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Abstract

Parent rock is a fundamental concept in engineering geology and is essential for ensuring the
reliability and safety of construction sites. Parent rock refers to dense, strong rocks found deep within
the Earth, including limestone, sandstone, granite, and basalt. They have high density, low porosity,
and low deformability, making them capable of effectively absorbing and transmitting both static and
dynamic loads. The high propagation velocity of seismic waves in such rocks confirms their strength
and stability.

The low permeability of parent rock reduces the influence of groundwater and reduces the risk
of foundation erosion, weakening, and uneven precipitation. Therefore, studying the lithological
composition, physical and mechanical properties, and depth of such rocks is of particular importance
in engineering geological surveys. Incorrect assessment in geological conditions often leads to
foundation deformations, water infiltration, and reduced stability at construction sites. Given the
relevance of the topic, a comprehensive assessment of the engineering and geological conditions of
construction sites in the Nizami District was conducted, and the properties of the parent rock were
studied.

Keywords: construction site, parent rock, engineering and geological conditions, seismic
exploration, VVs30 parameter, foundations, permeability, seismic resistance.

ANA SUXURLARIN MUHONDISI-GEOLOJI QiYMOTLONDIRILMOSI VO
NiZAMI RAYONUNDA TIiKINTI SORAITINO TOSIRI

E.S.Qaravaliyev, L.T.Foattahova, I.N.Calilova, A.B.Quliyeva

Xiilasa

Ana siixur mithandisi geologiyanin fundamental anlayislarindan biri olmaq]la, tikinti obyektlo-
rinin etibarliligl vo tohliikkssizliyinin tomin edilmosinde miithiim rol oynayir. Ana siixur dedikds,
adoton yer sothinin altinda yerlogon, yiliksok méhkomliys vo yiikgotiirmo gabiliyyotino malik bark
stixur laylar1 nozards tutulur. ©hongdasi, qumdasi, qranit vo bazalt kimi siixurlar bu qrupa aid edilir.
Fiziki-mexaniki xiisusiyyatlorino goro ana siixurlar yiiksok sixliga, asagi mosamoliliys vo zaif
deformasiya gabiliyyatino malik olduglarindan hom statik, hom do dinamik yiiklori etibarli sokildo
gobul edir vo dtiiriirlor. Bununla yanasi, seysmik dalgalarin bu miihitdo daha yiiksok siirotlo yayilmasi
onlarin sort vo dayanigli geoloji miihit oldugunu gostarir.

Ana siixurlarin zoif sukegiriciliyi vo az mosamoliliyi qrunt sularinin tosirini mohdudlagdirir,
naticado biindvrolorin yuyulmasi, zoiflomasi vo diferensial ¢okmo risklori azalir. Bu baximdan
miihandisi-geoloji todgiqatlar zamani ana siixurlarin litoloji torkibinin, fiziki-mexaniki parametrlori-
nin va doarinlik goraitinin dyranilmasi xiisusi shomiyyat kasb edir. Tacriiba gostarir ki, su sizmalari,
biindvra deformasiyalar1 va tikililorin dayaniqliginin pozulmasi hallar1 oksor hallarda geoloji soraitin
diizgiin qiymotlondirilmomasi ilo olagodardir.

Tadqiqatin aktualligin1 nazors alaraq, Nizami rayonu orazisindo aparilan tikinti saholorinin
miihondisi-geoloji soraiti kompleks qiymatlondirilmis vo ana siixurlarin xiisusiyyotlori dyronilmisdir.

1 Republican Seismic Survey Center of Azerbaijan National Academy of Sciences
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Acgar sozlar: tikinti sahasi, ana siixur, miithandisi-geoloji sorait, seysmik kosfiyyat, Vs30
parametri, biindvralar, su kegiricilik, seysmik dayaniqliliq.

