
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Underpinning of a Pile Foundation on Soft Clay

Réprise en Sous-Oeuvre d'une Fondation sur Pieux

8/ 32

J. HUDER Professor, Institute of Foundation Engineering and Soil Mechanics, ETH Zurich, Switzerland
F. BUCHER Senior Engineer, Institute of Foundation Engineering and Soil Mechanics, ETH Zurich, Switzerland

SYNOPSIS At the end of construction of a piled building excessive settlements were observed.

As some cracks were already formed and further damage had to be expected remedial measures and in

vestigations were undertaken. The latter showed that two critical situations with respect to the 

cast-in-place concrete piles existed, namely during the construction of the piles and during the 

backfilling around the buildings. An underpinning with an additional 14 piles was designed and con

structed. The method of underpinning is described in detail. In connection with the underpinning the 

backfill was in part permanently removed and in part replaced by a light-weight material. The per

formance of the building after the underpinning has been monitored by settlement measurements. The 

results are satisfactory although the ground surrounding the building is still settling at a rate 

of 10 mm/year, bringing the total settlement measured in 11 years to 31 cm (11 cm since completion 

of the underpi n n i n g ) .

INTRODUCTION

A soil profile frequently met in Switzerland 

consists of soft lacustrine clays of 10 to 20 
metres depth underlain by moraine. Usually, in 

such a situation, piling is employed for the 

foundations of buildings. Although pile founda

tion failures are not common, they may occur 

under unfavourable c o n d i t i o n s . An example is 

given in figures 1 and 2 of a structure built 

on soft clays and supported by 250 piles founded 

in a moraine at a depth of about 18 metres. 

Although the piles are well embedded in the m o 

raine unequal settlements of 5 cm were observed 

and cracks were formed in one wing of the build

ing. Immediate measures had therefore to be 

taken to avoid further damage. It is the aim of 

this paper to give possible reasons for the 

foundation failure, to describe the method of 

underpinning and to present the results of the 

settlement measurements for the structure and 

its surroundings.

TOPOGRAPHY AND GEOLOGY OF THE SITE

The building is sited near Lake Zurich in an 

area of soft ground about 9 0 metres above the 

level of the lake. As a consequence of the 

foundation failure a supplementing soil investi

gation necessitating three additional exploratory 

borings was carried out (Fig. 1). The results of 

these investigations and the data collected 

during piling for the underpinning confirmed 

essentially the earlier findings on the geolo

gical profile, which may be summarized as 

follows (Fig. 2):
F i g . 1 Plan of the building with location of 

borings and settlement points
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Fig. 2 Section 1-1 of fig. 1 with soil profile

0 - 2 m organic material and fill material

2 - 4 m  marl, with shells and reed grass, 

very soft, grey

4 - 16 m lacustrine clay, soft, grey to grey- 

blue

16 - 18 m clay with cobbles and stone boulders, 

firm to stiff, dark grey

below 18 m moraine, silty sand with gravel,

cobbles and boulders, hard to very 

hard, grey

The physical properties were obtained from field 

and laboratory tests. The mean values for the two 

main layers, the lacustrine clay (1) and the 

moraine (2), are given below:

(1) (2)

uses CL SC-CL

WL 36 % 20 %
Wp 18 % 11 %

ÏP 18 % 9 %
w 35 % 11 %
< 0.002 mm 40 % 6 %
< 0.06 mm 98 % 39 %
< 2 mm 100 % 73 %

Pd 1400 k g / m3 2200 k g / m3

cu 8 kPa
cu/o' 0.23
N(SPT) > 35

The pore water pressures were observed with 

quartz-sand filters installed in boring 1. At 

the beginning of the underpinning works, when 

the first reading was taken, the pressure at a 

depth of 15 m correponded to a water level 

0.9 5 m above ground level, and the pressure at

a depth of 7.5 m to one 0.60 m  below ground 

level. The ground water level was at a depth of 

about 2 m. The main reason for the excess pore 

water pressures in the lacustrine clay was an 

extensive fill of 2.5 m height, which had been 

placed five years previously on the area adjacent 

to the west side of the building.

REASONS FOR THE PILE FOUNDATION FAILURE

With regard to the remedial measures to be taken 

the reasons for failure had to be investigated.

In this investigation a number of possible rea

sons had to be considered, and it is likely that 

not only one, but the combined effect of more 

than one reason has resulted in the excessive 

settlements of wings A and C (Bucher, 1971).

The pile type employed was a driven cast-in-place 

concrete pile. For this pile type it is most im

portant that the equilibrium of the fresh concrete 

column when the casing is withdrawn has to be 

maintained by a sufficient lateral strength of 

the soil. Otherwise necking of the concrete pile 

will occur. To avoid soil squeeze the following 

condition must be satisfied (Huder, 1972):

where Y

z

N c

cu

Yc

Z O

z + NC.CU > k Yc Zc

unit weight of soil 

depth of soil 

bearing capacity factor 

undrained shear strength of soil 

unit weight of concrete 

height of concrete column

for z = z the minimum value of c is 
c u

c > (k y  - y )  z / N 
u c c

or in relation to the effective overburden 

pressure a ' = y ' z

cu/o' > (k yc-y) / N c y '

A high water cement ratio was selected to produce 

a smooth pile surface and thus to reduce the ne

gative skin friction. Therefore, the ratio of the 

horizontal to the vertical stress in the fresh 

concrete k = 03/0^ may be assumed to be 1.0. 

