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Foreword 

0-00 INTRODUCTION 

General Technical Requirements for Road Works (GTR) contain requirements for the 
realization of individual works necessary for the completion of road construction 
projects, and they form an integral part of the corresponding contracts.  If the technical 
documentation calls for realization of works not comprised in these GTR, the Designer 
will prepare Special Technical Requirements (STR) for these works, and the STR will 
constitute an addendum to these General Technical Requirements. 

This is the third revised edition of the General Technical Requirements (GTR).  The first 
edition was published in 1976, and the second in 1989.  Experience gained in practical 
work has been incorporated as appropriate in these General Technical Requirements 
for Road Works. 

These GTR 2001 are composed of the following volumes: 

Volume I General Provisions and Preliminary Work 
Volume II Earthwork, Drainage, Retaining and Facing Walls, 
Volume III Pavement Structure, 
Volume IV Concrete Work, 
Volume V Road Tunnels, and 
Volume VI Road Furniture. 

This 2001 edition of GTR consists of six Volumes which together form a single entity.  
When it is specified in a contract, technical document or cost estimate that a work is to 
be carried out in accordance with any provision contained in any one of these Volumes, 
the Contractor will be required to perform such work in accordance with all relevant 
provisions of these GTR. 

These General Technical Requirements were prepared by Institut građevinarstva 
Hrvatske (Civil Engineering Institute of Croatia). 

0-00.1 ABBREVIATIONS 

Appropriate abbreviations of terms used in these GTR are explained as follows: 

GTR General Technical Requirements for Road Works 
CMD Construction Management Design 
STR Special Technical Requirements 
GRCC General Requirements for Construction Contracts 
SRCC Special Requirements for Construction Contracts 
QCQAP Quality Control and Quality Assurance Program 
SOS-NCS State Office for Standardization – National Certification Service 
BL Building Law of the Republic of Croatia 
SL Standardization Law of the Republic of Croatia 
HRN Croatian standard 
ISO International Organization of Standardization 
EN European Standard 
DIN German standard (Deutsches Institut für Normung) 
ASTM American Society for Testing and Materials 
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0-00.2 GENERAL NOTES 

These GTR set minimum quality requirements for materials, products and works.  The 
GTR are written in such a way that they can form a part of a contract while 
requirements relating to special works will be included in the contract as Special 
Technical Requirements (STR).  The GTR take into account all applicable Croatian 
regulations and technical standards (HRN). 

0-00.3 USE OF THESE GENERAL TECHNICAL REQUIREMENTS 

These GTR contain technical requirements for the performance of works, methods for 
quality assurance and quality assessment, and methods for calculation of completed 
work.  The GTR are applicable to works contained in cost estimates of projects, but 
also to works subsequently defined on the site to ensure full completion of the work 
specified in the contract.  On some projects, special requirements may also be 
specified to take into account various additional requirements, i.e. particular features of 
the project.  The use of GTR is mandatory when they form an integral part of technical 
documents of the contract. 
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2-00 GENERAL REMARKS 

This section specifies minimum quality requirements for materials, products and works 
as applied during realization of earthwork.  The GTR are written in such a way that they 
form a part of the contract while requirements relating to special works are included in 
the contract as Special Technical Requirements (STR). 

Materials, products, equipment and works must comply with the standards and 
technical regulations specified in the design documentation.  If no standard is specified, 
then an appropriate EN (European standard) must be applied.  If a standard or 
regulation becomes invalid during realization of the project, it will be substituted by an 
appropriate replacement standard or regulation. 

The Contractor may propose application of generally recognized technical rules 
(standards) issued by a foreign standardization body (such as ISO, EN, DIN, ASTM, 
etc.), subject to written explanation and approval of the Supervising Engineer.  This 
change may be accepted by the Supervising Engineer if approved by the Designer.  
The Contractor is required to register this change in the working design. 

2-00.1 DEFINITIONS 

General terms and expressions, with the meanings they have in these General 
Technical Requirements, are presented in section 0.  The following terms are additional 
terms that are especially relevant to this section. 

Benching is a step-like form of excavation in an inclined natural terrain. 

Foundation pit is a pit-shaped excavation in natural soil serving for the construction of 
foundations for a structure. 

Trench is a shallow or deep excavation in natural soil in which utilities are placed. 

Sinkhole is a natural depression in karst area. 

Geotextiles as used in these GTR, are watertight nonwoven, woven, sewn, and 
composite materials that do not rot. 

Nonwoven geotextile is formed by fixing straight infinite fibers (filaments) or fibers of 
limited length (short fibers) one over another.  This fixing may be a mechanical link 
(needling or sewing) and/or adhesive link (by binder), or cohesive link (by thermal 
action). 

Woven geotextile is formed of fiber systems (fabric) placed perpendicular to one 
another.  They differ according to the type of fibers and the way in which they are 
connected, and also according to the number of fibers of equal length. 

Sewn geotextile is a collective term for flat products fabricated by interlooping one or 
several groups of yarns, fibers, threads or other elements. 

Geocomposites are combinations of two or more of the above mentioned 
components. 

Geogrids are polymer-based flat sheets used in geotechnical and other civil 
engineering applications, and their openings are much greater than structural elements 
that are connected in knots. 
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Drainage is used for collecting surface and ground waters and/or other fluids, and for 
transporting such water to other drainage systems. 

2-01 EXCAVATION OF TOPSOIL 

Description of work 

The work covers surface excavation of topsoil of varying thickness and its transfer to 
either permanent or temporary place of disposal.  The work must be carried out in 
accordance with the design, appropriate regulations, Quality Control and Quality 
Assurance Program (QCQAP), Construction Management Design (CMD), Supervising 
Engineer's requirements, and these GTR. 

Activities 

Because of its properties, topsoil changes its volume considerably when submitted to 
stress, and its bearing capacity is greatly reduced if the water content is changed; it is 
therefore not suitable as construction material and must be removed.  Topsoil is 
excavated at the road route and in borrow pits. 

Topsoil is most often excavated by mechanical means, while manual excavation is 
recommended only in cases when mechanical excavation would not prove satisfactory.  
Shrubs can locally be excavated together with topsoil but must be separated from 
topsoil prior to its reuse on road slopes or cuttings. 

Topsoil will be pushed to storage piles in such a way to prevent it from mixing with 
other material.  If there is surplus of topsoil material, the location and shape of place of 
its disposal must be determined in advance. 

Water must not remain for a long time on the ground surface during excavation of 
topsoil, in order to prevent excessive moisture buildup in topsoil.  This is why care 
should be taken during excavation to provide for a constant transverse and longitudinal 
drainage.  The water should be evacuated from the roadbed by making appropriate 
connections to a drainage ditch, creek or a natural depression. 

Surfaces on which embankment is to be built following excavation of topsoil shall be 
prepared and compacted without delay as described in Section 2-08, and the first 
embankment layer must be placed and compacted in full accordance with provisions 
given in Section 2-09. 

The topsoil thickness will be determined by the Supervising Engineer in the presence of 
an authorized representative of the Contractor and this separately for each profile, or 
for individual road sections in case there is no variation in topsoil thickness on some 
sections, based on the geotechnical report and appropriate control during realization of 
the works. 

