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Abstract This paper is related to the management standard setting of the residual tension of an anchor
obtained from a lift-off test. The management standard linked to the slope safety factor and the design
axial force of the anchor were usually divided. For stability evaluation according to the design axial
force, the primary control standard was set to 90% of the design axial force, and the secondary control
standard was set to 80% of the design force. In the case of management analysis linked to the slope
safety factor, the residual strength of the anchor is divided into 20% units for primary management. The
design axial force is then multiplied by 0.67 (1/1.5) based on a safety factor of 1.5 during the dry season
of the slope. As a result of the slope stability analysis considering the current residual load, a limit state
was approached with a safety factor of 1.04 to 1.06 in the rainy season. In the case of an anchor
installed on a slope, if it is evaluated in conjunction with the safety factor of the slope, rather than
providing only the residual tension of the anchor it also leads to more efficient maintenance of the

slope.
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Table 1. Table Examples of 1st and 2nd management standards [4]

Management standard
Measurement category Comparison target Primary
Secondary value
value
@ Side pressure, water Design side pressure distribution
: 100% -
pressure (Surface~each stage, excavation depth)
1) Allowable tensile stress of rebar )
II) Allowable bending moment 80%
@ Wall stress A 80% 100%
I Allowable compressive stress of 80%
concrete ’
® Wall deformation Calculation at the time of planning 100% -

Table 2. An example of standards for safe construction management of earth retaining construction [5]

Table of judgment

Measurement -
Judgment Criteria
category Management standard danger caution safety
Earth pressure
Side pressure d1str'1but10'n used Fl=
(earth in design Earth pressure used in design /
(The depth of P 8 F140.8 0.8<F1<12 F1)1.2
pressure, water | . Side pressure by actual
insertion of each -
pressure) B measurement(prediction)
step in the
surface)
Wall Estimate at design | F2 = Estimated at design time / actual
<m<
deformation time amount of deformation(prediction) F20.8 0.8<F2=12 F212
Allowable tensile F3= Allowable ten51l§ stress of rebar/ F3¢0.8 0.8<F3<1.0 F3)1.2
stress of rebar Actual tensile stress
Stress in
retaining wall Allowable F4 = Allowable tensile stress of rebar /
bending moment Bending moment by actual F4<0.8 0.8<F4<1.0 F4)1.2
of retaining wall measurement
i Allowable axial _ ) X
Brace axial force of the F5= Allowable axial f(?rce of the F5¢0.7 0.7<F5<1.2 F5y1.2
force member member/ Actual axial force
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Table 3. Standard safety factor applied in slope stability analysis [4,7~9]

Classification Standard safety factor

Reference

Dry season Fs > 1.5

- When interpreted as having no groundwater
(Applying the measured groundwater level during drilling)

Fs > 1.2
or
Fs»> 1.3

Rainy
season

- For the rock slope, the groundwater is placed up to 1/2 the
depth of the tensile crack and analysis is performed.
+ For soil layers and weathered rocks, the groundwater level is
placed at the location where the groundwater level rise is
expected during the rainy season and analysis is performed in
consideration of the groundwater level measured during
drilling. (Fs=1.2 applied)
* In case of conducting an analysis considering the infiltration
of rainfall

(Apply Fs=1.3)
* One of the two conditions must be satisfied

Earthquake Fs > 1.1

-The seismic inertia force acts on the center of the fractured
soil in the horizontal direction.

‘The groundwater level is the level of the actual measurement
or infiltration analysis.

Short-term Fs > 1.0

-Stability of short-term slopes of less than one year
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Table 4. Anchor specifications and design axial force
for each lift-off test location

Specification (m) Design

Classification Spare axial
Bond length| Free length length f(?;;;

2nd floor 22 4.0 9.0 0.55 43.00
3rd floor 13 4.0 9.0 0.55 43.00
5th floor 24 4.0 10.0 0.55 43.00
6th floor 1 4.0 14.0 0.55 43.00
6th floor 25 4.0 14.0 0.55 43.00
6th floor 38 4.0 14.0 0.55 39.00
6th floor 47 4.0 14.0 0.55 39.00
8th floor 34 4.0 10.0 0.55 39.00
14th floor 10 4.0 12.0 0.55 43.00
18th floor 6 4.0 12.0 0.55 43.00
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Fig. 1. Anchor test slope location [6]

