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ABSTRACT: This paper briefly reports the recent largest je t grouting applications in Turkey. The main emphasis is given to selection 

of the je t grouting technique and the quality control tests carried out during je t grout installations. The paper also describes application 

types and details o f the operational parameters such as injection pressure, number and size o f nozzles, lifting and rotation speeds, etc. 

In all applications, je t grout columns were employed in order to control and limit excessive settlement o f the foundations and in some 

to reduce the risk o f liquefaction.

RESUME: Ce papier annonce en bref, les recentes applications du je t grouting de grande dimensions en Turqie. L’attention est 

donnee sur la selection de la technique de je t grouting et les tests realises durant l ’installation pour l’assurance de la qualité. Le papier 

décrit aussi le type d ’application et les details des paramétrés du traitement comme la pression d ’injection, le nombre et le diamètre 

des buses, les vitesses de translation et de rotation, etc... Dans toutes les applications les colonnes de je t grouting sont utilisees pour la 

raison qu’on puisse contrôler et limiter les tassements excessives des fondations et réduire la risque de la liquefaction.

1 INTRODUCTION

This paper briefly reports the recent largest je t grouting 

applications in Turkey. The main emphasis is given to selection 

of the je t grouting technique and the quality control tests carried 

out during je t grout installations. The paper also describes 

application types and the details o f the operational parameters 

such as injection pressure, number and size o f nozzles, lifting 

and rotation speeds, etc. In all applications, je t grout columns 

were employed in order to control and limit excessive settlement 

of the foundations and in some to reduce the risk o f liquefaction.

The recent je t grouting applications described in detail are as 

follows; Ford Otosan Automobile Plant in Golcuk; Uzel Motor 

Factory in Duzce, and Izmir Natural Gas Combined Cycle Power 

Plant.

2 FORD-OTOSAN AUTOMOBILE PLANT

2.1 General Information

The owner o f the project is Ford Otosan A.S.; the civil works 

contractor is Garanti Ins. The geotechnical designer was Enar 

Muhendislik Mimarlik Danismanlik Ltd. Sti. between June 1998 

and January 2000. Arup Muhendislik ve Musavirlik Ltd. has 

been involved the project as a designer and the consultant since 

January 2000. Kasktas A.S. as the subcontractor held site 

investigations, piling and soil improvement works.

The Ford-Otosan Automobile plant site is located to the east 

of the town o f Golcuk bounded by the Izmit - Golcuk Highway 

on the south and the Marmara Sea on the north. The total area o f 

the site is approximately 1 600 000  m2, and the complex consists 

of a Press Shop, a Body Shop, a Paint Shop, an Assembly Shop, 

a General Management Building, and several associated offices 

and services. The future extensions o f the project planned for 

starting at a later date, included a jetty for loading and unloading 

facilities and a product test road.

2.2 Subsoil Conditions and Geology

The plant is situated on the young alluvial plains along the south 

coast o f the Marmara Sea, formed by irregular streams 

originating from the mountains on the south. As the

sedimentation process took place in turbulent conditions, the 

deposits display a wide range of grain sizes, without any distinct 

stratification. Although clay and silt are dominant particle sizes, 

it is usually difficult to classify and assess these deposits as 

foundation soils.

During the design phase, a total o f twenty-seven boreholes, 

750 -  1000 m inland from the shoreline, with regular SPT’s, and 

to a maximum depth o f 21 m, were carried out. A generalized 

soil profile for the site is shown in Fig. 1. It was noted that the 

groundwater was within a meter from the ground surface, the 

diumal and seasonal tidal variations affected the groundwater 

level, and some o f the sand layers were susceptible to 

liquefaction.

2.3 Foundation Design

Structures at the complex were mainly designed as steel trust 

roof erected on prefabricated reinforced concrete columns. 

Typical spans were 6 m longitudinally and 20 m transversally.