HWH)XXEHEPHO-JIUTOJIOTUYECKAS U CEUCMHUYECKAS OIIEHKA
MATEPUHCKHUX IOPOJ (HA TIPUMEPE CTPOUTEJIBHBIX IIJIOIIAJIOK B
PAVIOHE HU3AMM)

J.C. I'apaBeaues, JI.T. ®arraxosa, U.H. xxanunosa, A.b. I'yineBa

AHHOTANug

MatepuHckas nopoJa sBJIsS€TCS OAHUM U3 OCHOBHBIX IOHATUI MHKEHEPHOM I'€0JI0TUU U IMEET
Ba)KHOE 3HAYEHUE JUIsl o0ecrieueHus: HaJ&KHOCTH U O€30MaCHOCTH CTPOMTEIbHBIX ydacTkax. I[lof
MaTEpPUHCKUMH IIOPOIaMHU IIOHUMAIOTCS IUIOTHBIE, IPOYHBIE TOPHBIE TIOPOIbI, 3aJIETAIOIUE B HEPaX
3emMiH, K KOTOPBIM OTHOCSITCSI MU3BECTHSIK, MECUaHUK, TPAHUT U 0azanbT. OHU 00J1a1al0T BHICOKOM
IUIOTHOCTBIO, HU3KOM MOPHCTOCTBIO U Ci1aboi AepopMUpyeMOCThIo, Oiaronaps yemy CHOCOOHBI
3¢ (}eKTUBHO BOCHPUHMMATh U IEpelaBaTh KaKk CTAaTHYECKHE, TaK M JWHAMUYECKHE Harpy3Ku.
BpIcokas CKOpPOCTb pacnpoOCTpaHEHMs] CEHCMHMUYECKHX BOJIH B TaKUX IOPOJAX MOATBEPKIACT HX
MIPOYHOCTh ¥ YCTOMYUBOCTb.

Huzkass BOAONPOHMLIAEMOCTh MATEPUHCKHMX IOPOJ, CHUXKAET BIMSHHE TI'PYHTOBBIX BOX M
YMEHBILIAET PUCK pa3MblBa OCHOBAHMM, WX OcjabIeHUs M HEpaBHOMEPHBIX ocanok. [loaTtomy mpu
WH)XEHEPHO-T€0JIOTMYECKUX HCCIE0BaHUAX 0c000€e 3HAUEHUE MMEET U3yueHHE JUTOIOTHYECKOro
cocraBa, (PU3UKO-MEXaHMUECKHUX CBOICTB U TTTyOWHBI 3ajeTaHus Takux nopo. OmubouHas olleHKa
Te0JIOTHYECKUX YCIOBUN YacTO MPHUBOAMT K JedopMalusM OCHOBAHHM, MPOCAUYMBAHUIO BOJBI U
CHIDKEHHUIO YCTOMYMBOCTU HA CTPOUTEIBHBIX yUacTKax.

C yu€roM akTyaabHOCTM TeMbl OblJa IIPOBEJEHAa KOMIUIEKCHAs OLIEHKAa WH)KEHEPHO-
IEOJIOTUUECKUX YCIOBUM CTPOUTENBHBIX Yy4acTKax Ha Teppuropur HuszamuHCKOro paiioHa Hu
M3y4EHBI CBOMCTBA MAaTEPUHCKUX IIOPOLI.

KuroueBble ¢JI0Ba: CTPOMTEIBHBIN YYACTOK, KOPEHHAs II0POJ1a, UHKEHEPHO-TE€0JIOTHYECKUE
yCIIOBHsI, ceiicMopasBeika, mapametp Vs30, pyHIaMeHThI, BOJIOIPOHUIIAEMOCTh, CEHCMOCTOMKOCTD.

Parent rock is the main indicator for designing foundations in these areas when designing high-
rise buildings. The strength and durability of buildings depend on the environment in which they are
located, especially on the properties of the bedrock. These properties are the main factors ensuring
the safety of construction. Hard rocks can reduce the impact of an earthquake, while soft and loose
rocks can amplify vibrations. Therefore, the composition of the rock should be carefully studied
during construction.

Engineering geology is one of the most important scientific directions in the field of
construction, studying the geological conditions of the area where buildings, bridges, roads and other
engineering structures are being built. The safety and durability of the construction work directly
depend on the engineering and geological conditions.

In order to ensure the successful completion of constructions at construction sites and their
long-term durability, it is necessary to check in advance the strength indicators of the rocks that make
up the building material and its foundations, as well as the natural and artificial factors affecting them.

