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 Dams counted as major water supply resources of many countries; so they deserve 

versatile studies and choosing optimal techniques in construction methods. Therefore 

analyzing soil mechanics tests at dams’ sites is crucial because its output is one of 

significant requirements in the course of design and operation of the dams. Safa dam 

placed in a disturbed tectonic zone and determination of physical and mechanical 
parameters of bedrock at this dam’s site relied mainly on specimens which are achieved 

from drilled boreholes, and then tests of physical characteristics, unconfined 

compressive strength (UCS), direct shear, Consolidation, triaxial and swelling, in the 
framework of international society on rock mechanics (ISRM) and American society 

for testing materials (ASTM) are carried out on these specimens. It is concluded that 

rock mass at Safa dam includes alternative layers of marl, mudstone, silty marls, silt 
and sandstone, but mudstone and marl layers demonstrated more frequencies, and 

bedrock site categorized in the soft rock category. 
 

 

© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Mehdi Ghaffari and Ali Salajegheh, Review and Analysis of Soil Mechanics Tests Concerning Bedrock of Safa Dam. 

Adv. Environ. Biol., 8(17), 1369-1373, 2014 

 

INTRODUCTION 

 

The main goal of Safa dam is based on exploitation of water provided by Rabor streams to supply potable 

water for Kerman and Rabor regions. Safa reservoir dam laid down in 10 km far from southeast of Rabor town 

of Kerman province of Iran. The concerning dam is being constructed on confluent of Rabor and Roodbar rivers 

and is an earth fill dam with vertical clay core. Latitude and longitude of this dam is 59 degrees 59' N and 29 

degrees 23' E. In normal elevation of 2160 masl the total volume of its lake is 68 MCM. The height form 

riverbed to crown of this dam is 72 m. and the length of crown is 880 m long. Several specimens are gathered 

from drilled borehole. Laboratory tests are conducted on Safa dam rock masses in order to find physical and 

mechanical parameters. These tests are: 

- Tests to define physical characteristics including aggregates, Atterberg limits, Unit weight, porous and 

moisture percentage. 

- Unconfined Compressive Strength Test and calculation of elasticity module and Poisson ratio. 

- Direct Shear tests 

- Consolidation tests 

- Swelling tests 

- Triaxial tests  

These tests are done in the framework of ASTM and IRSM standards. 

Soft bedrock and poor rock quality index at weak layers caused a lot of challenges to sampling and 

selection of specimens from cores which are achieved by drilling, inability of laboratory to saturate the marl and 

mudstone specimens caused challenges for lab works, therefore saturation of specimens by submerging due to 

disintegration encountered with some constrains. Moreover, taking sample with convenient diameter to saturate 

in triaxial cell ran into many challenges, and also taking sample from crushed zone in rock was another 

challenge [1]. 

 

 Tests to Calculate Physical Characteristics:  
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Physical tests are very crucial due to nature of rocks at dam site. Therefore tests on definition of unit 

weight, porous, moisture percentage including aggregates, hydrometer analysis, Atterberg limits, Unified Soil 

Classification System (USCS) on rock specimens with following results following perfect reviews and surveys. 

 

Unit Weight: 

Calculation of unit weight is very important. The specific weight (also known as the unit weight) is the 

weight per unit volume of a material [2]. Unit weight is expressed mainly as moist and dry unit weight, but 

because dry unit weight is independent of amount of moisture content of soil, therefore dry unit weight usually 

used to calculate soil unit weight [3]. In addition to soil type, Soil unit weight depends on porosity and 

compaction of soil, the more compacted a soil sample is, the more unit weight it has [4]. The density of a 

substance is its mass per unit volume. Some of taken specimens are used to calculate dry density and others to 

calculate natural and saturated density. The results of calculations and statistical reviewing are depicted in the 

table 1. 

