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A Parametric Study to Estimate the Behavior of a Piled Raft Foundation
Influenced by Ground Conditions
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Abstract

In this study, a sensitivity analysis was carried out by using numerical analysis under the consideration that it is
difficult to analyze the behavior of real piled raft foundations on different ground conditions through a real scale test.
The program used for numerical analysis is FLAC 3D based on the finite difference method. Piles were modelled by
using pile element that is one of the structure elements of FLAC 3D and the ground and raft were modelled by using
continuum element. With a fixed pile arrangement of 3 x 3, the diameter, length, space of piles, and ground conditions
were selected as sensitivity parameters and their mutual correlation were investigated. As a result, the bigger and longer
pile diameter, length and pile space are, the bigger the bearing capacity of the piled raft becomes. When pile space
exceeded a specific value, however, the piled raft foundation behaved like a shallow foundation supported by only a
raft. Also it can be confirmed that the better ground conditions are, the more total bearing capacity of the piled raft

foundation increases.
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Fig. 1. Piled raft foundation as a composite structure (after
Katzenbach and Reul, 1997)
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Fig. 2. Soil shear failure range of raft foundation (Jeon, 1998)
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Table 1. Estimation criterion for the ultimate bearing capacity of piled raft foundations (Seo, 2015)

Sort Code or proposer Reference value (mm)
German code DIN 4014, France, Belgium 20.0
Total Austria 25.0
settlement Terzaghi and peck 25.4

De bear, british standard code 10% of pile diameter

\ German code DIN 4206, Japan structure standard 2.5% of pile diameter
settle?raent AASHTO 6.3
Boston standard, woodward 12.7
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2 Table 2. Parameters selected for sensitivity analysis
w
g, Ground Pile diameter Pile Pile
@ condition (Thickness, mm) length spacing
a =
{ Weathered soil 400 (65) 25D 3D
Weathered rock 450 (70) 30D 5D
Fig. 9. Arrangement of piles and size of raft Soft rock 500 (80) 35D 7D
Table 3. Soil properties applied to this analysis (Nam, 2003)
Ground Unit weight Elastic modulus Poisson’s Friction Cohesion Coefficient of
condition (kN/m®) (MPa) ratio angle (°) (kPa) lateral pressure
Weathered soil 19 31.5 0.35 28 36 0.54
Weathered rock 22 98.0 0.3 35 49 0.43
Soft rock 23 500 0.3 40 100 0.43
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Table 4. Properties of a piled raft foundation used for sensitivity

analysis
Foundation Unit weight | Elastic modulus | Poisson’s
(kN/m°) (GPa) ratio
i Pile
Reinforced 4.0 3.0 0
concrete Raft
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Table 5. Pile element properties applied to analysis considering soil condition

Ground condition Normal stiffness K, Shear stiffness Cohesion Friction angle
(MN/m/m) Ks (MN/m/m) (kPa) (°)
Weathered soil 30 15 18.0 14.8
Weathered rock 700 350 24.5 19.3
Soft rock 2,000 1,000 50.0 22.7
It il
*ig e
R 3 FAAA Contour of SZZ e
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Py Gradiznt Calculation
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Interval = 1.0e+005
(a) Displacement vector diagram (b) Vertical stress contour (Pa)
Fig. 10. Outputs of numerical analysis (Weathered rock, Diameter 450 mm, Spacing 5D)
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Fig. 11. Effect of pile length on bearing capacity (Weathered rock, Diameter 450 mm, Spacing 5D)
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Table 6. Load bearing ratio of raft and bearing capacity of foundation applied to pile length (Weathered rock, Pile diameter 450 mm,

Spacing 5D)
Pile length Bearing capacity of a pile (MN) Area 021‘ raft | Bearing capacity | Load bearing PRF bearing
Skin Tip Total (m9) of raft (MN) ratio of raft (%) | capacity (MN)
25D 6.5 8.7 15.2 17.4 53.4 32.6
30D 7.8 10.2 18.0 31.6 16.9 48.4 34.9
35D 9.7 12.6 22.3 16.7 42.8 39
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Table 7. Load bearing ratio of raft and bearing capacity of foundation applied to pile spacing (Weathered rock, Pile diameter 450 mm,

Length 30D)

Pile spacin Bearing capacity of a pile (MN) Area of raft | Bearing capacity | Load bearing PRF bearing
pacing Skin Tip Total (m of raft (MN) ratio of raft (%) | capacity (MN)
3D 7.2 9.3 16.5 14.6 5.6 25.4 22.1
5D 7.8 10.2 18.0 31.6 16.9 48.5 33.9
7D 8.2 10.4 18.6 55.1 32.6 63.7 51.2
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Fig. 13. Effect of pile diameter on bearing capacity (Weathered rock, Length 30D, Spacing 5D)

Table 8. Load bearing ratio of raft and bearing capacity of foundation applied to pile diameter (Weathered rock, Length 30D, Spacing

5D)
o Bearing capacity of a pile (MN) Area of raft | Bearing capacity | Load bearing PRF bearing
Pile diameter 2 - ;
Skin Tip Total (m°) of raft (MN) ratio of raft (%) | capacity (MN)
400 6.5 8.6 15.1 16.0 51.5 31.1
450 7.8 10.2 18.0 31.6 16.9 48.5 34.9
500 10.1 12.4 22.5 19.5 43.8 42.0
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