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snt

Rpile,i Rpile,j Rpile,k

s

Rb,i Rb,j Rb,k

Type of interaction

1 pile - pile interaction
2 pile - raft interaction
3 raft - raft interaction
4 pile - soil interaction
5 pile base - pile shaft interaction
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0,2 0,4 0,6 0,8 1,00,0

0,0

0,5

1,0

a

raft foundation (RF) piled foundation

CPRF

CPRF

ss
CPRF RF/
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Commerzbank Hochhaus
1994 - 97
PF, s = 2.1 cm

Main Tower
1996 - 99
CPRF, s = 2.5 cm

Japan Center
1994 - 96
CPRF, s = 3.2 cm

Eurotheum
1997 - 99
CPRF, s = 3.2 cm

Citibank
1985 - 86
PF, s = 11 cm

Helaba Hochhaus
1975 - 77
RF, s = 10 cm

RF: raft foundation
PF: piled foundation

s: settlement after finishing
the construction stage

CPRF: combined pile-raft
foundation
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Extensometer
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ultimate limit state (ULS)

external bearing capacity
n

k,i 1,tot,k
i=1

� S R� ��
internal

bearing capacity

proof for the CPRF as an
overall system with:

� load case 1 = 2.00

� load case 2 = 1.75

� load case 3 = 1.50

remark:

no proof for individual

piles necessary

internal forces Sk derived

from the overall system
under working loads,

considering stiffness of

subsoil and
structure

proof of the internal
forces with conventional

design rules

external serviceability

(settlements,

differential
settlements, tilts, …)

,
1

n

ki
i

E S C

�

� � �� 	

 �
�

internal serviceability

(deflections, limiting of

crack width,…)

determining the stress

resultants and proofing
the serviceability in

general with characteristic

values (alternative: use of
design values) for actions

and resistance according

to
existing technical

regulations

serviceability limit state (SLS)
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