 
Table 1: Results of density tests (gr/cm3) 

specimen 
specimen 

status 

Number 

of tests 
Min Max Mean 

Standard 

Deviation 

Coefficient of 

Variation 

95% confidence 

level 

Marl & 

Mudstone 

Natural 21 2.43 2.51 2.47 0.02 0.83 2.47 ± 0.01 

Dry 22 2.2 2.42 2.34 0.05 2.18 2.34 ± 0.02 

Saturate - - - - - - - 

Silty  Marl 
& 

siltstone 

Natural 24 2.28 2.55 2.43 0.09 3.56 2.43 ± 0.04 

Dry 24 2.16 2.48 2.33 0.1 4.11 2.33 ± 0.04 

Saturate 14 2.41 2.53 2.47 0.03 1.31 2.47 ± 0.02 

Sandstone 

Natural 25 2.34 2.56 2.46 0.06 2.35 2.46 ± 0.02 

Dry 26 2.25 2.55 2.41 0.07 3.07 2.41 ± 0.03 

Saturate 25 2.44 2.61 2.51 0.04 1.68 2.51 ± 0.02 

 

Measurement of saturated density for marl and mudstone aborted due to impossibility of saturation. 

Coefficients of variations vary in the tolerable range of (1-10 %). 

 

Porosity: 

Several specimens are to calculate porosity (n). Table 2 depicts statistical surveying of results, the range of 

change of coefficient of variations placed within logic tolerance of (13-42%). Results of porosity tests, justify 

the high density of samples. The mean of porosity of 14.5 % for marl rocks is in the lower of given ranges for 

this rock. 

 
Table 2: Results of porosity tests 

specimen 
Number 

of tests 
Min Max Mean 

Standard 

Deviation 

Coefficient of 

Variation 

95% confidence 

level 

Marl & 

Mudstone 
21 9.5 21.1 14.5 2.73 18.8 14.5 ± 1.2 

Silty marl & 

siltstone 
20 8 16.1 11.5 2.32 20.2 11.5 ± 1 

Sandstone 27 1.4 13.2 7.4 2.86 38.6 7.4 ± 1.1 

 

Moisture Content 

The moisture Content of samples is measured in natural and saturated conditions and relevant results are 

depicted in table 3. The change of coefficients of variations placed in the tolerable range of 3 to 63. Due to the 

impossibility of carrying out tests on saturated marl samples, their results are not presented. According to the 

results of density and porosity, it can be inferred that the moisture content of samples would probably be low. 

 
Table 3: Results of Moisture Content Tests 

specimen 
specimen 

status 

Number 

of tests 
Min Max Mean 

Standard 

Deviation 

Coefficient of 

Variation 

95% confidence 

level 

Marl & 

Mudstone 

Natural 26 3.2 8.6 5.7 1.43 25 5.7 

Saturate - - - - - - - 

Silty   Marl 
&siltstone 

Natural 24 2.6 6.1 4.1 0.88 21 4.1±0.4 

Saturate 14 2.7 7 5 1.3 26 5±0.7 

Sandstone 
Natural 26 1 4 2.6 0.96 37 2.6±0.4 

Saturate 23 1.5 4.6 2.9 0.91 31 2.9±0.4 

 

Sieve analysis, Hydrometer analysis & Atterberg limits: 

Sieve analysis, Hydrometer analysis and Atterberg limits tests are carried out to determine texture and 

plasticity of materials (refer to table 4). Therefore marls and silty marls classified as CL & CL/ML. fig. 1 

demonstrates the test results and calculated Atterberg limits too. 
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Table 4: Results of Atterberg limits Tests and clay percentage 

 LL (%) Pl (%) Clay percent<2μm 

Specimen 
Number of 
Test 

Min Max Mean SD Min Max Mean SD Min Max Mean SD 

Marl& 

Mudstone 
23 29 44 36 4.2 9 17 13 2.6 10 31 20 6.6 

Silty Marl 14 26 41 33 4.4 5 17 10 3.5 5 25 15 6.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Results of Atterberg limits tests for marl and silty marl specimens 

 

Unconfined Compressive Strength Test: 

 

Results of Unconfined Compressive Strength tests in natural and saturated states are depicted in the table 5. 