Topsoil is identified according to its smell, color, content of vegetable and animal 
residues subject to decomposition, and based on its total organic matter content.  If 
topsoil can not be clearly differentiated by visual inspection from the underlying soil that 
could be used as foundation soil, the topsoil thickness will be determined by laboratory 
testing of organic matter content (HRN U.B1.024).  Unless otherwise specified, topsoil 
is understood to be a surface layer of natural soil in which organic matter content 
exceeds 10% of the total mass. 
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Calculation of work 

The work will be measured per cubic meter of actually excavated topsoil, and the 
payment will be made according to contract unit prices which include excavation of 
topsoil, its transport to storage pile with spreading and leveling, as well as everything 
else that is necessary according to the description given in this section. 

2-02 WIDE EXCAVATION 

Description of work 

This work covers wide excavation work as specified in the design and CMD, or as 
directed by the Supervising Engineer, and includes: excavation of cuttings, side-cuts, 
borrow pits, excavation for watercourse correction or river regulation, excavation as 
needed during diversion of roads and access roads, as well as wide excavation during 
construction of structures.  The work also includes loading of excavated material onto a 
transport vehicle.  The excavation shall be conducted in accordance with elevations 
specified in the design, and according to prescribed slope inclinations, taking at that 
into account geotechnical properties of soil and required properties relating to 
subsequent use of excavated material, all in keeping with these GTR. 

The work must be carried out in accordance with the design, regulations, Quality 
Control and Quality Assurance Program (QCQAP), Construction Management Design 
(CMD), instructions given by the Supervising Engineer, and these GTR. 

Activities 

The selection of technology for wide excavation depends on: 

• artificial structures planned on the project (retaining and facing walls, drainage 
facilities, road drainage, etc.), 

• type of soil, 
• use of mechanical equipment in the excavation and transport, 
• height and length of the surface to be excavated, 
• quantity of soil to be excavated, 
• transport distances, 
• excavation deadlines, or road completion deadlines, 
• significance of a particular excavation work for the respect of the overall time 

schedule, 
• cost-efficiency of excavation work. 

The Contractor will select an optimum excavation technology based on the above 
elements and other circumstances that are likely to influence selection of the work 
methodology, and in accordance with all applicable regulations and standards, 
including provisions contained in these GTR and CMD. 

The excavation work will be carried out according to one or several of the following 
methods: 

• full face excavation from front side, 
• side excavation for cuttings or side cuts, 
• excavation in longitudinal layers, 
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• excavation with longitudinal cuts. 

All excavation work must be conducted to the required grades and elevations as 
indicated in the design, or as specified by the Supervising Engineer.  All safety-at-work 
precautions, and all protection measures for existing structures and utilities, must be 
taken during excavation work. 

Care should be exercised not to undercut or damage slopes to be realized in 
accordance with the design, as this could result in landslide or rockfall.  The Contractor 
is required to repair any incidence of slope undercutting or damage without delay and in 
accordance with instructions of the Supervising Engineer, and will not be entitled to any 
recompense or compensation for extra work or incidentals.  This wide excavation will 
be conducted according to the technology selected for this work, using appropriate 
equipment and other machinery, while all manual work should be reduced to the 
absolute minimum.  Depending on the type of soil and the technology and machinery 
used in excavation, the excavation work can be classified as follows: 

a) Excavation in class A material 

Class A materials are all strong materials, where blasting operations are required for 
the entire excavation work. 

This group includes all types of strong and very strong rocks, compact rocks (igneous, 
metamorphic and sedimentary rocks) that are in good condition, possibly with thinner 
layers of loose material on the surface, or rocks with local occurrences of clay, as well 
as the locally weathered or fragmented rocks. 

This class also comprises soil that contains more than 50% of blocks in excess of 0.5 
cubic meters, for the excavation of which blasting operations are also necessary. 

b) Excavation in class B material 

Class B materials are materials defined as semi-solid rock materials the excavation 
which is partly performed by blasting and partly by mechanical equipment. 

This group of materials includes: flysch with loose materials, homogeneous marl, 
weathered sandstone, marl and sandstone mixtures, most dolomites (except for very 
compact ones), thick layers of fragmented surface rock with local occurrences of mixed 
fragmented material, very fragmented limestone, all types of schist, some 
conglomerates and similar materials. 

c) Excavation in class C material 

Class C materials are materials defined as materials for which blasting operations are 
not necessary, i.e. which can be excavated directly using appropriate machinery - 
bulldozers, excavators or scrapers.  This excavation class includes: 

• fine-grained cohesive soil such as clay, silt, silty clay (loam), sandy silt and loess, 
• coarse-grained cohesionless soil such as sand, gravel and their mixtures, natural 

rock fragments - rock drift or similar materials, 
• mixed soil composed of coarse-grained cohesionless materials mixed with fine-

grained cohesive materials. 
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2-02.1 WIDE EXCAVATION IN CLASS A MATERIAL 

When performing blasting operations in this class of material the Contractor is required 
to use a well trained and qualified crew, experienced in this type of work.  The blast 
design - including also the presplitting activities - is an integral part of the CMD and 
must be approved by the Supervising Engineer prior to the commencement of blasting 
operations.  All changes and additions to such plan are also subject to approval by the 
Supervising Engineer. 

At every use of explosive, the Contractor is required to act in accordance with blasting 
technology selected, and in keeping with all laws and regulations applicable to such 
work, all in order to ensure an adequate protection of the construction site, equipment, 
structures, people and natural environment.  During blasting operations and excavation 
work, all influences that are likely to disturb traffic, people or environment should be 
reduced to minimum.  In case of any such disturbance, the Contractor will be required 
to undertake appropriate remedial actions at his own expense. 

All necessary traffic and safety signals must be placed during realization of these 
works. 

Boreholes for blasting operations will generally be realized by means of appropriate 
drills equipped for and adapted to such type of work.  Physicomechanical properties of 
rock massif, and the strike and dip of geologic formations with respect to the center line 
of the road, will be determined during preliminary geotechnical investigations.  These 
investigations are the basis for selecting an appropriate technology, i.e. for determining 
the excavation method, drilling method, spacing of boreholes and the size of explosive 
charge.  The distribution of boreholes and the quantity of explosive used per every 
borehole should be such to provide most favorable granulation of blasted material and 
to reduce to minimum any need for further fragmentation of rock blocks. 

In order to realize slope of highest possible quality, the so called "presplitting" will be 
performed prior to primary blasting operations.  This facilitates final slope shaping, 
slope surfaces are more regular, and the quantity of loose material to be evacuated 
from the slope is reduced to minimum.  In addition, this procedure prevents loosening 
of rock mass in slope area, and hence slopes are more stable and their maintenance is 
easier.  In fact, the overbreak is reduced to minimum if rock mass is cut along the 
design slope line to the desired grade.  However, this effect will greatly depend on the 
rock mass strength, i.e. on the dip and strike of layers with respect to the center line of 
the road, and on the type of the bedding plane and the rock mass fragmentation level. 

The material will be excavated to slope inclinations specified in the design and all loose 
or detached parts of the rock shall be removed down to the subgrade level, to enable 
operation of site traffic.  Temporary transverse and longitudinal drainage shall be 
realized without delay.  If it is necessary to provide side cut inclination steeper than the 
lines specified in the design (to protect structures or other facilities), this can in some 
cases be achieved by using an appropriate drilling and blasting technique.  In this way, 
the inclination of the slope may be increased by approximately 25 percent, particularly 
when the orientation of layers in the slope is favorable.  Prior approval of the 
Supervising Engineer is required for such solutions. 

If the excavated material is to be used in the production of granular stone material for 
subsequent construction of wedges for structures, for the construction of base courses 
for road pavements, or as an aggregate in the fabrication of concrete or asphalt, it will 
be necessary to obtain from an authorized organization, before proceeding to such use, 
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an appropriate evidence confirming acceptability of such material, as based on 
laboratory testing results. 