WWWAVAVAVAV/VAV.

t o p son------------------

Very soft to medium Very loose to loose 

stiff silty CLAY OR gravelly SAND

Clayey layers Sandy layers
N j o  =  2 - 7  N  30 = 2 - 5

C u  -  2 5  k P a  0  =  2 8  °

M e  =  2 . 0 M P a  E s  = 5  M P a
-5.0»

Medium dense silty , SAND 

N j o  = 2 0 - 2 8  

0  = 3 7 . 5 °

E s  = 2 5  M P a

- 12.10

Gravelly SAND 
N j o  =  3 0 - 4 0  

0  =40°
E s  = 4 5  M P a

Figure 1. Generalized Soil Profile o f  New Body Shop
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Table 1. Operational Parameters

Jet Grout Column Diameter mm 800

Injection Pressure MPa 45

Number o f  Nozzles No 2

Nozzle Diameter mm 1.8

Rotation Speed o f  Rods RPM 1 2 - 1 5

Lifting Speed o f  Rods cm/min 35

Cement Consumption kg/m '1 360 -  400

Water / Cement Ratio w / c 1 : 1

Cement Type - PC 32.5 - PK.C 42.5 R

The foundation design for the various buildings in the complex 

consisted o f je t grout columns and bored piles. Jet grout columns 

o f 800 mm dia., 10  m effective length, and stone columns of 

600 mm dia., 10  m effective length were selected mainly for 

supporting the slabs of the buildings to transfer the loads of 20  to 

50 kPa to denser strata, thus controlling settlements and reducing 

the risk o f liquefaction. Typical je t grout column and stone 

column grids were 2.0 m x 2.5 m and 2.0 m x 2.0 m respectively.

In the Body Shop and Assembly Shop; 4 no. o f je t grout 

columns o f 800 mm dia., 10 -12  m effective length and having 

allowable bearing capacities o f 400 to 500 kN were distributed 

under each footing, depending on the column loads o f 10 0 0  to 

1500 kN. In the Paint Shop and Press Shop; 4 no. o f  bored piles 

were used to transfer the loads o f columns to deeper and denser 

strata. Piles o f 650 to 800 mm dia., 15 to 18 m effective length 

were selected (Saglamer, 1998).

The project was progressing on schedule when the August 17, 

1999 Marmara Earthquake struck the site and the western 

Turkey. During the earthquake the whole site settled between

1.5 m to 2.0 m due to a pull-apart mechanism at the North 

Anatolian Fault. The foundation work was about 90% complete, 

and most o f the structures were erected by that date. The total 

foundation work consisted o f 460 000 m o f je t grouting, 

50 000 m o f stone columns, 88 000 m o f bored piles, 12 000 m 2 

o f diaphragm wall, and 5 000 m2 o f sheet piling.

2.4 Construction Methods and Installation Parameters

A total o f six 10m  long trial je t grout columns were installed at 

different locations throughout the site, prior to the 

commencement o f the je t grouting works. Test columns were 

cored and excavated for visual inspection and unconfined 

compression tests were performed on selected je t grout core 

samples. Moreover, preliminary pulling tests on a je t grout 

column and a preliminary zone load test on stone columns were 

carried out. Based on these test results operational parameters 

were decided (Table 1).

Thirty je t grout columns (fourteen in Old Body Shop and 

sixteen in Assembly Shop) were selected by the Consultant for 

continuous coring to investigate their condition and the presence 

o f any cracks caused by the earthquake. Core samples o f 90 mm 

dia. were taken with a T -101 core sampler. The continuous core 

samples did not show any cracks induced by the earthquake. The 

unconfined compression tests performed on the core samples 

taken from the je t grouts columns, qu values o f 6  MPa to 28 MPa 

and moduli o f elasticity (Es) o f 2500 to 3850 MPa were revealed.

2.5 Quality Control Program

After the August 17 1999 Marmara Earthquake, a number o f 

tests were carried out to check the performance o f the foundation 

system during the earthquake. In the Assembly Shop, one zone- 

loading test was performed on an area improved by je t grout 

columns. In the portion o f the demolished Body Shop 

overlapping the new Body Shop site, two plate load tests, one to 

represent an area improved by je t grout columns, and another in 

an area improved by stone columns, were carried out. The results 

showed that the residual settlements were negligible (Table 2).

Table 2. Loading Tests Results

Type o f Tests

Max.

Building Name Load 

(kN)

Applied

Pressure

(kPa)

Displacement

(mm)

Max. Res.