Our research area, Nizami district, is located in the southwestern part of Baku city. The purpose
of the research is to study the engineering-lithological and geophysical properties of the parent rock,
assess their impact on the construction process and identify existing risks.

The article uses an electronic database created by the RSSC based on Microsoft Excel for
construction sites designed on the Absheron Peninsula (1998-2025), based on engineering-
lithological and seismic data. The engineering-geological and geophysical conditions of the
construction sites constructed in the Nizami district were investigated and out of 130 construction
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sites in this district, 16 (sixteen sites) have structures with parent rock (Vs>600 m/sec, thickness h >

5.0m) (Fig. 1, 2).
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Fig. 1. Research areas in Nizami district
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Fig. 2. Study areas with parent rock in Nizami district

The coordinates of the construction sites with parent rock in the Nizami district, determined
based on the ArcGIS program, the depth of the wells, the lithological composition of the soils, the
engineering geological elements (EGE), the thickness of the bedrock and the depth of the bedrock are
shown in Table No. 1.
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Table 1.

Engineering-geological and seismic indicators of the parent rocks encountered in the construction sites

of the Nizami district.

Construction site
coordinate Well . . Transverse Parent rock | Parent rock
No depth Engineer-geological wave thickness depth
B (m) element (EGE) velocity, (h, m) (m)
X Y Vs (m/sec) ’
1. | 49,898925 | 40,411841 | 40,0 ;;g‘tflsem“”ha'e’ gravel- 710 7,40-8,50 | 31,0-40,0
A I layer- I layer
Clay_son, flrm_ 5 0_)1/9 0 53 0-38/0 0
2. | 49,898036 | 40,413226 | 120,0 | consistency, with sand 680 I’I Iayér, IIIIaye,r'
layers in between 18.0-190 | 101.0-120.0
3. | 4989645 | 4041229 | 60,0 | Limestone, cemented, 670 550-60 | 1,0-70
sandy, shale
1. Limestone, less durable | 1. Limestone . .
4. | 49892294 | 40,410005 | 60,0 | 2. Clay soil, hard - 750: 5,50-6,40; | 1,60-8,0;
. 5,20-6,20 24,0-30,20
consistency 2. Clay -680
Limestone, medium-
5. | 49,897962 | 40,413343 | 65,0 | durable, gravelly 650 5,90-6,40 3,30-9,80
composition
6. | 49027267 | 40415448 | 250 | Limestone, less durable, 760 520-840 | 11,0-20,0
semi-rocky, igneous
Limestone, weakly
7. | 49,937351 | 40420018 | 25,0 | ESiStant, shale, with 770 710 | 1,50-8,60
interbedded sand and clay
layers
Limestone, less durable,
semi-sandy, herringbone,
8. | 49,926959 | 40,415951 | 25,0 gravel and sandstone in 770 5,90-8,0 2,0-11,0
composition
Limestone, less durable,
9. | 49,926311 | 40,415659 | 250 | Semi-sandy, felsic, gravel 770 5,90-8,0m | 3,0-11,0
and sandstone in
composition
Clay soil, of a firm
10. | 49,937787 | 40,405419 | 28,0 | consistency, containing 690 7,70-9,20m | 2,0-10,20m
cemented shells, pebbles,
and limestone aggregates
11| 49,93344 | 4041877 | 280 | Limestone less durable, 670 6,80-8,40 | 10,30-18,70
semi-rocky, igneous
12. | 49,936318 | 40,413866 | 28,0 | Limestone, weakly 730 7,50-7,80 | 13,50-21,30
durable, semi-rocky
Limestone, weakly
13. | 49,927141 | 40420262 | 55 | durable, slightly cracked, 670 510-13,30 | 11,40-32,0
with interbedded clay and
sand layers
Limestone, weakly
14, 49,9363 40,413867 | 30,0 | durable, gravelly, with 720 6,90-13,70 8,80-28,0
g y
interbedded sand layers
15. | 49,030304 | 40,407866 | 30,0 | -imestone, weakly 700 50-10,10 | 2,0-12,10
resistant, shale, sandy
Limestone, weakly
16. | 49,028066 | 40,415704 | 30,0 | durable, with sand layers 710 6,30-7.10 | 2,0-100
in between
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Parent rock is the main geological layer from which soil is formed. Parent rock determines both
the mineral composition and physical properties of the soil. They are mainly located in the lower
layer. In some cases, they can be located close to the upper layer and on the surface. Parent rock in
Absheron consists of layers of limestone, clay, sandstone. Usually, parent rock begins after 30-50 cm.

