chor force
gory

Cate-
gory

(kN)

Cate- Anchor force (KN)

gory
10

741
741

741
741
741
381
201/Strand defect
201/Strand defect
275/Strand defect
349/Below the load
296/Below the load

10
0

9
8
7
6
5
4
3
2

9
8
7
6
5
4
3
2

529/Strand defect

1

741
/Anchor force loss

0/Strand defect
0/Strand defect

449
449
449
449
449
449

0/Strand defect
0/Below the load
0/Below the load
1 0/Strand defect

FS=147<15..N.G | FS=166>15.".0K

FS=156>15..0K
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Table 5. Analysis result of STA.0+160 in the limit equilibrium analysis

Current state Considerin.g the anchor After reinforcement
function loss

SEISI. = 9 741 9 741

8 741 8 741

F 7 741 7 741
~ 6  254/Strand defect 6  0/Strand defect 6 25.0 449
e R 5 233/Strand defect 5  0/Strand defect 5 25.0 449
. %\""%}_ 4 296/Strand defect 4 0/Strand defect 4 20.0 449
""""""""""""""""""" 3 296/Strand defect 3 0/Strand defect 3 20.0 449
2 259/Strand defect 2 0/Strand defect 2 15.0 449
1 260/Belowtheload | 1  0/Below the load 1 15.0 449

FS=158>15..0K | FS=146<15."NG | FS=174>15..0K
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Finite element analysis

Table 6. Height of the slope: 15m

Limit equilibrium analysis

Interpretation Anchor axial force (kN) Factor of safety (F.S)
sage First stage  Second stage Third stage Fourth stage Fifth stage  Sixth stage Plaxis Slope/w
30.0° 350.000 350.000 350.000 350.000 350.000 350.000 1.220 1.212

29.0° 370.000 364.600 362.800 360.000 349.200 338.800 1.196 1.170
28.0° 387.600 376.800 373.000 367.000 349.800 331.600 1.156 1.129
27.0° 407.800 390.400 383.600 373.600 350.800 324.000 1.120 1.088
26.0° 427.600 400.800 395.400 379.600 353.800 316.400 1.081 1.048
25.0° 447.800 409.000 405.200 383.600 357.800 311.200 1.049 1.009
24.0° 620.000 170.000 610.200 256.000 546.600 210.000 1.009 0.971
Table 7. Height of the slope: 20 m
Limit equilibrium analysis Finite element analysis

Interpretation Anchor axial force (kN) Factor of safety (F.S)
Sage First stage  Second stage Third stage Fourth stage  Fifth stage  Sixth stage plaxis Slope/w
30.0 350.00 350.00 350.00 350.00 350.00 350.00 350.00 350.00
29.0 365.850 361.050 363.900 361.050 355.500 351.600 342.750 328.950
28.0 382.350 371.100 375.000 368.400 359.250 350.400 337.200 309.450
27.0 392.550 368.700 384.000 367.800 363.300 343.950 333.150 278.850
26.0 405.300 367.200 393.750 368.850 370.800 342.900 336.300 263.250
25.0 558.900 175.950 543.600 262.650 452.700 247.200 481.650 132.150
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Table 8. Height of the slope: 25m

Limit equilibrium analysis Finite element analysis

Interpretation Anchor axial force (kN) Factor of safety (F.S)
Sage First stage  Second stage Third stage Fourth stage Fifth stage  Sixth stage plaxis Slope/w
30.0 350.000 350.000 350.000 350.000 350.000 350.000 350.000 350.000
29.0 370.022 364.562 365.732 363.132 364.042 362.091 366.382 366.382
28.0 389.395 376.003 380.293 373.403 376.523 372.103 380.814 379.123
27.0 399.926 380.684 388.094 377.303 384.194 377303 391.735 389.655
26.0 428.919 388.354 377.953 354.941 387.964 368.202 429.699 424.629
25.0 481.445 370.802 359.751 297.604 373.663 328418 521.490 505.108

P AR 02 A SRR g AR kS Kol 11 glov, UjRnEZt 25 ofst

= = -

& 7 Aol vl v Ao 2 ofo] 477 eiglek. Ubabazt 25-26° oflR 714 A] 37le] 114 Elo] 4
A [
o

She AT B0l T 4 9lom], o] Aol FEa A5t Qlstel HIEHe] S| WAl 20 Wekg 4 Ik A
ol ShH TS FAG AT Y0 11 SR E7 K4S A2 A H0 R Fbeke AFe Belou,
AHEPA 0 2 Qb go] 1.1 U]ele] Qe (mhlA] QHE 1.00] 2 E4E) 1A e el S71gko] kst 32
2710 WS Stk B HEZ/ 1L 357 KN, B Z7HE-S 10.2% EbdThTable 9)

Table 9. Increase in the anchor’s tensile force

Increase in Increase rate of Average

Height of the Initial stressing force Average increase

Slope N) stress(ilill\g]) force (KN) stressé;og) force increze:/soe): rate
I5m 350.00 3.8~77.6 414 1.1~22.2 11.8
20 m 350.00 17.2~55.3 31.2 4.9~15.8 8.9
25m 350.00 4.94~79.7 34.4 1.4~22.8 9.8

Comprehensive analysis 3.8~79.7 35.7 1.1~22.8 10.2
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