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Abstract

Pull-out load tests were performed on a CPR (Compaction grouting compound Pile with Reinforce)
test pile, with skin friction being evaluated by the yield load and allowable bearing capacity after
analyzing load-displacement curves and load-settlement curves. Results of the CPR test piles analyzed
from the load-displacement curves show that the yield load and allowable bearing capacity of the
large-diameter CPR test pile were about 1.4 times larger than that of the small-diameter pile. Results
of the load-settlement curves reveal that the allowable bearing capacity of the CPR test pile with
diameter of D500 was 1.2~2.1 times greater than that of the pile with diameter of D400. However, the
allowable bearing capacity calculated using Fuller’s analysis differed substantially from that
determined using the P (Pull-out load) - S (Settlement) and log P - log S curves. Therefore, calculation

of the allowable bearing capacity using Fuller’s analysis is shown to be inappropriate.
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AP & FRA ARGE T Qi o] FHEE AFdl, Aag, UHE, 2T 59 RS 7HAIAL )le] AR
(Chun and Kwon, 1999; Chun et al., 2001), *3AF2| S o] 3357 (Park et al., 2013), ¥-5*KChun and Choi, 2003), 5t
AK(Shin et al., 2010) 5 THYsHA 28511 it 2 AellA= CGS 51 - 5hel 2150 A7-578 HEREE U9
of FRAZHEE A LAIA 26 B STAZ] 2, - ERH L O] 715 A E B/dsto] BebAlQl e 443 Hol=
A e W50 2 -8 7153 CPR(Compaction Grouting Compond Pile with Reinforce) 55 2] 7|2 A9t Bt @&
|22 gtk 7| 25 AAISE | SloiAe 2121 diSe] Ba-lolH, diSE 2|28 9] A=k of whaba] A1 g ¢F
/o] AA| e W5 AAFES dlSohs o2 AR TR o] AljtEglom, 4 0 2 W7 29
S8R ES ol Wi o2 T 7 RIS ook W, ARl (Standard Penetration
Test, SPT)(Woo et al., 2011), ZZHIX|3(Cone Penetration Test, CPT)(Kim et al., 2007a, 2007b), TEAIGHA A
(Sagong and Paik, 2004) ‘50| 3It}. 5 Al 5 WSEAISHA o] 7F A= =7t =2 B thE Al RS2 2] A€
o] Af| = TAT7EE = 7 o] itk WO BT E 213 ASHA 0 2= A5 ASHA R, SAISHA R, QI AfshA
9 5ol Atk YA A2 Als Bart FA] 2 3, 741 Aol -golrt 3, FRITE=L] A7} H|w 4 Zrot Q1
S5 o] 8L U= A ottt B QI o] gIAU A She- o-8afiok sk 739 AlAAIE R A ofl e
2l5ltk= Thdo] 9Irk(Kang et al., 2019). SA15 2-8517] H2l, 53] A@A]
of| AR7F AU At AASHS Stell A Al A7t 52 7ol B4 Al RIS AlRtste] AlRle] 7ot
o] QIti(Ahn et al.,, 2004). TLASHA A2 AlAY S TR O & QIS o] 83 1 o] gAY T= 2|2 Aol
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Fig. 1. Layout for CPR pull-out tests. Red circles: D400 (Nos. 5and 11); blue circles: D500 (Nos. 8 and 14).
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Fig. 2. Geological columnar section of a drilling hole in the pull-out test field.
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Fig. 3. Layout of tension rebar bolt for pull-out load tests of $400 mm (D400) and ¢500 mm (D500).

Table 1. Review and application of tension rebar bolt for $400 mm (D400) and $500 mm (D500)

Tension rebar bolt Number of use Settlement length (m)  Margin length (m)  Total length (m) Remarks

D25 12 2.8 0.4 32 Review
(D400) 10 3.0 0.5 3.5 Application

D25 17 2.8 0.4 3.2 Review
(D500) 13 3.0 0.5 3.5 Application
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Fig. 4. Schematic diagram for pull-out load tests.
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Table 2. Results of pull-out load tests for $400 mm (D400) and ¢500 mm (D500) diameters

D400 D500
No.5 No.11 No.8 No.14
Test load Displacement Test load Displacement Test load Displacement Test load Displacement

(kN) (mm) (kN) (mm) (kN) (mm) (kN) (mm)

