Durié, N. An example of ...... Archives for Techn®aknces 2015, 13(1), 25-33

Review paper

UDC: 624.014.2.04

DOI: 10.7251/afts.2015.0713.025D
COBI SS.RS-ID 5435416

AN EXAMPLE OF ,MODERN CONSTRUCTION
OF THE FACILITY*

buri¢ Neio!

Technical Institute Bijeljina, Bosnia & Herzegovjramail nedjo@tehnicki-institut.com

Abstract

Today's building of facilities does not follow thtudy of the characteristics of the terrain on \ntiee
facility is constructed. The period of rapid constion, which can be called the "modern construnttio
does not follow the quality of constructed facdlgi Usually it is the uncontrolled building, whese
only important to build a facility without takingiio account the conditions of its construction and
safety during exploitation.Many steps before andmduthe construction of facilities are neglected,
which is reflected in their safety, especially afte construction.

The paper gives an example of a negative construcif facilities, as well as an overview of what is
within the geological research andstudies of tleddfthat need to be done to adequately define the
geological and geotechnical characteristics of tiain, as the basis on which the facility is
constructed. This example is just one of many negatxamples today.
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INTRODUCTION

The complexity of the geological structure and tfeed to harmonize the facility with nature, in
foundation zone, as well as in the immediate sumdgs, is giving the growing importance to the
scientific fields of geology and environmental gaiton. How to build and construct a facility that
will establish a new natural balance between theaw its structures, and that will not cause a
disturbance of the natural environment in whicls itocated? Also special importance is given to the
preservation and stability of the facility andiitsmediate surrounding, during exploitation.

Today during the "modern construction of facilitffesvhich may be termed rapid uncontrolled
building, all previous phases of preparation fa ttonstruction of facility are neglected, as wall a
after its construction, that is, the exploitatidntlte object. It remained only one goal, to quickhd
with less invested funds build the facility, withiadiaking into account the consequences that could
arise during the building and the immediate enviment to which the facility has an impact.

Results of modern construction of facilities, aredently visible in time. Some are noticed during
construction or immediate exploitation, and soméhvdelay, depending on weather factors. It is
important to emphasize that most of the facilitieslt like that remains stable, but today it is not
allowed the construction of facilities of poor dtalthat threaten its stability and its immediate
surroundings. All facilities require prior prepaoat phase through the study of of the field in teroh
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its stability, then preserving the stability of taeility and the natural environment in the perafdts
duration.

An example of modern construction without sufficlgrstudied characteristics of the field will be
shown through the construction of the facility typieproduction or service halls, where it was built
faster in relation to the study of the terrain ohick is built. Only after the construction of the
foundation, was significantly approached to thelgtof the field, given that the building was bunit
the levee. Characteristics of the levee and theptmxity of geological structure immediately below
the levee showed justification for geological resbalnvestigated site is located on a mountaire typ
of relief, and represents the northern slopes@htbuntain Majevica in the area of Ugljevik.

CHARACTERISTICS OF THE FACILITY

Facility for its features has no special significarand foundation method. However, the location
where it is located, seeks the harmonization offséledity and the natural environment in whichst i
based, given the complexity of the geological stmec The facility measures are 72,0x 35,0 m, P + 0
Height of the facility is 14,5 m, with a usable am@f2.320,00 m Performed project documentation
was based on the "fast geological investigationat did not yield the required results, as eviddrine
the excavation of the foundation. However, the trotion the facility is continued, arguing thaeth
thickness of the leveeis significant, and thasitonsolidated in the previous period of aboutythir
years.

After the construction of the foundation, it wasinahed an activity to do new research that would
define the characteristics of the terrain to thetllef the impact of the foundation, although tleptti

at which is was installed was unknown. Research n@sdepended on further construction, so
obtained results remained as a contribution topfogect documentation of the facility, that is not
harmonized with them.

Field research conducted at six (6) explorationeboles with depth of around 10.0 and showed
different characteristics in terms of geology frassumed with whom was started the design and
construction of the facility. Also, the complexity the geological structure on a small area, and th
the area where the facility is located, demandeigjlaer level of exploration, especially in the as&

of individual lithological members that have an ampon the depth of the foundation of the structure

GEOLOGICALCHARACTERISTICS OF THETERRAIN

Basic data on the site are taken from previousgpared documents related to wider and narrower
area [1,2]. Area and closer environment in relatimnhe genesis, are characterized by two types of
relief: fluvio- accumulation and erosion-denundatioFrom the point of hypsometrical and
morphometric characteristics plains and mountgoe yre developed.