Zone Load Test 

Plate Load Test

Assembly Shop 2560 

Body Shop 240

160

60

1 1 .6  6.1 

1.6  0.6

Table 3. Results o f  Uniaxial Compression Tests Carried out on Jet Grout 

Core Samples

Building
No. o f  Core 

Samples

_  r r  i Mean q„ 
Type o f  Soil (Mpa)*

New Body Shop 26 no. Sandy Silt 5.8

Water House and Transformers 7 no. Sandy Silt 5.4

Switch Center 12  no. Sandy Silt 6.1

Paint Shop 6 no. Silt 5.4

Paint Shop 4 no. Silt 5.4

Paint Shop 6 no. Clayey Silt 5.3

Other Buildings 20 no. Sandy Silt 6.3

As part o f a strict quality assurance program pursued in the 

project after the Marmara Earthquake, core samples were taken 

from the heads of the je t grout columns, one in every fifty 

columns and one continuous core sample for every thousand 

columns. Unconfined compression tests were performed on the 

core samples taken from the je t grout columns; qu values of

3.5 MPa to 25 MPa were observed (Table 3).

3 IZMIR-ALIAGA NATURAL GAS COMBINED CYCLE 

POWER PLANT

3.1 General Information

The 1523 MW natural gas combined cycle power plant, under 

construction, will be built and operated by InterGen and Bechtel- 

Enka Joint Venture (BEJV). The geotechnical consultant is Enar 

Muhendislik Mim. Dan. Ltd. Kasktas A.S. acts as the 

subcontractor for site investigations and je t grouting.

The power plant site is located near the town o f Aliaga, in the 

Aegean coastal region and 60 km north o f  Izmir. The site is on a 

small plain surrounded by low hills. Jet grout columns were used 

as a ground improvement under the majority o f the foundations. 

These include the powerblock structures, switchyard and 

transformers, demineralized water tanks, and selected footings in 

the water treatment area, cooling towers, plus several associated 

offices and services. Each power block consists o f  stacks, 

combustion turbines, steam turbines, transformers, an electric 

building and a water tank.

3.2 Subsoil Conditions and Geology

Aliaga region is situated at the coastal part o f Bakircay and 

Gediz grabens at the western Aegean. Aegean region o f  Anatolia 

consists o f a rise o f  metamorphic complex surrounded mostly 

Mesozoic aged marine foundations and Tertiary volcano 

sedimentary rock units. The plant site is situated at mid o f  Foca 

Depression and is considered as a former lagoon, filled by fine 

grained lacustrine, alluvial and colluvial sediments, connected to 

Nemrut Bay.

During the design phase, a total o f thirty-four boreholes, with 

regular SPT’s, and in the range of 10 m to 45 m and twenty- 

seven CPT’s were carried out (Fig. 2). There are mainly two 

layers in the soil profile, quaternary alluviums on top and tuff 

base rock. The thickness of the alluvium varies between 16 m to 

30 m. Ground water was observed 2.5 m below the ground level. 

Soil and rock parameters o f the layers encountered are given 

below.

Alluvium: Dark gray, light brown-brown in color, contains 

gravels o f limestone or tuff in the clay matrix. Upper layers of 

clay with SPT blow counts in the range N30=13-16.
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Table 4. Predicted Settlements o f  Different Structures Resting on Table 5. Results o f  Pull-out Tests Performed on Trial Jet Grout Columns

Building
Dimensions

(m)

Base Pressure

(kPa)

Settlement

(mm)

West Cooling Tower 25 X 158 50 110

East Cooling Tower 25 X 158 50 130

HRSG/Stack 17 .5 x 3 5 150 330

Steam Turbine 1 3 x 3 2 150 275

Miscellaneous Footings 4 x 4 200 190

7;VAVXVA-V7,V7.VXVAVXVAVX'7AVAVAV/.VAVAV/.V/.VXVXVXVXVAVAVf

TOP SOIL

±0.00

v^v .v x v  

' ' ▼____

' 2'5S  GWL

Dark gray-light brown 

slightly gravelly or sandy 

CLAY , stiff

NJ0 -  15 

Cu =65 kPa 

Me =6.5 MPa

WL =60-80°/

Wp =20%

I p =40-60°/

W„ =30-40°/

C layey, gravelly SAND 

, = 40 , 0  = 37.5 0 , Es = 6.5 MPa

-15.50 
___I __

Sandy , gravelly CLAY , hard 

(weathered TUFF)

-17.50 
____I __

Njo >40-50 
RQD -  0-5 
Cu >200 kPa 
Me = 20.0 MPa

WL -70-90°/
Wp =20-30°/
I p -50-60°/
W„ =30-40°/

Jet Grout No
Maximum Test Displacement

Tuff Formation: It is green or grayish black colored. Upper 

layers are weathered and exhibit over-consolidated clay 

properties.

3.3 Foundation Design

At the design stage, settlement analyses were carried out for the 

various buildings and facilities in the power plant. Total 

consolidation settlements for the cooling towers are in the excess 

of 10 cm. Differential settlements o f these structures are 

expected to be more than 5.0 cm. Excessive settlements are also 

predicted for units o f the main powerblock with an average 

uniform base pressure o f 150 kPa. Predicted total and differential 

settlements are in the order o f 30 cm and 15 cm, respectively 

(Table 4).

