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Bearing Capacity of Floating Groups of Diaphragm-Walls

Force Portante des Groupes de Parois Moulées Flottantes dans le Sol

W. PRODINGER Research and Teaching Assistant, Technical University Graz, Austria
CH. VEDER Professor em., Technical University Graz, Austria

SYNOPSIS The construction of the International Buildings of the United Nations in Vienna
made it possible to investigate and to compare, by means of pressure gauges, bearing behaviour of
individual diaphragm panels as well as panels arranged in groups. The investigation of the bearing
behaviour of individual panels was made by means of load bearing tests. The results became the
basis for the design, the investigation of the bearing behaviour of diaphragm groups was carried
out at the foundation panels of the highest building. The test results are comparable because the
depth of one of the test panels (24 m) is almost the same as that of the group for the actual
foundation (25 m). According to the investigations under consideration, the main difference in
bearing behaviour is that for the group the base resistance is considerable higher and the skin
friction smaller that for one of the single elements. For the test panel the portion of the base
resistance is 5 % and that of sk:in friction 95 %. For the designed group, the portion of base resi-
stance is slightly over 30 %, the skin friction is just over 50 % and the portion of the load trans-
ferred directly by the head slab lies under 20 %.

INTRODUCTION

The bearing behaviour of deep foundations arran- spatial frame system arose which is strongly
ged in groups has been examined very little - both sensitive to supplementary strains resulting
theoretically and empirically. Theoretical in- from differential displacements ol the vertical
vestigations, even for small groups, are limited supporting elements.

by computer capacity. Unfortunately, far too few
investigations and measurements are being made

at construction sites. For this reason, special
credit is due to the gentlemen responsible for
the construction of the UN-buildings as they were
very understanding regarding the load tests made
on test elements and the installation of gauges
on the foundation of tower A1.

The foundations of the towers had to be designed
without the help of data from comparable foun-
dations. For the sake of safety, the outer
vertical supporting elements were designed so
that they could be adjusted in height if larger
differential settlement occurred. This, however,
never became necessary.

As a result of the load tests it was possible to
reduce the depth of the foundation from the ori-
ginally planned 30 - 40 m to 25 m. The resultant
savings more than justified the costs of the

load tests. The results of the tests on the struc-
tures themselves will be very valuable for the
future: the knowledge gained will be of con-
siderable help when faced with comparable foun-
dation problems.

BRIEF DESCRIPTION OF THE PROJECT

The International Administration and Conference
Center of the United Nations is composed of 6
tower - like structures varying in height and
arranged like stars around a centrally situated
round conference hall (Fig. 1 and Fig. 2). The
construction of the conference hall was designed
so that its structure is relatively insensitive
differential settlements. Therefore the hall
could be founded on a shallow ring foundation.
The office building towers, on the other hand,
are extremely sensitive to differential settle-
ments so that only a deep foundation was
possible. This sensitivity is due to the fact
that after the rigid connection between the Fig.1 Aireal View of the Construction Site
vertical bearing columns and the supporting floors

was constructed, a statically highly indetermined
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A |AEO BUILDINGS layer is on the border between medium dense and
U UNIDO BUILDINGS dense. Laboratory tests of soil samples taken
from the sand layers (insofar as these could
-
€ OMMON BUILDINGS be taken undisturbed) provided the following
C  CONFERENCE HALL average values:
Specific gravity 27,1 kN/m?
Wet density 19,7 kN/m?
Dry density 16,0 kN/m?
SE_EIICLT?T';AF&Q{F]G 3 Water content 23 %
[ - ' Pore volume 41 %
¥ / Friction angle 34 °
= Q The tegel layers are not of uniform formation;

rather, they consist of layers with varying
degrees of clay, silt and fine sand. Numerous
0 50 100 200 300 400 500m laboratory tests provided the following soil
1 ! 1

Lol ) mechanical values for Vienese tegel:

Fig. 2 Layout of the UN-Buildings/Vienna
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Fig. 3 Scheme of Soil Strata

SOIL CONDITIONS Specific gravity 27,7 kN/m?

