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Case study 1

Preface

As a practical example of piled raft and pile groups by ELPLA, a case is dealt with in order to assess
the accuracy of the different calculation methods of piled raft and pile groups. The case under study
is a high-rise building in London (Stonebridge Tower), which is examined as special case of piled
raft, when no interaction between pile-raft and raft-soil is taken into account. The tower stands on
pile groups. Using the existing field test data of the subsoil and the field results of the raft
settlements and pile loads, this case study provides a good opportunity to evaluate the various
calculation methods available in ELPLA.

The case was examined by Hattab (2007) in a thesis under the supervision of:

Prof. R Herrman
Professor of Geotechnical and Foundation Engineering at the Siegen University

and

Prof. M El Gendy
Professor of Geotechnical and Foundation Engineering at Port Said University

The original work of this case study was in German. Editing and translation of the case study are
carried out with the help of

Eng. Y. El Gendy
GEOTEC Software Inc.
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1 Case study 1: Pile Groups of Stonebridge Tower in London

1.1 General

Stonebridge Tower piled raft analysis and measurements discussed by Hemsley (2000) and reported
by Cooke et al. (1981) are considered to check the accuracy of the present analysis.
Stonebridge is a tower of 16-storey floors at Stonebridge Park in North London, England.
The tower is 43 [m] high. The foundation is a rectangular piled raft of area 43.3 [m] by 19.2 [m].
The estimated total load on the raft gives an average applied uniform load of 187 [KN/m?].
Raft thickness is 0.9 [m]. A total of 351 bored piles are located under the raft. All piles have
a length of I = 13 [m] and a diameter of D = 0.45 [m]. Piles are arranged on 1.6 [m] by 1.5 [m] grid.
Figure 1-1 shows a mesh of Stonebridge Tower raft with piles and Figure 1-2 shows a plan of the
raft with walls and pile groups. The tower is founded on a thick layer of London clay, which,
at this site, extends to the ground surface. As the building has no underground floors, raft is located
close to the ground surface.

The tower was constructed between 1973 and 1975, the recorded average settlement of the raft was
about 1.8 [cm] after four years from the end of construction. Later measurements indicate that
differential raft settlement is small, because the stiffness of the cross-wall superstructure is high.
Padfield/ Sharrock (1983) modeled the raft by plate-bending finite elements, with an equivalent raft
thickness of 4.5 [m] to take account of the stiffness of the superstructure. The soil is treated
as a multi-layered elastic half-space subjected to loads both at the surface and at depth at the pile
locations. Raft-pile interaction is neglected and an iterative process is used to match raft and soil
settlement. They obtained a good agreement between the observed and computed results.
The foundation of Stonebridge Tower is an ideal case study to verify the analysis of piled raft or
pile groups by ELPLA. The piled raft is a full rigid on a deeply extended clay layer. Using available
data and results of Stonebridge Tower piled raft the analysis by ELPLA is evaluated and verified for
analyzing a piled raft on clay soil.

43.3 [m]

19.2 [m]

Figure 1-1  Mesh of Stonebridge Tower raft with piles
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(b)

Stonebridge Tower after Hemsley (2000)
a) Plan of the raft with walls and pile groups

b) Section A-A

Figure 1-2



Pile groups of Stonebridge Tower

1.2 FE-Net

The raft with the dimensions 43.3 [m] x 19.2 [m] is to be calculated. It is divided into elements with
a maximum length of 1.6 [m] in the x-direction and 1.5 [m] in the y-direction,
as shown in Figure 1-3. The piles are divided into line elements with a length of 3.25 [m].
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Figure 1-3  FE-Net of the raft with pile
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1.3 Pile and raft material

The average raft thickness is 0.9 [m]. All piles are equal in diameter and length,
where pile diameter is 0.45 [m], while pile length is 13 [m]. The following values are used for pile
and raft material:

For the raft:

Modulus of elasticity E, = 20 000 [MN/m?]
Poisson's ratio Vp = 0.25 [-]

Unit weight b = 25 [KN/m®]
For the piles:

Modulus of elasticity E, = 30 000 [MN/m?]
Unit weight b = 25 [KN/m?]

C1-6



Case study 1

1.4 Soil properties

The following section describes all soil parameters and constants, those used to carry out the
analysis by ELPLA and other selected methods for comparison for London clay, which is classified
as overconsolidated clay.

