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Abstract

Purpose. In recent years in Egypt there has been a significant increase in the demand for building materials, particularly
gravel which is employed in buildings, the base layer for road construction, and other industries. The quality of gravel that is
deemed suitable for different purposes depends on the physical, chemical, and mechanical properties of the gravel; these
aspects are determined according to the Egyptian Code, depending on the required application.

Methods. Representative samples were collected from two working sides of the quarries, then they were processed in a
laboratory to characterize the samples depending on the location and evaluate their properties with respect to the corre-
sponding concrete and road codes.

Findings. The findings indicate that the gravel tests were simple to conduct and that the gravel from these locations were
suitable for constructed roads and to be used in mixture of asphalt and cement.

Originality. The samples were collected from five quarries around the Qena Governorate, Egypt; each of these locations
occupied areas ranging from approximately 100x100 or 200x100 m?.

Practical implications. The loss of gravel at the studied quarries was found to be 32.88-44.06%. Abo-Teshet 1 exhibited

the highest loss of gravel deposits with thicknesses ranging from 0.5 to 1.50 m, which was attributed to the fill layers.
Keywords: gravel characterization, construction materials, gravel quarry, gravel chemical properties

1. Introduction

Gravel serves as a construction and building materials
that plays an important role in the development of infrastruc-
ture and roads. Investments in Egypt have increased signifi-
cantly, particularly those pertaining to the construction of
roads and new buildings. In this study gravel samples were
collected from five different locations and evaluated in terms
of their physical, chemical and mechanical properties. The
surface of the significant thick and widely distributed sedi-
mentary succession around Qena is used as a raw material for
building purposes. The application of gravel in building
construction is mainly dependent on the physical and me-
chanical properties of the gravel; these properties are gener-
ally determined by research laboratories and industries [1],
[2]. A previous study evaluated the quarries located around
the Nile valley; gravel from these quarries is sued as the base
layer for highway pavements [3], [4]. Therefore, it is essen-
tial to determine the properties of gravel, given that the ap-
plicability of gravel in construction mainly depends on its
physical and mechanical properties, which typically deter-
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mined by research laboratories and organizations. Figure 1
depicts the study area and the quarry locations.

Physical properties of gravel, such as the density, porosi-
ty, and water absorption capacity were determined. Density
is defined as the ratio of the mass of a dry specimen to its
apparent volume. The weight of a unit volume of rock in its
natural state differs from that of the same volume of rock
containing the solid phase alone. Porosity of stone is directly
related to important characteristics such as the mechanical
strength and the behavior in liquids. A higher porosity indi-
cates a lower mechanical strength and that liquids can be
absorbed more easily by the stone. Absorption capacity re-
fers to the ability of a stone to absorb liquids and gases. In
this study, tests are conducted on specimens with dimensions
of 50x50x50 mm [5], [6]. To determine the absorption ca-
pacity of the samples, the specimens were dried at 105°C for
24 h. subsequently, they were immersed in distilled water at
20°C +£2°C for 24 h. These samples were removed from
water, their surfaces were dried, and they were weighed to
the nearest 0.001 gm. Absorption capacity is expressed as
gm/cm? for the polished surface of the specimens [7].
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Figure 1. Quarry locations in the study area

Mechanical properties such as the uniaxial compressive
strength, and abrasion were determined using the Los-
Angeles test. The chemical compositions of all samples were
evaluated to determine the main competencies of quartz or
carbonate and all other minerals [8]. There are numerous
natural aggregates in the soil in Egypt, particularly gravel
quarries lie in the eastern desert, which is an economy. These
can be used for various industrial applications such as con-
struction roads and also be used in concrete and asphalt mix-
tures. For this purpose, however, their geotechnical behavior
must be evaluated to ensure that they are suitable for use in
various engineering applications. The exposed gravel quar-
ries along the eastern bank of the Nile Valley afford signifi-
cant important building materials in Qena; this improves the
economic growth and facilities the construction of new
towns, such s the new town of Qena.

For determining the quality and economic importance of
gravel deposits, their geotechnical behavior, alkaline reactivi-
ty, and the percentage of gravel deposit loss are highly sig-
nificant parameters. Many previous studies have focused on
the geological nature of the area considered in this research,
including the sediments and mineralogy of this area [9]. High
Cretaceous-low Tertiary rocks covered Qena region, which
contain gravel and sand, form the main plateaus in this re-
gion. In addition to the cellar complexes in the east, the stud-
ied quaternary sediments in the Qena area are covered by the
Upper Cretaceous-Lower Tertiary successions from the east
and west [10], [11].