An example taken from construction sites located in the Nizami region with parent rock is

shown (Figure 3,[6]).

Fig. 3. Research area in Nizami district, Baku city.

Geomorphologically, the studied area is located in a small area in the northeast of the Baku
syncline trough, slightly inland on terraces. Tectonic faults and exogenous geological processes are

not recorded in the study area.
Various engineering-geological and geophysical methods are used to study the host rocks, and

improper implementation of geological assessment leads to serious problems in construction sites [9].
Examples of geological-lithological and seismic sections of the studied construction site are

shown in the figure (Figures 4 - 8).
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Fig. 4. Geological-lithological cross-section of the construction site with parent rock in Nizami district.
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The seismic method is one of the most widely used methods in geophysics. In this case, artificial
waves are created or noise from the environment is recorded (actively and passively) and their
propagation in rocks is studied.

In order to study the seismic structure of the study area, the “Test Microtremor” (Test
Microseism) method was used during the engineering-seismic exploration works. The “Test
Microtremor” method uses the phase data of the wave field recorded for each profile [4, 5, 7, 10].

For the purpose of studying the tested microseisms, the GEODE-24 engineer seismic station,
24 seismic receivers for recording signals, a 55-meter seismic exploration grid and a 12-kg impact
hammer were used. Noise from the environment and microvibrations created by the impact method
are taken as seismic sources.

The method of data acquisition and collection consists of obtaining 12 micro vibration
recordings of 30 seconds. The converted wave field of the received recordings shows the dispersion
curve of transverse waves. The dispersion curve of transverse waves is selected from the converted
wave field and then these selections are modelled to construct the velocity intercept of transverse
waves.

The Seismic module Controller software package was used to obtain recordings in the study
area, and software such as ReMiVspect4.0 and ReMiDisper4.0 were used to process the obtained
recording results.

In modern approaches, one of the main parameters in the assessment of soil conditions is the
transverse wave velocity (Vs). This indicator provides important information about the density,
elasticity of rocks and the propagation characteristics of seismic waves.

As can be seen from the figure, the distribution of the transverse wave velocity (Vs) over the
depth was monitored based on the engineering-seismic exploration work carried out to assess the
engineering-seismic properties of soil layers in the study area.

Analysis of seismic sections shows that with increasing depth, the development of denser and
stronger layers is observed in the geological environment. This pattern is characterized by the
compaction of rocks, a decrease in porosity and an improvement in elastic properties. In particular,
the increase in the transverse (S) wave velocity over the depth is one of the main geophysical
indicators reflecting the increase in the hardness and shear resistance of the geological environment.

5 layers were recorded on seismic profiles (Figure 5-8): for the first layer, the transverse wave
velocity (technogenic soils) is 174-300 m/sec; It is 300-425 m/sec for the second layer; 426-550 m/sec
for the third layer; 551-674 m/sec for the fourth layer; 675-800 m/sec for the fifth layer.

174-300 m.‘s: 301-425 nv; '

75-800 mv's
S51-674 m/s !
426'5& m's )
426550 /s 301-425 mls;
551674 m/s
675800 m/'s
0 masafo, m 55

Fig. 5. 2D velocity cross-section of a transverse wave along a seismic profile at a construction site
in Nizami district
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Fig. 6. 1-dimensional velocity cross-section of a transverse wave along a seismic profile
at a construction site in Nizami district

The average transverse wave velocity parameter was calculated along the profile up to a depth
of 30 m. The average transverse wave velocity parameter is calculated using the following formula:

30
‘1530 =

where, hi and V; are the thicknesses of the “i” layer of soil layers up to a depth of -30 m and their
corresponding transverse wave velocities. Based on the calculation, we obtain:

Vs30= 443 m/s
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Fig. 7. 1-D velocity cross-section of a transverse wave along a seismic profile
at a construction site in Nizami district

