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A Study of Prestressed Concrete Pile Stiffness for Structural Analysis
of Condominium Remodeling with Vertical Story Extension
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Abstract

According to the revision of the Housing Act in 2013, it has been possible to carry out an apartment remodeling
project involving two to three floor vertical extension. The remodeling project with vertical extension requires foundation
reinforcement because structural safety due to additional load and enhanced seismic criteria must be met. In this case,
structural analysis is performed to analyze the load distributed to existing PC pile and reinforced additional pile. The
vertical stiffness (&) of the pile is required for structural analysis, but the research on the 20 ~30 year old PC pile
stiffness is very limited. In this paper, the stiffness of the PC pile in accordance with the change of diameter and length
was analyzed by examining the results of 38 field pile load tests performed during the construction of the apartments
in the 1990’s. As a result of the analysis, the pile stiffness decreases with the increase of the length-diameter ratio
(Z/ D). In addition, the results of on-site pile load test are compared with the coefficient ‘a’ for estimating pile stiffness
proposed in Korea Highway Bridge Design Standard (2008) and the Pile Foundation Design Guideline of Korea Railroad
Corporation (2012). It shows that ‘a’ obtained through the estimation of the literature is very similar to the field test

results in the range of 10 < Z/D<50.
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Fig. 1. Load cases along the construction stages of condominium remodeling process
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Fig. 2. Existing and reinforcing pile location for structural analysis of condominium remodeling with three floor vertical extension

Table 1. Vertical Stiffness of existing and reinforcing piles for structural analysis

. Case 1 Case 2
Classification Pile type The ngmber Diameter ) K, ) K,
of piles (mm) K (kN/m?) e K (kN/m®) =
' K;,’T‘ ‘ K;T
Exiting pile stiffness (&) PC pile 372 350 110,742 245,490
095 (—— 210
Reinforcing pile stiffness (&) | Micro pile 227 150 117,045 117,045
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Fig. 3. Ratio between applied and design loads with different stiffness ratio; (a) =2.10
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Table 2. Pile static load test data for SIP (Soil-cement Injected Precast Pile) pile between 1995 and 1997

Pile properties Displacement at Disglic;ment at sfor P

ID | Year | City" " destan et
Pile D t L L Lesion P P g P § &
tyoe | (mm) | (mm) | (m) D | (ton/KN) d ¢ 2 2d (0.1D) | (0.025D)