The main objective of this study is to evaluate quarry
samples to determine their suitability for different applica-
tions, such as construction, cement concretes, and asphalt
mixtures, according to the Egyptian Code; the study also
aimed at estimating the losses related to clay covering the
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gravel in order to present the results to the Quarry admin-
istration of the Qena Governate. The results of this study
are expected to help elucidate the gravel losses in all
similar quarries.

2. Data collections

Business trips were arranged to collect all samples from
different quarries, in cooperation with the quarry administra-
tion of the Qena governorate. Five different locations were
investigated, representative samples were collected from
two working sides of the quarries. The experiments were
conducted at the Mining and Petroleum Department, Faculty
of Engineering, Qena, Al-Azhar University. Samples were
collected from Abo-Teshet 1, 2, Farshoot, Qus and Elgeash
Road. A total of 26 samples were collected from the work-
ing side faces of the quarries, these samples weighed 30-
45 kg. The thickness of the working faces reached 4-5 m,
and the entire surface area was coated with fine materials,
with a thickness similar to the gravel that cover the thick-
ness of gravel layers.

The quarry-ground deposits of Qus were covered with
thin layers featuring a thickness of 0.30-1.50 m (fine seeded
soils). Gravel grains should be investigated and clarify that
grain composition were consisted of silicone or calcareous.
Some of the examined grains were significant rough quartz
flint [12], [13]. Figures 2, 3 illustrate the working side for the
Abo-Teshet 1, 2 quarry and the locations from which the
samples were procured.

Figure 4 highlights these locations for the Farshoot quar-
ry, while Figure 5, 6 depict the locations for Qus and Elgeash
Road respectively. The second location is the Abo-Teshet
quarry, where samples were collected at five locations from
trenches as shown in Figure 3.
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(@)

Figure 2. Working sides for Abo-Teshet 1 quarry and locations of sample procurement: (a) wall side section 1; (b) wall side section 2;
(c) wall side section 3; (d) sample location with depth

(@) (b)

Figure 3. Trenches from which were procured for Abo-Teshet 2: (a) wall side section 1; (b) wall side section 2; (c) wall side section 3;
(d) sample location with depth

(a) (b)

Figure 4. Location of sample procurement for Farshoot(a) wall side section 1 (b) wall side section 2; (c) sample location with depth 1;
(d) wample location with depth 2
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Figure 5. Location of sample procurment for Qus: (a) wall side section 1; (b) wall side section 2; (c) sample location with depth

Figure 6. Loaction of sample procurement for Elgeash Road: (a) wall side section 1; (b) wall side section 2; (c) sample location with depth

3. Methodology

Evaluations of the aggregates in the gravel quarries of
Qena depend on physical properties such as density, water
absorption capacity, size fraction, shape, and chemical proper-
ties. as well as the mineral contents in the aggregates. Petrog-
raphy examination of the gravel was carried out according to
the ASTM standard 295 to identify the constitutes of the
samples and identify the alkali-silica reactive ingredients such
as opal, tridymite, chalcedony, crystobalite and alkali car-
bonate reactive rocks. Were also examined. Coatings prevent
the development of strong bonds between the gravel and
cement. Table 1 summarizes the chemical and physical prop-
erties for the samples obtained from different locations [14].

Table 1. Chemical and physical properties for gravel from quarry

sites in Qena
Properties
Quarry Sulfate  Adsorption .
cL (%) (%) pH  Density

Abo-Teshet1 0.0021 0.00145 2.46 7.4 2.57
Abo-Teshet2 0.0032 0.0013 2.32 7.5 2.62
Farshoot 0.0033  0.0015 221 7.3 2.61
Qus 0.0025 0.0012 2.42 745 258
Elgeash roads 0.0029  0.0011 2.47 75 2.55
Limits” <0.06 <0.002 <25 7.5 -

*These values are based on the Egyptian Code (2003) [15], [16]
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These minerals react with alkalis in the cement, leading to
the expansion and cracking of concrete. Others constituent such
as sulfides, sulfate, halite, iron oxide, clay minerals, and anhy-
drite, which might be present in the form of coatings impurities.

