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ABSTRACT

Reconstruction of share in an existing corridofTefminal Brod to the Croatian border on the Sava
River is part of the corridor, which continuesgo across the river to Slavonski Brod. The existing
corridor will be replaced on a part of Sava Riweghere is planned a production of a tunnel with two
vertical shafts on the banks of the river. Redeancthe field of the shafts and tunnels are digide
two parts considering the border line betweencitgntries Bosnia and Herzegovina and Croddia.
the right bank of the Sava River researches wamnducted in the development of the vertical shaft.

The complexity of the geological structure and fm@ximity of of the Sava River require the
development of the vertical shaft from the suppgrstructure of reinforced concrete (RC) midriffs.
Also, the flow of water into the shaft is largaypected from its bottom, which requires manufaatur
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INTRODUCTION

Transportation of petroleum products from the Teahin Brod to Slavonski Brod was carried out on
the pipeline, which today can not meet all neegseending the purposes of transport of petroleum
products, requires construction of an additiongbepne in the existing corridor. Began the
reconstruction of pipeline section on both sidegshef river Sava, and looking for the solution of
connecting pipeline between the two banks of therriSava River is the border between Bosnia and
Herzegovina and Croatia, which caused the fieldaeh and the proposed design solution works in
institutions of both countries, respecting thed&gion of these countries.

By working together, it is suggested that pipelowgridor passes through the tunnel under the river
basin from one to the other bank of the riverhatdame time technical solutions will be agreechupo
Geological and geotechnical field explorations,idied the way of building the vertical shaft on the
right bank of the Sava River, which connects théest tunnel.

Technical Institute Bijeljina, Archives fBechnical Sciences. Year VII 2 1\3. 9



Durié, N. et al: Geotechnical conditions ...... Arclser Technical Sciences 2015, 13(1), 9-14

GEOLOGICAL CHARACTERISTICS OF THE FIELD
OF NARROW LOCATION OF THE SHAFT

According to the geomorphological characteristibg, ground in locations of borehole B - 1 and the
immediate environment is a reflection of fluvisleccumulation processes of the Sava River, which has
formed the modern accumulation relief. It is chtgdzed by alluvial sediments, with heights up to
100 meters above sea level located within the fik&r terrace of Sava,jtand sediments of the
riverbed.

According to the interpreter OGK 1: 1000, sheev&teski Brod, the first river terrace of Savg (&

do granéne izohipse 100 mnm [1]. Represents the cumuldtadi@ plain situated in a narrow area
around the river basin. In the south it bordershvigtio-Quaternary sediments and on the north is
overflowed by aluvial — floody deposits of Sava.eTanvironment at the time of its emergence
corresponded to park - steppe, and later went ¢iralimate fluctuations from cold to moderately
cold period. The thickness of the terrace is s@adl ranges from 2.0 - 3.0 m from the normal water
level of the Sava. It was built of clay sedimesi@nd and gravel that are in change, and precigitate
depending of the energy of the aquatic environment.

At the location of borehole B — 1 field is sub-tzomtal with the absolute height of 87.33 m abowe se
level, and the immediate environment affected Wiift Sava river terrace,ftis between 86 - 89 m
above sea level.

In geologic structure of the field, to researcegtle are represented Quaternary sediments of
Pleistocene (¢ and Holocene (£) age.

Of Pleistocene age are sediments of the first tieaace of Savatand dusty and sandy sediments
with occasional removal of thinner layers of sagdyvel sediment of finer fractions.

Immediately on the right bank of the Sava River seediments of the Holocene, whose origin is
related to gradually lowering of Samac and BrodaRws, and partly bywith water saturated
because of periodic raising of underground wateellén the Holocene is formed stream of the river
Sava, which creates its own alluvium.

