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Abstract

Considering the conversion of the Korea Construction Standards to Limit State Design (LSD), we analyzed the
resistance bias factor for pullout resistance, as a part of the development of the Load and Resistance Factor Design
(LRFD) for soil nailing; very few studies have been conducted on soil nailing. In order to reflect the local characteristics
of soil nailing, such as the design and construction level, we collected statistics on pullout tests conducted on slopes
and excavation construction sites around the country. In this study a database was built based on the geotechnical
properties, soil nailing specifications, and pullout test results. The resistance bias factors are calculated to determine
the resistance factor of the pullout resistance for gravity and pressurized grouting method, which are the most commonly
used methods in Korea; moreover, we have relatively sufficient data on these methods. We found the resistance bias
factors to be 1.144 and 1.325, which are relatively conservative values for predicting the actual ultimate pullout resistance.
It showed that our designs are safer than those found in a research case in the United States (NCHRP Report); however,
there was an uncertainty, COVy, of 0.27-0.43 in the pullout resistance, which is relatively high. In addition, the
pressurized grouting method has a greater margin of safety than the gravity grouting method, and the actual ultimate

pullout resistance determined using the pressurized grouting method has low uncertainty.
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Table 1. Database component of soil nailing
Category Components

Geotechnical conditions

+ Site location, structure type, slope angle

* Soil/Rock type, boring log and description
SPT blow count (N), PMT critical pressure
» Uint weight, shear strength, shear resistance angle
» Drawings and specifications of soil nails

Soil nailing data

+ Soil nailing type, grouting method

« Nail material, Nail bar diameter (Dg), Nail install angle
+ Diameter of drill—=hole (Dpn)
+ Nail total length (L),

Bonded length (Lg)

Pullout test data

* Design load or test design load (DL)
* Load applied to the soil nail (P)
+ Displacement at the nail head (4,)

+ Estimated pullout resistance (Q)
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Table 2. Summary of soil nailing database

o2 ALK Table 2). SHEAYARA
AR A 2 mgEEEe

DB component Type Number of case Distribution ratio (%)
Gravity—grouting nail 48 38
Pressurized—grouting nail 38 30
Pressurized—grouting steel pipe nail 3 2
Soil nailing method Multi nal - 2 2
End—expanded nail 11 9
Wedge type removable nail 5 4
Post—tensioned removable nail 2 2
Pre—tensioned nail 16 13
Land development (excavation) 70 56
Soil nail application Road, Railway, Tunnel (slope) 34 27
Unknown 21 17
Grouting method Gravity—grouting 79 63
Pressurized—grouting 46 37
Colluvium 5
Sandy silt
Soil type Sand, Graveli 6
Weathered soll 57 46
Weathered rock 36 29
Soft rock 12 10
4 <N =10 (Loose) 13 10
10 <N < 30 (Medium) 10 8
SPT N value 30 <N < 50 (Dense) 19 15
N > 50 (Very dense) 75 60
Unknown 8 6
Nail material Rebar nail 114 91
Steel pipe nail 11 9
5° 5 4
10° 13 10
Nail install angle 157 %0 29
25°
30°
Unknown 61 49
100 mm 85 68
Diameter of drill—hole 105 mm 32 26
115 mm 8 6
25 mm 44 35
29 mm 38 30
Diameter of nail 32 mm 3
40 mm
Etc. (multi nail, steel pipe) 36 29
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Fig. 1. Relationship between ultimate skin friction and limit pressure
of soil conditions (Clouterre, 1991)
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Table 3. Estimated nominal bond resistance for soil nails in soil and rock (Elias and Juran, 1991)

Material Construction method Soil/Rock type Nominal bond resistance (kN/m?)
Marl/limestone 310.3~399.9
Phyllite 103.4~310.3
Chalk 517.1~620.5
Soft dolomite 413.7~620.5
Rock Rotary driled Fissured dolomite 620.5~999.7
Weathered sandstone 206.8~310.3
Weathered shale 103.4~151.7
Weathered schist 103.4~172.4
Basalt 517.1~620.5
Slate/hard shale 310.3~413.7
Sand/gravel 103.4~179.3
Silty sand 103.4~151.7
Cohesionless soil Rotary drilled Silt 62.1~ 75.8
Piedmont residual 41.4~117.2
Fine colluvium 75.8~151.7
Fine—Grained soil Rotary drilled Silty clay 34.5~ 48.3

Table 4. Unit ultimated bond strength estimates for nail in soil and rock (KISTEC, 2014)

Grout type Soil/Rock type Unit ultimated bond strength (kN/m?)

Soft rock 208~ 264
Gravity—grouting Weathered roclk 223
Weathered soil 48

Soil 86~111

Hard rock 334~336

Soft rock 270~333

Pressurized—grouting Weathered rock 44~319
Fractured zone 336

Weathered soil 44~220
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Fig. 2. Predicted pullout resistance according to bonded length
(Ls)

Table 5. Measured ultimate pullout resistance data
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Fig. 3. Estimated ultimate pullout resistance from ultimate pullout
test

Ultimate pullout resistance (kN)

Grout / Soil type

Range Average

Colluvium sail 84~106 91.67

Deposit soil 30~240 133.67

Gravity—grouting Weathered soil 37~240 143.36
Weathered rock 37~306 198.36

Soft rock 180~325 268.75

Colluvium 82~102 91.00

Pressurized—grouting Weathered soil 89~250 159.86
Weathered rock 93~343 218.31

Soft rock 305~320 312.50
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Fig. 4. Resistance bias factor of ultimate pullout resistance
Table 6. Comparison of resistance bias factor on the this study and NCHRP
Material / Number Mean Standard Coeff. of
Study area ) L .
Construction method of data (M) deviation (op) variation (COVy)
Sand and Sand/Gravel 82 1.050 0.25 0.24
Clay/Fine—Grained 45 1.033 0.05 0.05
NCHRP
Rock 26 0.920 0.18 0.19
All 153 1.050 0.22 0.21
} Gravity—grouting 44 1.164 0.48 0.41
This study X ;
Pressurized—grouting 39 1.446 0.40 0.28
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Lognormal distribution
- == Normal distribution
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(a) Gravity-grouting soil nail

Fig. 5. Standard normal quantile
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