4. Results and discussions

The evaluations results indicate that, sulfate and chloride
contents ranged from 0.0021 to 0.0033 for samples from all
locations, as listed in Tablel. The sample from Abo-
Teshet 1 contained 0.0021 and 0.00145 cL and sulfate re-
spectively; its water absorption capacity was 2.46%, and its
pH and density were 7.4 and 2.57, respectively. Therefore,
this location was deemed suitable of many applications.

The sample from Abo-Teshet 2 contained 0.0032 and
0.0013 cL and sulfate, respectively, its water absorption
capacity was 2.32% and its pH and density were 7.5 and
2.62, respectively. According to the Egyptian Code, this
quarry is suitable for use in concrete and civil applications.
The sample from Farshoot quarry was evaluated to possess a
density of 2.61, a pH of 7.3, an adsorption capacity of 2.21%,
and sulfate and cL contents of 0.0015 and 0.0033 respective-
ly. Furthermore, samples from the Qus quarry contained cL
and sulfate contents of 0.0025, and of 0.0012, respectively;
their adsorption capacity pH, and density were 2.42%, 7.45
and 2.58, respectively.
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The fifth quarry located on Elgeash Road yielded samples
containing cL and sulfate contents of 0.0029 and 0.0011,
respectively; these samples exhibited an adsorption capacity
of 2.47, a pH of 7.5, and a density of 2.55. According to the
Egyptian Code, gravel from all these locations was deemed
to be satisfactory for use in concrete. All the samples were
screened via grizzly, and the results indicated that the sam-
ples passed between the upper and lower limits stipulated in
the Egyptian Code. The general classification of soils was
discussed detail as shown in Figure 7 [17].
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Figure 7. Particle size distribution for Quarries 1-5

Every material type was classified according to size (mm).
Based on this from this, the Egyptian Code was implemented
according to the general applications of gravel in civil tasks
such as all concrete type and asphalt. (Egyptian Code ECP
203-2017). All the samples were evaluated to determine the
corresponding losses, as illustrated in Tables 2-4.

Table 2. Particle size classification of soil [17], [18]

Types of material Sizes, mm
Boulders Over 200
Cobbles 60~200
Coarse 20~60
Gravel Medium 6~20
Fine 2~6
Coarse 0.6~2
Sand Medium 0.2~0.6
Fine 0.06~0.2
Coarse 0.02~0.06
Silt Medium 0.006~0.02
Fine 0.002~0.006
Clay Less than 0.002
Table 3. Standard code for concrete uses
No. Size, inch| Size, mm Uses Remark
1 15075 37519  Allconcrete
type
2 2.5-2 50-63 Asphalt
3 <63 Not ' Should be
economic crushed
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Table 4. Estimated losses of gravel in the samples

No. of
samples

Losses for every  Average loss for
sample, % every location, %
41.80
51.69
40.17
44.64
42.01
39.49
33.63
33.58
31.33
27.06
31.91
35.80
31.92
41.42
36.85
34.53
48.51
39.74
38.71
39.40
38.78
39.58
37.71
44.01
42.80
37.20

Locations

Abo-Teshet 1 5 44.06

Abo-Teshet 2 5 32.88

Farshoot 6 3541

41.03

Elgeash roads 5 40.26

5. Conclusions

The results indicate that the gravels were dense and hard.
Their water absorption capacities ranged from 0.47 to 2.21%
(i.e., than 5%). These values suggested that the gravel from
the studied quarries were suitable to be used foundation and
sub-base layers, in accordance with the Egyptian Code for
cement, asphalt, and road structure mixtures. The evaluation
of the gravel from these sites depended on a visual study of
gravel canyons demonstrating the elongation type. The
chemical and mineralogical compositions of the analyzed
gravel, including the petrographic analysis, revealed that they
belonged to alluvial fans from the quaternary and stream
sediments. The Abo-Tesheat 1-2 key spring rock, Farshoot,
Qus, and Elgeash Road quarries. In the studied quarries, the
loss of gravel deposits amounted to 32.88-44.06%. Abo-
Teshet 1 exhibited the highest loss of gravel deposits with
thicknesses ranging from 0.5 to 1.50 m, which was attributed
to the fill layers. Lastly, the gravel deposits at the eastern
bank of the Nile valley in the Qena region were widely dis-
tributed and of a high quality.
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Ouinka sikocTi rpasilo Ta iioro BTpaTt Ha npukJaji rpasiiinux kap’epis y nposinuii Kena, €Eruner

