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ABSTRACT

In this study, we constructed a database by collecting field pullout test data of the soil nailing using pressurized grouting,
and suggested a method to estimate the ultimate pullout resistance using nonlinear regression analysis to overcome the
problems of ultimate pullout resistance estimation using graphical methods. The load-displacement curve estimated by
nonlinear regression showed a very high correlation with the field pullout test data. Estimated ultimate pullout load by
nonlinear regression method was average 29% higher than estimated ultimate pullout load using previous graphical method.
A sigmoidal growth model was found to be the best-fitting nonlinear regression model against rapid pullout failure. Further,
an asymptotic regression model was found to be the best fit against progressive nail pullout. The unit ultimate skin friction
suggested in this research reflected in the domestic geotechnical characteristics and the specifications of the pressurized
grouting method. This research is expected to contribute towards establishing an independent design standard for the soil
nailing by providing solutions to the problems that occur when using design charts based on foreign research.
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Fig. 1. Estimation of ultimate pullout force using force—displacement
curve(KHC, 2003)
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Fig. 2. Estimation of ultimate pullout force using force—displacement
curve(KISTEC, 2014)
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Table 1. Summary of pullout test database for pressurized soil—nailing
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Reference Test Soil / Rock Nail Nail diameter Drillhole diameter | Bonded Length
ID type material (d, m) (D, m) (L., m)
AP1 Soft Rock Deformed steel 29 100 3
AP2 Soft Rock Deformed steel 29 100 3
AP3 Weathered Rock Deformed steel 29 100 3
AP4 Weathered Soil Deformed steel 29 100 3
AP5S Weathered Soil Deformed steel 29 100 3
Kim (2010) -
AP6 Colluvial Soil Deformed steel 29 100 3
AP7 Colluvial Soil Deformed steel 29 100 3
BP1 Weathered Rock Deformed steel 29 100 2
BP2 Weathered Rock Deformed steel 29 100 2
CP1 Colluvial Soil Deformed steel 29 100 3
Kim (2013) 1 Colluvial Soil Steel pipe D60.0, T4.0 15 8
1—-P—1 Weathered Rock Deformed steel 29 105 4
1-P-2 Weathered Rock Deformed steel 29 105 6
1-P-3 Weathered Rock Deformed steel 29 105 8
1—PP—1 Weathered Rock Steel pipe D486, T4.0 105 4
1—PP-2 Weathered Rock Steel pipe D486, T4.0 105 6
Park (2007) 1—PP-3 Weathered Rock Steel pipe D486, T4.0 105 8
2—P—1 Weathered Soil Steel pipe D486, T4.0 105 4
2—P-2 Weathered Soil Steel pipe D486, T4.0 105 6
2—P-3 Weathered Soil Steel pipe D486, T4.0 105 4
2—-P-4 Weathered Soil Steel pipe D486, T4,0 105 6
2—P—7 Weathered Soil Steel pipe D486, T4,0 105 8
A-No.1 Weathered Soil Deformed steel 25 100 6
B—No.1 Weathered Rock Deformed steel 25 100 3
B—No.2 Weathered Rock Deformed steel 25 100 3
C—No.1 Weathered Soil Deformed steel 25 100 6
C—No.2 Weathered Soil Deformed steel 25 100 6
C—No.3 Weathered Soil Deformed steel 25 100 6
Youn (2009)
C—No.4 Weathered Soil Deformed steel 25 100 6
D—No 1 Weathered Soil Deformed steel 25 100 3
D—No.2 Weathered Soil Deformed steel 25 100 6
E—No1 Weathered Rock Deformed steel 25 100 3
E-No.2 Weathered Rock Deformed steel 25 100 3
E-No.3 Soil (unknown) Deformed steel 25 100 2
72Al4— Weathered Soil Deformed steel 25 100 2
A AENYE) Weathered Soil Deformed steel 25 100 2
Hong (2013) -
7HetAlg— Weathered Soil Deformed steel 25 100 2
72rAlg—2 Weathered Soil Deformed steel 25 100 2
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Table 2. Nonlinear regression model and regression equations in the literatures (after Eo, 2016; Stuedlein, 2008)

Regression model
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2008)
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Table 3. Result of predicted ultimate pullout resistance