To Holocene belong organogenic swamp sediments ¢énsified as sediments of floodplains (ap)
and swamp sediments (b). They are located immdygliate the right bank of the Sava River are
sediments of the Holocene, whose origin is relédegtadually lowering of Samac and Brod Posavina,
and partly by zabarivanjem because of periodicimgi®©f underground water leof Sava. In the
Holocene was formed stream of the river Sava, wbiehtes its own alluvium.

Sediments of floodplains (ap) are bordering with ldcustrine swamp sediments (jb) that south of the
Sava River are covering its first terrace).(iin flood periods are deposited alluvial floodpla
sediments, whose precipitates consist of finelgtidasediments where the largest presence havs sand
and clayey sands. Completion of sedimentation esehgenetic types represent a backwater with
significant precipitates.

Seamp sediments (b) are characterized by smalliplasterial from plant remains. Prevailing are
dark green and dark gray clay, exclusively ofdlitomposition, and there are also fine-grainedsand
and smaller lenses grained gravite thickness of these sediments does not exc8eu,2vhile the
total thickness of the Holocene sediments is irrdimge of 30.0 to 50.0 m.

Alluvial deposits of river Sava is located in theer bed and its banks, which have a slight slope.
There is no greater distribution, and is built ah@y gravel sediments of different sorted samphes a
roundness.
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Hydrologic characteristics of the location of shafte related to geological structure and water -
physical properties of individual lithological meers who participate in its constitutionThere are

distinct sediments of differing permeabilities degieg on the presence of clay component. The least
represented are poorly water-tight up waterprodinsents, represented by clay with sediment with

different contents of clay and silty fractions. Vtepread from the surface to a depth of about 5.0 m
which according to the hydrogeological functionresents roof seam hydrogeological insulator.

Under these sediments are permeable sedimentsh whit be classified as well permeable sandy
gravel sediments, and they spread in the footwallay sediments. According to the hydrogeological
function, they make the collector groundwater Hese sediments is formed aquifer.

GEOTECHNICAL CHARACETRISTICS OF LITHOLOGICAL MEMBER

To define the characteristics of the environment,lacation of the vertical shaft, was drilled one

exploration borehole depth of 30.0 m. Detailed exation of the core boreholes and the results of
laboratory tests on the samples taken, defineghigsical and mechanical characteristics to thehdept
of research [2,3,4]. Often removal of individuah&logical members along the vertical, demanded
details in analyzing. Featured are lithological rhers, figure 1, as the natural environment deluged
with water, which characterize a certain parameaitres necessary for geotechnical analysis.

Parameters of cohesion and angle of internal drnciayer of dusty sandy clay were determined
through laboratory, while the angle of internalction dusty, sandy and gravel sediments were
determined on the basis of the experience of stdnunetration (SPT), which are carried out in the
borehole, table 1.

Table 1. The values of friction angle on the basiequest of the Standard dynamic penetration {SPT

Number of | Adjusted number| Ugao smi.

Boreh. Depth Type of layer strokes of strokes N* otpornos.
number (m) (SPT) @
4.15-4.45 Dust sandy 16 12 30
6.50- 5.80 Sand pulverulent 12 9 29
8.75-9.05 Sand pulverulent" 28 21 34
10.65-10.95 " 42 315 37
12.65-12.95 " 45 33.5 38
B-1 14.65- 14.95 Sndy gravel 45 335 38
17.15-17.45 Sand 25 18.5 33
19.65-19.95 " >51* 38* 39*
22.15-22.45 " >51* 38* 39*
24.35- 24.65 " >51* 38* 39*
26.65- 26.95 Sandy gravel >51* 38* 39*
29.15-29.35 >51* 38* 39*

