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Abstract This paper analyzes the performance of a slope anchor using the anchor lift-off test and the
anchor short-term creep test results. As part of this analysis, the anchor's performance was studied by
analyzing the load-displacement curve and the anchor's elasticity curve from the anchor lift-off test.
A long-term creep analysis using a rheology model and a hyperbolic model was performed to check if
the residual tension will reduce in the future. In the case of short-term creep, if the creep coefficient
value is 1 mm or less, then creep does not occur. On the other hand, if the creep coefficient exceeds
1 mm, a separate creep test has to be conducted However, there is currently no specific method to test
the long-term creep behavior of anchors. So, this research presents a standard for the long-term creep
testing of anchors. At first, short-term creep tests were conducted on six anchors (&~® anchors), and
using these results, @ residual tension, @ elastic displacement, and ® creep behavior were analyzed. In
any case, it was not possible to make an accurate judgment of the long-term creep behavior with these
short-term creep test results. However, to meet the said goals of the research, a hyperbolic model is
proposed to analyze the long-term residual tension of the anchor and the long-term stability of the

slope.
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Fig. 1. Creep behavior[5]
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Table 1. Modified lower bound formula
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(A) i m
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® EA, ! "
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Fig. 5. Load-elastic displacement curvel6]
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Table 2. Modified lower bound result

Classificati Displacement Load
on
' P, +0.15P,
starting 0 '
point )
78+66.45=145.0kN
0.6 <P Xl P, +0.75P =
. m f :
d t T Tm 4 4 7 m
end poin EAP 35.434mm 410.3 kN
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Load (kN}

(a) “

Elongation (mm)
2

Elongation (mm)
8

Load (kN)
n?ﬂﬂ 250 550 (f)
Load (kN)
®) Fig. 6. Load-elastic displacement curve according to
" lift-off test
(a) ® Anchor (b) ® Anchor (c) © Anchor
2 (d) ® Anchor (e) ® Anchor () ® Anchor
E Table 3. Load-elastic displacement test results
T according to lift-off test
] b Classific| Des'lgn Initial Anchor free .Elastlc IMaximum test
. axial |prestress| |, displacem|
ation R field length load
force ing ent
B ® 43.00tf | 19.8tf 10.0m 48.7mm 44.30tf
T et ”” ® | 43.00tf | 27.8tf 14.0m  |30.4mm |  44.30tf
(© © |39.00tf | 31.5tf 14.0m 19.0mm |  40.20tf
© 39.00tf | 21.2tf 10.0m 24.3mm 40.20tf
® 43.00tf | 13.0tf 12.0m 50.0mm 34.60tf

® 43.00tf | 30.5tf 12.0m 30.9mm 44.30tf

* Anchor Elastic modulus : 1.9x 106kg/ar, fragmentary :
4x0.987(cr)
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Table 4. Step-by-step load holding time and
displacement measurement time

. Load
Maximum .
Load holding | . . .
test load . Dlsplacement measurement tlme(mm)
steps time
by step (min)
1 |P+02P| 10 1,2,3,4,5,6,10
2 [P +04P] 30 1.2.3.4,5.6,10,15,20,25.30
3 |F+0.6P,) 45 1,2,3,4,5,6,10,15,20,25,30,45
4 |P.+0.8P 60 1,2,3,4,5,6,10,15,20,25,30,45,60
5 |£+10P,)] 300 | 1,23,4,5,6,10,15,20,25,30,45,60,300

Table 5. Creep test result
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Maximum 1min 2min 3min 4min Smin 6min 10min Al=
Classification| test load | displacement |displacement | displacement | displacement | displacement | displacement | displacement Stjf*sll decision
(ton) (mm) (mm) (mm) (mm) (tm) (tm) (tom) W
® 44.30 57.85 58.07 58.23 58.35 58.45 58.55 58.84 0.99 OK
® 44.30 37.69 37.77 37.89 37.97 38.04 38.07 38.19 0.50 OK
© 40.20 20.84 20.88 20.91 20.95 20.99 21.01 21.07 0.23 OK
o) 40.20 31.22 31.38 31.54 31.74 31.96 32.02 32.38 1.16 NG
® No test (Excessive displacement occurs before design load is applied) NG
® 4430 | 3514 | 3566 | 3640 | 3699 | 37.79 | 3783 | 3855 | 3.4l NG
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Table 6. Stress used in the load and creep behavior
analysis for each anchor

Anchor ® ®

o

) ®

N

Load(ton) | 44.3 44.3 40.2 40.2 44.3

Stress 122 | 1122 | 1018 | 1018 | 1122

(kg/m2)
Anchor sectional area 3.948cm?2
Table 7. Creep test result

t(min) ® Anchor
0.0083 48.70
1.00 57.85
2.00 58.07
3.00 58.23
4.00 58.35
5.00 58.45
6.00 58.55
10.00 58.84

Table 8. H-K model calculation process of @ Anchor

stress 1.12
1 48.70
€ (Blastic displacement)
El 0.02
2 10.14
€ (Last displacement-First displacement)
E2 0.11
72 0.07
15.00
slope

(Method of trial and error)

Table 9. Long-term creep displacement of H-K model

t(min) analysis value test value

0.0083 48.82 48.70

1 56.53 57.85

2 58.31 58.07

3 58.72 58.23

4 58.81 58.35

5 58.83 58.45

6 58.84 58.55

10 58.84 58.84
60(1hr) 58.84
720(12hr) 58.84
1440(1day) 58.84
10080(1week) 58.84
20160(2weeks) 58.84
30240(3weeks) 58.84
40320(4weeks) 58.84
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® Anchor long-term creep (e) © Anchor short-term
creep (f) © Anchor long-term creep (g9 ® Anchor
short-term creep (h) ® Anchor long-term creep (i) ®
Anchor short-term creep () ® Anchor long-term
creep
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Table 10. @ Anchor Hyperbolic Model Calculation
Process
. Elastic
t(min) 5th 24 t/e . remarks
displacement
lift off test
0.0083 48.7 0.000 48.7000 | measurement
value
1 57.85 0.017 intercept
substitute an
2 58.07 0.034 0.0205 intercept to
trend line
3 58.23 0.052 F'ind trend
line slope
4 58.35 0.069 0.0137
Final
5 58.45 0.086 | convergent
displacement
6 5855 | 0102 | 729927 | Trend line
slope inverse
10 58.84 0.170
60(1hr) 71.214
720(12hr) 72.841
1440(1day) 72.917
10080
(week) 72.982
20160
(2weeks) 72.987
30240
(Gweeks) 72.989
40320
(4weeks) 72.990
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Fig. 8. Short-term trend lines and long-term creep
behavior
() ® Anchor short-term trend line (b) ® Anchor
long-term creep (c) ® Anchor short-term trend line
(d ® Anchor long-term creep (¢) © Anchor
short-term trend line () © Anchor long-term creep
() ® Anchor short-term trend line (h) ® Anchor
long-term creep (i) ® Anchor short-term trend line (j)
® Anchor long-term creep
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Table 11. Long-term creep displacement

Anchor | g ® © © ®
position

Trend line

. 0.0205 | 0.0329 | 0.0526 | 0.0412 | 0.0324
intercept

Trend line

0.0137 | 0.0209 0.039 0.0244 0.0211

slope

final

. 72.9927 | 47.8419 | 25.64 | 40.9836 | 47.3934
displacement
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