If initial testing undertaken by an authorized organization shows that the stone material 
is acceptable, it will be necessary to develop an appropriate technology while taking 
care to prevent residual clay from mixing with stone aggregate that has been tested.  
The use of such material is subject to prior approval of the Supervising Engineer. 

2-02.2 WIDE EXCAVATION IN CLASS B MATERIAL 

In addition to mechanical excavation, this class of excavation also calls for some 
blasting operations.  Regardless of the fact that the scope of blasting operations is 
relatively small when compared to mechanical excavation, the Contractor will still be 
required to apply the technology and safety precautions similar to those used in case of 
blasting in pure rock material (class A material).  During excavation of material sensitive 
to atmospheric influences,  the Contractor will have to provide for immediate loading of 
such material, its transport to the permanent disposal site or to the place of 
incorporation in the embankment, and for the unloading and placing of such material. 

The excavation will be made to the planned subgrade level only if the material is not 
susceptible to atmospheric influence and if the subgrade soil is able to withstand on-
site traffic load.  If this is not the case, the excavation will be made to the level 0.2 - 0.3 
m above the planned subgrade level, and the final excavation will be made immediately 
prior to the construction of subgrade and pavement structure.  Materials coming from 
wide excavation may be of variable composition, and so the transverse and longitudinal 
drainage must be impeccable during all phases of the work.  All water must be 
evacuated from the roadbed and carried to the final zone of discharge.  No additional 
payment will be made for difficult work conditions and replacement of water-saturated 
mixed material if this is due to improper work and poor drainage. 

During excavation works and until completion of all works on the project, the Contractor 
will be required to avoid any damage to slopes that might arise from irregular drainage, 
and to ensure their stability until completion of landscaping operations and until final 
acceptance and handover of the project. 

Slope inclination in cuttings and side-cuts must be realized in accordance with the 
design.  Inclinations may be quite variable, as this group of materials covers a wide 
variety or rock formations as classified according to their physicomechanical properties.  
The slope inclination will depend: 

• in case of sandstone and conglomerates, on the type of binder and the coherence 
level, 

• in case of stratified rocks, on the direction of dip (with respect to the road center line 
or the hill), and 

• on the fracturation level and soil properties. 

Any change in slope inclination proposed by the Contractor during the work will be 
subject to the approval of the Supervising Engineer in consultation with the Designer, 
who will make their decision based on properties of the mixed materials, geological 
results, increased need for some material, relevant events occurring during excavation 
work, etc. 

These materials are mostly used in embankment construction.  However, materials 
belonging to this class may sometimes be used for construction of base courses for 
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approach roads and other local roads, although in such cases the acceptability of the 
material must be proven through testing on appropriate test sections. 

2-02.3 WIDE EXCAVATION IN CLASS C MATERIAL 

In materials belonging to this class, the excavation is performed by mechanical 
equipment.  Scarifying operations are made in such material only exceptionally, i.e. 
when needed to improve results of mechanical excavation.  The type of machinery and 
the number of machines will be defined in the CMD based on excavation technology 
selected by the Contractor. 

The excavation is allowed down to the depth of 0.2-0.3 m above the subgrade level 
specified in the design, and the final excavation will be made immediately prior to the 
construction of pavement structure, except for materials that are not sensitive to water. 

If the excavated material is sensitive to atmospheric influences, it shall not be placed in 
the roadbed and shall be transported and used as fill immediately after excavation, or 
transported to the place of permanent disposal.  All excavation activities must be 
carried out in keeping with the profiles, levels and inclinations specified in the design, 
taking at that into account properties of excavated material and possibility of its 
subsequent use e.g. in embankment construction or as building material for some other 
purposes. 

All information given for the drainage and slope inclination with respect to excavation in 
class B materials, may also be applied for materials belonging to this class, especially 
for soil materials as they are particularly sensitive to water and for slope stability, so 
that even the slightest mistake is likely to slow down the progress of work and cause 
significant material damage.  The inclination of slope during excavation will range from 
1:1 for cohesionless coarse-grained soil to 1:3 for the fine-grained cohesive soil.  
Materials belonging to this class are most often used for embankment construction.  As 
these materials often originate from excavation made in shallow earth cuttings or side 
cuts, their moisture content is usually high, and they may also have a high organic 
content. 

For that reason, the quality of this material is normally checked during the work by 
laboratory testing as specified in Section 2-09 (embankment construction), and the 
criteria defined in this section serve as basis for the determination of their suitability.  In 
the course of excavation, appropriate samples must be taken at every change of soil 
conditions so that the suitability of soil for the planned use may be checked. 

If it is determined during this testing that the material is not suitable for embankment 
construction, the Supervising Engineer will specify where the material is to be 
discharged, and will approve replacement by a more suitable material from borrow pit.  
Unless otherwise specified, this material will be used for embankment widening and for 
making platforms for parking lots and vista points. 

The Contractor is required to use excavation technology as specified in the CMD and in 
the design.  If required materials must be homogenized, then vertical or horizontal 
excavation will be made as appropriate. 

The Contractor will propose his own technology, if the excavation technology is not 
specified in the design or if the specified technology can not be applied due to some 
changes made during the work. 
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The technology proposed in this way will be subject to the approval of the Supervising 
Engineer. 

The mass haul diagram is in most cases provided in the design.  If that is not the case, 
it will be established on the site and subjected to the approval of the Supervising 
Engineer. 

The mass haul diagram shows best locations for permanent disposal of materials if 
there is a surplus of material from excavation, or if a material can not be used in 
embankment construction.  Requirements for the transport of material to the permanent 
place of disposal are given in section 2-14. 

In case of shortage of material for embankment construction, such shortage will be 
compensated by material from the borrow pit specified in the design or as approved by 
the Supervising Engineer. 

If the Contractor considers that an another borrow pit is more favorable to him, he will 
have to prove quality and quantity of such material at his own expense, and shall on 
that basis ask the Supervising Engineer to approve the use of such borrow pit.  The 
costs of land acquisition, provision of access to the borrow pit, and restoration of the pit 
at the end of excavation work in the pit, as well as all appropriate contributions and 
charges, shall be paid by the Contractor, and the Client will approve only the costs that 
would have been paid if  the borrow pit specified in the design had been used. 

Prior to the use of the borrow pit, the Contractor will, in consultation with the 
Supervising Engineer, survey the site and prepare the proposal for excavation 
technology to be applied in the borrow pit.  This technology proposal must contain: 
layout plan with cross sections of the proposed excavation, excavation method in 
vertical and horizontal directions, type of machines and vehicles, place of disposal of 
topsoil and other unusable material, and the proposal for the borrow pit restoration after 
the end of excavation. 

Before starting to use the borrow pit, the Contractor will be required to submit the 
technology proposal to the Client for approval. 

The excavation rate in the borrow pit must be harmonized with the transport and 
placing possibilities, particularly if the material is sensitive to atmospheric influence. 

Drainage requirements for the borrow pit, and slope inclinations during its use, must 
comply with requirements specified for earth materials. 

The Contractor will have to ask the Supervising Engineer's approval for all subsequent 
extension and deepening of the borrow pit.  All expenses and damage arising from the 
works shall be borne by the Contractor.  The Client will bear land acquisition and 
compensation costs with respect to borrow pits or disposal sites planned in the design 
or specified in order given by the Supervising Engineer.  The Contractor shall pay all 
compensations arising from the damage to agricultural crops or land situated outside of 
the right-of-way. 

