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SYNOPSIS

When considering the differential settlements of a building certain basic criteria must be satisfied 

in order to prevent damage. In the case of Alanya-Obakoy housing scheme, in spite of excessive 

differential settlements, which were beyond the safe limits, no structural damage was observed. An 

analysis of the case is given and underpinning and uplifting operations are described.

INTRODUCTION

The housing scheme of Türkiye Vakiflar Bankasi 

T.A.O. at Alanya-Obakôy in SE of Antalya, Turkey 

consisted of 18 five-storey units which were 

constructed in 1986-7 on filled ground. In the 

following years excessive settlements and 

tilting were observed in the majority of the 

buildings. By 1991 differential settlements of 

some of the buildings have reached to 60-70 cen

timeters. The underpinning of the buildings is 

described.

ROTATIONS

The Alanya-Obakfly scheme has 15 two-block and 3 

three-block units. Each block has ten apartment 

flats. The smaller units are by 10.65 m. x 

27.70 m. and the larger units are by 10.65 m. x 

41.85 m. in plan.

The differential settlements of the units are 

given in Table 1, which were measured 

independently for each unit.

The housing units have five stories and the 

foundation loading was estimated to be not more 

than about 20 000 kN. In less than four years

from the time of completion, differential setle- 

ments became so excessive that none of the flats 

could be occupied.

TABLE 1. Differential settlements (in cm.)

Unit Blocks _1
Corners 
2 _3

*

4
Maximum
rotation

1 1-2-3 0. 0 5 .7 68. 2 63.7 0.008

5 10-11 0. 0 2.0 34. 3 30.7 0.006

6 12-13 0. 0 3 .2 20 .3 23.5 0.004

10 20-21-22 0. 0 1 .7 16. 2 7.2 0.004

11 23-24 0. 0 34 .8 52. 0 21.0 0.016

12 25-26 0. 0 22 .5 37. 2 12 .3 0.012

13 27-28 0 . 0 9 .3 61. 7 53.8 0.010

14 29-30 0. 0 1 .0 33. 6 30.0 0.006

18 38-39 0. 0 6 .1 4. 5 2.0 0.003

*) 1-2 and 3-4 are the shorter sides of the 

units.

The differential, or relative, settlement 

between one corner of the unit and another 

corner is of greater significance to the stabi

lity of the building than the magnitude of the 

total settlement. Relative deflexions and 

relative rotations caused excessive bending 

stresses in the members of the superstructure. 

Therefore the relative rotation (or angular
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distortion) is considered as the critical fac

tor with respect to the stability and the 

serviceability of framed structures.

When considering the limiting movements of a 

building certain basic criteria must be 

satisfied. A tilt or rotation greater than 1 

in 250 ( =0.004) is likely to be visible. A tilt 

or rotation greater than 1 in 150 ( = 0.007) 

according to Skempton et al (1956) and Bjerrum 

(1963) or 1 in 2000 ( = 0.0005) according to 

Polshin et al (1957) is likely to cause 

structural damage. All these authors agree 

that a tilt or rotation greater than 1 in 500 

( = 0.002) may cause cracking in walls and 

partitions.

The values of relative rotations for six units 

at Alanya-Obakoy site were greater than 1 in 250 

and four units were greater than 1 in 150, 

exceeding safe limits. Severe damage observed 

at unit 1 where strip footings and load bearing 

member had developed cracks.

SOIL PROPERTIES

The subsoil was explored by 16 borings reaching 

to a depth of about 20 m. Within this depth 

there was a gradual transition from highly 

compressible layers near the surface to the 

conglomerate bedrock at depths between 7.10 m. 

and 18.50 m.

Superficial loose to dense fill materials 

consisting of gravel, sand and clay together 

with pieces of wood and brick extend to a depth 

between 1.00 m. and 2.60 m . , and overlie 1.60 m. 

to 5.30 m, of soft to medium organic clay. 

Beneath these layers there exist a stiff-very 

stiff reddish brown sandy gravely clay and 

yellowish brown sandy gravely clay layers.

The layers beneath the fill are substituted by 

thick sand and gravel formations towards the 

periphery of the building site.

The topography of the rock surface is determined 

with sufficient accuracy. The area could

roughly be divided into three sections. Units 

14 and 15 are in the area where the bedrock is 

about 10 meters deep. Units 5, 6, 11, 12, 13, 

16, and 18 are in the area where the bedrock is 

about 15 meters deep. In the rest of the site 

the bedrock is about 20 meters deep.

The ground water table varied between 1.00 m. 

and 1.80 m. below ground level.

Shearing Resistance

During the drilling of exploratory holes the 

shearing resistance of the cohesive layers were 

crudely estimated on the basis of records of the 

standard penetration tests. The number of blows 

N on sampling spoon are given in Table 2.

TABLE 2. Standard penetration test results.