The constitution of the subsoil was determined Wet dens;ty 20,7 kN/m;

by numerous test drillings. The subsoil consists Dry density 16,7 kN/m

of fill and a sand-gravel formation near the Water content 24 %

surface. Underlying this are alternating layers Pgre.volgmg 40 3

of Viennese tegel and sand. The thickness of quu1§ }1m1t_ . 48,5 %

the layers varies. Their course along towers A1, Plast}c;ty }1m1t 22 5

A2, U1 and U2 and the conference hall can be Plgst}c1ty index 26,5 %

seen in Fig. 3. In the area of tower A1, where giéi:;?Eegngéipressive inength 340 kN/m?
the investigations of the diaphragm wall groups Modulus of elasticity 19000 kN/m?

were carried out, the thickness of the layers
varies as follows: When the soil mechanical values of the indivi-
dual layers of tegel are compared, the average

i 711 - 2 . . .
?;ilTZgng?ESQSravel 20,9 - 22'2 2 values are virtually identical. The same is
1st Sand layer 87 - 118 m true for the layers of sand. A change in the
2nd Tegel layer 8,1 _ 10'1 m soil mechanical values with depth can not be
2nd Sand layer 17,1 m assumed.

Within the site there were differences in the
height of the ground surface of up to 4,0 m. INVESTIGATIONS ON TEST ELEMENTS

The ground water level was between 3,7 m and
6,4 m under the surface. The sand layers were
water bearing, whereby the water was under high

In 1972 tension and compression experiments
were carried out on foundation elements in
order to design safe and economical foundations

pressure. for the UN-buildings (1 bored pile 4 0,9 m,
According to the results of the Standard Penetro- L = 12,7 m, 2 diaphragm wall elements
meter Test, the density of the sand-gravel 0,5/1,5 m, L = 13,4 and 24,4 m). Loads were
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applied in stages using hydraulic jacks propped
up against a system of rigid reinforced concrete
beams and 15 m or 40 m deep reaction elements.

In this way loads of up to 10.000 kN were applied.
Pressure gauges were installed in order to
measure base pressure in all the test elements
and thus the portion of skin friction of the

load transfer could be calculated. The electronic
equipment made it possible to also determine the
time~deformation behaviour of the test elements
and the surrounding soil. In this report only

the load-settlement behaviour of the 24 m deep
diaphragm wall element will be presented. The
test load applied is divided into base resistance
and skin friction (Fig. 4). Only this element

can be compared with the measurement results of
the diaphragm wall groups because it has about
the same depth.

LOAD [kN)

3 (A 0 6000 000 80

Fig. 4

Load~-Settlement-Diagram

Testelement III
24,4 m deep)
Portion of Skin Friction and Base
Resistance

(Diaphragm-Wall 0,5/1,5 m,

FOUNDATION OF THE TOWERS

Decisive for the foundation design of the star-
shaped towers was their sensitivity to settle-
ment or differential settlement. The limit value
for allowable total settlement was 50 mm; for
differential settlement between the foundation

of the central core and the staircase tower,

20 mm. These limits, plus the subsoil conditions,
made a deep foundation necessary which is able

to transfer the high building loads.

Based on the load tests, it was decided to give
all the towers a 25 m deep foundation. The idea
was to construct separate foundations for the
load~-bearing structures: the central core and
the staircase tower (Fig. 5). The accessory
loads are composed in table I.

The foundations consist of 80 cm wide diaphragm
panels of reinforced concrete with a 2,0 m to
4,0 m thick head slab. The diaphragm panels were
arranged so that they would be equally loaded by
the normal and bending forces which arise. The
design was based on the fact that the diaphragm
wall elements may be loaded with a maximum of

4000 kN/m; the constant loads may not exceed
2/3 of this value.
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Fig. 5 Cross Section, Foundation Tower Al

TABLE |

LOADS ACTING ON THE FOUNDATION OF TOWER A1l

I' ] T 1

LoAD LOAD
CONSTRUCTION PART | WITHOUT HEAD SLAB |INCLUDING HEAD SLAB
i [MN] [MN]
i = |
CENTRAL PART 537 814
STAIRCASE TOWER 1 50 169
STAIRCASE TOWER 3 180 0
STAIRCASE TOWER 5 148 165

LOAD~-SETTLEMENT BEHAVIOUR OF
GROUPS

Since construction was begun, settlement at all
the towers has been measured several times a
year by precision levelling. These measurements
show a decided correlation between loading and
settlement. Speeding up load application led to
increased settlement activity; slowing down the
loading led to a definite reduction in settle-
ment. The construction of a nearby garage in
1976 and 1977 temporarily influenced settlement
at towers A1 and A2. When stress in the soil was
relieved during excavation, settlement greatly
decreased and the foundations of towers A1 and
A2 even rose. The weight of the garage, however,
compensated for the effect that de-stressing

the soil had on settlement. At present, settle-
ment of all the towers may be regarded as
terminated: during the last two years of obser-
vation, total settlement has not been more than
2 mm.