Plain type or fluvial - accumulating type of relishs been developed at altitudes of about 180.0
meters above sea level in the northwestern pa20@0 meters above sea level on the south coast.
Represent the accumulation area of Mezgrajica rivaich flows west from the researched location,
southeast - northwest direction. Thereby formsavarvalley which covers the area north, northwest
and south of the researched field, Figure 1.

Mountain type or erosion - denundation type ofefetias been developed east and west of the valley
of the river Mezgrajica.

Microlocation exploration area belongs to the hilgne and erosion denudation type of relief
developed at altitudes above 200.0 meters abovéegeh Positioned on the far western edge of the
slope which by direction southeast - northwest@urding the valley. Natural morphology of the

researched location is as well as its closer enwient altered by disposing of material of excavated

Technical Institute Bijeljina, Archives for TechaliSciences. Year VII -°N.3 26



Durié, N. An example of Archives for Techn®aknces 2015, 13(1), 25-33
coal during exploitation in the OCM Bogutovo Villagand the surface of the terrain iscovered by

technogenic levee.
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Figure 1. The position of research locations ongéh@logical map

The terrain on which began construction of thelitsicias well as its closer and broader environment
is constructed of sediments of Quaternary and drgriiNeogene) age whose provision is confirmed
by the General Geological Map SFRJ 1: 100 000,tsheda and sheet Brcko with interpreters.

The oldest sediments separated on the surfaceresbwiater lake sediments with coal lower of
Miocene {M,"). This member is a side facial equivalent to "Blavici" and "lipovackih limestone"
and "red series" of Tuzla basin. Lower zofd,() represents the basal series of conglomerates and
roughly grain sandstone over which lie clays, stords, marls and limestones of gray, green and red
colours. The total thickness of the zone is appnaxely 50.00 m. It builds the surface of terraintho

of the researched location. Transgressively thrahgise sediments in the north part of the field of
researched location were separated sediments arlewniddle Miocene (V) which build the
surface of the terrain in the valley of Mezgrajiead are presented with green and red (floor) ¢lays
coal layer, which contains a number of molluskdishéhen marls withostracod and tuffites clay.

In the immediate environment of researched locatanthe surface are extracted sediments that
belong to layers of Baden Tortonian £y

Tortonian sediments are of marine origin and apresented by sandstones, clays and marls with
subordinate limestones. The package starts withl @mglomerates, and in some places the most
common are sandy clay with Flabellipecten Bessdr@orbula giba with foraminifers characteristic
for the lower and middle Torton. Creations of thea@rnary (Q) are located along water flow
Mezgraja and are presented with river terracesyiall and proluvialfacies.

» First terrace () contains heterogeneous gravel riverbed facidab, water wetted aleurites and
sands, and alevrites ofloess habitus

» proluvial (pr) sediments have extremely limitedgarwhere in floodplain cone are alevrites,
sands and fine-grained gravel

e alluvial (al, a)sediments through the riverbed otZgraja are represented with gravel,
sand,alevrites and clays.
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Alluvial sediments - proluvial (drp), as a produft slope processes and river erosion have been
developed on the slopes and from east and suesounded by the riveslley of Mezgrajica.

According to the tectonic zoning OGK sheet Brckadg area and its environs belong to the border
area between the two structural units of the fa@iakése are: structural - facial unit of picked pdex

of Majevica and units of the Neogene basins anlgeldlg Neogene pool. The first is characterized by
shales and sandstones and other is build of Miosedienents, mainly marl and marl rocks.

Tectonic lines are registered. Analysis of the dath the results of previous studies and new mefea
works established the existence of faults or faattes. It is the fault of direction north north-wves
south east, which extends along the valley of itrer Mezgrajica.

A detailed review of the characteristics of thddfien the part of the location, separates the lefvee
insufficiently defined mightiest. It was createdridg disposal of tailings pit mine thirty years ago
The natural morphology of the terrain is not knowar the possibility of the levee in this part bét
field, especially the facility. Earlier the levaethe immediate area was removed, so it could ée se
his composition on the front section. It is madelafy and marl sediments with large pieces of marl,
limestone and sandstone.