60.0 2.395 60.0 4.075 90.0 1.050 90.0 4.650
120.0 5.570 120.0 5.780 180.0 2.815 180.0 7.650
180.0 7.245 180.0 8.200 270.0 4.545 270.0 10.455
240.0 8.860 240.0 10.315 360.0 6.360 360.0 12.350
300.0 10.800 300.0 12.545 450.0 8.100 450.0 14.650
360.0 12.120 360.0 15.375 540.0 9.870 540.0 17.330
420.0 14.360 420.0 17.520 630.0 11.560 630.0 19.550
480.0 16.360 480.0 19.660 720.0 13.550 720.0 22.120
540.0 18.440 540.0 21.480 810.0 15.940 810.0 25.360
600.0 20.690 600.0 23.880 900.0 18.490 900.0 28.550
660.0 23.960 660.0 26.100 990.0 21.130 990.0 33.845
720.0 32.360 720.0 29.330 1,040.0 26.340 1,051.0 44.770
750.8 61.085 730.7 34.905 980.0 39.955 840.0 73.895
530.0 60.705 480.0 44.360 990.0 61.220 560.0 67.835
350.0 59.625 390.0 74.945 800.0 60.160 280.0 66.520
175.0 52.980 260.0 73.565 400.0 56.470 0.0 41.945

0.0 32.130 130.0 70.060 200.0 45.480
0.0 47.225 0.0 29.460
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Table 3. Results of pull-out load tests for CPR piles Nos. 5and 11 of D400

Allowable bearing

CPR Pile Judgements Yield load (kN) Safety factor capacity (KN)
Total settlement (mm) 60.0 mm at 15% of D 749.2 3.0 249.7
Ultimate load (kN) 750.8 3.0 250.3
P-S 650.1 2.0 325.1
No.5 Yield load (kN) logP-log S 644.1 2.0 322.1
(D400) Fuller’s analysis 66.7 2.0 33.4
Maximum displacement at maximum load (mm) 61.085 mm at 750.8 kN
Residual displacement at post-unload (mm) 32.130 mm
Allowable bearing capacity (kN) 250.3 kN
Total settlement (mm) 60.0 mm at 15% of D 730.7 3.0 243.6
Ultimate load (kN) 730.7 3.0 243.6
P-S 660.0 2.0 330.0
No.11 Yield load (kN) logP-log S 5283 2.0 264.2
(D400) Fuller’s analysis 404 2.0 20.2
Maximum displacement at maximum load (mm) 74.945 mm at 730.7 kN
Residual displacement at post-unload (mm) 47.225 mm
Allowable bearing capacity (kN) 243.6 kN
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Fig. 7. Estimation of yield load and allowable bearing capacity on CPR pile No. 8 of D500 obtained from (a) a load-
displacement curve, (b) an P-S curve, (c) alogP - log S curve, and (d) Fuller's analysis.



Table 4. Results of pull-out load tests for CPR piles Nos. 8 and 14 of D500

Allowable bearing

CPR Pile Judgements Yield load (kN) Safety factor capacity (KN)
Total settlement (mm) 75.0 mm at 15% of D 1,040.0 3.0 346.7
Ultimate load (kN) 1,040.0 3.0 346.7
P-S 7572 2.0 378.6
No.8 Yield load (kN) logP-log S 723.8 2.0 361.9
(D500) Fuller’s analysis 180.0 2.0 90.0
Maximum displacement at maximum load (mm) 61.220 mm at 1,040.0 kN
Residual displacement at post-unload (mm) 29.460 mm
Allowable bearing capacity (kN) 346.7 kN
Total settlement (mm) 75.0 mm at 15% of D 1,051.0 3.0 350.3
Ultimate load (kN) 1,051.0 3.0 350.3
P-S 897.5 2.0 448.8
No.14 Yield load (kN) logP-log S 728.9 2.0 364.5
(D500) Fuller’s analysis 52.0 2.0 26.0
Maximum displacement at maximum load (mm) 69.895 mm at 1,051.0 kN
Residual displacement at post-unload (mm) 41.945 mm
Allowable bearing capacity (kN) 350.3 kN
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Fig. 8. Estimation of yield load and allowable bearing capacity on CPR pile No. 14 of D500 obtained from (a) a load-
displacement curve, (b) anP-S curve, (c) alogP -log S curve, and (d) Fuller's analysis.
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