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ABSTRACT

The study aims to know some of the physical and mechanical

properties of limestone rocks within the Pila Spi and Sinjar Formations
at the southwestern limb of Bazian Fold within the Sulaymaniyah
Governorate, in order to show their suitability as riprap stones. The tests
showed that the values of the dry density of these rocks ranged between
(1.857-2.341) g/cm3, the water absorption rate ranged from (1.848-
9.87)%, and the specific weight ranged from (2.167-2.255), and the
values of the chemical erosion ratio ranged between (8.9-29)%. After
knowing the physical and mechanical properties of these limestone rocks
and comparing them with the standard specifications of the riprap stones,
it was found that these rocks are not suitable for riprap purposes in all the
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Introduction

The movement of water flow leads to the erosion of
the banks of rivers, streams and slopes, removing the
crumbly materials from their place and depositing
them towards the bottom of the river or stream, and it
can also work on refining the facilities in the river
course. Just as human-induced changes in river
banks, disturbance of bottom soils, or removal of
vegetation cover can stimulate or increase erosion
processes of their banks and bottoms, properly
designed riprap works prevent or reduce erosion
caused by erosion or erosion. riprap is defined as a
layer of crushed stones or boulders thrown or placed
by hand on structures and structures exposed to water
currents such as earth mounds, dams or slopes, banks
and river bottoms and bridge supports bases to avoid
erosion, erosion or deterioration. surface and planted
in the soil of origin [1]. Rock riprap is the most
widely used and popular type in the United States of
America, as it is suitable for most of the
environmental surrounding. Rock riprap is divided
into dumped riprap, hand placed riprap, and plated or
keyed riprap [2]. The effectiveness of the riprap can
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stations of the study area most of the stations of the study area.

remain when some scattered stones are lost and can
be easily repaired. Well-constructed riprap provides
long-term protection, on condition that it is checked
regularly and maintained, especially after floods. The
riprap does not cause pollution. The riprap provides
hiding places for fish and aquatic invertebrates during
the natural flow of the river. The riprap design needs
to know the river bank and bed, the flow velocity, the
depth of the water, the direction and the
characteristics of the riprap stones in terms of density,
size, durability, availability, direction of sidewalks
and buttresses, their dimensions, location, bank
orientation, and the type of interfacial bonding
material that connects the riprap and the foundation
[3].

The study area is 25 km from the center of the city of
Sulaymaniyah, towards the southwest

of the city, in the north-east of Irag. In terms of
coordinates, the area is limited to
(y:3928000 , y:3932000) (x:520000 ,

Fig (2).

x:517500),
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Fig. 1: A map with a visual of the area showing the locations of the study stations

Tectonically, the region is located within the high
fold range. The Bazian chain is a natural belt
separating the high and low fold zone. The Bazian
series resulted from the collision of the Arabian plate
with the Iranian plate. Complex structural features
were formed due to severe folding.

Stratigraphically reveal the following Formations
Sinjar and pilaspi, the Sinjar Formation consists of
layers of argillaceous limestone, sandy limestone,
gray limestone and conglomerate limestone.

While the Pila Spi Formation consists of layers of
crushed limestone, chalk limestone, dolomite, and
dolomite limestone [4].

The most important geomorphological features
present in the region are hills, ravines, cross-valleys
and tree, parallel and semi-parallel drainage systems.

In addition to the presence of Cuesta and Mesa and
the phenomena of rock fall.

Laboratory tests:

The most important geotechnical tests required in
evaluating limestone for riprap purposes are the
specific weight, absorption rate and chemical
corrosion rate. The specific weight varies according
to the type of minerals that make up the rock [5], and
the specific weight is a function when evaluating and
classifying rocks [6]. It was found according to the
American Standard [7]. from the equation True.
G.s=Md/(Md-Msub) table(1)

The absorption property is also very important in
evaluating the viability of rocks for engineering
purposes because the rock with little absorption is
more tolerant and less affected by freezing, thawing
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and changes in drought and humidity [8], and it was
found according to the[7].

from Equation W.ab=(Msat-Md )/ Md x 100%
table(1)

As for chemical abrasion testing, it is one of the most
important tests that are carried out on rock aggregates
that are used in construction and roads, especially
constructions built on coastal areas. This test is

TJPS

performed using saturated sodium sulfate solution or
saturated magnesium sulfate solution.In our current
study, the test was carried out using saturated sodium
sulfate solution according to the American Standard
[9]. by immersing the rock sample in saturated
sodium sulfate solution for (16-18) hours, then drying
for 8 hours for five successive cycles of immersion
and drying.table(1)

Table 1: The results of the important geotechnical tests in evaluating the riprap stones of the limestone

samples taken from the study area
formation | station number | Specific weight | % absorption | chemical corrosion%
Sinjar 4 2.434 1.626 14.7%
5 2.255 2.231 8.9%
Pila spi 8 2.226 8.931 24.6%
10 2.409 9.876 29%

Discussion

The petrographic properties have asignificant impact
on their geotechnical properties, as the effect of the
slight dissolution process, cementation and mineral
composition in the Sinjar formation rocks were
observed on the low absorption ratio, increase in

specific gravity, and low chemical abrasion ratio
compared to Its value in the Pila Spi formation rocks.
Evaluation of the suitability of limestone rocks for
use in riprap:

The suitability of limestone rocks for riprap purposes
against water erosion was evaluated according to the
American Standard [10] shown in Table (2)

Table 2: represents the specifications of the rocks used for riprap purposes according to [10]

Geotechnical property first class

second class third class

Specific gravity

no less than 2.5

no less than 2.5 not less than 2.3

% absorption

no more than 2%

no more than2% no more than 4%

Chemical abrasion% with Na2S0O4

no more than 10%

no more than 25% | no more than 25%

After comparing the results of the geotechnical tests
of limestone rocks taken from the study area with the
American Standard [10], the results of the final
evaluation were reached, Table (3) where as the

limestone rocks in the Sinjar Formation conform the
specification, while the limestone rocks in the pila
Spi Formation are not conform to the specification.

Table 3: Results of evaluating limestone rocks as riprap stones

formation station Specific weight % absorption chemical corrosion%
number
4 It conform to the third Agrees with all It conform to the second and third
category types category
Sinjar 5 doesn't work Agrees with all Agrees with all types
types
8 doesn't work did not agree It conform to the second and third
category
Pila spi 10 It conform to the third did not agree did not agree
category

So only the station sample 4 is valid for stone riprap purposes

Conclusions

1. The Formations that unfold in the studied area are
PilaSpi, Jerkes Sinjar, and recent deposits.

2.The limestone rocks in the study area are affected
by weathering at a medium to high. rate.which led to
an increase in the absorption rate and an increase in
the chemical erosion of these rocks.

3.Most of the rocks of the study area stations are not
suitable for riprap purposes.

4.The Sinjar Formation rocks are better than Pila Spi
Formation rocks as riprap stones.
Recommendations

1. Conducting a similar study in the areas close to the
study area in order to obtain rocks suitable for riprap.
2. Choosing a source of riprap rocks close to the
project in which the riprap is to be carried out to
reduce the economic cost.

36




Tikrit Journal of Pure Science Vol. 27 (2) 2022 I JP S

References

[1] lppen, A.T. and Drinker, p.(1962). “Boundary [5]Fattohi, Zuhair Ramo and Thabet, Kenana
Shear Stresses in Curved Trape, zooidal channels,” Muhammad and Jassar, Sinan and Mashkoor,
Journal of the Hydraulics Division, ASCE, 88 HY5 , Mustafa (1989): Engineering geology and on-site
PP.143-179. investigation, Directorate of Dar al-Kutub, University

[2] Bown ,S.A. and Clyde,E.S. (1989). “Design of of Mosul, 352 p.

riprap Revetment” Hydraulic Engineering Circular [6] Scott, C. R., 1974: An Introduction to Soil
NO.11 (HEC-11), Report FHWA-1P-89-016, Federal Mechanics and foundations, 2th ed., Applied science,
Highway Adminstration, Washington, D.C. Ripple Road, Essex, England, 361 p.

[3] P.F., Lagass, P.E., L.W., Zevenbergen, J.F., Ruff. [7] ASTM- C, 97-09., (2010) “Standard test methods
(2006). NCHRP REPORT 568:riprap Design Criteria, for absorption and Bulk specific gravity of
Reccommnded, Specifications, and Quality Control Dimension stone”3p..

NATIONAL COOPERATIVE HIGHWAY, [8] Griffin , J. A., (2008): development of a rating
RESEARCH PROGRAM TRANSPORTATION classification for rock to be used as toe - bench
RESEARCH BOARD,. WASHINTON, D.C material, Master thesis ,kent state university,131p

[4] HAMASUR,GHAFOR AMEEN (2009). Rock [9] ASTM-C88.,(2018):Standard Test Method for
Mass Engineering of the proposed basara dam site Soundness of Aggregates by Use of Sodium Sulfate
sulaimanni  Kurdistan region, NE-lraq, Doctorate or Magnesium Sulfatel,5p.

thesis, University of Sulaymaniyah, College of [10] ASTM, D-523,2004. Material specification,
Science,182p. (Rock for riprap)

dailaaldd) ;\.halaa/ulyb dub fada jladag eed (e 9Sal 5 adlal) dodSl) ) siall Anadla
Al al 2y
19 Aa)) dana, Oan il Bymal L dlas aad ale
Gl ¢ o s el ¢ mplel] TS ¢ L] Y sl mad

gadlall

A ool Cphall (8 plaiug (o Sl sS Gana Bl ) dall AlSalls A8 palsdll s Adjae () Auhall Cargs
Zshn siaal s3] RAlal AHESY a8 o) lomgmdl) cipelal 285 A€ jlaalS LDl (sae gl Asleld) Adailas e ool Aokl
L B Caag)ig (2.167-2.255) o o5l 0355 (1.848-9.87)% (e sy elal) aloaial daasis (1.857-2.341) g/cm? oo
obaaY Gl clialsall aa Lelias ZenlSll saall s3e] ACalSually Adliill (alsall Rdjaa 2a35.(8.9-29)% (v Alsesl U<
Al didaie cillaae el b Al Gl kY alla e siaall 13 o aag dasil)

37