Fluctuations of time occasions during the year,ehelvanged his appearance and characteristics in
relation to the levee in the deeper parts of theitg as well as one that is closer to the ground
surface, but completely covered. At locations whesestruction of the facility began, levee was
removed to a depth of 5.0 m. Farther away fromldbation of the facility already are several olgect
behind which is an open pit mine. On the surfacehef terrain does not exist the natural and
landscaped water streams or water, although trenas all swampy especially in the levee.

Field research on the location of the building ddition to the engineering geological mapping, also
included exploration works in order to determine geology and geotechnical characteristics of the
present lithological members, to the depth of tmpdct o facility. The scope of works has been
harmonized with regulations that define the redeéoc this type of facilities, but it is inadequate
relation to the complexity of the geological sturet of the field [3], Figure 2.

GEOTECHNICAL CHARACTERISTICS OF THE TERRAIN

Detailed engineering geological mapping is includethe wider area where started the construction.
Registered are natural corms and corms in cutsatieabpen during the period of exploitation of the
open pit or any research for the proposed faciltyring mapping, significant attention was paid to
the separation of older sediments substrate gr@poigntial occurrence of solid rocks or stone and
half stony rocks, semi-consolidated and unconswmilarocks) of semi-consolidated and
unconsolidated (talus, alluvial - eluvial, proluyiand alluvial) sediments, as well as registratosa
covered with materials of technogenic origin (Ieve&lso, there were all phenomemdth water
saturated saqilsoil water beepand other similar phenomena in the field, whichyniee of
importance for the assessment of conditions foctmestruction facilities.

Exploration drilling was carried out on the corpaints and the central part of the facility, Fig@re
The core is extracted in the full percentage aedaen undisturbed and disturbed samples from each
lithological change. Also in the borehole were magigeriments of SPT, on every three meters.

During the execution of exploration drilling a diétdd engineering-geological mapping of the core was
carried out whereby done in detail the identifieatand classification of drilled material. A spécia
attention was given to defining the lithologicahgaosition, micro fissure rock material, character o
fissure and its dependence on temperature aftesviamthe core, appearance of the water in differen
layers and possible connections between them dmedt phenomena that would indicate drenching of
the sediments, especially at the surface portioera/fs a layer of the levee.
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Figure 2. Profile of the terrain at the researdoedtion
1. levee, 2. silty clay, 3. sand dust, 4. sandy ofarl, 4a. sandy clay, 4b. coaly glina

After engineering geological mapping of the coramples were taken for laboratory tests. The
sampling plan was adjusted on the basis of new aladadata from surrounding works in order for
samples to be taken from the same lithologic memberdifferent depths from neighboring works,
with the aim of detailed coverage on lithostratma vertical step and horizontal spreading of
individual members. Sampling was done in-line.

With conducted field investigations and laborattegts is seen geological structure and degraded
coatings. In the geological structure of the grotmda depth of research, participate technogenic
materials and natural sediments in which packageseparated from loose and friable sedimentary
rock, presented by the following layers:

e Technogenic materials — levee
« Weakly bound rock - clay, sand, clay, marl and sdunst
¢ Unbound rocks - clayey sand

Geomechanical characteristics with display of liwatues of parameters for all layers, as seenen th
vertical profile are the following:

Levee completely covers the surface of the field, whaends the surface layer of derbis material
embedded over the embankment before the start dtre@tion of the planned facility. Below is
previously deposited material from the open pit enivhich consists of clayey and sandy clayey
sediments, mightiest of about 2.5 m. The layernden water in the lower part and with very little
penetration resistance [4,5]. Featured parameateigebtechnical analyzes are:
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o bulk density y= 20,00kN/m

o friction anglegspr o= 30

0 cohesion ¢ = 5,0kN/m

0 modulus of compressibility \em= 9,959 kN/m

o coefficient (by USBR) k = 4,59x ido 5,21 x 10cm/sec

Sandy clay CL - CH group contains a high percentage contergapnfdy components low to high
plasticity, yellow-brown, with the occasional prese of carbonic color. A layer of clay is present
across the entire site and represents a natue fegm the previously removed soil part and diggos
levee Mightiest of the layer is different from 1,0 - 3 and the lower limit is more difficult to be set
as a part where the layer is directly bonded tdyraay. In some parts of the terrain below theycla
layer lies a layer of sand, of variable mightieetri 1.00 m to 2.90 m. The parameters for geoteahnic
analyzes are:

o bulk density y= 18,80kN/m

o friction angleser) o= 17

o cohesion c = 33 kN/m

0 modulus of compressibility M 3,200 kN/m

o coefficient (by USBR) k = 2,29x Pdo 8,08x 10cm/sec

Clayey sandSC has no continual spreading and is of lens ctetaambedded between layers of clay,
sand and clay, sandy marl, mightiest to 2.7 m. 8RJ¥eriments revealed a good compaction, and the
parameters for geotechnical analysis are:

o bulk density y= 20,10kN/m

o friction angleser o= 39

o cohesion ¢ = 5,0kN/m

0 modulus of compressibility \em= 20,200 kN/m
o coefficient (by USBR) k = 2,32x T@m/sec

Clay, sandy, marlCL is a gradual transition from the clay layer sand contains interlayers of sand
and carbonaceous clay. Continuously extends adhesentire site, and overburden portion was
difficult to determine, especially in the part wlehere is no layer of sand, and is a direct contéb

a layer of clay sand.

Within the layers are separated interlayers of saitld the tag (4a), and carbonaceous clay (4b).
Layers of sand are of 0.1 to 0.7 m and are chaiaetkby the yellow, bad brown, with small piecés o
sandstone parts to 1.0 cm. Coaly clay (4b) is ctanaed by the presence on the diagonal facility a
the location, mightiest about 1.5 m, Figure 2.

Sediments of this layer are well consolidated sspmhrated parameters for further calculations are as
follows:

o bulk density y= 19,10kN/m

o friction angleser 0= 16

o cohesion c = 25,0kN/m

0 modulus of compressibility M= 2,800 kN/m

o coefficient (by USBR) k = 2,86x PA07,56x 10cm/sec

Hydrogeological characteristics of the researchssivere not observed in a wider area, but the
location is seen in the part referring to her rese@y using boreholes. Earlier terrain morphologs
altered, and surface streams were relocated. Howtheeterrain with water saturated in partof piled
materials and surface sediments.
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According to the results of geomechanical drillaugd laboratory tests it can be concluded that the
ground to a depth of about 10.0 m from hydrogea@aigaspects in relation to their hydrogeological
function is build by the following types of rocks:

e good permeable sediments and
« medium to low permeable weakly boundedsediments.

Good permeable sediments, are according to fieeareh, mainly in the layer of the levee, which is
of different compaction. Filtration coefficientdetermined on samples from the levee4,5%alB,21
x 10%cm/sec (byUSBR).

Medium to low permeable sediments are related ¢octtmbination of two (2) clay with different
content of sand component and layer three (3) #zatchas a substantial content of the clay pasticle
Layer three (3) in some parts has a better pertigaldind it can be incorporated into a good water
permeable rocks, but such detail study of the ldngey not been carried out. Otherwise layer in the
lower part is closer to the low permeable sedimeaenerally filtration coefficient by USBR is ingh
range of2,25x 1808,08x 10cm/sec.The possibility of movement of storm watarwertical and
horizontal directions in the deeper parts of thargcdoroadly speaking, is small, although it can be
significant in parts with the presence of sandigias.

Less water permeable sediments observed in thiealadirection represent continuity to the marlycla
(4), where the coefficient of filtration by USBR iis ranges4,24x 1%08,03x 10cm/sec.However, a
better permeability within the layer (4) has areitadyes of carbonaceous clays, especially in #id fi
where are present coal and sand.

Seismicity of the field is determined accordingdtie seismological map of the SFRY, 1987, for return
periods of 100, 200 and 500 years. The site igdacan the border V and VI degree of MSK-64, for
the return period of 100 years, and for the repgnod of 200 years of seismic activity in the aoéa
level VII of MSK-64, and for the return period 00® years seismicity location is also in the zone
level VII of MSK-64".