2-02.4 CALCULATION OF WORK 

Quantities to be used in calculation of wide excavation activities shall be determined by 
measuring actual excavation of soil in natural condition (in bank state), as specified in 
the design or according to changes approved by the Supervising Engineer. 
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The following criteria are used to determine quantities and types of wide excavation 
material (Sections 2-02.1, 2-02.2 and 2-02.3): Quantities of individual classes of 
material ("A", "B" or "C") will be specified by the Supervising Engineer at individual 
cross sections as a percentage of the overall cross sectional area.  These percentages 
will then be used to calculate total quantities for every class of material, based on the 
approved technology of excavation. 

No payment shall be made for material excavated in excess of quantities presented in 
the design or authorized by the Supervising Engineer, i.e. for quantities that are due to 
Contractor's error. 

Widening of cuttings for borrow areas will be paid for as wide excavation.  If borrow 
areas are situated outside of the road route, the excavation volume will be calculated 
based on the quantity of compacted fill consisting of material from the borrow, i.e. 
according to the principle that one cubic meter of compacted embankment equals one 
cubic meter of excavation in the borrow area. 

If the embankment will partly be built using material from road cutting, and partly using 
material from excavation made in the borrow situated outside of the road route, then 
the material from the road cutting will have to be used first, i.e. before starting to use 
the material from the borrow. 

The quantities relating to the excavation from the borrow pit shall be those defined in 
the design, and the procedure similar to that used for classification of wide excavation 
on the road route will be applied. 

The work will be paid per in-place bank cubic meter of excavation according to unit 
prices specified in the contract, separately for individual classes of material ("A", "B" or 
"C"). 

The unit price includes all excavation activities, loading into the transport vehicle, 
cleaning the slope from unstable blocks and loose material, leveling excavated and 
adjacent areas, so that the Contractor will not be entitled to any additional 
compensation for such work. 

2-03 BENCHING EXCAVATION 

Description of work 

The work covers excavation of benches in sloping foundation soil in all classes of 
material, with loading, according to lines and grades shown in the design or as 
specified by the Supervising Engineer.  The material excavated in benches shall be 
incorporated in embankment layers. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 

Activities 

All benching excavation will be performed using an appropriate mechanical plant.  In 
exceptional cases, a smaller portion of the work may be carried out manually, but such 
manual work should be reduced to minimum.  In sloping terrain, benches will be made 
for all inclinations in excess of 20° so as to ensure stable contact between embankment 
and the foundation soil. 
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Benches may vary between 2.0 and 5.0 m in width.  The downward grade of benches 
must be 4%, unless otherwise specified in the design.  The side slope of benches will 
range between 2:1 to 3:1, depending on the type and properties of soil and on the 
inclination of the terrain. 

On flatter slopes, the distance between individual benches may range from 1 to 1.5 m.  
No such distance will be applied on steeper slopes. Benches will not be required in 
rocky terrain in case such terrain presents natural irregularities which prevent 
destabilization of the embankment. 

The subsoil, i.e. the soil under the benches, must meet appropriate density criteria, 
depending on the type of soil and its elevation, but shall in any case comply with 
requirements specified in Section 2-08. 

Calculation of work 

The benching excavation will be measured according to the actually excavated quantity 
of soil, in bank cubic meters, separately for each class of material ("A", "B" or "C"), and 
will include loading into a transport vehicle.  The percentage of every soil class will be 
entered on cross sections at places where benchings are presented, which will 
represent the basis for final calculation of total bench excavation quantities for every 
class of material. 

The benching excavation will be paid per bank cubic meter of excavation according to 
unit prices which include, in addition to excavation, the transport of excavated material 
to embankment, as well as all necessary shaping of slope and foundation soil surfaces.  
The cost of overbreak not shown in the design or not approved by the Supervising 
Engineer, will be borne by the Contractor. 

2-04 EXCAVATION WORK FOR FOUNDATIONS AND FOUNDATION PITS 

Description of work 

The work covers excavation for foundations up to 2 m in width and foundation pits for 
structures more than 2 m in width, in various depths, and in every class of soil.  The 
excavation work will be carried out in full accordance with lines, grades and elevations 
specified in the design. 

The work must be performed in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 

If necessary the pits will be shored and braced, or protected by piling or cofferdams. 

The work also includes additional activities as needed for the collection and pumping of 
rainwater, ground water or water from sources, vertical transport of excavated material 
to the required height, placing material to be used in backfilling operations around the 
finished foundations, and transport of surplus excavated material. 

Activities 

The foundation structures can be: strips, footings, girders or slabs.  According to the 
depth of foundation work, we may differentiate: 

a) shallow foundations 
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b) open pit foundations 

Open pit foundations may be: 

• without shoring and bracing, but with such slope that ensures the factor of safety 
against sliding of no less than F = 1.3, and 

• with shoring, in which case the shoring can be: 

- wooden formwork, 
- driven steel and wooden sheet piling, 
- driven and anchored posts with an appropriate form between them, and 
- special peripheral concrete walls either circular (wells) or rectangular (boxes) in 

shape. 

According to the presence of water, we may differentiate: 

a) foundations in dry environment, 
b) foundations in water. 

Foundations are realized based on working drawings presented in the foundation work 
design.  This foundation design must contain: subsoil test results, allowable load 
analysis, settlement analysis for the overlying structure, its portions and neighboring 
facilities, foundations dimensioning analysis, and other information as specified in 
applicable laws and regulations relating to the field of civil engineering. 

Foundation pits will be shaped in accordance with the design. 

If it is specified in the design that foundations are to be realized with shoring, and if 
some changes in the bracing method prove necessary during realization of works, the 
Contractor shall advise the Supervising Engineer about the new situation.  The 
excavated material will have to be removed from the wall and edge of excavation and 
placed at a safe distance in order to prevent cave-in, and will then be classified 
according to its usability as backfill material to be placed around the foundations, as 
material to be placed in embankment, or as material to be transported to a place of 
disposal. 

If foundation pit is to be shored, the Contractor will be paid for the 50 cm wider work 
space, which is calculated as a clear width between the foundation pit formwork and 
the formwork for the structure. 

If the bottom of the foundation pit consists of a loose material, this material will be 
compacted immediately prior to the construction of foundations.  If the foundation pit 
bottom is made of cohesive material, and if the pit bottom has been damaged, the 
damaged portion will have to be improved immediately before construction of 
foundations, which may inter alia include replacement with suitable material, if 
necessary.  If due to the Contractor's error the foundation pit has been excavated to an 
excessive depth, the Contractor will be required to remedy the situation in accordance 
with the corresponding structural analysis, or as advised by the Supervising Engineer. 

If some obstacles such as cables, ducts, drainage channels, structures, elements, etc. 
are encountered during excavation of the pit, the Contractor will be required to advise 
the Supervising Engineer about such event and the latter will decide in which way the 
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Contractor will remove or otherwise neutralize such obstacles, in keeping with all 
relevant regulations and instructions. 

If water is pumped during pit excavation, this has to be done in such a way to prevent 
reduction of compaction level, and to avoid scouring of fine particles.  Piling made of 
wooden planks and concrete or steel sheets with grooves, will be provided to reduce 
the speed and quantity of water inflow. 

The Contractor is required to apply all necessary safety precautions during realization 
of this excavation work. 

The method selected for handover of this work (i.e. possible inspection and acceptance 
by specialists - geotechnical engineers, geology engineers, or by the Supervising 
Engineer) will depend on the significance of the structure and on soil composition.  The 
handover method will be defined in the design. 