The average transverse wave velocity parameter was calculated at a depth of 30 m in the area
and

Vs30= 492 m/s
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Fig. 8. 2D velocity profile of a transverse wave on a seismic profile at a construction site in Nizami district

In modern engineering, the parent rock is considered not only as a support for the foundation,
but also as a key indicator for assessing geological risks. Weak and unstable rocks increase the risks
of landslides, avalanches and collapses. On the contrary, solid bedrock minimizes these risks and
ensures the longevity of the structure. At the same time, the propagation speed and strength of seismic
waves during an earthquake also vary depending on the properties of the rock. While hard parent rock
transmits seismic waves faster, soft soils can amplify these waves.

One of the most important sections of modern geology is hydrogeological conditions in
construction. It is important to take into account groundwater during construction work. Groundwater
affects the stability and load-bearing capacity of the foundation. Incorrect assessment of
hydrogeological conditions can pose serious risks to the building, such as subsidence and subsidence.

Since the contact of water with soils is different, their property variability due to the influence
of water also has different characteristics and mainly causes a decrease in strength. In engineering
geology, water in the soil layer is studied as a factor affecting the strength of soils and how they
behave under structures, in short, engineering-geological conditions. In this regard, any changes and
states of water in soils are of interest [11].

If the water level is high, deep piles are selected. Because, in this case, a shallow foundation
becomes risky. Piles are used to transfer loads from buildings and structures to a deeper, stronger soil
layer. Piles transfer the load to the soil, spreading it both through the pile tip and along the lateral
surface. The pile group distributes the load between individual piles. This leads to a decrease in the
stress on the soil [2].

It should also be taken into account that, according to the Az.DTN 2.3-1 standard, the seismicity of
the construction site cannot be changed regardless of the structural features of the foundations and the
depth of their installation, as well as the improvement of the properties of the soil by strengthening [1].

The data of engineering-geological exploration-wells carried out in the Nizami district of Baku
were studied (1998-2025, 130 construction sites, 1884 well sections of various depths) and the
widespread distribution of mainly semi-solid clay (thickness 5.0-28.0 m) soil in this region was
determined [8].

Physical and mechanical indicators: porosity coefficient e=0.650+0.820, consistency IL
<0+0.24, dry density pg =1.51 + 1.64 g/cm3, transverse wave velocity VS = 400-585 m/sec. The
groundwater occurrence level in these construction sites is 1.0-17.0 m, and the settlement level is
0.20-16.30 m.

The obtained parameters such as density, depth, transverse wave velocity, porosity,
consistency, water permeability, and models based on these parameters should be prepared in a
multidisciplinary manner with measurements taken in the area and have the character of initial
information for other scientific studies. At the same time, these studies provide effective solutions to
engineering problems [3].
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Thus, the conducted studies allow determining the physical and mechanical properties of the
parent rocks, the level of groundwater, etc. processes. The information obtained ensures the selection
of the right structural solutions at the design stage. In addition, the application of modern engineering
technologies and international standards during construction is recommended. During the
implementation of projects, quality control should be strengthened and the suitability of the materials
used should be checked.

As a result, parent rock is one of the main natural resources of the construction industry. Their
correct selection is of great importance for the strength, safety and durability of structures. Its
strength, load-bearing capacity and resistance to seismic effects allow for a more accurate study of
geological conditions using modern research methods. These technologies increase the safety of
construction projects, reduce risks and ensure more efficient work.

Results

1. Based on the engineering-geological and seismic exploration studies conducted in the
Nizami district, the distribution of parent rock characterized by high strength and low compressibility
in a significant part of the territory was determined (at depths of 3, 38 and 18, 43 m).

2. The presence of parent rock was determined in 16 construction sites studied and these sites
were assessed as favourable from an engineering-geological point of view. Parentrock was noted as
an important factor that reduces the risk of deformation and subsidence of the foundation base, as
well as ensuring reliable absorption of static and dynamic loads, especially increasing the stability of
multi-storey and large-scale buildings.

3. It was determined that the semi-solid clay soils widespread in the Nizami district are
classified as category Il soils based on their seismic properties, and that these soils have medium
seismic stability.
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