1.4.1 Undrained cohesion

The undrained cohesion of London clay increases with depth and can be approximated according to
Hong et al. (1999) by the following linear relation:

c, =150+6.67z (1.1)
where:
Cu Undrained cohesion of London clay [KN/m?]
z Depth measured from the clay surface [m]

1.4.2 Poisson's ratio
Poisson’s ratio of London clay is taken to be vs = 0.25 [-].

1.4.3 Modulus of elasticity of London clay

Hong et al. (1999) used a ratio of 200 between the shear modulus G and the undrained cohesion cy
to get a variable shear modulus of the soil.

G=200c, =200(150+6.672) (1.2)

The relationship between the shear modulus G and modulus of elasticity E is given by:

E

Substituting Eqg. (1.2) into Eqg. (1.3) and taking Poisson’s ratio of the clay vs = 0.25 [-] leads to:
E=E,(1+0.0445z) (1.4)

where:

G Shear modulus [KN/m?]

E Modulus of elasticity of London clay [kN/m?]

Vs Poisson’s ratio of the soil [-]

Eo Initial Modulus of Compressibility, Eso = 75000 [kN/m?]
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1.4.4 Limit pile load QI

The mean undrained cohesion c, of the London clay is taken as cy, = 200 [kN/m2].
Russo (1998) suggested a shaft friction of 180 [kN/m?] for undrained shear strength of 200 [kKN/m?].
To carry out the analysis using a hyperbolic function, a shaft friction of t = 180 [KN/m?] is assumed.
The limit pile load QI for a pile of length = 13 [m] can be calculated as follows:

Ql=txmtxDx|=180xmx0.45x13=3308[kN] =3.3[MN] (1.5)

where:

Qi Limit pile load, [MN]

T Limit shaft friction, T= 180 [kKN/m?]
D Pile diameter, [m]

I Pile length, [m]

The limit pile load Q; is a geometric parameter of the hyperbolic relationship. In some cases,
the value of Q is different from the actual ultimate pile load. Qi =1.5 to 2 Qu, where Qy is the
ultimate pile load.

1.45 Groundwater

Groundwater in typical London clay lies within 1.0 [m] of the soil surface (Rickard et al. (1985)).
Groundwater is assumed to be directly under the raft at a depth of 1.0 [m].

1.4.6 Boring log

A soil layer of H = 100 [m] thickness is considered. For the calculation, the entire layer
of the subsoil, as shown in the borehole profile in Figure 1-4, was assumed to have 10 layers.

C1-8
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. T, Clay

Figure 1-4

Boring log

E =90000[kN/m2,FHI = 0[]
W =90000KN/m2],C = 200kN/n2]
GAM =8.8KN/m3]Nie = 0.25[-]

E =125000kN/m2],FHI = 0]°]
W =125000[kN/m2],C = 200KkN/n2]
GAM =8.69[kN/m3],Nte = 0.25[]

E =160000[kN/m2],FHI = 0]°]
W =160000[kN/m2],C = 200KkN/n2]
GAM =8.69[KN/m3],Nte = 0.25[]

E = 190000[kN/m2], FHI = 0[]
W =190000[KN/m2],C = 200kN/m2]
GAM =8.60[KN/m3]Nie = 0.25[-]

E =225000[kN/m2],FHI = 0[]
W =225000[KN/m2],C = 200kN/m2]
GAM =8.609[KN/mB]Nie = 0.25[-]

E =260000[kN/m2],FHI = 0[]
W =260000[KN/m2],C = 200kN/m2]
GAM =8.60[KN/mB]Nie = 0.25]

E =290000[kN/m2],FHI = 0[]
W =290000[KN/m2],C = 200kN/m2]
GAM =8.0[KN/mB]Nte = 0.25[-]

E =325000[kN/m2],FHI = 0[]
W =325000[KN/m2],C = 200kN/m2]
GAM =8.89[KN/mB],Nte = 0.25[-]

E =360000[kN/m2},FHI = 0[]
W =360000[kN/m2),C = 200KNn2]
GAM =8.60KN'mB],Ne = 0.5[]

E =390000[kN/m2],FHI = 0[]
W =390000[KN/m2],C = 200kN/m2]
GAM =8.89[KN/m3]Nie = 0.25[-]
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1.5

Loads

The total load including the own weight of the raft and piles is applied as a uniform load
of 187 [KN/m?].

