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Deformability of gypseous soil in Iraq
Gypseou la déformabilité des sols en Iraq 
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ABSTRACT
The main aim of this paper is to find the effect of soaking and to evaluate and document the natural and soaked deformabilities of
compact Iraqi natural and soaked gypsiferous soils. In the text of this paper the two words gypseous and gypsiferous and the two
words deformability and stiffness modulus are used interchangeably. 

RESUME
L'objectif principal de ce papier est de trouver l'effet d'immersion et d'évaluer et de documenter la nature et trempé de deformabilities
compact irakien naturelles et trempé gypsifères soils.In le texte de ce papier les deux mots gypseous et gypsifères et les deux mots et
de la déformabilité module de rigidité sont utilisés de façon interchangeable. 
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1 INTRODUCTION 

Gypseous soils are found in abundance in Iraq most of which lie 
north of the capital Baghdad. All cities and arable lands north of 
Baghdad are situated on gypsiferous soil. Experience has shown 
the inferiority of gypseous soil for both engineering and 
agriculture projects. Because of its abundance and scarcity of 
land, it becomes inevitable to utilize it. 

     In the northern region scores of strategic projects are 
situated on gypsiferous soil among which are: Main Baghdad – 
Mosul highway, tharthar storage dam, Salah Al-den thermal 
power station, Badoush dam, Mosul dam and Baiji refineries.  .  

     Much of the soils north of Baghdad defy undisturbed 
sampling and the plate-load testing provides reasonable measure 
of predicting field settlements for structures based on them. 

2 REVIEW OF LITERATURE 

Because of the inferiority of gypsiferous soil as foundation it 
should be identified and be properly improved.Gypseous soil 
can be improved if compacted to modified Proctor.Special 
charts were proposed by Al-Khafaji for identification and 
improvement of gypseous soils (Al-Khafaji et  

al, 2007). 
      For gypseous soil of compact or  cemented sand and 

cemented gravel the use of plate-testing and the following 
elastic Eq.(1) below proved best to predict field settlement and 
the equivalent stiffness modulus , E, in the following well-
known equation of a rigid circular punch of diameter , D on  
assumed elastic foundations: 

2q
E D (1 )

4
υ= −  (1) 

ll types of stiffness moduli, E in current use are illustrated by 
the typical load settlement curve shown in (Fig 1) below 
(burland et al, 1987). For a perfectly linear elastic homogenous 
rock all moduli theoretically ascend to E, the young's modulus. 

3 EXPERIMENTAL SETUP AND PROCEDURE  

The field investigation was carried out on 1 km² area 
inside the main site reserved for the erection of Salah Al-
Den thermal power station on the east bank of Tigris river 80 
km north of Baghdad. Six locations within the area were tested 
by non – standard plate loading tests under both natural and 
soaked conditions as shown in (fig 2).

For soaking the pit was flooded to a constant depth of 30 cm. 
above the pit bed. The pit was supplied with water continuously 
to keep the water at the constant depth of 30 cm.. The duration 
of the soaking period took from 7 days to 11 days depending on 
the texture of soil in the pit. The process of supplying water was 
terminated one day before the planned time of the soaked test 
after the soaking water has percolated through the soil then the 

Fig 1: Typical plate loading tests and modulus definitions. (After 
Burland and Lord, 1987)) 
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dial gauge and the reference beam were removed and the test 
setup was erected again in the same sequence as that for the 
natural test. The self – explanatory field setup is shown in      
(fig 3).

1- Sand pad      
2-80cm test plate 
3-Universal seating 
4-50 ton hydr.jack 
5-.Dial gauges 
6-Main girder 
7-Concrete support 
8-180 IPE 
9-Test level   

The erection of the testing setup included: 
1. Placing the two concrete supports in their pre-specified 

location inside the pit. 

2. Placing the universal seating unit on the test plate. 

3. Placing the (150) tons hydraulic jack on the seating unit. 

4. Placing the steel frame on the two concrete supports. 

5. Placing the kentledge on the top of the steel frame. All 
these were done using a power hydraulic level crane of adequate 
capacity. 

6. Adjusting the hydraulic jack to be vertical using carpenter 
level and the plate was then adjusted so that jack was then 
adjusted so that the jack was exactly under the bearing plate 

welded under the steel frame to insure concentric loading and 
the reference beam was firmly placed in a proper position near 
the plate and the three dials gauges were connected and properly 
located on the plate. 

7. The hydraulic pump was connected to the jack to start the 
test. 

8 The contact stress between the plate and the soil was 
increased from 0 to 9 kg/cm² in 6 equal increments 1.5 kg/cm² 
each. For each increment readings of the dial gauges were realized 
at pre-defrmined time intervals ( 10, 20, 30, 45, 60, 90, 120, 150, 
180, 210, 240, ……. ) minutes. Each reading was continued until 
settlement is approximately stopped.  

4 EVALUATION OF STIFFNESS MODULI

Due to the fact that the soil is not elastic, various types of 
moduli were adopted in an attempt to estimate the real 
deformation modulus, E, Which is necessary to evaluate the 
field settlement of structures erected on this soil. In case of 
perfectly linear elastic homogeneous soil all of these types of 
moduli theoretically ascend to the young modulus. As stated  
under the literature.  

Following the approach of Burland (Burland el al, 1987) 
various moduli were evaluated from the load settlement-

curve at various test locations. The various types of moduli 
evaluated were: 

The initial tangent modulus, Ei at the origin. 
The permissible secant modulus Ea,at half of the yield. 
The yield secant modulus Ey′, at the yield strength. 
The yield tangent modulus, Ey, beyond the yield strength. 