Calculation of work 

The work will be measured per bank cubic meter according to really excavated 
quantities, based of measurements from the design or as specified by the Supervising 
Engineer.  Measurements will be made from the top edge to the bottom of excavation, 
taking into account the class of soil. 

The depths will be measured from an average terrain level at the periphery of the 
foundation pit, and such level will be considered as reference level for determination of 
the excavation level.  The excavation for work space will also be measured. 

The work will be paid for according to the unit price defined in contract for cubic meter 
of excavation, according to quantities as defined in previous description for work 
measurement. 

The unit price contains all work that is necessary for excavation of a foundation pit, i.e. 
excavation, necessary strutting, formwork, all drainage facilities, vertical transport and 
temporary disposal of excavated material, its loading into transport vehicles, transport 
to specified locations and unloading, and terrain cleaning after completion of this work, 
in all as described in this section, and the Contractor is therefore not allowed to claim 
any additional payment for this work. 

Various obstacles described in this section shall not additionally be paid for except in 
cases where the increase in cost is significant (such as for realization of structures that 
could not have been foreseen prior to construction).  These or similar unforeseen works 
are subject to the approval of the Supervising Engineer. 

2-05 EXCAVATION OF UTILITY TRENCHES AND DRAINAGE DITCHES 

Description of work 

The work related to the excavation of trenches for utility and drainage services includes 
excavation of material in full conformity with the drawings contained in the design, and 
all required bracing, drainage, temporary disposal of excavated material, and spreading 
or transport of surplus material after trench backfilling.  The work also includes 
spreading of material, after its transport, to embankment or permanent place of 
disposal. 

 
General Technical Requirements for Road Works 2001 - VOLUME II Page 19 
 



EARTHWORK 
 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 

Activities 

Utility trenches and drainage ditches will be excavated by mechanical means.  Manual 
excavation will be done only in exceptional cases, and all necessary precautions and 
safety-at-work measures will have to be applied during such excavation. 

Trenches will be excavated in all soil classes ("A", "B" or "C") in accordance with 
provisions contained in Section 2-02.  Trenches will be excavated freely, i.e. without 
shoring or bracing, only in case of shallow excavations. 

In case of greater depths, trenches will have to be braced, and the bracing method will 
depend on the depth of excavation and the type of soil. 

The bracing method will be proposed by the Contractor and approved by the 
Supervising Engineer.  The excavation must be carried out gradually to avoid cave-in.  
If necessary, pumping of water will also be ensured during trench excavation. 

In case of unsupported trenches, clear width is calculated as bottom width, while in 
case of trenches with bracing, it is the distance between braced walls of the trench.  To 
provide for pipe connections, manholes and similar facilities, appropriate widenings of 
no less than 50 cm will be planned and these widenings will be paid to the Contractor. 

In case of drainage ditches, we can have: 

• excavation for shallow longitudinal drainage in cuttings and side cuts, 
• excavation for vertical drainage, 
• excavation for traditional type of drainage. 

The excavation in cohesive soil material for shallow longitudinal drainage in cuttings 
and side cuts will be carried out in accordance with the design.  Any loose portions of 
such excavation must be compacted to density approximately corresponding to that of 
the surrounding soil. 

The excavation for vertical drainage will be performed by an appropriate drilling rig.  
The location of vertical boreholes, borehole diameter, and borehole depth, must be 
specified in the design. 

The excavation for the traditional type of drainage with vertical walls will be performed 
by mechanical equipment.  The ditch will have to be braced when such action is made 
necessary due to the type of soil or ditch depth. 

The excavated material will be classified into appropriate classes ("A", "B" and "C", cf. 
Section 2-02). 

The excavated material will be temporarily placed along the ditch edges, at such 
distance from the edge that will not harm the excavation.  If suitable, this material will 
be used for ditch backfilling, while the surplus material will be disposed and spread at a 
disposal area specified in the design or defined by the Supervising Engineer. 
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Calculation of work 

The work for utility trenches and for shallow, longitudinal and traditional drainage 
ditches will be measured per in-place bank cubic meter of actually excavated 
trench/ditch, based on the design data.  Overbreaks will not be accepted unless 
otherwise specified by the Supervising Engineer. 

The excavation work for vertical drainage will be measured by meter of completed 
borehole. 

The work will be paid for according to the contract unit price for this type of work and 
includes excavation in the specified-class soil, all necessary bracing, water pumping, 
disposal, spreading and transport of surplus material, and clearing the terrain in the 
trench/ditch zone. 

The price of excavation for vertical drainage includes borehole drilling and the transport 
of the drilling rig to the site and its removal after completion of work. 

In case of traditional type of drainage, the unit price for excavation varies according to 
the depth (0 to 2 m; 2 to 4 m; 4 to 6 m and more than 6 m). 

2-06 EXCAVATION OF REGULATION CHANNELS 

Description of work 

This work covers excavation for regulations, channels and similar work in every class of 
soil, carried out in accordance with the design. 

The work also includes disposal of material along the excavated channel with 
spreading and leveling, or transport of material to the permanent place of disposal, as 
well as all additional work as needed for the diversion of water courses. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 

Activities 

The excavation work must be carried out by mechanical equipment and in accordance 
with the technology selected, while all manual work should be reduced to minimum i.e. 
restricted to zones where mechanical equipment can not be used. 

The excavated material must temporarily be placed at a safe distance from the edge, 
i.e. at least one meter from both sides of the top edge, if terrain conditions and other 
circumstances permit such distance. 

The topsoil must be separated from other materials in case surplus material is to be 
used for embankment construction. 

If the use of excavated material for a particular purpose (embankment) is not specified 
in the design, the material will be either spread and leveled after completion of the 
work, or transported to a place of disposal as specified in the design or as directed by 
the Supervising Engineer, where it will be treated as indicated in Section 2-14. 
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The excavated material will be classified into an appropriate class (("A", "B" and "C", cf. 
Section 2-02). 

The bottom alignment of regulation channels must be as specified in the design so that 
no water stays in the channel, which will be checked by surveying to be performed after 
excavation at every design profile or, if necessary, at appropriate points between such 
profiles. 

If the quantity of material excavated during construction exceeds quantity specified in 
the design, and if this has not be approved by the Supervising Engineer, the Contractor 
will not receive approval for such excavation, and any remedial activity, if required, will 
have to be performed by the Contractor at his own expense. 

The work has to be organized in such a way that the completed work or open surfaces 
can not be damaged e.g. by washout of material in case of bad weather. 

Any roots or similar obstacles must be removed from the channel zone.  This work is 
included in the unit price for excavation. 

After completion of the excavation work, the height control for channel bottom and 
slopes will be made at every design profile and, if necessary, at appropriate points 
between such profiles. 

Calculation of work 

Cross sections of the terrain (as figuring in the design) must be inspected and, if 
necessary, amended, prior to the commencement of work.  The depth of excavation is 
determined from the original elevation in the axis of every cross section, which is 
defined as a mean value of two natural-soil elevations at both edges of the excavated 
channel. 

The quantity of natural soil is calculated per bank cubic meter based on cross sections, 
distance between them, and their depth. 

The quantity is also determined by class of material. 

The work is paid according to unit prices per bank cubic meter of natural soil of 
specified class.  The price includes all work described in this section, including terrain 
clearing and cleaning in the channel zone. 