1.6 Analysis of the pile groups

To show the difference between the results of the Stonebridge Tower pile group in different
analyses, a total of 13 analyses are carried out using ELPLA as follows:

Table 1-1 Analysis methods of the raft with piles

No. | Method Linearity of the analysis Short symbol
1 | Linear Contact Pressure | - -
2 Linear analysis LPR
3 E/Iec;(iltjilgrs] of Subgrade Nonlinear analysis using Hyperbolic function NPRH
4 Nonlinear analysis using DIN 4014/ Now DIN 1054 NPRD
5 | Modulus of Linear analysis LPR
6 | Compressibility for Nonlinear analysis using Hyperbolic function NPRH
7 | elastic raft Nonlinear analysis using DIN 4014/ Now DIN 1054 NPRD
8 | Modulus of Linear analysis LPR
9 | Compressibility for Nonlinear analysis using Hyperbolic function NPRH
10 | rigid raft Nonlinear analysis using DIN 4014/ Now DIN 1054 NPRD
11 Linear analysis LPR
12 | Rigid free-standing raft | Nonlinear analysis using Hyperbolic function NPRH
13 Nonlinear analysis using DIN 4014/ Now DIN 1054 NPRD

Meaning of short symbols LPR, NPRH and NPRD in Table 1-1:

Nonlinear analysis using DIN 4014 (NPRD)
Nonlinear analysis using Hyperbolic function (NPRH)

Linear analysis (LPR)

NPRD was developed by El Gendy et al. (2006), while NPRH and LPR were developed by
El Gendy (2007a).

C1-
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1.7 Results

Results of the settlements for the various analyses are presented in contour lines and isometric
views in Figure 1-5 to Figure 1-16. Contact pressures are presented as circle diagrams
in Figure 1-17 to Figure 1-25. Pile loads are presented as circular diagrams in Figure 1-26 to Figure 1-
38.

1.7.1 Settlements

1.7.1.1 Settlements obtained by Modulus of Subgrade Reaction

10,19 [cm]
0

Figure 1-5  Settlements [cm] - LPR - Max. s =0.19 [cm], Min. s = 0.17 [cm]

10,23 [cm]
0

Figure 1-6  Settlements [cm] - NPRH - Max. s = 0.23 [cm], Min. s =0.19 [cm]

Figure 1-7 Settlements [cm] - NPRD - Max. s =0.30 [cm], Min. s = 0.26 [cm]
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1.7.1.2 Settlements obtained by Modulus of Compressibility for elastic raft

B 2z
B 207
[ 2071em
[] 2970em
. 1,87 [cm]
. 1,77 [cm]
. 1,67 [cm]
[ ws7tem
[ 1470em
- 1,37 [cm]
B w27tem
B oiem
B ooiem

Figure 1-8  Settlements [cm] - LPR - Max. s = 2.26 [cm], Min. s = 1.02 [cm]
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Figure 1-9  Settlements [cm] - NPRH - Max. s = 2.66 [cm], Min. s = 1.07 [cm]
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Figure 1-10  Settlements [cm] - NPRD - Max. s = 2.55 [cm], Min. s = 1.18 [cm]
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1.7.1.3 Settlements obtained by Modulus of Compressibility for rigid raft

Figure 1-11  Settlements [cm] - LPR - s = 1.49 [cm]

1,19 [em]
:[0

Figure 1-13  Settlements [cm] - NPRD - s =-1.19 [cm]
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1.7.1.4 Settlements obtained by Modulus of Compressibility for free-standing rigid raft

:[2,18 [cm]
0

12,02 [cm]
0

Figure 1-16  Settlements [cm] - NPRD - s =2.02 [cm]
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1.7.2 Contact pressures

1.7.2.1 Contact pressures obtained by Modulus of Subgrade Reaction

1616 16 16
17

18
18
18

18

18
18
18
18
18
18

1 17
1616 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 1616

Figure 1-17  Contact pressures [MN/m?] - LPR - Max. g = 18 [KN/m?] at the edges

1919 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 8819 19
19

20 20
21 21
21 21
21 21
21 21
21 21
21 21
21 21
21 21

19 19
v19 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 191y

Figure 1-18  Contact pressures [MN/m?] - NPRH - Max. ¢ = 21 [KN/m?] at the edges
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% 3H 3H 3B 3H 3H 3H 3H 3H 3H 3H 3H 3H 3H 3H 3H 3H 3H 3H 3H 3H 3H

