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Abstract

A tremendous amount of rock is used in constructing shoreline protective structures on which the
influence of marine environments is totally different from other areas. These materials must be classi-
fied according to particular size, shape and grading as specified by marine structure designers. Other
properties of rock such as density are needed to be incorporated in design equations. Moreover, tough
conditions prevailing marine environments cause the durability of rock to assume quite a peculiar and
important stature. Durability is defined as the ability of rock to maintain its physical and mechanical
properties for the period of time that it is present in an engineering structure. Hence, durability is a
function of rock properties and the environment or conditions surrounding it.

This study attempts to look further into rock materials of Pozm, Tis, Chabahar, Ramin, Briz, and
Pasabandar's breakwaters in the southeast of Iran from the view point of their durability and degra-
dation in the armour layer. Also, it is aimed at setting forth appropriate criteria to quickly evaluate
quality and durability of regional rock materials by considering samples of durable and indurable
rocks of breakwaters, paying attention to field observations and durability evaluation engineering tests
as well as introducing the most proper rock material deposits of the region.

Key words: armour layer, Breakwaters, durability, marine structures.
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1. Introduction

The importance of analyzing rock material dura-
bility before being utilized in engineering structures
becomes better apparent when one glances at the con-
siderable list of ruined structures due to the applica-
tion of low grade and indurable materias. In the mean
time destructions and incidentsinflicted on great rubble
mound breakwaters along coastal lines of the Atlantic
and the Pacific like Sinesin Portugal, Tripoli in Libya,
GiolaTauro in Italy and Skikdain Algeria concede the
vitdity of analyzing and recognition of rock materia
durability(CIRIA/CUR 1991).

Numerous reports of marine structures destruction
made of rock especially rubble mound breakwaters are
aso availablein Iran. In recent years many breskwaters
have been or are being constructed along the southern
coast line of Iran and severa islands, most of which are
of rubble mound type, and the Armour layers of a
majority of such breakwaters have been destroyed after
a while due to improper choice of materials causing
huge financial loss.

Declaration of Chabahar asafreetrade zone and the
atention of government authorities to the economic
and civil progress of this port has enhanced the con-
struction of numerous civil and commercia structures
which necessitate the existence of coasta facilities,
especially breakwaters. For this same reason many
breskwaters have been constructed in the region the
Armour layer of which is made of rock.

This case study attempts to look further into rock
materials of these breakwaters from the view point of
their durability. Also it isaimed to set forth appropriate
criteria to quickly evaluate quality and durability of
regions rock materials by considering samples of
durable and indurable rocks of breskwaters, paying
atention to field observations and durability evaluation
engineering tests.
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2. Results of petrological studies

Petrological studies and surveys have been conduct-
ed on theregion'sminesrock materias, used in the con-
struction of region's breakwaters, in order to recognize
their characteristics. The results are shown in Table 1.

Figure 1 showsthe geologica map of the region and
location of the mines.

Table 1. Results of petrological studies on the mines
rock materials

45 kms west
(Pol, Po2)| of Chabahar

Pozm | Biosparod| Sedimentary rock
Konarak ite fragments,
Igneous rock frag-
ments,Quartz & pla-
gioclase particles

(PS), (PK)| northeast of

Kalantari Gray Quartz & feldspar
& Sepah | wacke |particles, Igneous &
Sep Sedimentary and
metamorphic rock
fragments
Briz (B) |70 kms east of Briz Coquinite Shells,
Chabahar Quartz particles

3. List of durability evaluation tests

The following durability evauation engineering
tests have been performed on rock materials used in
breakwaters so asto assess their quality and durability.

Water absorption test (ASTM C127-01)

Porosity determination test (ISRM 1981)

Saturated and bulk specific gravity determination
test (BS 812)
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Fig. 1. Geological map of theregion (Jafarian & Abdoli 1996) and location of the mines

LosAngeles abrasion test (ASTM C535-01)

Aggregate impact vaue test (BS 812)

Point load index test (ISRM 1988) in dry, saturat-
ed conditions and different cycles of hydration and
dehydration using saturated sodium sulphate solution

Sulfate soundness test (ASTM C 88)

Slake durability test (ISRM 1981)

Fracture toughness test (ISRM 1988) using indi-
rect method-brazilian test (Guo et al. 1993)

Uniaxial compressive strength test on dry and sat-
urated samples (ISRM 1981)

Summary of results of durability evaluation engi-
neering tests are shown in Table 2.

4. Variationsin point load index
In order to realize the effect of saline solutions on
mines materials along with determination of influ-

ences posed by tensile stresses caused by sdt crystal-
lization in the pores of these materias, point load
index was determined in different hydration and dehy-
dration cycles with saturated sodium sulphate solution.
Afterwards, durability index (Di), whichistheratio
of point load index after twenty such cycles to point
load index of materials before hydration and dehydra-
tion cycles, was calculated for al samples according to
Di=lg/ls, (@)
Figure 2 shows variations of durability index (Di)
against different hydration and dehydration cycles.
As glance at the figure reveals that sample Polhas
undergone the smallest reduction in tensile strength
after twenty cycles, while sasmples PK and PS show
the highest reduction, in such a way that PS faces
degradation and collapse at the end of the seventh
cyclewith adurability index of 0.29 at this stage. PK

Table 2. Summary of results of durability

— I T
D 2 K I I 2 N

N O 2 I N N
I N 2 ) I N I

Journal of Applied Geology - Vol4 - No.1



S.A. R. Nasehi: Rock mass rating system with application to construction of ...

has the worst condition next to PS with a Di of 0.4
after the 20th cycle which istoo small. Samples Po2,
T, R, B and PA have relatively similar conditions
(Nasehi 2007). Graphs of correlations among the
results of durability evaluation tests are shown in
Figure 3.
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Fig. 2. Variations of durability index
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5. Correlations among results of tests

Establishment of relations and correlations among
results acquired from durability evaluation tests facil-
itates prompt and easy recognition of tests which can
be regarded as substitutes for lengthy and complicat-
ed tests. Table 3 depicts correlations among durabili-
ty evaluation test results of the mines rock materials.