2-07 TRANSPORT OF MATERIALS 

Description of work 

The work covers transport of excavated material of class "A", "B" or "C" (according to 
Section 2-02) from the place of excavation - which can be either the cutting, trench or 
borrow pot - to the place of unloading, i.e. embankment or storage pile. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 
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Activities 

The type of transport vehicles and the manner of transport are defined in the CMD, and 
may vary depending on: the class and quantity of material, excavation method, loading 
method, and transport distance.  Transport capacities must be harmonized with 
excavation capacities, but also with the output of machinery used for embankment 
compaction. 

Attention should be paid in transport operations to the capacity of trucks i.e. to their 
ability to carry loose material, and it is on that basis that the number of transport units 
must be planned. 

Transport operations must be rapid and cost-efficient.  To achieve this, the company 
must use transport vehicles: 

• of high capacity, 
• characterized by high versatility. 

The excavated material is pushed and transported mostly by bulldozers, scrapers, 
dumpers, hauling vehicles for transport of materials outside of public roads, and 
vehicles for long-distance transport of materials on public roads. 

According to these technical requirements, transport distances along previously 
planned routes or on public roads are classified as follows: 

• pushing or moving up to 10 m in length (calculated in excavation), 
• pushing to the distance of 10-60 m, 
• pushing to the distance of 60-100 m, 
• transport to the distance of 100-300 m, 
• transport to the distance of 300-600 m, 
• transport to the distance of 600-1500 m, 
• transport to the distance of 1500-5000 m, 
• transport to the distance of more than 5000 m. 

The Contractor has to provide for all transport operations, both on the site and on public 
roads. 

The Contractor will achieve this: 

a) on the site 

• by properly building and maintaining haul roads, 
• by building and maintaining temporary structures, 
• by marking crosscuts with appropriate marks, which must be illuminated at night-

time. 

b) on public roads 

• by placing appropriate traffic signs and illuminated traffic controllers, 
• by using vehicles of appropriate size and carrying capacity (axle load), 
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• by preventing mud from dirtying the pavement and, if that can not be prevented, by 
cleaning the pavement. 

The Contractor will bear full responsibility for any harmful events arising from his failure 
to act in accordance with applicable laws, regulations and requirements. 

Calculation of work 

The quantity of transported material will be measured per bank cubic meter of 
excavated material based on design requirements and transport actually made to a 
specified distance.  If the material from borrow area is transported, the transport will be 
measured per cubic meter of compacted embankment. 

The work will be paid for according to contract unit prices per cubic meter of material 
transported to a specified transport distance. 

2-08 IMPROVEMENT OF FOUNDATION SOIL 

Description of work 

This work covers all activities that have to carried out so that the natural soil can 
withstand load from the embankment, pavement structure and traffic (for road sections 
on embankment) or from the pavement structure and traffic (for road sections in 
cuttings).  The depth until which the foundation soil will be improved is specified in the 
design and may be up to 30 cm, depending on the type of soil. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 

Activities 

In case of cohesive soil, the foundation soil will be improved after removal of all topsoil 
as specified in the design or as directed by the Supervising Engineer (Section 2-01).  
The soil from which topsoil has been stripped must be first of all brought to the moisture 
level enabling optimum compaction.  This is obtained by moisturizing or loosening and 
drying the soil.  The compaction is performed only after an optimum moisture content, 
as based on the standard proctor compaction procedure (HRN U.B1.038), is obtained. 

In case of materials sensitive to water, a special attention must be paid to protect the 
foundation soil against excessive moisture.  The technology and the scheduling of work 
must by adjusted in such a way to perform compaction, if moisture content is adequate, 
immediately after topsoil stripping.  A proper drainage of foundation soil must be 
ensured throughout the construction. 

The surface must be leveled before proceeding to compaction work. 

The foundation soil will be compacted in accordance with the compaction technology 
selected, using compaction machines corresponding to the type of cohesive soil. 

A similar improvement technique is used for cohesionless materials, the only difference 
being that this soil is not so sensitive to change in moisture, and the compaction is 
mostly performed by vibratory tamping equipment. 
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In rocky terrain, the soil on which an embankment is to be placed will not be 
compacted.  In this case, the improvement consists of cleaning the surface and 
providing for good contact with the embankment, particularly if the terrain is sloping and 
if benches are realized. 

The rocky terrain in cutting will be leveled with a layer of fragmented stone material up 
to 20 cm in thickness, and will then be compacted by appropriate equipment. 

Quality control 

The quality control of materials placed in foundation soil is conducted in accordance 
with the following regulations: 

HRN U.B1.010/79 Taking soil test samples 
HRN U.B1.012/79 Determining moisture of soil samples 
HRN U.B1.014/68 Determining unit weight of soil 
HRN U.B1.016/68 Determining bulk density of soil 
HRN U.B1.018/80 Grain size distribution determination 
HRN U.B1.020/80 Soil consistency limit determination.  Atterberg limits 
HRN U.B1.024/68 Determination of inflammable and organic matter content in soil 
HRN U.B1.038/68 Optimum water content determination 
HRN U.B1.046/68 Compressibility modulus determination by bearing plate method 
HRN U.E1.010/81 Earthwork in road construction 

Control tests 

These tests cover determination of the level of compaction according to the Standard 
Proctor test procedure (Sz) or the compressibility modulus (Ms) determination by 
bearing plate (30 cm - depending on the type of material).  At least one test must be 
conducted for every 1000 square meters of improved foundation soil. 

The Designer is entitled to define, through special technical requirements constituting 
an integral part of the design, the frequency of testing that is higher than the one given 
in the preceding paragraph. 
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Table 2-08-1 Foundation soil quality determination criteria 
 

Type of material 

Level of 
compaction Sz 

(acc. to 
Standard 

Proctor),min. 
value 
(%) 

Compressibility 
modulus Ms 
(plate: 30 cm 

dia.), min. value
(MN/m2) 

Earth material: 
(material belonging to excavation class "C" - low 
to high plasticity clay and silty soil) 

  

a) natural soil composed of cohesive soil 
materials, for embankments not exceeding 2.00 
m in height 

97 20 

b) natural soil composed of cohesive soil 
materials, for embankments of more than 2.00 m 
in height  

95 20 

Cohesionless materials and mixed materials: 
(materials from excavation classes "A" and "B" 
and partly from exc. class "C", stone materials, 
mixed stone and earth materials, clayey gravel, 
clayey scree,  flysch sandstone, dolomite, schist, 
conglomerate, sand, sandy gravel). 

  

c) Natural soil composed of cohesionless earth 
and mixed materials, with embankment not 
exceeding 2.00 m in height. 
d) Natural soil composed of cohesionless earth 
and mixed materials, with embankment 
exceeding 2.00 m in height 

100 
 

95 

25 
 

25 

Audit tests 

These tests are the same as control tests, and their number depends on the type of 
material, soil moisture, etc.  At least one test for every 2000 square meters of improved 
foundation soil will be performed. 

Quality criteria for placing operations 

Cleaned, leveled and prepared foundation soil must be compacted in accordance with 
requirements specified in Table 2-08-1. 

The embankment height shall be understood as the height from the foundation soil 
level to the subgrade level. 

If the foundation soil is highly variable (sinkholes, karrens, swallow holes, etc.) it must 
be adequately prepared, or improved as specified in the design, before proceeding to 
embankment construction. 

When compaction criteria specified in Table 2-08-1 can not be met, the following 
actions (depending on reasons that caused such situation) will be taken: 

• improve surface drainage by providing an appropriate drainage system, 
• replace poor-quality material with an appropriate better-quality material, 
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• improve the material by adding lime, cement or an another type of hydraulic binder, 
• proceed to soil strengthening by geotextile or polymer geogrids. 

