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ABSTRACT : In this study, as the production of high-strength steel pipes due to the development of steel materials, the stability
and applicability of the soil nailing method using high-strength steel pipes were evaluated. Rebars used as reinforcement in the soil
nailing method are the same in order to determine the behavioral characteristics and the effect of increasing the reinforcement when
replacing it with a high-strength steel pipe of a diameter, a field test were conducted to confirm the stability. As a result of the
tensile test, the measured strain is smaller than the strain in the theoretical equation, so it can be seen that the behavior is similar
to that of the soil nailing method using rebars. As a result of the displacement measurement, the displacement of the high-strength
steel pipe is larger than that of the rebars is considered to be the effect of the internal grouting effect of the steel pipe and the
decrease in the cross-sectional area. In the case of using high-strength steel pipes for the soil nailing method, it is judged that the
field applicability is good by improving stability and workability through member performance and weight reduction.
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Fig. 2. Pull-out tests on prefabricated nails installed in a backfill
. Average unit skin friction curves versus displacement at
head (Deguillaume, 1981)
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Fig. 3. Passive earth pressure on reinforcement (Kwon & Jeong,
2009)
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Table 1, Chemical properties of high—strength steel pipe

C (%)

Si (%)

Mn (%) | P (%)

S (%)

STG800 | = 0.18

= 0.40

< 2.00 | = 0.030

= 0.030

Table 2. Mechanical properties of high—strength steel pipe

Yield Tensile . Flatness
Elongation
strength strength %) (D:Outer
(MPa) (MPa) ’ Diameter)
STG800 = 800 = 860 =10 3/4D

apgoltt Aartge) B4l
At ghAIzte] gl b

=3
ARgs] ARAIEA TS A
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Fig. 4. View of rolling machine and steel pipe after treatment
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Fig. 5. Outline diagram of a field test construction
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Table 4. Result of S.P.T

Depth(m)
No. Remark
1.0 20 |3.0]40|50({60|7.0]80]9.0
NH-1 | 7/30 | 31/30 | 50/6 | 50/3 | - - - - -
NH-2 | 8/30 | 50/4 - - - - - - -

Table 5. Result of groundwater level

No. G.W.L (m) No.
NH-1 G.L-6.50 NH-2
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Table 3. Result of geotechnical investigation
Fill Residual soil Weathered rock Soft rock
No. Depth Layer Depth Layer Depth Layer Depth Layer Remark
(m) thickness (m) thickness (m) thickness (m) thickness
NH-1 0.0~1.3 1.3 1.3~34 2.1 3.4~5.0 1.6 5.0~10.0 5.0 NX
NH-2 0.0~1.3 1.3 - - - 1.3~10.0 8.7 NX
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Table 6. Reinforcement specification (SD400, STG800)

Yield Memb All Max. desi
Diameter | Thickness | Inner dia. | Area | Unit weight ¢ ember owance Design load ax. cesighh
(mm) (mm) (mm) (mmz) & g/m3) strength force member force kN) test load
(MPa) (kN) (kN) (kN)
Reb 28.6
ehar - - 642.4 5.04 520 264.1 158.4 128.5 257.0
SD400 (D29)
Hig-strength 318
steel pipe (D2.9) 3.8 24.2 334.1 2.62 800 267.3 160.4 133.6 267.2
STG800

Shotcrete =S E}A5IITH A|@ A2 Zol= 6m, 12mE 319 3|
ou] olPHaT YT e A7 3R AX, olgFT &

DA Zone 1, 373 7 AA S Zone 22 T ot Aol gmd § 2yE ol A
SHTE olFETY g AFeke] A2 Table 63 gt * <=

4.3 NEAZ 2M %), 22hew
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6. Grouting 7. Shotcrete 8. Tensile and Pullout Test

Fig. 6. Flow of a field test construction
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Table 7. Tensile test load and hold time

Load Hold time Remark
0.25 DTL 5 min
0.50 DTL 5 min
0.75 DTL 5 min
1.00 DTL 5 min
1.25 DTL 10 min Creep test

DTL : Design Test Load

Table 8. Pull—-out test load and hold time
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Table 9. Result of inclinometer

Location of Final Management Criteria
1 311
Depth Max. _ 8er to final
No. . displacement criteria .
(G.L-m) | displacement displacement
(mm) (mm) R
(mm) ratio (%)
I-1| 850 1.00 1.95 25.50 7.65
2| 850 2.00 1.57 25.50 6.16

Load Hold time Remark
0.25 DTL 5 min
0.00 DTL 5 min
0.25 DTL 5 min
0.50 DTL 5 min
0.25 DTL 5 min
0.00 DTL 5 min
0.25 DTL 5 min
0.50 DTL 5 min
0.75 DTL 5 min
0.50 DTL 5 min
0.25 DTL 5 min
0.00 DTL 5 min
0.25 DTL 5 min
0.50 DTL 5 min
0.75 DTL 5 min
1.00 DTL 5 min
1.25 DTL 5 min
1.50 DTL 5 min
1.75 DTL 5 min
2.00 DTL 10 min Creep test

DTL : Design Test Load
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Fig. 7. Installation location of strain meter
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Table 10. Result of tensile test at Zone 1

Rebar Test load | Max. displacement
Length (m) Test No. (kN) (mm)
SD-6-1 (pull-out) 1.97
6 SD-6-2 2.17
SD-6-3 2.47
SD-12-1 1606 4.90
12 SD-12-2 8.02
SD-12-3 (pull-out) 2.20

Table 11, Result of tensile test at Zone 2

High-strength steel pipe Test load | Max. displacement
Length (m) Test No. (kN) (mm)
SP-6-1 3.39
6 SP-6-2 3.89
SP-6-3 (pull-out 5.64
® ) 167.0
SP-12-1 (pull-out) 5.53
12 SP-12-2 7.09
SP-12-3 5.88
10
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Fig. 8. Load—displacement curve at Zone 1
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Fig. 9. Load—displacement curve at Zone 2
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Table 12, Result of Pull—-out test

Length Test load Max. displacement
Test No.
(m) (kN) (mm)
p Zonel SD-6-1 257.0 421
Zone2 SP-6-3 267.2 9.36
. Zonel SD-12-3 257.0 4.52
Zonel SP-12-1 267.2 10.78
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Fig. 10. Variations of strain with load (rebar L=6.0, 12.0m)
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Fig. 11. Variations of strain with load (high—strength steel pipe
L=6.0, 12.0m)
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