DISCUSSION

The choice of location for the construction of thentioned facility was not accompanied by previous
studies of the terrain. They did not know enougloudbthe location, primarily about earlier
morphological characteristics of the terrain antfiaially altered morphology due to depositing
material from a nearby open pit mine. Mightiestieposit material, as well as its features, comjylete
differed in relation to the data before and after investigations of the terrain. It was found thnet
mightiest of the levee is not several dozen melrrsa few meters, and its consolidation is mirmmu
Characteristics of levees vary at a short distaasajetermined by field studies and laboratorystest
[6], whose data often differ, particularly in padsthe dam that are less consolidated and motte wit
water saturated.

Partially different data were linked to other lay@r the vertical profile, which shows the preseate
frequent changes, ie sedimentation was stormy, cstayer at the surface part has continuity of
sedimentation. Also, their geotechnical charadiesisare variable, but not so much that a special
modelwould need to bedone for each borehole.Giversticcession of layers, ie often the presence of
interlayers, it can be concluded that the extenthefinvestigative work is inadequate [7]. For thus
movementof interlayers or layers, it is requiredghlr level of exploration, which would require
multiple boreholes on a smaller distance [8,9].

However, according to the present level of explorabf layers of bad characteristics, which can be
considered as interlayers, are of less mightiestinsgeneral it does not significantly affect the
characteristics of the soil when we observe it Gkeomplete package. A layer of sand clayey that ha
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in some places slightly higher mightiest, has cottaersstics that can fit in the package of layers,
making a model of layers of approximately the sahmracteristics, table 1.

Table 1. Model of the terrain according to the hssof carried outsurveys

Label of|Label of PPt Of The initial Bulk Effective |1ectve anglg
layer Type of layer | modulus of ) . of shearing
work | layer ; density cohesion :
of —to compressib. resistance
- (m) - (kN/m°) (kN/m*) (kN/m°) (°)
1 0.0-25 Levee* - - - -
18_‘6 2 | 25-45|  Claysandy 5000 19.2 24 14
3 |45-100 Clymaly, 3500 19.3 22 12
sand clayey

* adopted values

For building foundation in the terrain of complegodpgical structure in the small area are needed
more detailed data and setting up a safer modéthwekquires a greater degree of exploration.

The layer of the levee, which is located at thdasar is not suitable for the foundation of any otge
therein. Foundations that are mentioned propextylshbe carried out at a depth greater than 2.6rm,
should be removed the existing layer of levee,estdblished the foundations on natural ground.

A layer of sand clayey is of favorable geotechnichracteristics in the study, but there is no
continuity of spreading.

Interlayer of carbonaceous clays has no contingpusading. In some of its intervals are interlayers
of coal thickness of a few centimeters. Coaly otety some parts of the researched site lies the
shallower, of about same mightiest, but accordinthé present stage of exploration has no conginuit

of spreading, Figure 2. Generally, the court or profile, as well the whole location is charactedi

by "a restless sedimentation®.

By field observation of drilled cores, it was notixe® presence of water near the levee and in sandy
sediments, although the sample was examined itabiweatory, these sediments can not be classified
as of good water permeability, due to the percentaantent of clay dusty particles. However field
mapping is linked to the observation of a largéemval so that priority is given to these infornoatin
relation to the laboratory.

On the field and in boreholes were not performedrbgeological tests, or embedded piezometers for
observation of groundwater levels, so the hydramgioal characteristics obtained by laboratory
testing and calculated by the USBR can be takenagwoximate, which generally display
characteristics of a layer.

Comment of those investigations, which were caraetlafter the construction of the foundations of
the existing facility is attached to the subjecainegative sense. Initiate objectwas not follotwethe
necessary geological research, as well as docutimntd the method of its foundation. At the tinfe o
research was not known the depth of foundatioraciify, and research have been conducted for the
purposes of the study, which is an integral pagrofect documentation.

The present level of exploration of the terrainvggdhat the foundations of mentioned facility shibul
be done at a depth greater than 2.5 m, or shouldet®ved the existing layer of levees and
established the foundation on natural ground.

To what extent the project will be further adaptedprovide the characteristics of the terrain is
unknown, but it is difficult to adjust the charaiséics of the terrain, of already commenced fagili
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Additional works will be much bigger and more cosylwhich will increase the cost of building, but
not so much the security after its construction.

(Received September 2015, accepted Oktober 2015)
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