DIAPHRAGM WALL
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Total settlement by no means reached 50 mm. This
figure will not even be exceeded during the
expected long-term settlement. The allowable
settlement difference of 20 mm was reached once
but not exceeded.

The Foundation of tower A1 (Fig.6) has been chosen
to represent the course of settlement. It is
clear that even when the diaphragm wall panels
are equally loaded, settlement increases with

the size of the group - settlement of the foun-
dation of the central core is greater than that
of the staircase towers. The differential settle-
ment of the staircase towers of A1 is under-
standable under the circumstances: Whereas the
difference between ST3 and ST5 is minor, the
markedly greater settlement of ST1 may be traced
to the superposition of the settlement of the
adjacent conference center with its shallow
foundation.

LOAD-SETTLEMENT BEHAVIOUR OF DIAPHRAGM WALL
GROUPS

Constructing deep foundations in the manner
described above has provided a unique opportunity
to examine, using pressure gauges, the bearing
ability of diaphragm walls arranged in groups.
Tower A1 at 116 m was chosen for the investi-
gation of the bearing behaviour of deep
foundations because it is the highest and thus
heaviest of all buildings. In order to evaluate
the portion of skin friction and base resistance
of the bearing behaviour of the diaphragm wall
group, several pairs of pressure gauges were
installed within the panels at the base and

2,5 m below the head slab. The distribution of

9 pairs of gauges is as follows:

Central core 5 pairs
Staircase tower A 2 pairs
Staircase tower B 1 pair
Staircase tower C 1 pair

The gauges are hydraulically operated Gloetzl
type F 17 QM 200 CN 10. The consist of a mercury
filled pressure pad separated by a membrane
(valve) from the polyamid tubes which lead to
the measuring unit. Measurement is based upon
the principle of pressure compensation. The
gauges were specially adapted for installation
in inaccessible parts of the slurry filled
trench. Pad and valve of the gauge were

embedded into a cone-shaped concrete body with

a slightly arched basis (height 40 cm, ¢ 20 cm).
Because of this cone shape, this protective

body will be surrounded completely with concrete
ensuring perfect contact between gauge and
concrete once the diaphragm panels are concreted
with the contractor method.

The measurements were begun in 1974 with the
beginning of construction. Until March 1975
(until half of the load was applied) almost
complete measurement series exist. Between March
1975 and May 1977 only single values are
available because many of the measuring tubes
were covered or damaged in the construction
process. After the building was finished in the
raw, the tubes were excavated and renewed. From
May 1977 till now complete series of measure-
ments exist. In May 1977 about 90 % of the final
load was active. The buildings were completed
and opened in 1979. The measurement data were
evaluated under the following aspects: The base
resistance was calculated by multiplying the
measured gauge value considering the zero value
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of the gauge with the respective area. Likewise,
the portion of the acting load 2,5 m below the
head slab was evaluated. The difference between
the loads in the upper and lower measurement
levels corresponds to the skin friction trans-
ferred between these two levels. The skin
friction was assumed to be uniformly distributed
with depth. To evaluate the skin friction along
the total depth of the diaphragm group, the load
between the two measurement levels was divided
by their distance and multiplied by the total
length of the panels. The sum of base resistance
and skin friction is smaller than the specific
actual load for all the foundations of tower A1.
The difference between these values must
correspond to the portion of loading which is
transferred directly into the subsoil by the
head slab.

During the evaluation of the measured data it
was found that, at the base, singular values
don't deviate much from the average value. On
the contrary, at the upper measuring level

(2,5 m below the head slab) significant
deviations from the average value were observed.

For the foundation of the central core of
building A1, the load transfer is shown in

Fig. 7. The following are average values for
the period between 1974 and 1980:

Base resistance 32 & *
Skin friction 50 & *
Load transfer under the head slab 18 % *

* of the actual load

Similar values could be found for the staircase
towers of building A1. These results are
therefore plausible. With respect to the period
between 1974 and 1979, the percentage of the
base resistance increased slightly compared to
the overall load. Since 1979, however, no load
transformation from the shaft to the base has
been observed.
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