Layer

Average 
number of 
blows

Standard 
deviation 
of N

Number
of

tests

Organic
clay

4 4 7

Reddish brown 3 7 
clay

14 6

Yellowish
clay

brown 37 9 20

Unconfined compressive strength of the 

undisturbed samples of organic clay were also 

determined. The values of were between 24 

and 4 9 kN/jn2 which were comparable with the 

emprical relationship proposed by Terzaghi et al 

(1948) between N and qu *

The results of unconsolidated undrained tests on 

undisturbed samples obtained from various layers 

are given on Table 3.

TABLE 3. Triaxial compression test results. 

Layer cu (kN/m2) 0 (°) w

Organic
clay 22 3 0.25

Reddish brown
clay 65 8 0.22

Yellowish brown
clay 80 13 0.20
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Consistency

The natural water content and consistency limits 

of remoulded samples are given on Table 4.

TABLE 4. Natural water contents and consistency 

limits.

Layer w
n WL

w
P

I
P

Organic
clay 0.18 0.32 0.17 0.15

Reddish brown 
clay 0.21 0.45 0.19 0.26

Yellowish brown 
clay

0.21 0.42 0.20 0.22

Compressibility

The compressibility of clay strata was of 

interest as a possible cause of excessive 

settlements of the buildings. The evaluation of 

the average compressibility of each clay layer 

is based on the results of laboratory consolida

tion tests (Table 5).

TABLE 5. Consolidation tests.

Layer

Coefficient of volume 
compressibility, mv

(m2/kN x 10"4)

2
Load increment (kN/m ) 

40-80 80-160 160-320 320-640

Organic
clay

Reddish brown 
clay

Yellowish brown 
clay

16

4

2.5

10

4

2

1

1.5

POSSIBLE CAUSES OF SETTLEMENT

The basic stratification of the site is 

interrupted by layers of dense sand (N = 17) at 

places. It would be interesting to note that 

the units-which had excessive tilting are partly 

founded on thick clay layers and partly on thick 

sand layers.

Differential settlements at the cornersof unit 11 

were 21.00 cm., 52.00 cm., and 34.80 cm. (Table 

1) Borehole N o .3 was made near the corner of

unit 11 where the maximum settlement was 

recorded. The soil profile consisted of a 4.25 

m. thick organic clay which overlies 1.35 m. of 

reddish brown clay and 6.3 5 m. of yellowish 

brown clay (Figures 1, 2).

Borings 1 and 3 revealed the existence of an 

organic layer of considerable thickness beneath 

a fill layer of 1.50 m. to 1.85 m. thick.

The thickness of organic clay was 3.40 m. at 

boring No.5 which was made at the comparatively 

less settled side of unit 11.

If we consider the soil profile as in the bore

hole 3 the settlement due to consolidation of

the foundation soil under the uniform pressure 
2

of 100 kN/m will be about 52 cm. and under a
2

uniform pressure of 150 kN/m it will be 64 cm. 

The maximum diffarential settlement measured at 

unit 11 was, however, 52 cm. As is shown in 

Figs. 1 and 2 the soil profile under this unit 

does not justify such a large differential 

settlement,

Similar observations and analysis were also made 

for other units. And it was concluded that 

consolidation of soft layers can not be consi

dered as the only cause of such large 

differential settlements.

Foundations of the buildings were partly in the

fill layer and partly in organic clay. It is not

easy to make reliable estimates about the bearing

capacity of the fill layer. Unconfined compresi-

ve strengths of undisturbed samples obtained from
2

organic clay layer were between 24-49 kN/m . This 

layer is below the water table and can be 

considered as fully saturated. The bearing 

capacity of the organic clay may be estimated as

q = 4 q  = 2 . 5 x 3 0 = 7 5  kN/m2

This value of the bearing capacity is smaller

than ttie pressure exerted by the strip foundation
2

of units which was estimated as 100 kN/m . So 

foundation loads were in excess of the pressures 

that the soil is capable of carrying.
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As a remedy for the present case it was decided 

to carry the load down to a firmer bearing 

stratum by employing underpinning piles. The 

design comprised of driving small diameter 

(120 mm.) steel displacement piles with a wall 

thickness of 8 mm. The disposition of piles 

were so selected as to avoid imposing any 

additional moments.

Due to necessity of operation from inside the 

basement under limited ceiling height, particu

larly in excessively settled units, the use of 

unconventional driving machinery and equipment 

were designated; first 5.0 m. of the piles were 

hammered with a drifter rig; the remaining 

depths were driven by hydraulic jacks. During 

driving by hydraulic jacks, the reaction was 

provided by a steel girder ends of which were 

symmetrically embedded into the foundation.

Figure 2.

UNDERPINNING AND UPLIFTING

There are three basic techniques to be employed 

when the bearing capacity of the foundation soil 

is not sufficient or the settlements are 

excessive: (1) to increase the size of bearing 

area, (2) to carry load down to a firmer bearing 

stratum capable of supporting the foundations,

(3) to strengthen the soil under the foundations.

