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Analysis of Pile Behavior according to Bearing Condition for
Vertical Extension Remodeling

ABSTRACT

In this study, three-dimensional finite element analysis was used to analyze the behavior of existing and reinforcing piles according to
the pile support conditions for vertical extension remodeling. Cap support conditions (group pile, piled raft foundation) and pile tip
conditions (rock, soil embedment) were considered as factors influencing existing and reinforcing piles behavior. For the quantitative
analysis of existing and reinforcing piles, the displacement, load distribution ratio, and axial force by depth according to the analysis
stage were analyzed. As a result of the analysis, it was confirmed that the largest settlement occurred in the reinforcing pile due to the
pre-loading method. In particular, a large amount of settlement occurred in group piles regardless of the embedment conditions. In the
piled raft foundation, it was confirmed that the displacement and load distribution ratio of existing piles and reinforcing piles were reduced
due to the influence of the raft. The axial force by depth showed a difference between group pile and piled raft foundation, which appears
to be a major factor affecting displacement and load distribution ratio. Based on the numerical analysis results, it was confirmed that
cap support conditions and pile tip embedment conditions should be considered in the design of pile foundations for vertical extension
remodeling.

Keywords : Vertical extension remodeling, Piled raft foundation, Group pile, Reinforcing pile, Preloading method, Load distribution
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Table 1. Properties of Foundation Structures and Soil

(e) Case 4: Piled Raft Foundation (Sand Embedment)

Linear-Elastic 222 &4l slgjom, gk AJHEZT} opilz
2719] Fo 2 448kl Mohr-Coulomb ¥l 243 STk
7% T2 2 A8k 2R Table 19] Aejahock 2 7oA
ARRS BAIR)E 71E BEIA}E(Wang et al., 2018)F sl

=
AASISITE ARl G A AR 2203 dE A Telx

Type Model U(IZ;V \;vzg)g)ht Younzgj’Ls ﬂl;r:;dulus Poisson’s ratio Fricti(()?) angle C(z}]:;s(il()m R,
Existing Pile L.E.* 23.5 24,000 0.167 - - -
Reinforcing Pile LE.* 235 43,000 0.167 - - -
Raft LE.* 235 24,000 0.167 - - -
Sand M.C.* 17.0 30 0.3 35 0 0.67
Rock M.C* 24.5 500 0.25 40 150 1.0

* L.E. : Linear-Elastic model, M.C. : Mohr-Coulomb model.
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e 2. Numerical Analysis Steps
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Details
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Ratft installation

Existing building construction
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Reinforcing pile installation

Pre-loading to reinforcing piles
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5
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7
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Fig. 4. Schematic of Vertical Extension Remodeling Process Using Pre-loading Method
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Table 3. Settlement according to Cap Support Conditions and Embedment Conditions

Cap support Embedment Settlement
Case P .p.p .. Settlement (mm) Note
condition condition standards
Existing pile 6.16 O.K.
1 Rock embedment - - -
. Reinforcing pile 48.16 N.G.
Group pile — -
) Sand embedment Existing pile 126.03 N.G.
and embedment iteri
Reinforcing pile 166.2 N.G. Criteria for
r—— A1l OK settlement of
xisting pile . K.
3 Rock embedment - g P - structures: 25 mm
. . Reinforcing pile 17.99 O.K.
— 1 Piled raft foundation —
Existing pile 15.44 OK.
4 Sand embedment - - -
Reinforcing pile 23.79 OK.

Displacement(mm)
60 80 100 120 140 160 180 200

132.2

126.2 O
g
° 122.2
F
= Rock embedment
123.5 Sand embedment
48.16
166.2
(@)
Displacement(mm)
60 80 100 120 140 160 180 200
EP1 EP3
(@)

]
N
o
S

Pile No

® Rock embedment

Sand embedment

(b
Fig. 5. Result of Displacement: (a) Group Pile, (b) Piled Raft Foundation

Fig. TARIA] ZZ(BEAA] A7) %, U} rEdEs
HAekelzA(ehs], EAREY)o) we wEEo) Haleks B4

H

Sk Ao} AR 2207 Fepl BAFdElx 71d & Z18h
o] Tt o, ol AAlElE Y 28<] Avta ke
Fig. 6(b)olr] UERS W5A)%] A7) 2ol kA 71
5] HalRe R 2 UeRdT) o) AU
AR 270] hkEgde] opd o= ke

TUE 7| ZoMe Ao dzdy) Fasl WERR] AWy
ZHT} Fslgo] ZA| JERdT) o] TEAR] AWz A
7% 2le] BT TR ke 7|xw) UEe] 3 Rds)

IS HRY| wizeltk YEAR] AW )|2e Be A
Ao T2E ek 7<) 25 mmE WESR= Ao R VeRt
v, TEEe] A YA BAATEA 48.16 mmy} HAYE)
7S ke 208 UeRgon], BAL A 7S (T
7} BAPGE B 25 mm 7[ES 2R Ao SRIEQITh
AUk o 2 F2E 729 A AR AWRE AR
Tk oIS HAIE lsle] AR HE AA} o] FoiR|a Qi)
SN FREE F2E] 7|Z BAS s A A s
7S H=shA| FekRe] WAshs A0 & VPR FEE P
of] FAP} YA FePdAP) € = ok w8 255

ot

i
e

N

R
RO

0

N

o

e

Table 4. Load Distribution Ratio according to Cap Support Conditions and Pile Tip Conditions

Case Cap support condition Embedment condition Load distribution ratio (%)
Existing pil 242
1 Rock embedment .x1s m.g E 6?
. Reinforcing pile 5.0
Group pile T
Existing pile 24.0
2 Sand embedment - B -
Reinforcing pile 5.8
Existing pil 14.
3 Rock embedment 'x1stm'g P ef ¢
. . Reinforcing pile 3.7
Piled raft foundation Existing bil 105
xisting pile )
4 Sand embedment - g P -
Reinforcing pile 4.0
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Table 5. Extraction Steps of Result for Axial Force

Step Details Note

1 Existing pile installation -

Raft installation -

Existing building construction -

Removal load Graphs of 4, 5, 6

Steps existing pile
appears same.

Reinforcing pile installation

Pre-loading to reinforcing piles

N || AW N

Extension loading -
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Fig. 8. Axial Force of Piles (Rock Embedment): (a) Existing Pile (Group Pile), (b) Reinforcing Pile (Group Pile), (c) Existing Pile (Piled Raft
Foundation), (d) Reinforcing Pile (Piled Raft Foundation)
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