6 36
b3 3»H H H FH FH FH FH FH FH FH FH FH FH FH FH FH FH FH FH FH FH FH FH FH FH B

Figure 1-19  Contact pressures [MN/m?] — NPRD - Max. g = 39 [KN/m?] at the edges
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1.7.2.2 Contact pressures obtained by Modulus of Compressibility for elastic raft

n20,2
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Figure 1-20  Contact pressures [MN/m?] - LPR - Max. g = 0.3 [MN/m?] at the edges
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Figure 1-21  Contact pressures [MN/m?] - NPRH - Max. q = 0.4 [MN/m?] at the edges
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Figure 1-22  Contact pressures [MN/m?] — NPRD - Max. g = 0.3 [MN/m?] at the edges
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1.7.2.3 Contact pressures obtained by Modulus of Compressibility for rigid raft

02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02%,

o
>

s &—0—0 > ’
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Figure 1-23  Contact pressures [MN/m?] - LPR - Max. g = 0.9 [MN/m?]
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Figure 1-24  Contact pressures [MN/m?] - NPRH - Max. ¢ = 1.2 [MN/m?] at the edge
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Figure 1-25 Contact pressures [MN/m?] — NPRD - Max. g = 3.3 [MN/m?] at the edge
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1.7.3 Pile loads
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1.7.3.1 Pile loads obtained by Linear Contact Pressure
1.7.3.2 Pile loads obtained by Modulus of Subgrade Reaction

Figure 1-26  Pile loads Ph [MN]

Figure 1-27  Pile loads Ph [MN] - LPR
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Figure 1-28  Pile loads Ph [MN] - NPRH
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Figure 1-29  Pile loads Ph [MN] - NPRD
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1.7.3.3 Pile loads obtained by Modulus of Compressibility for elastic raft
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Figure 1-30  Pile loads Ph [MN] - LPR
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Figure 1-31  Pile loads Ph [MN] - NPRH
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Figure 1-32  Pile loads Ph [MN] — NPRD

1.7.3.4 Pile loads obtained by Modulus of Compressibility for rigid raft
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Figure 1-33  Pile loads Ph [MN] - LPR
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Figure 1-35 Pile loads Ph [MN] - NPRD
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1.7.3.5 Pile loads obtained by Modulus of Compressibility for free-sanding raft
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Figure 1-36  Pile loads Ph [MN] - LPR

3

15 4

37

15 14 13 13 12 12 12 12 12 12 12

21 21
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Figure 1-38  Pile loads Ph [MN] — NPRD
1.7.4 Tabulation of the results

Table 1-2 compares between the settlements and bearing factors of pile groups of Stonebridge
Tower for the various analyses. The table also compares the computed settlements with the
measured settlements.

Table 1-2 Comparison between the results of the different analyses

Computed
settlements Measured Bearing factor
Method Analysis [cm] settlement Olkpp
[cm] [%]
Max. Min.
Linear Contact Pressure - - - 100
LPR 0.19 0.17 99.6
'F\z"e%‘i‘:i'(‘)’rs] of Subgrade  Nppi | 023 | 0.9 99.5
NPRD 0.30 0.26 99.4
Modulus of LPR 2.26 1.02 1.8 93.3
Compressibility for NPRH 2.66 1.07 92.5
elastic raft NPRD 2.55 1.18 94.4
Modulus of LPR 1.49 95.1
Compressibility for NPRH 2.04 93.4
rigid raft NPRD No convergence
Modulus of LPR 1.50 100
Compressibility for NPRH 2.18 1.8 100
free-standing raft NPRD 2.02 100

LPR = Linear analysis

NPRH = Nonlinear analysis using Hyperbolic function
NPRD = Nonlinear analysis using DIN 4014
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1.8 Evaluation

Figure 1-39 to Figure 1-42 show diagrams of the maximum settlements, bearing factors, pile
reaction and raft reaction for pile groups of the Stonebridge Tower using different analyses.

