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Estimation of the Axial Stiffness of Reinforcing Piles
in Vertical Extension Structures
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Abstract

In this study, the axial stiffness of reinforcing piles (K,,) for the vertical extension remodeling structures was estimated
through 3D finite element analysis. In the computation of the minimum required axial stiffness of reinforcing piles, proposed
maximum axial stiffness of old and deteriorated existing piles (K,.) based on theoretical and experimental approaches
will be applied. Through this, the required increase rate of axial stiffness of reinforcing piles in order to support the
increased structural loading was proposed for end-bearing and friction piles by different slenderness ratio (L/D). The
numerical model was validated by comparing the computed results with actual field measurements. Based on the computed
results, it was concluded that the end-bearing reinforcing pile needs 44% — 67% increase in axial stiffness to deal with

the deterioration of existing piles and support the additional structural load due to vertical extension remodeling.
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Fig. 1. Schematic of structural load during vertical extension remodeling process
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Table 1. 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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Table 2. Summary of numerical analysis case

Pile type Length—diameter ratio Length Diameter

i (L/D) (m) (m)

10 3.5 0.35

End—bearing 20 70 035

pile . '

40 14.0 0.35

10 3.5 0.35

Friction pile 20 7.0 0.35
40 14.0 0.35




‘ Full modeled raft ‘
+

‘ Full modeled existing pile (X.,) ‘—)‘ Load-settlement curve of reinforcing pile ‘—)‘ Axial stiffness of reinforcing pile (X,,)

+

‘ Full modeled reinforcing pile ‘

(a) PLAXIS 3D (without pile deterioration)

‘ Full modeled raft ‘
+

‘ Axial stiffness of existing pile (K,,*) ‘—)‘ Load-settlement curve of reinforcing pile ‘—}‘ Axial stiffness of reinforeing pile (K,*)

+

‘ Full modeled reinforcing pile ‘

(b) Yonsei piled-raft (with pile deterioration)

Fig. 3. Summary of numerical computation
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Table 3. Material and soil properties (PLAXIS 3D)

Type Model (klEa) v /) (dea) P Fnt
Weathered soil 5.0x10* 0.32 19 35 20 0.67
Weathered rock Mohr—Coulomb 3.0x10° 0.30 21 39 50 1.00

Soft rock 2.0x10° 0.26 23 42 500 1.00
Existing pile 2.4x10 0.20 25 - - -
Reinforcing pile Linear elastic 3.7x10" 0.20 27 - - -

Raft 3.0x10 0.20 25 - - -
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Fig. 11. Numerical analysis results of friction reinforcing piles
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increase rate
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(2) T=AA] A7)z o

PLAXIS 3D
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500,000
452,432
299,625
200,000
114,286

(m)
0.35
0.35
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Diameter
o] ¥ 33, A%
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Table 4 LERL AT

=

Length
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L
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10
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Pile type
pile
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Table 4. Summary of computed results
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