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Abstract

An attempt has been made to study the effect of moisture content variation on
the strength characteristics of sandstone rock selected from east of Mosul city center.
Both compressive and indirect tensile strengths of the rock were determined.The
obtained results indicated that the water has a considerable effects on both the
compressive and tensile strengths. Higher reduction in the compressive and tensile
strength were observed when the moisture content percent was between (0%-4%) and
(0%-8%) respectively.The results also indicated that the effect of moisture content on
tensile strength is greater than it's effect on compressive strength.

31-8 -200923 -3-2010



www.manaraa.com

Al-Rafidain Engineering              Vol.19         No.1                February   2011

2

1.

 .

.

.

 )8(

.

 )(

.

.

.

)Dube and Singh, 1972([1]

 )48% - 11% (

.

)Masuda, 2001([2]

 )90% ( )33% -

0%(.

 )Hawkins and Connell, 1992(]3[

.



www.manaraa.com

3

2
1.2

 )8 (

)1.5 (

 )2.0( .

) ((Middle
Miocene )

[4].

)ISMR (

[5])1(.

1

(kN/m3)18.5
(Gs)2.72

(n%)31
%16
%44
%40

S%16%96.8
S%12%64.6
S%8%48.4
S%4%24.2

.

2.

3.1 .
4.

( 5.47 cm )( 11 cm ) L/D=2 ) (

( ASTM )[6] )2 -2.5.(



www.manaraa.com

Al-Rafidain Engineering              Vol.19         No.1                February   2011

4

( Axial Strain )

( Lateral Strain )(

Volumetric Strain )

)strain

gauges(

(

ASTM, 89 )[6])1.(

2.3:

.

24*4*2.5 cm )(

** ()Elizzi([7]

.

)105o ( )24 (

.

3.3:

 )16% , 12% , 8% , 4% , 0%(

 )105o ( )24(

.

.

4.3
(Strain Meter)

)0.2 (

.

V :

H :
)1 (



www.manaraa.com

5

4 .

.

1.4:

Jacket)(

(1500 kN)
(0.1 kN))0.75 N/ mm2/ sec(

 )5-10 ()ISRM([9]

.

:

(1))1(

o

L

f
c A

P
A
P

:

c :(N/ mm2). P :(N).

Af :(mm2). Ao :(mm2).

L :)mm/mm.(

2 4

)2 (

)Ali ([10]

(Noori)[11],)al-Mahdawi([12]

(0.254 mm/min)(ASTM)

[6]
2



www.manaraa.com

Al-Rafidain Engineering              Vol.19         No.1                February   2011

6

(Strain Meter).

(Duckworth)[13]

 )7 ,11(:

(2)
)(3

2
t

ct
t bd

M

:

t :(N/mm²).M :(N.mm).

t :.c :.

b :(mm). d :(mm).

5
1 5

)3 -1(

 )( )c(.

)3 ()9 , 6 , 3 N/mm2()2(

 )16% , 12% , 8% , 4% , 0%(.
2

N/mm²)) (3(N/mm²)) (1          (N/mm²) ( )3-1(S.D*

0%
320.3917.390.98
626.9720.970.87
934.4425.441.13

4%
314.4911.490.54
619.0613.060.41
923.4614.460.37

8%
310.317.310.41
613.987.980.30
917.898.890.21

12%
39.316.310.27
612.786.780.20
916.217.210.31

16%
38.115.110.11
611.525.520.17
915.356.350.23

  *  Standard  Deviation.



www.manaraa.com

7

 )4%-0%(.

)3-1(

 )3(.

)3( )c( )(

 )c (

 ) (

.
3c

deg) ) (((%))N/mm2 ) (c((%)
0%24 ---4.34 ----
4%10.7554.252
8%5.6763.0729
12%4.3822.737
16%3.4852.2648

3

0

5

10

15

20

25

0 4 8 12 16
Water Content (%)



www.manaraa.com

Al-Rafidain Engineering              Vol.19         No.1                February   2011

8

)4 ()()c(

8%-0%) (

.

4

A)5(A)6(A)7 (

 )9 , 6 , 3 N/mm2 (.

)Kwasnieski([14])Hawkins and Connell([15].

B)5 ( ,B)6 ( ,B)7 (

 )9 , 6 , 3 N/mm2 (.

.

Brittle) Failure (

 )Ductile Failure (.

Water Content (%)

2

3

4

5

0 4 8 12 16



www.manaraa.com

9

)5(])A()B([

) N/mm²3=3(.

)6(])A()B([

) N/mm²6=3(.

)7(])A()B(
[)N/mm²9=3(.



www.manaraa.com

Al-Rafidain Engineering              Vol.19         No.1                February   2011

10

52

)4(

)8 ( )

88.5% ( )16%-0%()69% (

 )4%-0%(

 )60 ( % )1(

   .  [16 ]

4

(N/mm²)(%)S.D

0%9.43 ----0.879
4%2.91690.440
8%1.57830.084
12%1.2870.101
16%1.0888.50.136

8U.C.S

0

2

4

6

8

10

0 4 8 12 16

Water Content (%)



www.manaraa.com

11

)2.6 :(

-1

 [17] .

-2

 .