Since the predicted total and differential settlements are not 

tolerable, foundations o f the structures were proposed to rest on 

jet grout columns (Saglamer, 2000). As per the design, je t grout 

columns o f 600 mm diameter, 12  m effective length with a grid 

ranging from 1.5 m to 4.5 m were selected to improve the 

compressibility characteristics. The total soil improvement work 

consists o f 78 000 m o f je t grouting.

3.4 Construction Methods and Installation Parameters

A total o f  twelve 600 mm diameter, 12 m long preliminary test 

jet grout columns were installed at six locations throughout the 

site, prior to the commencement o f the je t grouting works. Six o f 

the test columns were cored to measure their continuity and 

strength, while reinforcing bars were installed in the other six 

and pullout tests were conducted to 900 kN load (Table 5). 

Majority o f the test columns were excavated and exposed for 

visual inspection.

Additional test je t grout columns, each 6 m to 12 m long, 

were also installed at different locations throughout the site in

Load (kN) Max. (mm) Res. (mm)

Trial - 1 900 1.82 0.70

Trial - 2 900 2.86 0.60

Trial - 3 900 3.29 0.53

Trial - 4 900 3.23 0.77

Trial - 5 900 2.66 0.36

Trial - 6 900 3.97 0.36

Table 6 . Operational Parameters

Jet Grout Column Diameter mm 600

Injection Pressure MPa 55

Number o f  Nozzles No 2

N ozzle Diameter mm 1.8

Rotation Speed o f  Rods RPM 20

Lifting Speed o f Rods cm/min 35

Cement Consumption kg/m3 6 3 0 - 710

Water /  Cement Ratio w / c 1 : 1

Cement Type - PC 42.5

Table 7. Details o f  Quality Control Tests

A rpji N a m p
Integrity Coring Uniaxial Mean q„

r U  m i

Test (no) (no) Test (no) (MPa)

Power Block -  1
107 38 114 6.7

(Total no of J.Grout : 2129)

Power Block -  2
107 25 75 6.8

(Total no of J.Grout : 2119)

Cooling Tower -  1
25 3 9 7.3

(Total no of J.Grout : 498)

Cooling Tower -  2
25 3 9 6.2

(Total no of J.Grout : 498)

Swicthyard 41 7 21 6.4
(Total no of J.Grout : 809)

Water Treatment Plant
20 3 9 8.5

(Total no of J.Grout : 396)

RMS Area 2
(Total no of J.Grout : 45)

Total : 327 79 237 6.8

Figure 2. G eneralized Soil Profile at East Cooling Tower

order to decide and confirm the je t grouting parameters 

complying with the required diameter o f 600 mm and minimum 

je t grout strength of 3.2 MPa.

Test je t grout columns were cored, integrity tested, excavated 

for visual inspection and unconfined compression tests were 

performed on selected je t grout core samples.

Based on the test results, not only the operational parameters 

(Table 6 ) were decided but also pre-jetting was added to the 

basic construction procedure to help cut and erode the subsoil o f 

very stiff clay.

3.5 Quality Control Program

As part o f a strict quality assurance program pursued in the 

project, a number o f quality control tests were carried out during 

the production. Coring was performed one in every 50 

production je t grout columns, integrity testing was performed in 

every 20  production je t grout columns, three samples from each 

cored column were selected for strength tests. Moreover, a total 

o f twenty-eight confirmatory je t grout columns for visual 

inspection were installed. Quality control tests performed during 

production were summarized in Table 7.

4 UZEL MOTOR FACTORY

4.1 General Information

The owner o f the project is Uzel Makina Sanayi A.S. and the 

civil works contractor is Uzel Ins. The geotechnical designer is 

Enar Muhendislik Mimarlik Damsmanlik Ltd. Kasktas A.S. as 

the subcontractor conducted site investigations, piling and soil 

improvement works.
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The site is located to the south o f the TEM Motorway near 

Duzce. The complex consists o f Spring, Rim, Tractor, Motor 

Factories, a General Management Building, and several 

associated offices and services.

4.2 Subsoil Conditions and Geology

Duzce plain is a basin among the mountains, which has been 

formed by Northern Anatolian Fault that occurred in Upper 

Miocene Pliocene. Paleozonic crystalline massifs and 

metasedimentary rocks, flysch formations o f Cretaceous age, 

Eocene volcanic and Neogenic terrestrial sediments take place 

around this basin. The facies in the middle of the basin consists 

of gray clays, silty clays and the lenses of sand and gravel. The 

facies at the edge of the basin is made of sand and gravel. Sand 

and gravel layers are observed in the gray clays and silts, which 

forms the central part o f Duzce plain. Thickness o f this 

formation is more than 10 0  m.