Table 3. Correlations among the results of durability
evaluation tests

Los= 449.47 BSG-3.849

Los Angeles abrasion (Los) and bulk specif-
ic gravity (BSG)

Los Angeles abrasion (Los) and point
load index (1S(50))

Los= 13769 15(50) -0.809| 0.

AlV=772.49BSG-4.614

Aggregate impact value (AlV) and
bulk specific gravity (BSG)

Point load index (Is (50)) and aggre-
gate impact value (AlV)

15(50)= 36.77 AlV-0.915

Sulphate soundness(SS) and water
absorption (Wab)

SS=-0.51 Wab+ 19.0

6. Conclusion

None of engineering tests can individualy be
introduced as a criterion for assessment of rock mate-
rials durability. A combination of results obtained
from different engineering tests such as percentage of
water absorption, specific gravity, point load

Table 4. Therating assessment system for the use of
rock in marine structures -south east of Iran

Excellent| Good Fair Weak Very
weak

I I R R N

I I I N NI
] e
L I e

I R I L R
I N L B N

I I I I N

I I I B N

Compact
igneous &
metamorphic
rocks with low|
grade weather-
ing & without;
joints, strong
sedimentary
Rocks

strength, impact value and sul phate soundness can be
recommended as the mentioned criterion. Durability
index (Di), as discussed, is the most proper parame-
ter which one can use to recognize durability or
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Fig. 3. Graphs of correlation among the result of
durability evaluation tests

indurability of rocks along the coast line of Persian
Gulf. Asthere is no need to spend a great amount of
capital to study this parameter and rock durability is
understood with a high degree of precision using it,
hence its application is strongly recommended for
any research on durability of rocks along the Persian
Gulf.

According to Figure 2, sample Pol has the best
quality in the region while samples PK and PS show
the highest reduction in tensile strength and have the
worst quality.

A rating system for prompt assessment of rock
materials durability and their application in the
region's breakwaters can be proposed as in Table 4.
However, more extensive research is needed to final-
ize this proposition. According to this classification,
materials with excellent to good quality can be rec-
ommended for the construction of armour layers and
protective ramps and those with good to intermediate
quality for use as materials of under layers and cores
of such structures.

7. Acknowledgment

| am gresatly indebted to the management of Idamic
Azad University, Estahban Branch for the support ren-
dered in the course of this research project.

References

American Society For Testing Materials, 2002,
"Standard test method for density, specific gravity and
absorption of coarse aggregate”, ASTM C127- 01, Annual
book of ASTM standards, Vol. 2: 330-335.

American Society For Testing Materials, 2002,
"Standard test method for resistance to degradation of
large-size coarse aggregate by abrasion and impact in the
los angles maching", ASTM C535- 01, Annual book of
ASTM standards, Vol. 2: 943-945.

American Society For Testing Materials, 2002,
"Standard test method for soundness of aggregate by use
of sodium sulfate or magnesium sulfate”, ASTM C88,
Annual book of ASTM standards, Vol. 2: 245-249.

British Standard I nstitution, 1990, "Code of practice
for determination of aggregate impact value', BS812: part
12.

British Sandard Institution, 1990, "Code of practice
for determination of specific gravity", BS812: part 107.

CIRIA/CUR, 1991, "Manua on the use of rock in
coastal and shoreline engineering", CIRIA special publica-
tion 83/CUR, Report 154, London: 640p.

Guo, H., Aziz, N. |., & Schmidt, L. C., 1993, "Rock
fracture-toughness determination by the brazilian test”,
Engineering Geology, Vol. 33: 177-188.

International Society For Rock Mechanics, 1981,
"Suggested method for determining porosity”, Int. J. Rock
Mech. Min. &ci. & Geomech. Abs., Vol. 16 (2): 141-156.

International Society For Rock Mechanics, 1988,
"Suggested method for determining point load strength”,
Int. J. Rock Mech. Min. Sci. & Geomech. Abs., Vol. 22 (2):
51-60.

International Society For Rock Mechanics, 1981,
"Suggested method for determining swelling and slake
durability index properties’, Int. J. Rock Mech. Min. Sci. &
Geomech., Abs., Vol. 16 (2): 141-156.

International Society For Rock Mechanics, 1988,
" Suggested method for determining the fracture toughness
of rock”, Int. J. Rock Mech. Min. Sci. & Geomech. Abs.,
\ol. 25 (2): 71-96.

International Society For Rock Mechanics, 1981,
"Suggested method for determining the uniaxial compres-
sive strength and deformability of rock”, Int. J. Rock
Mech. Min. ci. & Geomech. Abs., Vol. 16 (2): 135-140.

Jafarian, M. B. & Abdoli, M., 1996, "Geological map
of Chabahar", GS Publication.

Nasehi, S. A. R., 2007, "Rock mass rating system with
application to construction of breakwaters-southeast of
Iran", A research project at Islamic Azad University-
Estahban Branch, in press.

Journal of Applied Geology - Vol4 - No.1