-3 )µ(

 )(.

)8(

 )16%-0%(

.

.

)9 (] [

.



www.manaraa.com

Al-Rafidain Engineering              Vol.19         No.1                February   2011

12

3 5
 )2.5*4*24 cm( )** (

)5 ( )16% , 12% ,

8% , 4% , 0%(

.
5

(N/mm²)(%)S.D

0%2.335 ----0.479
4%0.627730.181
8%0.331860.148

12%0.178920.098
16%0.135940.079

,

)1.(

)10 ()11 (

 )Neutral

Axis (.

10

0

0.5

1

1.5

2

2.5

0 1000 2000 3000 4000 5000 6000 7000

0  %W/C

4  %W/C

8  %W/C

Strain in Compression * 10-6



www.manaraa.com

13

11

7

1.)c ()t ( )

94% - 89% (%)16(.

2.

 )8% - 0%(.

3. )a ( )l (

.

4.

)0-%4.(

Dube, A. K., and Singh, B., (1972), " Effect of Humidity on Tensile Strength of
Sandstone " J. Mines, Metals and Fuels", Vol. 20, No. 1,  pp. 8-10.

1-

Masuda, K., (2001), " Effects of Water on Rock Strength in a Brittle Regime ", Journal
of Structural Geology, Vol. 23, pp. 1653-1657.

2-

Hawkins, A. B., and McConnell, B. J., (1992), " Sensitivity of Sandstone Strength and
Deformability to Changes in Moisture Content ", Quart. J. Eng. Geol., Vol. 25, pp. 115-
130.

3-

Thabet, K. M., Khattab, S. I., and Noori, T. M., (1994),                       " Geotechnical
Characteristics of Mosul Marble ", Dirasat (Pure and Applied Sciences), Vol. 21B, No. 6,
pp. 25 – 40.

4-

ISRM., (1979), " Suggested Methods for Determining Water Content, Porosity, Density,
Absorption and Related Properties ", ISRM. Committee on Standardization of

5-

0

0.5

1

1.5

2

2.5

0 2000 4000 6000 8000

0 %W/C

4 %W/C

8 %W/C

Strain in Tension * 10-6

References



www.manaraa.com

Al-Rafidain Engineering              Vol.19         No.1                February   2011

14

Laboratory Tests, Int. J. Rock Mech. Min. Sci., Vol. 16, pp. 143-156.
ASTM (D 854-58) (D 422-63), (1989)," American Society for Testing and Materials ",
Vol. 04-08.

6-

Elizzi, M. A., (1976), " Time – Dependent Behaviour of Some Evaporate Rocks ", Ph.D.
Thesis, University of Sheffield. U.K

7-

Franklin, J. A. and Hoeck, E., (1970), " Developments in Triaxial Testing Technique "
Rock Mechanics, Vol. 2, pp. 223-228.

8-

ISRM., (1979), " Suggested Methods for Determining the Uniaxial Compressive
Strength and Deformability of Rock Materials ", ISRM. Committee on Standardization
of Laboratory Tests, Int. J. Rock Mech. Min. Sci., Vol. 16, pp. 137-140.
Ali, S.A.and Noori, Th.M.,( 1998 ) ." Effect of oils on the strength and
 deformation Properties of Limestone " , Proc. Of the sixth Sci,Conference for
Foundation Tech.  Institutes,Baghdad-Iraq , pp.226-232

9-

10-

Noori, T. M., (1989), " Study of the Long – Term Strength of  Gypsum ", M.Sc. Thesis,
Civil Engg. Dept., College of Engineering, University of Mosul.

11-

AL-Mahdawi, S. K., (1985). " Effect of Specimen Sizes and Water Saturation on
Strength Properties of Jeribe Limestone ", M.Sc. Thesis, Civil Engg. Dept., College of
Engineering, University of Mosul.

12-

Duckworth, W. H., (1951), " Precise Tensile Properties of Ceramic Body ", J. Amer.
Cer. Soc., Vol. 34, No. 1, pp. 1 – 9.

13-

Kwasniewski, M., (1990), " Effect of Moisture of the Mode of Deformation and Failure
of Coal Measure Mudstone Under Triaxial Compression ", Strata Control in Deep Mines,
Rotterdam, pp. 169 - 186.

14-

Hawkins, A. B., and McConnell, B. J., (1992), " Sensitivity of Sandstone Strength and
Deformability to Changes in Moisture Content ", Quart. J. Eng. Geol., Vol. 25, pp. 115-
130.
Bieniawski , Z.T., (1974 )," Geomechanics Classification of Rock                  Masses and
its Application in Tunneling" , Proceedings of the 3rd    International Congress on  Rock
Mechanics , Denver,pp.27-32.

15-

16-

Vutukuri, V. S., (1974), " The Effect of The Liquids on the Tensile Strength of
Limestone ", Int. J. Rock Mech. Min. Sci., Vol. 11,   pp 27-29.

17-

Hellmann, R., Renders, P. J., Gratier, J., and Guiguet, R., (2002),         " Experimental
Pressure Solution Compaction of Chalk in Aqueous Solutions, Part 1. Deformation
Behavior and Chemistry ", The Geochemical Society, Special Publication, No. 7.

18-

–