M.A. Ani, M.M.A. Xaccan, 1O.-T". Kim, 10.-T". Kim

Merta. OriHKa SIKOCTi I'paBil0 Ha OCHOBI JTOCIIKEHHS Horo (i3UKO-XiMIYHUX 1 (i3MKO-MEXaHIYHHUX BIIaCTUBOCTEH, a TAKOX BU3HAYCHHS
BTpaT Ha NMPUKIAI IpaBiiiHUX Kap epiB y nposiHnii Kena, €rumer.

Metoauka. 3pasku Oyiu Binibpani 3 1’11y Micupk Kap’epiB y nposinmii Kena, Cruner, Ha miomi Big 100x100 no 200x100 m? 3 1Box po-
0ounx cTOpiH Kap’epiB. 3pa3ku 00pobieHi B 1abopaTopii 111 BU3HAYEHHS SKOCTI 3pa3KiB 3aJIeKHO Bif X MiCHE3HAXOMKCHHS Ta OLIHKHU iX
BJIACTHBOCTEH BIiAMOBITHO 10 ICHYIOUHX CTaHAAPTIB OETOHY i IOPOKHBOTO MOKPHUTTA. IleTporpadiune mociimKeHHS TPaBif0 MPOBOAMIOCS
BiZIMOBIZIHO 10 cTanmapty ASTM 295.

Pe3syabTaTn. BecraHoBneHO, 10 3pa3ky IPaBilo € IUIBHUMH 1 TBEpAUMH, a Oro BOJONOTIIMHAHHS 3MiHIO€ThCs Bif 0.47 1o 2.21% (TobTO
oinmbime 5%) 1 cBiAYATh MPO Te, MO TPaBiil MiXOJUTh U BUKOPUCTAHHS B SIKOCTI (DYHAAMEHTY 1 MiICTHIA0YOr0 MIapy BiAMOBIIHO IO €TH-
NETCHKUX MPaBHJI AJIs IEMEHTHHUX, ac(abTOBUX 1 IOPOXKHIX cyMilieil. XimMidyHHil Ta MiHEpaJOTiuHHUI CKJIaJ IPaBilo, B TOMY YHCIIi METPOTr-
padiuHuMii aHami3, MOKa3aB, 110 BOHM HAJIEXAJIM KOHycaM BHHOCY 3 YETBEPTHHHHX 1 PIYKOBHUX BiJKJIaJieHb. BCTaHOBIICHO, 110 Y BUBYEHHX
Kap’epax BTpaTa rpaBiitHuX BifkiaaeHb ckiana 32.88-44.06%. BusHaueHo, 1110 po0BHINa TPaBito Ha cXigHoMy Oepesi nonuuu Hinmy B paiio-
Hi Kern Oy mmpoko po3moBCIOKEHI Ta Mald BUCOKY SIKICTb.

HaykoBa HoBu3Ha. Briepie npoBeneHa omniHka Qi3MKO-XiMIYHUX 1 (i3UKO-MEXaHIYHHX BIACTHBOCTEH TpaBiro kKap’epiB npoBiHmii KeHa,
€rureT, A7 BCTAHOBJICHHS MOXIIMBOCTI X 3aCTOCYBaHHS B Oy/IiBeNbHIN IIPOMHUCIOBOCTI.

MpakTnyHa 3HaunMicThb. JloBeIeHO, 0 TPaBiil JOCTIHKYBAHHUX JIOKALIN MiIXOANUTH A1 OyIiBHHUIITBA JOPIT 1 BAKOPUCTAHHS B CyMilli
achaybTy Ta IEMEHTY, L0 Ja€ MOXKJIMBICTh 3a0€3MEYNTH MICLIEB] PEriOHM CHPOBHHOIO /IS Oy/IiBEIBbHOT TPOMHUCIIOBOCTI.