Accepting an error of about 10 percent by assuming    

υ = o , Eq. (1) reduce to: 

E D q/
4

=  (2)

with punch  D = 800 mm  Eq. (2)reduces to  

E 628.3 q/=  (3) 

Using Eq.3 and the load-settlement curve at each test 
location, it is possible to evaluate the value of any modulus, for 
any stress level with the exception of the initial modulus, Ei.

Using Eq.(3)the permissible secant modulus. Ea the yield secant 
modulus Ey′-And the yield tangent modulus Ey were calculated and 
listed in table below. 

Table 1 : Stiffness moduli values ( Mpa ) 

Fig 2:  The site of the study 

Fig. 3: Experimental setup  
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5 EVALUATION OF THE INITIAL MODULUS 

To determine the tangent modulus, Ei, at the origin of the load 
settlement curve where: 

 ( q = ρ = o ),  Eq.(2)  should be rewritten as : 

dq
E D

4 d
i =  (4) 

The initial tangent modulus, Ei can be calculated only if dq
/dρ at the origin of the load–settlement curve is obtained. 

In order to evaluate the derivative dq /dρ an equation 
relating ( q to ρ ) should be sought. 

To find an empirical equation best suited to relate the two 
variables q and  ρ  the data of  q  and  ρ or their reciprocals 
should be manipulated and plotted on various types of graph 
papers till the relation  of the two variables  rectifies to straight 
line then the constant of the straight line equation be found.  

The field data was transformed into tables containing ( q, ρ,
ρ / q, q / ρ, 1 / q and 1 / ρ )  for all the six locations

And systematic plotting was performed on various types of 
graph papers for the six locations. 

Finally the data did rectify to straight lines for the six 
locations for both natural and soaked when the reciprocal (1/q 
Vis 1/ρ ) was plotted on arithmetic graph paper. This clearly 
indicates that the following form of a hyperbola would best fit 
all the data: 

1
q q/ /q a b

a b a b
= = = = = +

+ +
 (5) 

Where (a) is the ( ρ/q  vis  ρ ) straight line intercept. Taking the 
derivative of dq / dρ of the Eq.: q/ρ =      1      there  

 Results:                                      a + bρ

2

a
dq/d

(a b )
=

+
 (6) 

If  ρ  approaches zero, eq.  6 reduces to: 

dq/d 1/a=  (7) 

substituting   Eq .(7)  into Eq.( 4 ) there results:  

1
E D

4 a
i =  (8) 

knowing   D = 800 mm, then  

628.3
E

a
i =  (9) 

Where Ei  is the initial modulus in Mpa  and (a) is the y-
intercept of the ( ρ/q  vis  ρ  )  straight lines in mm/ Mpa. 

The values of Ei are obtained from Eq. (9) averaged and listed in table (2) 
below – 

Table 2: summary results 

Table 2. Shows that the natural and soaked E -values are 
generally higher for silty gravel than those of silty sand. The 
ratio, K of natural to the soaked modulus reflects how many 
folds more settlement on soaking. For silty sand the K varies 
from 2 to about 3.5 and for silty gravel K various from. 2 to 5 
folds .This means soakingt increases settlement from 2 to about 
3.5times for (SM) soil and from 2 to about 5 times for (G P-
GM) soils. 

6 CONCLUSION 

1 – Soaking was found to decrease the stiffness moduli of 
gypseous soils increasing the settlement in the range of 2 to 5 
folds for silty or sandy gravel (G M) and 2 to 3.5 folds for sandy 
silt(SM) as shown in table 2. 

2 – Deformability moduli Ei, Ea, Ey and Ey were evaluated 
and listed for cemented silty garvel (GP-GM) and cemented 
silty sand (SM) as shown in tables 1. 

3 – An equation for the evaluation of initial tangent modulus, 
Ei was derived. 

REFERENCES

Al- Khafaji,A.N. 1966.Basic techniques in four variable correlations, 
starebnicky casopie Sav XVIII.6, Slovenskej Akcademie vied, 
Bratislava.

Al-Khafaji, A.N.1987, A Simple Approach to the Estimation of Soil 
Compaction parameters,Quart.J.Eng.Geology, 26.  

Al- Khafaji, A.N. 1997.Densification of gypseous soils by compaction, 
Densification & Reinforcement Conference, London, England. 

Al-Khafaji, A.N.2002. Soil investigation by field plate testing for Salah 
Al-Den thermal power station, submitted to Engineering Bureau, 
College of Engineering, Baghdad University. 

Al-Khafaji, A.N., Al-Musawe J.., Al-Obaid, B.M Densification 
parameters of alluvial soil in Iraq.Proceeding of the 13th Asian 
Regional Conference on soil Mechanics and Geotechnical 
Engineering vol.1 partII, kolkata 2007. 

Barazanji, A.F.1973. Gypseous Soil of Iraq. Ph.D Thesis, University of 
Ghent, Belgium. 

Bell, F.G.1983. Engineering Properties of Soils and Rocks, Butterworth 
& Co.Ltd. Kent, England. 

Burland, J.B. & Lord, J.A.1987.Load deformation behavior of middle 
chalk at mundford, Norfolk, paper presented by BRS staff (UK) at a 
conference at the University of Baghdad. 

Buringh, P.1960. Soils and Soil Conditions in Iraq. Ministry of 
Agriculture, Baghdad, Iraq.  

Mahdi, B.O. 2004. Some Engineering Aspects of Gypseous Soils Ph. D 
thesis, College of Engineering, University of Baghdad, Iraq. 