1 1997 J PC 0.35 0.065 | 11.6 33 40/392 7.550 | 4.305 | 14.4585 | 7.265 35 8.75
2 1997 J PC 0.35 0.065 | 11.4 33 40/393 4165 | 1.465 9.325 3.590 35 8.75
3 1997 J PC 0.35 0.065 | 11.7 33 40/394 2.260 | 0.530 5.595 1.675 35 8.75
4 1997 J PC 0.35 0.065 | 13.5 39 40/395 1.810 | 0.170 4.810 0.900 35 8.75
5 1997 J PC 0.35 0.065 12 34 40/396 2.505 | 0.450 5.750 1.335 35 8.75
6 1997 J PC 0.35 0.065 | 14.5 41 40/397 2.885 | 1.000 6.835 2.395 35 8.75
7 1997 J PC 0.35 0.065 | 13.5 39 40/398 1.975 | 0.050 6.830 1.680 35 8.75
8 1995 G PC 0.4 0.075 11 28 50/490 1.375 | 0.245 2.785 0.770 40 10.00
9 1996 | PC 0.4 0.075 | 13.2 33 50/490 3.345 | 0.785 8.643 2.952 40 10.00
10 | 1995 | PC 0.4 0.075 | 14.3 36 50/490 2.534 | 0.443 6.028 1.362 40 10.00
11 1997 G PC 0.4 0.075 5.4 14 50/490 1.057 | 0.279 2.975 1.170 40 10.00
12 | 1997 G PC 0.4 0.075 7.2 18 50/490 1.367 | 0.229 3.562 0.909 40 10.00
13 | 1997 Su PC 0.4 0.075 6.8 17 50/490 3.110 | 1.840 9.490 4.540 40 10.00
14 | 1997 Su PC 0.4 0.075 5.4 14 50/490 6.080 | 3.080 | 13.660 | 8.330 40 10.00
15 | 1997 N PC 0.4 0.075 | 10.3 26 50/490 2.750 | 1.940 9.700 8.850 40 10.00
16 | 1997 N PC 0.4 0.075 9.2 23 50/490 1.700 | 1.090 5.060 2.160 40 10.00
17 | 1997 N PC 0.4 0.075 10 25 50/490 3.620 | 1.900 | 10.280 | 5.320 40 10.00
18 | 1997 N PC 0.4 0.075 | 10.2 26 50/490 2.420 | 1.770 7.690 5.440 40 10.00
19 | 1997 N PC 0.4 0.075 5.9 15 50/490 5.530 | 2.820 | 16.190 | 5.880 40 10.00
20 | 1997 N PC 0.4 0.075 6.1 15 50/490 5.020 | 2.430 | 14.190 | 5.910 40 10.00
21 1997 N PC 0.4 0.075 9.7 24 50/490 2.050 | 1.170 5.180 3.790 40 10.00
22 | 1997 N PC 0.4 0.075 9.7 24 50/490 3.190 | 2.160 6.920 5.250 40 10.00
23 | 1997 N PC 0.4 0.075 7.3 18 50/490 3.450 | 2.120 | 10.900 | 5.000 40 10.00
24 | 1997 G PC 0.4 0.075 7.2 18 45/441 1.835 | 0.510 3.765 1.260 40 10.00
25 | 1996 G PC 0.4 0.075 71 18 45/442 1.915 | 0.900 2.990 1.350 40 10.00
26 | 1996 S PC 0.5 0.09 8 16 65/637 3.820 | 1.650 8.455 4.385 50 12.50
27 | 1996 S PC 0.5 0.09 15.8 32 65/638 1.965 | 0.370 4.770 0.760 50 12.50
28 | 1996 S PC 0.5 0.09 8.4 17 65/639 1.055 | 0.145 2.880 0.590 50 12.50
29 | 1996 S PC 0.5 0.09 8.8 18 65/640 1.205 | 0.210 3.200 0.740 50 12.50
30 | 1996 S PC 0.5 0.09 6.2 12 65/641 2.275 | 0.850 8.220 4.250 50 12.50
31 1996 S PC 0.5 0.09 9.4 19 65/642 3.210 | 0.980 | 10.755 | 4.425 50 12.50
32 | 1996 S PC 0.5 0.09 13.3 27 65/643 2.890 | 0.910 | 11.805 | 6.060 50 12.50
33 | 1996 S PC 0.5 0.09 7 14 65/644 2.175 | 0.375 6.125 1.135 50 12.50
34 | 1996 S PC 0.5 0.09 9.7 19 65/645 2.660 | 0.575 9.360 3.755 50 12.50
35 | 1996 S PC 0.5 0.09 6.7 13 65/646 2.715 | 0.945 8.535 3.955 50 12.50
36 | 1996 S PC 0.5 0.09 8.2 16 70/686 2.295 | 0.565 7.255 2.395 50 12.50
37 | 1996 S PC 0.5 0.09 8.6 17 70/687 1.640 | 0.330 3.850 0.860 50 12.50
38 | 1996 S PC 0.5 0.09 10.5 21 70/688 1.230 | 0.179 3.885 1.029 50 12.50

+ J: Jochiwon, G: Gwangju, I: Incheon, Su: Suwon, N: Namyangju, S: Seoul
* Paesign : Pile design load from field load test report
# Ep : Young's modulus of PC pile (4.00E+05 kg/cm?, 4.00E+06 tf/m?, 4.00E+07 kN/m?)
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Table 3. Loading schedule for static axial load test (refer to KS 2445 and ASTM 1143)

) ) Load level relative o
Step | Loading ID | Displacement ID Description
to Pd?wgn
Maintain each load increment until the rate of axial movement does not
& exceed 0.25 mm per hour, with a minimum time adequate to verify this
1 P1 & 25% L
movement rate based on the accuracy of the movement indicator
readings, and with a maximum of 2 hr
2 P2 & 50% Same as step 1
3 P2—0 &% Unloading Measure residual (&) displacement
4 P3 & 75% Same as step 1
5 | P4 (Pyign) §,=4a 100% Same as step 1
6 P4—0 Y, =4 Unloading Measure residual (&) displacement
7 P5 & 125% Same as step 1
8 P6 & 150% Same as step 1
9 P6—0 &% Unloading Measure residual (&) displacement
10 P7 & 175% Same as step 1
P8
11 &, =6 200% Same as step 1
(P2><dcsigu)
12 P8—0 &, =& Unloading Measure residual (&,) displacement
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Table 4. Various K, corresponding to loading steps of Table 3

K, analysis Description
P, —F,
K, = e Incremental stiffness between P2 and P3
3 2
K, = % Secant stiffness at the design load
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e _ Riesign . . .
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Fig. 4. Analysis of K., , K, and K
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