Table 5. Lift off test result

0+820 0+840 0+860 0+880 0+900 0+920 °

CTC=3.0x3.0

(b) Anchor test location

Design axial

Classificat force Residual | Load residual [Maximum test
ion load (ton) rate (%) load
(ton)
2nd 1 gz00 | 1s 1280 2977 13.00tf
floor 22 ) ) ' )
w300 | 1s|1560| 3628 18.50tf
oor 13
5th 43.00 1st | 19.80 46.05 23.00tf
floor 24 ' 2nd| - - 44.30tf
o 500 | 1st 2750 63.95 30.00f
oor 1
6th £3.00 1st | 27.80 64.65 32.00tf
floor 25 ) 2nd | - - 44.30tf
6th 39.00 Ist | 31.50 80.77 34.50tf
floor 38 ) 2nd | - - 40.20tf
ﬂoitrh | 3900 | 1st|2180| 5590 24.00tf
8th 39.00 1st | 21.20 54.36 24.00tf
floor 34 ) 2nd | - - 34.60tf
14th floor| 43.00 1st | 13.00 30.23 15.00tf
10 ' 2nd - - 40.20tf
18th floor] £.00 Ist | 30.50 70.93 33.00tf
6 ’ 2nd| - - 44.30tf
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Fig. 2. Lift off test result (continue)
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(h) 6th floor 25 test result under design load
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Fig. 2. Lift off test result (end) [6]
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25 e e e e == 0.8* Design
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6th floor 25 residual load 27 8tf B 6th floor 1 residual load 27.5tf (Load residual rate 63.959)
25 (Load residual rate 64.65%)
20 <> Sth floor 24 residual load 19.8tf
15 > 3rd floor 13 residual load 15.6tf (Load residual rate 36.28%)
,ZS_EIJI?,:';iia']ef;f;azlglgfd T2Et B qath floor 10 residual load 13tF (Load residual rate 30.269%)
10
o 1 2 3 4 5 (=] 7 =]
. zu—d floor s 3rd floor o Sthflocor + sthfleer1 O g;r— tioor o 1athfloor 10 year
13 249
P < — - 9 = | - —_—— 012~ 1
* 15t|— floor Desian 28 - axicl g e 11 T eial foree 0
Fig. 3. Stability evaluation for design axial force of 43tf (Anchor)
Axial force Design axial force : 39tf
50 Danger 1.2* Design
_____ — ——————— Axial force
45 Caution 1.1* Design
Axial force
Safety
40 - --- Design Asdal force
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35 et L SO O]
Caution
30 T -—- 0.8* Design
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10
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Fig. 4. Stability evaluation for design axial force of 39tf (Anchor)
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& 2ndfloor 22 > 3rd floor 13 o Sthfloor 24 + 6thfioor1 o &thfloor 25 o  14athfloor 10 year
* 18thfloor & — . — 0.67 * axial 08 = axial 1.2 * axial oo 1.33 = axial
axial force force force force force
Fig. 5. Stability evaluation for design axial force of 43tf related to slope stability

Axial force

Design axial force : 39tf

S S o panger 1.33* Design
50 Caution Axial force
I 1.2* Design
Axial force
45 Safety
I Design Acxial
6th floor 38 residual load 31.5tf Safety force
35 {Load residual rate 80.77%) 0.8% Desi
. . esign
20 Caution Axcial force
______________________________________________________________________________________________ 0.67* Design
25 . D Auocial force
6th floor 47 residual load 21.8tf = anger
20 {Load residual rate 55.90%5)
ath floor 34 residual load 21.2tf
15 {Load residual rate 54.36%5)
10 ¢ 1 2 3 a 5 6 7 8
& 6th floor 38 6th tioor 47 < Bthfloor 34 =---- Design axialtorce year
----- 0.67~axial o.8*axial 1.2=axial foree ----- 133 * axial force
force force

Fig. 6. Stability evaluation for design axial force of 39tf related to slope stability
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Fig. 7. Slope review section

Table 6. Earth and bedrock (rock) design parameters

Table 8. Corrected residual load according to
installation and construction angle

Residual Ins'tallat Construction | Corrected
Classification load 10? angle residual load
CONN S NG ()
2nd
1 floor 22 130 86 ()36 105.2
3rd :
2| foor13 | 18 | 74 ()24 169.0
5th
3 floor 24 230 46 4 229.4
6th
41 foor1 | 300 | ©0 ()10 295.4
6th
5| floor 25 | 320 | ©2 ()12 313.0
6th
6 floor 38 345 70 ()20 324.2
6th
7| Hoor47 | 240 | 62 O12 23458
8th
8 floor 34 240 34 16 230.7
14th
9 floor 10 150 38 12 146.7
18th
0 fogrg | 330 | 34 16 317.2
Range 150~330 | 34~86 | ()36~16 | 105.2~324.2
Average 247 56.6 -6.6 236.6

Janbu®] 7HAHE o 3
7] 9 A7) 248 si84d1= Table 99 2t} Fig
8~9% 7] Al ZF S ARt ks Hojerh A T

ol
<L

X i Internal i . . Eﬂ‘o’] 73—?‘ _?‘7] }\] cl)_;l(j_%ol 1063 24_7] }\] cl);'-;l(j_%ol
Classifi Unit  |Cohesio friction Strain  |Poisson’s o o °
” weight n coefficient | ratio 1.240]t}. B ©@He $ 971 Al ekE-&o] 1.04, 7]
cation (N/m3) | (cPa) angle (MPa) 5 B )
() Al ebdlgo] 1.2608 Vet $7] Al @Rjo] MEat
Buried = =
lver/ | 200 | 50 | 350 | 150 | 035 $& ke B9 HIEE &S A AHRL
colluvium Ao=Z motEh
Weathered | 195 | 200 | 30,0 50.0 0.35
soil
Wef;iiwd 20.0 30.0 33.0 300 0.31 Table 9. Slope analysis result considering residual
Soft rock | 240 | 200 | 350 1500 | 0.26 load
Hard rock 26.0 500 40.0 14,000 0.24 Safety factor
Classificat] . . -
ion Section| Anchor design | Dry season Rainy

Table 7. Intensity constant of discontinuous surface

Joint surface
” shear strength
Classifica Rock tvpe I 0 Note
tion P Cohesion . r'zterna
(kPa) friction angle
(0)
Cutting |\ desite 15.0 30.0
part

01.5) season()1.2)

3mX3m

Consideri
ngthe | A | (18th floon 1.24 1.06
current
residual 3mx3m
load B (11th floor) 1.26 1.04
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