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ABSTRACT

Recently, numerous structures have been constructed near the Nakdong river estuary, with pile foundations embedded in
sand and gravel layers. In this study, the side resistance for six drilled shafts embedded in that region was evaluated based
on the results of bi-directional and static axial compressive pile load tests. Subsequently, these results were compared with
the side resistance calculated using domestic and foreign design codes such as FHWA (1999), KDS (2021), and AIJ (2004).
Based on the test results, the evaluated side resistances ranged from 120 to 444kPa. However, the estimated values obtained
from the design codes ranged from 69.3 to 170kPa, which were less than 50% of the evaluated values. It was observed
that the empirical methods and correlations used in design codes provide a conservative estimation of the side resistance
for drilled shafts embedded in sand and gravel layers. It implies that a suitable domestic approach should be developed to
accurately estimate the side resistance of pile in sandy gravel and gravel layers near the Nakdong river estuary.
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Table 1. Side resistance calculated by domestic and foreign design codes
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B39O0  Geotechnical &

) Side resistance (kPa)
Soil Depth (m) N value (ave,)
FHWA (1999) KDS (2021) AlJ (2004)
Case 1 Sandy gravel 1 39.5m ~ 49 .0m 43 75.8 75.8 142.0
Sandy gravel 2 52.0m ~ 59.5m 50 117.8 117.8 165.0
Case 2 Sandy gravel 41.2m ~ 49.5m 50 106.3 106.3 165.0
Gravel 49.5m ~ 58.8m 50 1222 122.2 165.0
Case 3 Gravel 49 0m ~ 57.0m 50 126.3 126.3 165.0
o 4 Sandy gravel 1 42 5m ~ 44.5m 50 107.3 107.3 165.0
ase
Sandy gravel 2 49 0m ~ 57.0m 50 76.2 875 165.0
Case 5 Gravel 57.5m ~ 69.5m 50 145,0 145,0 165,0
o 5 Sandy gravel 7.0m ~ 9.0m 21 104.2 972 69.3
ase
Gravel 9.0m ~ 16.0m 46 166.0 170.6 151.8
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(a) Load—settlement curve (Case 1)
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(c) Load—settlement curve (Case 2)
(OO0 Geotechnical & Construction Eng., 2005)

(b) Axial load distribution (Case 1)
(OO Geotechnical & Construction Eng., 2005)
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Fig. 3. Load—settlement curve and axial load distribution obtainde from pile load test
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(f) Axial load distribution (Case 3)
(OO Construction Testing Institute Co., Ltd., 2009)
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(h) Axial load distribution (Case 4)
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(j) Axial load distribution (Case 5) (KSCE, 2020)
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Fig. 3. Load—settlement curve and axial load distribution obtainde from pile load test (continued)
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Fig. 4. Unit side resistance—diplacement curve
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Table 2. Side resistance of the piles analyzed with the test results

Soil Depth (m) N value (ave,) Side resistance (kPa) Remark
Sandy gravel 1 39.5m ~ 49 .0m 43 286
Case 1
Sandy gravel 2 52.0m ~ 59.5m 50 299
Sandy gravel 41.2m ~ 49.5m 50 271 Ult\mate side
resistance
Case 2 ltimate oid
Gravel 49.5m ~ 58.8m 50 444 mate s
resistance
Case 3 Gravel 49.0m ~ 57.0m 50 333
c . Sandy gravel 1 42 5m ~ 445m 50 - Excluded in analysis
ase
Sandy gravel 2 49.0m ~ 57.0m 50 239
" )
Case 5 Gravel 57.5m ~ 69.5m 50 254 Utmate siae
resistance
Sandy gravel 7.0m ~ 9.0m 21 120 Ultmate siae
Case 6 resistance
Gravel 9.0m ~ 16.0m 46 218
Table 3. Comparison of side resistance calculated using design code and test results
Side resistance (kPa) Comparison (%)
Soil Pepin | N value FHWA KDS AJ | Test It Remark
(m) (ave.) st TS () a 2)/(4 4
(1999) (1) | (2021) (2) | (2004) (3) (4) (/) @/ (3)/4)
Sandy 1 39.5m ~ 75.8 75.8 142.0 286 27 27 50
gravel 1 49.0m
Case 1 Sond 50
ancy M 50 178 7.8 165.0 209 39 39 55
gravel 2 59.5m
Sandy | 4l2m ~ | g 106.3 106.3 165.0 271 39 39 61 Uitimate side
gravel 49 5m resistance
Case 2 495 Ultimate sid
Gravel S 50 1222 1222 165.0 444 28 28 37 mate side
58.8m resistance
4 ~
Case 3| Gravel 9.0m 50 126.3 126.3 165.0 333 38 38 50
57.0m
Sandy 42 5m ~ 50 1073 1073 165.0 B 3 B B Excludeq in
gravel 1 44 5m analysis
Case 4 Sond 290
andy -m 50 76.2 875 165.0 239 ) 37 69
gravel 2 57.0m
Case 5| Gravel | oM Y| 50 450 | 1450 165.0 254 57 57 65 Uitimate sioe
69.5m resistance
Sandy | 7.0m ~ 21 104.2 972 69.3 120 87 81 58 Uitimate side
gravel 9.0m resistance
Case 6
9.0m ~
Gravel 46 166.0 170.6 1518 218 76 78 70
16.0m
8 SEX[ERIAIEIEI=EE X223 XM3=
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