Soail type Number of data Range(kN) Average(kN)
Colluvium 3 75.40 75.40
Weathered soil 20 75.40 ~ 206,99 116,20
Weathered rock 13 9425 ~ 343.06 150.15
Soft rock 2 28274 28274
A2} o] sk52] F7t glo] HI7F AL FeksHA| S7kek= 2(Table 1) 7|9te & B]AYS]AEAS =353t H]
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Table 4. Estimation of ultimate pullout force by graphical analysis

Ultimate pullout force (kN) Unit ultimate bond resistance (kPa)
Soil type Number of data
Range Average Range Average
Colluvium 3 82.00 ~ 102,00 91.00 87.00 ~ 10823 96.55
Weathered soil 20 88.90 ~ 250.00 160.85 70,10 ~ 23873 130.85
Weathered rock 13 93.00 ~ 343,00 218,31 106,10 ~ 23237 160,44
Soft rock 2 305,00 ~ 320.00 312,50 323,62 ~ 33953 331,57
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Table 5. Nonlinear regression analysis result to estimate ultimate pullout force

Nonlinear regression analysis .
Yield density Sigmoidal growth Sigmoidal growth Asymptotic reg, Best fit graphlgal
Reference TIeDSt (Equation 3) (Equation 4) (Equation 5) (Equation 6) reg(:esssilon analysis
PN | R? | P(kN) R? P, (kN) R? P,kN) | R? model P, (kN)
AP1 45177 0.990 37397 0,993 368,32 0.995 357,74 0.995 | Equation 5 320
AP2 45511 0,944 322.52 0.996 350,13 0.970 344 52 0.981 | Equation 4 305
AP4 44336 0.995 211,66 0,996 261.88 0.996 261.87 0.996 | Equation 5 135
Kim AP5 31415 | 0957 | 164.61 0,998 20548 | 0967 191.07 | 0992 |Equation 4 160
(2010) AP6 - - 86.92 0,996 - - - — | Equation 4 82
BP1 114,47 0.977 167.01 0.990 147,92 0.995 98,59 0.978 | Equation 5 93
BP2 211,61 0,998 187.09 0,999 180.76 0.999 168,74 0,996 | Equation 5 146
CP1 321,67 0,984 116.1 0,987 182.08 0.985 162.39 0.985 | Equation 4 89
2—P—1 24013 0,989 173.99 0,995 180,04 0.994 180,04 0.994 | Equation 4 130
2—p-2 325,69 0,988 196.88 0,998 222.8 0,993 219.14 0.994 | Equation 4 149
(Egg;) 2—P-3 298,48 0,988 169,87 0,997 198,15 0,992 198,15 0.992 | Equation 4 15
2—P—4 263.13 0,989 196 0,997 202,17 0.996 202,17 0.996 | Equation 4 165
2—pP—7 281,03 0,986 204,68 0,996 212.4 0,994 212.4 0.994 | Equation 4 185
A-No,1 601,41 0.991 219,31 0,999 231,87 1.000 283.87 0.997 | Equation 5 200
B—No.1 167.52 0.990 14274 0.991 144,12 0.990 153,33 0.990 | Equation 4 134
B—No.2 | 446.02 0.959 180.58 0.989 265.27 0.962 220,31 0.976 | Equation 4 172
C—No.1 360,34 0,993 226.24 0,996 243,71 0.995 243,26 0.995 | Equation 4 202
C—No.2 | 35647 0.979 293,81 0,982 24313 0.980 267.6 0.986 | Equation 6 200
éggg) C-No3 | 32042 | 0991 | 27479 | 0992 | 24444 | 0993 | 24516 | 0993 |Equation 5 185
C-No.4 | 34326 0.987 212,27 0.993 2312 0.991 23119 0.991 | Equation 4 190
D—No.1 113,77 0.977 14778 0.987 246.4 0.995 96.32 0.973 | Equation 5 93
D-No.2 | 21073 0,998 180.81 0.999 177.37 0.999 168.49 0.997 | Equation 5 169
E—No.1 259,48 0.975 168.19 0.978 176.51 0.977 175,16 0.977 | Equation 4 150
E-No.2 - - 183,74 0.998 - - - - Equation 4 150
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Table 6. Estimation of ultimate pullout force by nonlinear regression analysis
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