To ensure compliance with the requirements, the foundation soil improvement method 
will be selected based on appropriate laboratory testing and/or visual inspection of the 
foundation soil condition and quality.  The improvement method shall be proposed by 
the Contractor and approved by the Supervising Engineer. 

Calculation of work 

The work will be measured and calculated per square meter of completely prepared 
foundation soil. 

The payment will be made according to contract unit prices which include cleaning, 
leveling, scarifying (to dry the soil), sprinkling and compaction, i.e. full preparation of the 
foundation soil. 

2-08.2 REPLACEMENT OF WEAK FOUNDATION SOIL WITH BETTER MATERIAL 

Description of work 

The work covers excavation of weak material in the foundation soil and its transport to 
the storage pile, as well as the replacement of such material with a better-quality 
material. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 

Activities 

Weaker material from foundation soil will be replaced with a more appropriate material 
when quality requirements from Table 2-08-1 can not be met despite the use of an 
appropriate method of work (as specified in Section 2-08). 

This is mostly done in case of low embankments where, due to small thickness of 
embankment, other foundation soil improvement methods can not be applied. 

Materials are excavated in layers of appropriate thickness as specified in Section 2-02 
of these GTR. 

The replacement material is proposed by the Contractor.  The Contractor is also 
required to perform all tests that are needed to check its quality.  The use of this 
material will be subject to the approval of the Supervising Engineer. 

The thickness of the layer to be replaced will be defined in the design and, if this is not 
the case, such thickness will be defined on a test section.  The test section will be used 
to determine the technology of work, the type of compaction equipment to be used, and 
the operating method for such equipment. 

The test section will be at least 50 m in length. 

The compaction level of material will be tested at test sections in the manner and 
according to methods as specified in Section 2-08.1, and in compliance with quality 
control criteria described in that section.  The compaction level will be tested on at least 
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five spots.  All costs relating to such test section will be borne by the Contractor and, in 
case the test section proves to be of satisfactory quality and if it fits in the road route, 
such test section shall be approved as a completely finished replacement layer. 

Calculation of work 

The finished replacement layer will be measured and calculated per cubic meter of fully 
completed and compacted layer. 

The excavation of weak material will be paid for according to the unit price for 
excavation (Section 2-02), transport to stockpile will be paid for according to the unit 
price for transport based on actual distance of such transport (according to Section 2-
07), while the replacement material will be paid for according to the unit price for 
embankment construction (Section 2-09). 

2-08.3 IMPROVEMENT OF SINKHOLES 

Description of work 

The work covers all activities that have to be carried out according to solutions 
presented in the design, the objective being to ensure natural role of sinkholes situated 
within the road route.  The sinkhole improvement will be performed in accordance with 
the design where several typical solutions will be presented, depending on the sinkhole 
shape, size and function.  These technical solutions for protection of karst features are 
of general nature only and shall be adjusted and complemented as appropriate, taking 
into account actual situation on the site. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 

Depending on the level of permeability or impermeability of sinkholes, i.e. on their 
capacity to evacuate surface waters, these typical sinkhole improvement solutions will 
mainly consist in placing stone blocks or pure stone material, in combination with 
geotextile which acts as filter. 

Special concrete and reinforced concrete structures will be specified in the design for 
the improvement of all sinkholes not filled with alluvial soil that are encountered during 
construction. 

Appropriate civil engineering solutions will in such cases be determined after sinkhole 
identification. 

Excavation work 

At the bottom of sinkholes, near the sinkhole edges, the topsoil or alluvial material will 
be excavated, if required, down to the basic rock in order to obtain an appropriate 
bedding for the coherent rip rap. 

In case of narrow sinkholes will steep slopes, the excavation will be performed using an 
appropriate mechanical equipment, provided that the bottom is fully cleaned down to 
the basic rock prior to such excavation. 
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Construction of improvement structures 

Sinkhole improvement structures must be realized in such a way to ensure proper 
functioning of the future road, i.e. to meet requirements relating to the roadbed and 
drainage of water from the road, and to undertake everything that is necessary to keep 
the water regimen in the immediate vicinity of the sinkhole unchanged after the road 
construction. 

Appropriate provisions from these GTR will apply for materials, construction methods 
and quality of structures, in relation to the improvement of sinkholes by means of 
concrete and reinforced concrete structures. 

Quality control 

Quality control for the stone material and for the preparation and placing of concrete 
and other materials, will be conducted in accordance with relevant provisions of these 
GTR. 

Calculation of work 

The excavation of material from sinkholes will be measured per cubic meter depending 
on the class of excavation as specified in Section 2-02. 

The placing of stone material will be measured per cubic meter of placed stone based 
on special design requirements. 

Concrete works will be measured per cubic meter of placed concrete, as established 
according to dimensions given in the design, while steel reinforcement will be 
measured according to actually placed quantities based on the design, in kilograms.  
The concrete will be paid for according to the contract unit price for cubic meter, and 
the price shall include all work, material and everything else, and the Contractor will not 
be entitled to any additional payment in this respect. 

The steel reinforcement will be paid for according to the contract unit price per kilogram 
of steel placed.  The price includes supply, bending, transport, placing and everything 
else that is needed for the works, and the Contractor will not be entitled to any 
additional payment in this respect. 

2-08.4 IMPROVEMENT OF WEAK SUBGRADE AND FOUNDATION SOIL BY GEOTEXTILE 

General 

These technical requirements define the use of geotextile for the improvement of weak 
foundation soil prior to embankment construction, and for subgrade improvement.  
These technical requirements may also be applied for roadways with pavement 
structures made of loose layers. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 
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2-08.4.1 Performance 

The way the geotextile acts when used in earthwork and foundation soil can be 
determined through fulfillment of several objectives.  In this case, the following 
mechanical and hydraulic objectives are of highest relevance: 

• separation, 
• strengthening, 
• filtering, and 
• drainage. 

These objectives are realized as a combination of various individual functions.  By its 
performance, the geotextile prevents separation of two materials presenting 
significantly different properties.  In this way the uniformity and function of both layers is 
preserved, and the thickness of individual layers remains unchanged. 

The strengthening action increases the bearing capacity of the structure. 

The filtering and draining action enables proper drainage into the subsoil, which 
favorably influences the shear strength of the structure. 

2-08.4.2 Technical conditions and requirements for geotextile selection 

2-08.4.2.1 Mechanical testing for geotextile selection 

Regardless of its function, every geotextile used in earthwork and foundation soil must 
be able to withstand conditions prevailing during its placement.  In fact, some dynamic 
and static loads (puncturing, breaking and extension) occur during geotextile 
placement, and the resistance to such loading is simulated by following tests: 

• Static puncture strength test 

This procedure is used for simulating load exerted on geotextile during its placing and 
compaction by coarse-grained fill material. 

• Tensile strength test 

The relationship between the force and elongation is described in the tensile strength 
testing procedure.  At that, some maximum tensile forces and elongations are defined 
due to their significance for the strengthening property of the geotextile.  The testing is 
also significant for the placing of an overlying layer. 

• Dynamic puncture strength test 

This procedure simulates geotextile backfilling with sharp and coarse-grained fill 
material. 

• Dynamic pyramidal puncture strength test 

The dynamic pyramidal puncture test is used as a means to simulate variable stresses 
to which geotextile is exposed during compaction and repeated placing activities 
(especially in case small layer thicknesses are prescribed). 
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Requirements for geotextiles to be used for separation and strengthening 

The following parameters are relevant for specifying mechanical requirements for 
geotextiles used in natural soil stabilization. 