1.8.1 Maximum settlements

B Modulus of Subgrade Reaction

B Modulus of Compressibility
for elastic raft

O Modulus of Compressibility
for rigid raft

O Modulus of Compressibility
for free-standing raft

Settlements

LPR NPRH NPRD

Figure 1-39  Maximum settlements [cm]

1.8.2 Bearing factors axpp

B Modulus of Subgrade Reaction

B Modulus of Compressibility
for elastic raft

O Modulus of Compressibility
for rigid raft

O Modulus of Compressibility
for free-standing raft

Olkpp [%]

LPR NPRH NPRD

Figure 1-40  Bearing factors axep [%]
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1.8.3 Pile reaction and raft reaction

Pile reaction

Figure 1-41

Raft reaction
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Figure 1-42  Raft reaction [MN]
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1.8.4 Available measurements and analyses

Analyses and measurements of the pile groups of Stonebridge Tower carried out by Hemsley (2000)
and updated by Cooke et al. (1981) are considered to verify the accuracy of the analysis by ELPLA.
Stonebridge Tower was built between 1973 and 1975. Four years after completion of construction,
the recorded average settlement of the raft was about 1.8 [cm]. Later measurements have shown that
the difference in raft settlement is negligible because the rigidity of the wall superstructure is high.
Padfield/Sharrock (1983) modeled the raft using the FE method with an equivalent raft thickness
of 45 [m] to account for the stiffness of the superstructure. The subsoil is modeled as
a multi-layered elastic half-space to account for loading both at the surface and at depth of the pile
location. The pile-raft interaction has been neglected. An iterative process was used to adjust raft
settlement and subsoil settlement. The above authors obtained good agreement between the measured
and calculated results.

El Gendy (2007b) considered the foundation of Stonebridge Tower as a rigid pile groups founded on a
very deep layer of clay. According to his method for analyzing pile groups using Compression Index Ce
and the Initial VVoid Ratio e, the calculated settlement was 2.1 [cm].

1.8.5 Discussion of Results

In general, by comparing the results of the various analyses with the measured settlement,
the following conclusions can be drawn:

1.8.5.1 Linear Contact Pressure

Due to the symmetry of the system, Linear Contact Pressure gives the same pile load on
every pile.

The bearing factor obtained by Linear Contact Pressure is 100%, while for all calculation
methods, it is between 92% and 100%.

The pile loads obtained by Linear Contact Pressure of such a system are similar to those
obtained by Modulus of Subgrade Reaction (Figure 1-26 to Figure 1-29). Therefore, the
moments in Linear Contact Pressure and Modulus of Subgrade Reaction are similar.

In Linear Contact Pressure, there is no interaction between the soil and the raft
or the piles. Therefore, the settlements cannot be estimated by this method.

1.8.5.2 Modulus of Subgrade Reaction

Modulus of Subgrade Reaction gives the smallest settlements (Figure 1-5 to Figure 1-7 and
Table 1-2). If one compares the computed settlement with the measured settlement, the result
is a difference of 80% to 91%. This means that the results of the settlements obtained by
Modulus of Subgrade Reaction are incorrect.

The nonlinear analysis (NPRH, NPRD) gives larger settlements under all nodes of the raft
than the linear analysis (LPR), as shown in Figure 1-5 to Figure 1-7.
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Modulus of Subgrade Reaction has the smallest contact pressures compared to the Modulus
of Compressibility. The contact pressure is at the edges of the raft and gives the maximum
value (Figure 1-17 to Figure 1-19).

Pile loads are constant for all piles and have the same value according to both the linear LPR
and the nonlinear (NPRH, NPRD) (Figure 1-27 to Figure 1-29).

Bearing factors from the nonlinear analysis (NPRH, NPRD) are smaller than those from the
linear analysis (LPR), as shown in Table 1-2.

The difference between the bearing factor by the linear analysis and the nonlinear analysis
for NPRH and for NPRD is small. In the nonlinear analysis, it is 0.1% for NPRH and 0.2%
for NPRD as shown in Table 1-2.

1.8.5.3 Modulus of Compressibility
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Modulus of Compressibility for the elastic raft gives the settlements as contours
in an oval shape (ellipse). The settlements increase from the outside to the inside.
The maximum settlement is in the middle (Figure 1-8 to Figure 1-10).

Modulus of Compressibility for the rigid raft gives a uniform settlement across the raft
(Figure 1-11 to Figure 1-13). Figure 1-13 shows a negative settlement in the non-linear
analysis (NPRD). There is no convergence in the solution when using this method.

