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ABSTRACT

To consider the risk of damage and fracture of P.C strands, the existing post-maintenance system alone has the limitations,
hence it is necessary to quantitatively evaluate and predict the deterioration, durability and safety of facilities and establish
a reasonable maintenance system considering the asset value of facilities. Therefore, it is worth considering a preventive
maintenance plan that allows proactive measures to be taken before a major defect occurs in the temporary anchor. This
study devised a preventive over tension method, reviewed its effectiveness through design and field tests, by calculating the
resistance factors by performing a reliability-based optimization design. At this time, the over tension anchor method was
evaluated using the ratio of the residual tension force after the fracture of P.C strands to the effective tension force before
the fracture of P.C strand, followed by the resistance factor calculated by the optimal solution for each random variables
using Excel solver and applying it to the limit state equations. As a result of the study, if the over tension ratio is 125%
to 130%, the remaining strands showed a high resistance effect even after the fracture of P.C strand. As a result of the
optimization design, it was found that it is appropriate to apply the load factor (1) of 1.25, and the resistance factors of
,, &, ¥, as 0.7, 0.5, 0.6.
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Fig. 1. Section of anchored earth retaining wall for field test (A Site)
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Table 1. Field ground conditions and SPT results

Division Depth (m) Soil conditions SPT N value TCR/RQD

Fill layer 0.0~58 Cravelly and silty sand 5/30~15/30 -
Weathered soil 58~9.0 Silty sand 43/30~50/15 -
Weathered rock 9.0~92 Silty sand 50/2 -

Soft rock 9.2~11.0 Biotite gneiss - 67%/6%

Hard rock 11.0~132 Biotite gneiss - 95%/48%

Table 2. Field earth retaining wall conditions
Division Conditions
- H-Pile : H-300X300%10/15 (C.T.C = 1.6m)
Retaining wall
- Timber plate : t = 100mm
- P.C Strand : D12.7mm, 5EA (C.T.C = 1.6m, Angle = 35° )
Ground anchor - Free length : 5.5m~10.0m (4th anchor = 5.5m)
- Bonded length : 5.0m
- Spare length : 1.5m
Table 3. Input data of ground materials

Division Y, (KN/m?) ¢ (kN/m?) é ) Ky, (kN/m?)

Fill layer 18.0 0.0 26.0 18,000
Weathered soil 19.0 15,0 30.0 32,000
Weathered rock 21.0 31.0 32.0 40,000

Soft rock 250 50.0 350 60,000

Hard rock 25.0 100.0 40,0 100,000

Table 4. Input data of ground anchor
PRt DS' A) D E} f)l f)U P@ <kN)
Division ‘ v 7 vy 7
(mm) (mm?) (mm) (MPa) (MPa) (MPa) N =5EA N, =4EA
Value 12.70 9871 100.00 200,00 1,5670.00 1,860.00 596.70 477 .36
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Table 5. Case of over tension anchor
Case OTR (%) N, (EA) JE,,. (kN) AP, + AP, (kN) T, i (KN) 8, (mm)
5 411,20 80.35 330.85 24.99
Casefl 100
4 328,95 64,28 264,67 2499
5 452 .32 80.35 371,97 27.49
Case2 110
4 361.85 64,28 29757 27.49
5 493 .44 80.35 413.09 29.99
Case3 120
4 39474 64,28 330,46 29.99
5 514,00 80.35 433.65 31.24
Case4 125
4 41119 64.28 346,91 31.24
5 526,34 80.35 445 99 31.99
Caseb 128
4 421.06 64,28 356,78 31.99
5 534,56 80.35 454 21 32.49
Caseb 130
4 427 64 64,28 363.36 32.49
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Fig. 2. Over tensile force and residual tensile force according
to displacement

Table 6. Stability evaluation of ground anchor
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Division N, (EA) JE .y O T iquar (KN) Allowable strength (kN) Judgment
Fracture stability 5 411,20~534.56 596,70 OK
(Strand) 4 328 95~427 64 477.36 OK
Pull out stability 5 330.85~454.21 1,151.92 OK
(Ground—Cirout) 4 264.67~363.36 1,151.92 OK
Pull out stability 5 330.85~454 21 997.46 OK
(Grout=Strand) 4 264.67~363.36 79796 OK
Table 7. Field test results of over tension method
CaSe OTR (%> ]\6) <EA) ‘]Fm;m' (KN> Z(ﬁs?dual (kN) 6(*,1 <mm)
5 41.0 - 61
Caset 100
4 277.0 28775 49
5
Case? 110 . Anchor failure
5
Case3 120 . Anchor failure
5 514.0 - 64
Case4 125
4 360.0 358,13 50
5 525.0 - 72
Caseb 128
4 369.0 361,88 55
5 534.0 - 15
Caseb 130
4 4270 364.93 68
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Fig. 3. Displacement and tensile force of ground anchor for
field test

Table 8. Tensile force ratio according to over tension ratio
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Fig. 4. Tensile force ratio according to over tension ratio

Anchor design results Field test results
Case OTR (%) T eq(sagety) (KN)
’ :I:'emdual(fm/ure) (KN) TFR (%> Zesiduul(failuw) <kN) TFR (%)
Casel 100 264.67 80.00 28775 86.97
Case?2 110 29757 89,94 - -
Cased 120 330.46 99.88 - -
330.85
Case4d 125 346 91 104,85 358,13 108,25
Caseb 128 356,78 107.84 361.88 109,38
Caseb 130 363.36 109.83 364.93 110.30
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Fig. 5. Load factor and resistance factor in limit state design

Table 10. Optimal solution for random variables

(G+q)kh

(G+a)(1-kv)

d

Fig. 6. Kranz model outline

x z v o u Optimal solution
3,0) 7 0.1 07 1.31 792
o) 10 0.1 10 1.88 11.88
0(°) 28 0.1 28 0.00 28,01
#(°) 10 0.1 10 188 11.88
e°) 20 0.1 20 —0.46 19,07

Table 11. Tensile force and resistance factor for performance

reliability index

Resistance factor

C OTR (% 7., kN
ase (%) residual (KN) , @, o,
Casel 100 194.9 0.70 0.43 0.64
Case?2 110 217.3 0.70 0.50 0.60
Case3 120 2352 0.70 0.50 0.60
Case4d 125 2438 0.70 0.50 0.60
Caseb 128 2438 0.70 0.50 0.60
Caseb 130 2438 0.70 0.50 0.60
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Table 12. Stiffness comparison of anchor design, field test and optimization design

Anchor design Field test Optimization design
Case OTR(%) (Sel ]:‘csidual k 6cl residual k (Sel residual k
(mm) (kN) (KN/mm) (mm) (kN) (KN/mm) (mm) (kN) (KN/mm)
Casel 100 24.99 264 .67 10,59 49 28775 587 24.99 1949 7.80
Case?2 110 27.49 297,57 10.82 - - - 27.49 2173 7.90
Case3 120 29.99 330.46 11.02 - - - 29.99 2352 7.84
Case4 125 31.24 346,91 11,10 50 358.13 7.16 31.24 2438 7.80
Caseb 128 31,99 356,78 1,15 55 361.88 6.58 31.99 2438 7.62
Caseb 130 32.49 363,36 1.18 68 364,93 537 32.49 2438 7.50
3t Table 102] 2|3l Tt 74T, ,,.)E Table 20
—O— Anchor design results
ZFo AFA] K S| ~A] 83
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