During the design phase, twenty boreholes with 15 m to 25 m 

depths and forty-one CPT’s were carried out. A generalized soil 

profile for the site is shown in Fig. 3.

4.3 Foundation Design

Factories within the Uzel Duzce Plant are designed as steel 

structures with 20 m x 20m spans. Steel columns rest on 

reinforced concrete footings. While the soil investigation works 

were in progress, Marmara and Duzce Earthquakes that had 7.4 

and 7.2 moment magnitudes struck the site. After these 

earthquakes, sub-soil conditions and seismic risk of the site were 

re-evaluated and a conservative ground acceleration o f  a=0.60g 

has been adopted in engineering design (Yilmaz, 1999). 

Predicted total and differential settlements both for footings o f 

buildings and slabs resting on grade exceeded the admissible 

values, je t grout columns o f 800 mm diameter, 8 m effective 

length were utilized for on grade slabs to control settlements. 

Whereas, bored piles o f 650 mm diameter and 14 m length were 

used under footings.

4.4 Construction Methods and Installation Parameters

A total o f four 6 m long trial je t grout columns were installed 

in November, 1999 at different locations throughout the site, 

prior to the commencement o f the je t grouting works. Test 

columns were excavated for visual inspection and based on the 

test results operational parameters were decided (Table 8).

Table 8. Operational Parameters

T±0.00

TOP SOIL
t -2.50

Stiff CLAY
Cu = 100 kPa 

Me = 7.0 MPa

t -5.50 GWL

> 0

Dense Gravelly SAND 
0  « 37 Es -  40 MPa t -8.30

Stiff CLAY 
Cu = 80 kPa 

Me -  6.0 MPa

t -14.00

Very stiff CLAY 
Cu =125 kPa 

Me -  10.0 MPa

Jet Grout Column Diameter mm 800

Injection Pressure MPa 45

Number o f nozzles No 2

Nozzle Diameter mm 2.0

Rotation speed of rods RPM 15

Lifting speed o f  rods cm/min 33

Cement Consumption kg/m’ 390 - 420

Water / Cement Ratio w / c 1 : 1

Cement Type - PC 42.5

Table 9. Results o f  Pull-out Tests Performed on Production Jet Grout 

Columns

Jet Grout 

No.

Maximum 

Test Load 

(kN)

Length o f  Test 

Column (m)

Displacement

Max. Res.

J-3648 750 7.5 3.22 0.61

J-887 750 7.5 2.52 0.88

JM-2052 800 8.0 0.61 0.18

JM-207 800 8.0 0.75 0.36

J-12 975 10.0 3.10 0.09

JT-552 975 10.0 1.41 0.50

Figure 3. G eneralized Soil Profile at Uzel M otor Factory

The project was progressing on schedule when the 

November, 12 1999 Duzce Earthquake struck the site, which is 

only 10 km to the fault line. 60 700 m o f je t grouting and 

14 000 m o f bored, cast-in-place piles have been executed in the 

project as o f end o f February 2001.

4.5 Quality Control Program

As part o f the quality assurance progTam pursued in the project, 

a number of quality control tests were carried out during the 

production. A total o f 46 no. o f core samples were taken from 

the heads o f the je t grout columns, one in every two hundred 

columns and a total o f 74 no. o f integrity testing in every fifty 

columns. Unconfined compression tests were performed on the 

core samples taken from the jet grout columns; qu values of

3.2 to 19.3 MPa were obtained. Moreover, a total o f six pulling 

tests on production je t grout columns were carried out (Table 9).

5 CONCLUSION AND RECOMMENDATIONS

Some recent large scale je t grouting applications in Turkey are 

described and discussed in this paper. Main emphasis is given to 

determination o f type o f je t grouting technique, and operational 

parameters such as grout composition, pressure, number and size 

of nozzles, lifting and rotation speeds etc. In all je t grouting 

applications studied in this paper, quality assurance was the main 

concern. Therefore, plate load tests and area load tests were 

carried out after soil improvement by je t grouting in order to 

check success o f the je t grouting implementation. Integrity 

testing and pull-out testing o f columns also were a part o f the 

assurance control program. All these test results together with 

results unconfined compression tests on cores recovered from jet 

grout columns are also reported.
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