The method of pile driving comprised of,

(1) drilling through the foundation, (2) hamme

ring and driving of piles until a 600 kN 

reaction vAS obtained to ensure that the piles 

were driven into the bearing stratum, (3) to 

install additional reinforcing steel and pilecap 

and bound the displacement pile and foundation 

by connecting r-bars to the reinforcement of the 

existing foundations, and concreting.

Surveying of the site showed that all of the 

units were subjected to differential settlements 

However, the settlements of nine units (Nos. 2,

3, 4, 7, 8, 9, 15, 16, 17) at the periphery of 

the site were within the allowable limits and 

weienot continuing(Fig.3).

The settlements of six units (Nos. 5, 6, 10, 13, 

14, 18) were continuing but were total settle

ments and required only underpinning.

The unit No.l with differential settlements 

reaching to 68,2 cm. had severe structural dama

ge, The__owner therefore decided its demolition.

Two excessively rotated units (Nos. 11 and 12) 

were underpinned and uplifted. The surveying 

of the units to be uplifted, in plan 10.65 m.
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by 27.70 m. showed that the columns between the 

ground floor and roof had a 'bow' form due to 

correcting attempted during the construction of 

second floor and upwards. Therefore, an 

optimum uplifting space was selected in order 

to achieve maximum straightening. Accordingly, 

some 300 mm. maxium uplifting along the outer 

longitudinal axis on the maximum settlement 

side of the unit was planned whilst the 

opposite axis acted as a pivot. All columns 

were placed on jacks. 40 jacks were employed 

simultaneously to lift each unit.

In order to lift the unit by lifting up the 

columns, 'windows' at each basement floor 

columns were carved into which jacks with 

lifting capacity of 850 kN were placed. During 

lifting, to avoid crushing of the concrete, 

steel and concrete pads were placed to the top 

and bottom of the jacks.

The jacks had a length of 305 mm. and a stroke 

of 150 mm. with maximum operating pressure of 

60 MPa.

Prior to cutting off the sides of column 

windows, high yield strength steel pipes and 

Dywidag thread bars were used for shoring.

After checking hydraulic systems and final 

briefing of all operators about the procedure 

and safety measures, the remaining reinforced 

concrete accross the windows were cut and 

simultaneously lifting operation was carried 

out by a mm graduated surveyors' level from a 

fix location outside the interference area of 

the building.

According to the lifting up operation schedule 

each cycle was based on the stroke of the jack 

ten steps each, where 1 mm. lifting interval 

was selected, Subject to dispositions of the 

columns, certain steps were skipped to cause 

minumum internal stress built-up-of the upper 

structure.

During the lifting up operation, continuous 

back analyses from the loads on jacks verified 

that the dead loads were within 10 p.c. of the 

calculated weight of 20 000 kN.

After about 26 hours from the beginning of the 

lifting operation, the stroke of jacks with 

about 140 mm. uplift were exhausted and were 

readjusted by steel spacers.

The whole operation was completed on February 17, 

1992 with final lift of 250 mm. After’ that the 

jacks were freed, steel supporting core and 

reinforced concrete column additions were made 

and the building was delivered for finishing.

After completion of underpinning and uplifting 

operations, monitoring of the units for a period 

of six monthes by extansometer measurements and 

surveyors' level records were carried out, and 

no settlement or rotation was observed.

Coastal Highway 

Figure 3. Housing scheme and exploratory borings
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CONCLUSIONS the completions of the work. No further 

settlements or rotations were observed.

Excessive differential settlements were 

observed in the majority of buildings of a 

housing scheme in SE of Antalya, Turkey.

Detailed studies were carried out to determine 

the soil profile and to understand the behaviour 

of the superstructure. The soil investigation 

has revealed a soil profile with a gradual 

transition from highly compressible layers near 

the surface to conglomerate bedrock at depths 

between 7.10 m. and 18.50 m.

In spite of large rotations only one unit had 

serious structural damage (unit No. 1 ). None 

of the other 17 units had cracks. It was even 

more interesting that three of these 17 units 

had relative rotations greater than 1 in 150 

which is considered as the safe limit for 

development of cracks.

The consolidation of soft layers could not be 

considered as the only cause for the large 

differential settlements observed. Furthermore, 

foundation loads at places were in excess of 

pressures that the soil was capable of 

carrying.

The units at th° periphery of the site had 

settlements within the allowable limits and 

did not require any treatment.

The settlements of six units (Nos. 5, 6, 10, 13, 

14, 18) were continuing but were total settle

ments and required only underpinning. Angular 

rotations of these units were not large enough 

to justify uplifting.

Two excessively rotated units (Nos. 11 and 12) 

were underpinned and uplifted. 40 jacks were 

employed simultaneously for each unit. During 

the lifting operation continuous back analyes 

from the loads on jacks verified the intensity 

of dead loads within 10 p.c. of the calculated 

weight of 20 000 kN.

The results of underpinning and uplifting 

operations were monitored for six monthes after
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