Assuming further y c  = 24 k N / m 3 , y  = 19 k N / m3 
and Nc = 8 it follows that

cu/o' > 0.07

In the undisturbed condition of the clay the 

value of cu/a' was 0.23, which is well above the 

required value of 0.07. However, driving caused 

a certain disturbance of the lacustrine clay.

The relative displacement due to driving (volume 

of the piles to the volume of the soil within 

the pile group) was about 3 %. For such a value, 

the reduction in shear strength could have 

reached 50 % (Orrje and B r o m s , 1967). Thus, it 

is very unlikely that necking could have damaged 

the piles taking into further consideration the 

fact that the piles were reinforced throughout 

the whole length.

A second critical situation to be considered 

existed due to the slope about 3.5 m in height 

adjacent to the piles on the west side of the
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Fig. 3 Results of settlement measurements for 

a) wing C, b) wing A and c) ground sur

face around the building

Fig. 4 Settlements of wings A and B before 

underpinning of wing A

building. From the beginning this slope had only 

a small safety factor against a slip failure.

The shear strength was further reduced due to 

the driving of the closed end casings for the 

piles. Thus movements of the slope were observed, 

and it is likely that due to these movements 

some of the piles were loaded laterally before 

the concrete had sufficiently hardened to w i t h 

stand the accompanying forces.

To achieve the final ground level (Fig. 2) the 

excavation was backfilled. Although this was done 

in stages the very low permeability of the clay 

did not allow a sufficient gain in strength 

within the time allowed (a few m o n t h s ) . It should 

be mentioned that wing C had no base slab on the 

west side. Further, it was observed that in some 

parts of the building with a base slab the soil 

separated from it due to consolidation settlement. 

Thus it was possible for the soil to flow lateral

ly and even fill up the space below the base slab. 

This would occur if the overburden pressure 

at the level of the slab (Broms, 1972) exceeds

0 1 = ^ c • c u

With Nc = 5.5 and cu = 8 kPa, i.e. not reduced 

due to disturbance, a limiting pressure of 

44 kPa is obtained. This value is greatly ex

ceeded by the pressure of the backfill, which 

amounts to about 70 kPa. The yielding soil would 

have subjected the piles to a lateral load of 

about 9-cu -D (D: pile diameter) i.e. 18-36 k N / m1 
depending on the degree of disturbance (Broms, 

1964). This pressure must have damaged the piles 

by bending or shear as is quite apparent from 

the recorded settlements of wings A and C.

REMEDIAL MEASURES

In figure 3a the settlements of three selected 

points of wing C are shown. At the end of 19 71 

after completion of the backfilling the measured 

settlements of point 19 reached a value of almost 

4 cm, and that of point 18 almost 5 cm. As point 8
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Fig. 5 Plan of wing A  showing details of the 

underpinning system

settled by 1 cm the measured differential settle

ment was 3-4 cm. By that time cracks had already 

developed in the walls of the building and the 

settlement increased by about 5 mm/week. Remedial 

measures were then started with the partial ex

cavation of the backfilling which resulted in a 

small heaving of the building as shown in figure 

3a. Subsequently 4 jacked nondisplacement under

pinning piles were installed from inside the 

building and loaded by a total of 3800 kN. Simi

larly early in 1972 wing A had reached a maximum 

settlement of 6 cm (point 16). Figure 4 represents 

the tilting of the entire wing A which occurred 

without any cracks or damage in the building due 

to the very stiff basement and the expansion 

joint for wing B. As the tilt came close to a 

value of 1/300 and the settlements increased 

rapidly the excavation of the backfill and the 

underpinning of wing A was considered to be 

necessary (Fig. 5). In the case of wing A it was 

not feasible to install the underpinning piles 

inside the building. Instead, 10 additional piles 

were bored along the outside wall at a distance 

of 1 m. Two photographic views of the underpinning 

system are given in figures 6 and 7, and a scaled 

section in figure 8. The underpinning piles were 

founded at about the same depth as the original 

piles of the building. As any further settlement 

of wing A had to be kept to a minimum the under

pinning piles were loaded by Freyssinet type 

pressure cells (Fig. 9) as was the case also in 

wing C . At a load of 7 50 kN the average settle

ment of the piles was 2-3 cm. The volume of the 

excavated material was 430 m 3 . Outside the under

pinning structure 190 m 3 of Leca(a light-weight 

material) was backfilled, the rest remaining 

hollow.

Fig. 6 View of wing A showing underpinning system

Fig. 7 Detail of the underpinning system (wing A)
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CONTROL MEASUREMENTS

The performance of the building after the under

pinning has been monitored by settlement m e a sure

ments. The result is shown in figure 3. After 

completion of the underpinning the settlement of 

wing C increased by about 1.4 cm (points 18 and 

19 in figure 3a) and by about 1.0 cm for wing A 

(point 16, figure 3b). In contrast to this, the 

settlement of the ground around the building has 

increased by 11 cm and has reached a total m e a 

sured value of 31 cm (point 38, figure 3 c ) . In 

the logarithmic time scale the settlement curve 

is almost linear, and it may be extrapolated to 

show that an additional 6 cm of settlements could 

be expected within the next 10 'years.

The measurements of the pore water pressures in

dicate that until 1980 the pore water pressure 

dropped by 1.7 5 m at a depth of 15 m and by 1 m 

at a depth of 7.5 m. Based on laboratory compres

sion tests this drop corresponds to a settlement 

of not more than 6 cm as boring 1 is located in 

the area where the backfill has been removed and 

some drop in pore water pressure occurred before 

the first reading was taken.
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