Knrwwuosi cnosa: xapaxmepucmurxa 2pasiio, 6yoigenvHi mamepianu, epasiiiuil Kap'ep, XiMiuHi 61acmueocmi epasiio

Ouemca KavyeCTBa rpaBusl M €ro rnoTepb HA NNpuMepe FpaBHﬁHLIX KapbepoB B IPOBUHIUU Keﬂa, Eruner

M.A. Amu, M.M.A. Xaccan, 1O.-T". Kum, 10.-T". Kum

Hean. Onenka KauecTB IPaBHs HAa OCHOBE MCCIEJOBAHUS €r0 (DH3UKO-XUMHIECKHX U (PU3NKO-MEXaHNIECKUX CBOMCTB, a TAKXKe OIpesie-
JIeHHE NIOTeph Ha IpUMepe IpaBUHBIX KaphepoB B npoBuHLIKU Kena, Erumner.

Metoauka. O6pasipl 66U 0TOOGPAHEI U3 AT MECT KapbepoB B IpoBuHIMK Kena, Eruner, Ha mnomaau ot 100x100 g0 200x100 M? ¢
JIBYX pabouux CTOpPOH KapbepoB. OOpasisl 00paboTaHbl B TaOOpaTOPUH JJIsl OTIPEACIICHUs KadyecTBa 00pa3iioB B 3aBUCHMOCTH OT UX MECTO-
HaxX0)KICHHS U OLCHKH MX CBOWCTB B COOTBETCTBHHM C CYIIECTBYIOIIMMH CTaHAApTaMHU OETOHA M JOPOXKHOTO NOKpbITHs. [leTporpaduueckoe
HCCIIeZIOBaHUE TPABUS MTPOBOAMUIIOCH B COOTBETCTBUU cO cTranaapTom ASTM 295.

Pe3yabTaThl. YCTaHOBJIEHO, UTO 00pa3Lbl IPaBUs SABIAIOTCS IUIOTHBIMU M TBEPABIMHU, a €r0 BojomoriomeHue nsmensercs ot 0.47 no
2.21% (t.e. 6onee 5%) M CBUAETETBCTBYIOT O TOM, YTO TPABUIl IOJXOINUT [UIS UCIONB30BAaHMS B KadecTBe (PyHAAMEHTa U MOJCTHIIAIOIETO
CJIOSI B COOTBETCTBUH C €THIETCKUMH NPABHIAMH JUIS IEMEHTHBIX, aC(QaTbTOBBIX U JOPOXKHBIX cMecel. XUMHIECKHH U MHHEPaIOTHIeCKUH
COCTaB IpaBHs, B TOM YHCIIe IeTporpaduyecknii aHanm3, Mokasall, 4YTO OH MPHHAUISKAI KOHycaM BBIHOCA U3 YETBEPTHYHBIX M PyUbEBBIX
OTJIOKECHUH. Y CTaHOBIICHO, YTO B N3yUYEHHBIX Kapbepax MOoTeps IPaBUHHBIX OTIOKEeHUH cocTaBuiaa 32.88-44.06%. OnpeneneHo, 9T0 MecTo-
POXKICHHS TpaBHs Ha BOCTOYHOM Oepery noinHbl Huma B paitone KeHbl ObUIH HIMPOKO pacipoCTpaHeHbl M UMENHU BBICOKOE KaueCTBO.

Hayunasi HoBu3Ha. BriepBbie npoBesieHa orjeHKa (pU3NKO-XHMHUECKUX U (PU3UKO-MEXaHUUECKUX CBOMCTB rpaBHsl KaphepoOB MPOBHHIINH
KeHa, EFI/Il'leT, JJIg yCTaHOBJICHUS BO3MOXXHOCTU UX IIPUMEHEHUS B CTpOl/ITeJ'leOI;’I MPOMBIIIJICHHOCTH.

IIpakTHYyeckas 3HAYMMOCTb. J[0Ka3aHO, YTO IpaBUil UCCIETYyEMBIX JIOKAUH MOJXOIUT ATl CTPOUTENBCTBA AOPOT U UCIIOJIB30BAHUS B
cMecH acanbTa U IEMEHTa, YTO AaeT BO3MOXKHOCTh 00ECIIEUUTh MECTHBIC PETHOHBI CHIPBEM ISl CTPOUTEIBHO MPOMBIIUICHHOCTH.

Kniwouesvie cnosa: xapakmepucmura 2pasus, CmpoumenbHuble Mamepuasl, 2pasulinblii Kapbep, Xumuieckue c8olicmea pasus
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