 
Table 5: Results of Unconfined Compressive Strength tests in natural and saturated states (MPa) 

specimen 
Status of 

moisture 

Number 

of tests 
Min Max Mean 

Standard 

Deviation 

Coefficient of 

Variation 

95% confidence 

level 

Marl 

& 

Mudstone 

natural 12 0.8 5.5 2.4 1.6 68 2.4 ± 0.9 

saturated - - - - - - - 

  Silty  marl 

&siltstone 

natural 7 6.3 9.9 8.2 1.6 19 8.2 ± 1.2 

saturated 3 4.5 5.8 5 0.7 14 5 ± 0.8 

Sandstone 
natural 8 9.9 28.9 21.5 6.1 28 21.5± 4.1 

saturated 13 4.7 36.4 18.3 10.7 58 18.3 ± 5.8 

 

Rock compressive strength is very important in estimation of geomechanical parameters of bedrock. 

Therefore despite of inability of laboratory to calculate compressive strength of marl specimens in saturated 

condition, it is necessary to estimate it somehow, consequently the relevant parameter calculated as follows: 

Because of existence of clay minerals as the major element of marl rocks, the concerning rocks are sensitive 

to moisture content changes and saturation of specimens more than 50 % reduces the compressive strength of 

them dramatically. According to studies of Chiu & Johnson over Unconfined Compressive Strength Test of 

mudstone, Unconfined Compressive Strength stands between 1 to 10 MPa with natural moisture of 3 to 9 %. 

The resistance of weak sediment rocks according to their porosity researched by Clean at Jacob institute. 

According to this research, the marl and mudstone Unconfined Compressive Strength stands between 2.5 and 5 

Megapascal at Safa dam, indeed those results are in consistent with results of Unconfined Compressive Strength 

in natural moisture content. 

Comparison of two recent scenarios with acquired results over mudstone in natural moisture content; it is 

evident that rocks strength at Safa dam is low. Considering the granular percentage of less than 2 microns by 

Atterberg limits, it can be understand that the plasticity characteristics of these rocks are low and they can 

classified as clay or silt with poor plasticity characteristics, therefore the unconfined compressive strength of 

marls and mudstone saturated state with 50 to 60% reduction in comparison to natural moisture state, 1 MPa is 

suggested. 

 

Direct Shear Tests: 

Several shear tests are implemented to determine shear strength of the. Test of soft specimens like marls 

and mudstone done directly over the undisturbed samples while saw-cut is done on hard specimens. The attained 

results are depicted in table 6. Indeed the relevant specimens saturated by submerge but they probably exposed 

to incomplete saturation, the rate of loading velocity adjusted so that to provide traverse deformity with velocity 

of 0.05 mm per minute. 
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Table 6: Results of Direct Shear Tests 

specimen 
Status of 

moisture 

Direct shear Saw-Cut 

C (Mpa) Φ C (Mpa) Number of tests Φ Number of tests 

Marl & Mudstone 
Natural - - - - - - 

Saturate  2 44.6 0.05 - - 

Silty marl & siltstone 
Natural - - - 2 40.9 0 

Saturate 3 54 0.09 - - - 

Sandstone 
Natural - - - 2 42.1 0 

Saturate - - - 6 39 0 

 

Consolidation Tests: 

The settlement of soils under load is caused by a phenomenon called consolidation, whose mechanism is 

known to be in many cases identical with the process of squeezing water out of an elastic porous medium [5]. 

 Four consolidation tests are accomplished on marl specimens to consider and calculate consolidation 

characteristics of bedrock at the relevant site, the summary of results are illustrated in table 7. 

 
Table 7: Results of consolidation tests on marl specimens 

 Minimum Maximal Mean Norm Deviation 

Cs 0.0051 0.0089 0.006 0.0021 

Cc 0.0103 0.0305 0.0269 0.0086 

Cv (cm2/sec) -4e3.1 -4e7.9 -4e5.7 -4e5.1 

 

Coefficient of consolidation (Cv) to be calculated in two ways: time logarithm and time square root, but the 

initial method due to better results is more common. 

