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Proposed Deterioration-induced Axial Stiffness of Existing Piles
in Vertical Extension Structures
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Abstract

In this study, the axial stiffness of existing piles (K.) of vertical extension remodeled building was quantified through
theoretical and experimental approaches. Theoretically induced upper and lower boundary of the pile axial stiffness was
estimated by using the formula proposed by Randolph and Wroth (1978), which can estimate the axial stiffness of rigid
and flexible pile subjected under soil confinement. In addition, 38 cases of field measurement data on deteriorated piles
with various diameters constructed in the period between 1995 — 1997 were taken in to account by overlapping the
field data with the theoretical boundary of the axial stiffness. Through this the maximum axial stiffness of existing pile
due to deterioration and long service time was presented for various slenderness ratio (L/D), which can be used in
estimating the necessary axial stiffness of reinforcing piles(X,-) for the vertical extension remodeling. The lower 95%

value of the estimated axial stiffness of existing pile will be induced through statistical processing.
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Table 1. Summary of o value (KHS, 2008)

Pile type o value
Driven pile (Steel) a = 0.014(L/D) + 0.78
Driven PC (PHC) a = 0.013(L/D) + 0.78
Cast—in—place pile a = 0.031(L/D) + 0.15
Bored pile (Steel) a = 0.009(L/D) + 0.39
Bored pile (PHC) a = 0.011(L/D) + 0.36
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Table 2. Pile static load test data of SIP (1995 - 1997) (Choi et al., 2017)

Pile properties Displacement at Pgesign
ID Year City Pile D T L L/D Prg 5, 5,
type (mm) (mm) (m) (ton) e

1 1997 J PC 0.35 0.065 1.6 33 40 7.550 4.305
2 1997 J PC 0.35 0.065 1.4 33 40 4.165 1.465
3 1997 J PC 0.35 0.065 1.7 33 40 2.260 0.530
4 1997 J PC 0.35 0.065 13.5 39 40 1.180 0.170
5 1997 J PC 0.35 0.065 12 34 40 2.505 0.450
6 1997 J PC 0.35 0.065 14.5 41 40 2.885 1.000
7 1997 J PC 0.35 0.065 13.5 39 40 1.975 0.050
8 1995 G PC 0.40 0.075 11 28 50 1.375 0.245
9 1996 I PC 0.40 0.075 13.2 33 50 3.345 0.785
10 1995 I PC 0.40 0.075 14.3 36 50 2.534 0.443
1 1997 G PC 0.40 0.075 5.4 14 50 1.057 0.279
12 1997 G PC 0.40 0.075 7.2 18 50 1.367 0.229
13 1997 Su PC 0.40 0.075 6.8 27 50 3.110 1.840
14 1997 Su PC 0.40 0.075 5.4 14 50 6.080 3.080
15 1997 N PC 0.40 0.075 10.3 26 50 2.750 1.940
16 1997 N PC 0.40 0.075 9.2 23 50 1.700 1.090
17 1997 N PC 0.40 0.075 10 25 50 3.620 1.900
18 1997 N PC 0.40 0.075 10.2 26 50 2.420 1.770
19 1997 N PC 0.40 0.075 5.9 15 50 5.530 2.820
20 1997 N PC 0.40 0.075 6.1 15 50 5.020 2.430
21 1997 N PC 0.40 0.075 9.7 24 50 2.050 1.170
22 1997 N PC 0.40 0.075 9.7 24 50 3.190 2.160
23 1997 N PC 0.40 0.075 7.3 18 50 3.450 2.120
24 1997 G PC 0.40 0.075 7.2 18 45 1.835 0.510
25 1996 G PC 0.40 0.075 7.1 18 45 1.915 0.900
26 1996 S PC 0.50 0.09 8 16 65 3.820 1.650
27 1996 S PC 0.50 0.09 15.8 32 65 1.965 0.370
28 1996 S PC 0.50 0.09 8.4 17 65 1.055 0.145
29 1996 S PC 0.50 0.09 8.8 18 65 1.205 0.210
30 1996 S PC 0.50 0.09 6.2 12 65 2.275 0.850
31 1996 S PC 0.50 0.09 9.4 19 65 3.210 0.980
32 1996 S PC 0.50 0.09 13.3 27 65 2.890 0.910
33 1996 S PC 0.50 0.09 7 14 65 2.175 0.375
34 1996 S PC 0.50 0.09 9.7 19 65 2.660 0.575
35 1996 S PC 0.50 0.09 6.7 13 65 2.715 0.945
36 1996 S PC 0.50 0.09 8.2 16 70 2.295 0.565
37 1996 S PC 0.50 0.09 8.6 17 70 1.640 0.330
38 1996 S PC 0.50 0.09 10.5 21 70 1.230 0.179

xJ @ Jochiwon, G : Gwangju, | : Incheon, Su : Suwon, N : Namyangiju, S : Seoul

*Pgesign - pile design load from field load test
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Table 3. Proposed axial stiffness of existing piles considering
deterioration

Length—diameter ratio (L/D) Axial stiffness (K,) (kN/m)
10 200,000
20 200,000
30 200,000
40 160,000
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