* calculated for N = 51 stroke

e The surface layer of humus which gradually passesthe loamy clay, which is loose, low
plasticity (CL), to thickness of 0,7 m

e Silty sandy clay, medium (CI), thickness rangingnir 1.7 m. Featured parameters for
geotechnical analyzes are:

o volume weight y= 19,88 kN/m

o the angle of internal friction ¢= 13

o cohesion c = 20 kN/m

o water permeability coefficient k = 4,98 xf0m/s (for interval of burden

100 — 200 kPa).
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» Sandy dust of low plasticity (ML), mightiest of 24, with the following parameters:

o volume weight y=18,53 kN/m

o the angle of internal friction ¢ =29

o cohesion c= 9kN/m

o coefficient (by USBR) k =1,50 x F&m/s

o % %] 30,00 8693

Figure 1. Lithological column of exploration borddand its position in relation to the river Sava

e Sandy dust medium to coarse-grained (M, W), mightief 11.4 m, has the following
characteristics obtained by field and laboratosyste

o volume weight y= 18,8 kN/m
o the angle of internal friction ¢= 36
o coefficient (by USBR) k= 1,69 x 0- 8,80 x 16 cm/s
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e Sandy gravel (GW, GM) mightiest of 1.0 m, fine tedium-grained, with the following
values of parameters:

o volume weight y= 19,5 kN/m
o the angle of internal friction ¢= 33
o coefficient (by USBR) k= 3,32 x f&m/s

¢ Medium-grained sand (SW) with small parts of grameightiest of 11.4 m, well compacted,
with the following parameters:

o volume weight y= 20,1 kN/m
o the angle of internal friction ¢= 39
o coefficient (by USBR) k= 1,94 x T0- 5,40 x 1d cm/s.

e Sandy gravel, well-compacted (GW), mightiest in litleological pillar 1.3 m, but is much
greater under the depth of research.

o volume weight y= 21,3 kN/m
o the angle of internal friction ¢= 39
o coefficient (by USBR) k= 1,88 x T&m/s

Groundwater level was registered at 5.2 m. Durhmgtear, the groundwater level fluctuates, and at
the time of the hydrologic maximum is raised to sheface.

PROPOSAL OF MAKING A VERTICAL SHAFT

By studying the terrain on which it will be builtveertical shaft, by reconnaissancing, sound dgllin
and analysing of the results of laboratory te$te/as suggested the best solution for providindgtsha
by creating the supporting structure of reinforoédoncrete (RC) diaphragms [5,6,7,8].

As a basic security measure, it is necessary tigméise diaphragm to the entire foundation pit, and
the boundary lines of the object, whose internalatisions of the cross section are 5.0 x 15.0 m and
shaft depth 12.0 m. Creating AB diaphragm meanswaton of soil in the sections with special
machine, then reinforcing and concreting. PerfognikB diaphragms requires the engagement of
specific equipment, accessories and tools for thgmes of works.

An important quality conditions AB vertical shaftimpermeability to water, since it will largely be
shaft below the groundwater level, and in someopsriof the year completely under water. The
complexity of these issues increases the proxiofitthe river Sava, figure 1. The greatest danger of
inflow of water into the shaft is from the bottorhthe shaft, where is necessary to carry out gasket
(cap) of alone mountable concrete of mark MB20 gHetap will be determined on the basis of input
parameters by specific budgets.

CONCLUSION

Reconstruction and expansion of the existing pmgefrom the Terminal in Brod to Slavonski Brod
requires the construction of a tunnel under theaSaxer. On the bank will be done shaft that will
connect the route of the pipeline from the termioahe tunnel and continue through the tunnehéo t
shaft on the left bank of the river basin, and 8feski Brod.

Carried out geological studies and laboratory tpstgided data on the lithological composition fué t
terrain and the physical and mechanical charatitevisAccording to geological structure and
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significance of the facility it was suggested aiaatr of the construction of the vertical shaft witle
development of the supporting structure of reirddrconcrete diaphragms AB. The presence of the
Sava River reflects to the level of groundwatethia hinterland, and thus the area of the verticafts
which requires specific equipment for the constamcand quality materials for installation accoglin

to the environmental conditions.

(Received March 2015, accepted April 2015)
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