 

Swelling Tests: 

Tests of swelling (calculation of swelling US Army Waterway Experiment Station) are carried out on 

several specimens of mudstone and marl. Results of swelling tests are demonstrated in the table 8. 

 
Table 8: Results of swelling tests 

Swelling pressure (MPa) Pl (%) LL (%) Clay(%)<2μm 

0.4 13 36 22 
0.2 14 38 24 
0.05 18 44 30 
0.2 - - - 
0.2 - - - 

 

As it can be seen in table 8, the results of swelling pressure are not in congruence with Atterberg limit 

results. It may be due to existence of clay minerals in each specimen or it may be rooted in laboratory errors. 

Therefore the swell potential of concerning marl and mudstone are estimated by these methods [6]: 

According to activity of marl and mudstone and comparison of that with clay percentage of them, they 

place in low swell potential category. Moreover, soil materials holds liquid limits less than 50 with plasticity 

index lower than 25 stand in low swell potential category according to the classification system represented by 

US Army Waterway Experiment Station. It is evident that the marl and mudstone at Safa Dam displays poor 

swelling while swell pressure is calculated in the range of 0.1 to 0.15 MPa during design phase. Sandstone and 

siltstone demonstrate minor swell pressure. 

 

Triaxial Tests: 

Triaxial tests are carried out on several specimens in order to find out rock shear strength and required 

constants which are used in Hook & Brown failure criterion. Therefore lateral stresses calculated in compliance 

with nature of specimens, depth and position. The relevant results are presented in table 9 and fig. 2. 

Triaxial Test Results
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Fig. 2: Triaxial Test Results 
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Table 9: Results of triaxial tests 

specimen Status of specimen Number of tests C (MPa) Φ 

Marl & Mudstone Natural 2 0.08 42 

Silty marl & siltstone Saturate 4 2.4 41 

Sandstone Saturate 5 2.6 54 

 

It is necessary to find out instant mi on fracture norm for every rock to be calculated by contribution of 

outcomes made by Triaxial tests due to significance of Hook & Brown fracture norm in estimation of 

geomechanical parameters and applicability in the relevant designs, thus graph (σ1- σ2)
2
 is drawn with range of 

σ3 . The following results come out in accordance with gradient and latitude from the origin was arraigned in 

the above curves. 

 
Table 10: Failure criterion arisen from triaxial tests 

Nature of soil Uniaxial resistance(MPa) Constant mi 

Marl & Mudstone 1 7 

Silty marl & siltstone 9.7 9 

Sandstone 18.2 18 

 

Whereas the represented values by Hook (2002) for the discussed rock are as follows: 

Marl   7±2 

Siltstone 7±2 

Sandstone 17± 2 

Consequently the values calculated on marls, mudstone and sandstones are similar to those values 

contributed by Hook (2002) and only the concerning values on silty marls and siltstones are not  in congruence 

with the discussed quantities. It should be noted that triaxial tests are accomplished for marls and mudstone in 

soil cells and this test on the other rocks are carried out in rock cells. It is evident that according to the nature of 

silty marl and siltstone, the insufficient saturation of those specimens cause strength enhancement, meanwhile 

the longer specimens which are selected for the discussed tests, provided better conditions against other 

specimens. The final quantities for constant mi are depicted in the table 11. 

 
Table 11: Final quantities of constant mi 

Nature of specimen mi 

Marl & Mudstone 7 

Silty marl & siltstone 7 

Sandstone. 17 

 

Results: 

Based on field studies, exploration drilling and laboratory tests, it can be said that the rock mass of Safa 

Dam is generally consists of alternating layers of mudstone, marl, silty marls, siltstone and sandstone, and 

among them the layers of mudstone, silty marl and marl are more frequent, so the rock mass of this dam is put in 

category of soft rocks. According to nature of these rocks mass, geotechnical characteristics of marl and silty 

marl are of great importance for design purposes, and they should be used as the main geotechnical 

characteristics of rock mass of Safa Dam, unless existence of sand stone is clearly confirmed. 
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