The settlements of the nonlinear analyses (NPRH, NPRD) are larger than the settlements
of the linear analysis (LPR).

The contact pressures obtained by Modulus of Compressibility for the elastic raft are located
at the edges of the raft and increase from the corners to the middle of the edges
(Figure 1-20 to Figure 1-22). The NPRH method gives the maximum contact pressure.

The contact pressures obtained by Modulus of Compressibility for the rigid raft are at the
edges of the raft. The contact pressures by LPR and NPRH increase from the middle of the
edges to the corners. The maximum contact pressure at the corners. NPRD gives the
maximum contact pressures in the middle of the longest edge of the raft.
A sign change takes place at the same edge. Therefore, negative base pressures result at the
remaining edges including corners. (Figure 1-23 to Figure 1-25).

The contact pressures obtained by Modulus of Compressibility for the rigid pile group are
zero due to the lack of contact area between the raft and the subsoil.

The largest pile loads obtained by Modulus of Compressibility for the elastic raft are in the
central area of the raft (Figure 1-30 to Figure 1-32).

The largest pile loads obtained by Modulus of Compressibility for the rigid raft are at the
edges and corners for LPR, NPRH, where for NPRD there is a sign change in the pile loads
along the longest edge. The largest and positive pile loads are distributed in the middle over
the entire width (Figure 1-33 to Figure 1-35).
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The pile loads obtained by Modulus of Compressibility for the rigid pile group increase from
the center of the raft to the edges and corners. The maximum pile loads are at the edges and
corners of the raft (Figure 1-36 to Figure 1-38).

Bearing factors from the nonlinear analysis (NPRH, NPRD) are generally smaller than those
from the linear analysis (LPR).

In general, the following can be seen from the results of the various calculation methods:

The settlements by nonlinear analyses (NPRH, NPRD) are greater under all nodes of the raft
than those by the linear analyses (LPR), Table 1-2.

Bearing factors are between 92% and 100% (Table 1-2).
The pile reaction is almost 100%. In a piled raft, both elements (pile, raft) work together.

The system for the rigid pile group is therefore governing.

1.8.6 Conclusions

Due to the small distance between the individual piles, the system is considered without a contact
area and thus without the interaction between raft-soil and raft-piles. Consequently, results of the
piled raft are similar to those of pile groups. Therefore, the calculation of the system
as pile groups is suitable. Results of the settlements obtained by Modulus of Compressibility for the
elastic raft, the rigid raft and the rigid pile groups are acceptable.

Modulus of Compressibility for the rigid pile groups is governing. A settlement of 1.8 [cm] was
measured.  According to  Modulus of Compressibility for rigid pile  groups
using DIN 4014 (NPRD) one obtains 2.02 [cm] and using the hyperbolic function (NPRH) one
obtains 2.18 [cm]. Modulus of Subgrade Reaction gives unrealistic values.

1.8.7 Recommendations

Table 1-3 shows the recommended calculation methods for pile groups of Stonebridge Tower and
similar foundation systems. As a result of the comparative calculations, it is recommended to be on
the safe side to select the type of calculation method for the piled raft or pile groups according to
the list in Table 1-3. One can use these methods for similar piled raft or pile groups lying on clay
layers as in Frankfurt and London. In the tables, the calculation method is considered acceptable if
the difference between the measured settlement and the computed settlement is less than 20%.
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Table 1-3 Case study 1: Pile groups of Stonebridge Tower in London

43.3 [m]

s
§
E
¥
Description of the case:
Height =43
Number of floors =16
Foundation area =43.3 [m] x 19.2 [m]
Raft thickness =0.9[m]
Load = 187 [KN/m?]
Number of piles =351
Pile length =13 [m]
Pile diameter =0.45 [m]
Pile spacing =15-1.6[m]
Recommended calculation methods Computed | Measured | Difference
settlement | settlement [%0]
[cm] [cm]

Modulus of Compressibility for rigid piled raft - NPRD 1.49 17
Modulus of Compressibility for rigid piled raft - NPRH 2.04 13
Modulus of Compressibility for pile groups - LPR 1.50 1.8 17
Modulus of Compressibility for pile groups - NPRH 2.18 21
Modulus of Compressibility for pile groups — NPRD 2.02 12
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