• type of soil, 
• fill material, 
• traffic load. 

Tables 2-08.4-2 or 2-08.4-3 may be used with respect to the maximum grain size (dmax) 
of fill material and grain shape (round, square < 63 mm, or square > 63 mm), 
respectively. 

Requirements from Tables 2-08.4-2 and 2-08.4-3 must be met with respect to the 
modulus of soil deformation EV1 and traffic load, respectively.  Values given in Tables 2-
08.4-2 and 2-08.4-3 are based on the strength of first layer 40 cm in thickness and on 
previously specified fill material. 

Table 2-08.4-1 Deformation and compressibility (Ms) moduli for soil classes U1 to U3 
 

Soil EV1 Ms 

U1 ≤ 5 MN/m2 ≤ 6 MN/m2 

U2 5 - 15 MN/m2 6 - 20 MN/m2 

U3 > 15 MN/m2 > 20 MN/m2 
Three types of soil may be differentiated based on their modulus of deformation EV1 
values (Table 2-08.4-1). 

According to the Austrian RVS 3.63, there are two types of traffic load for every type of 
soil, i.e. the traffic load class LKL I-IV and the traffic load class V.  In calculation, we 
have to bear in mind the fact that, in RVS 3.63, the LKL is taken as basis for calculating 
changes in equivalent load for the pavement structure design life of 20 and 30 years. 

Table 2-08.4-2 Mechanical requirements for geotextiles when fill material is made of 
rounded or angular grains with dmax ≤ 63 mm 

 
Maximum 

tensile 
force 

Maximum 
tensile 

elongation

Compres-
sion force 

by puncture 
test 

Falling 
weight hole 

diameter 
testing 

Static 
pyramid 
puncture 

test 

Dynamic 
pyramid 
puncture 

test 
U 

LKL 
as per 

RVS 3.63 
kN/m % N mm N N 

U1 LKL I-IV ≥ 23 >55 ≥3850 <15 ≥1000 ≥660 
 LKL V ≥ 21 >55 ≥3500 <16 ≥900 ≥600 

U2 LKL I-IV ≥18,5 >55 ≥3000 <17 ≥750 ≥510 
 LKL V ≥ 15,5 >55 ≥2700 <21 ≥660 ≥450 

U3 LKL I-IV ≥ 13,5 >55 ≥2300 <23 ≥560 ≥390 
 LKL V ≥11 >55 ≥1850 <27 ≥490 ≥310 
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Table 2-08.4-3 Mechanical requirements for geotextiles when fill material is made of 
angular grains with dmax > 63 mm 

 
Maximum 

tensile 
force 

Maximum 
tensile 

elongation

Compres-
sion force 

by puncture 
test 

Falling 
weight hole 

diameter 
testing 

Static 
pyramid 
puncture 

test 

Dynamic 
pyramid 
puncture 

test 
U 

 
LKL 

as per 
RVS 3.63 kN/m % N mm N N 

U1 LKL I-IV ≥26 >55 ≥4200 <14 ≥1140 ≥750 
 LKL V ≥23 >55 ≥3850 <15 ≥1000 ≥660 

U2 LKL I-IV ≥21 >55 ≥3500 <16 ≥900 ≥600 
 LKL V ≥18,5 >55 ≥3000 <17 ≥750 ≥510 

U3 LKL I-IV ≥15,5 >55 ≥2700 <21 ≥660 ≥450 
 LKL V ≥13,5 >55 ≥2300 <23 ≥560 ≥390 

 
Values shown in Tables 2-08.4-2 and 2-08.4-3 are necessary (required) average 
values (nominal values).  The maximum force should be increased by factor 4 for 
products presenting maximum tensile elongation of < 55%. 
 
Table 2-08.4-4 Required mechanical properties of geotextile for filtering applications 
 

Maximum 
tensile 
force 

Maximum 
tensile 

elongation 

Puncture 
test 

Hole 
diameter Filter 

(fill material) Soil 

kN/m % N mm 
Round or angular 
grain <63 mm coherent ≥7 >55 ≥1150 <34 

Round or angular 
grain <63 mm cohesionless ≥8,5 >55 ≥1500 <30 

Angular grain  
> 63 mm coherent ≥8,5 >55 ≥1500 <30 

Angular grain 
> 63 mm cohesionless ≥11 >55 ≥1850 <27 

Requirements for geotextiles to be used for filtering and drainage 

Appropriate mechanical strength must be maintained and relevant requirements must 
be met (cf. Table 2-08.4-4) if geotextile is to be used in filtering and draining 
applications. 

Values shown in this table are required average values (nominal values). 

2-08.4.2.2 Hydraulic testing for geotextile selection 

• Permeability 

The geotextile must be sufficiently permeable to enable elimination of water from soil 
and to increase the shearing resistance.  The permeability is tested perpendicular to 
the geotextile plane (permittivity Ψ) and in the plane (transmissivity Φ).  Hydraulic 
values must be tested under various load conditions (normal stresses). 

• Apparent opening size 

The geotextile opening size is considered relevant for estimating long-term permeability 
and filtering capacity (mechanical and hydraulic continuity of filtering action).  The 
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apparent opening size is determined by submitting a specified type of soil to wet sieving 
in accordance with HRN EN ISO 12956. 

In the testing procedure, the geotextile assumes the role of a sieve. 

The apparent opening size is determined by analyzing the passage of soil through 
geotextile, i.e. by measuring the soil retained on the geotextile.  The efficient drainage 
of neighboring soil is ensured by the sufficient permittivity and transmissivity and by an 
appropriate opening size. 

Requirements for geotextiles to be used for separation and strengthening 

The following opening size range must be respected to ensure an appropriate 
continuity of mechanical filtering: 

0.06 mm ≤ 090,w ≤ 0.2 mm 

Requirements from Table 2-08.4-5 are applied for the hydraulic filtering continuity. 

Table 2-08.4-5 Hydraulic properties of geotextile used for separation and strengthening 
 

Permeability perpendicular to the plane 
kv Permittivity ψ 

(m/s) s-1 
≥ 1 x 10-3 ≥ 1 

Requirements for geotextiles to be used for filtering and drainage 

Hydraulic properties presented in Table 2-08.4-6 must be met so that geotextile can be 
used as an appropriate filtering and draining agent. 

Table 2-08.4-6 Hydraulic properties of geotextile used for filtering and drainage 
 

Opening size 
O90, w Permittivity Transmissivity Φ 

at 20 kN/m2 
mm s-1 m2/s 

0,10 - 0,2 > 1 > 5 x 10-7 

2-08.4.2.3 Stability requirements 

Environmental influences (ultraviolet radiation, chemical and biological influences) is 
proven by analyzing durability of geotextile, i.e. the maximum unrecoverable tensile 
force during the tensile test performed on a narrow strip after exposure to specified 
influences. 

Resistance to ultraviolet radiation 

An average value of maximum tensile force determined by tensile strength testing 
performed on wide strips according to HRN EN ISO 10319 must not be reduced, after 
360 hours of exposure to ultraviolet radiation, by more than 40 percent with respect to 
an average value. 
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Chemical resistance 

An average value of maximum (tensile) force determined by tensile strength testing 
performed on wide strips according to HRN EN ISO 10319 must not be altered, after 
keeping samples in solutions, by more than 30 percent with respect to an average 
value for an unstored sample (according to ÖNORM S 2073, Table 2-08.4-5). 

2-08.4.3 Test methods 

The following tests may be performed by a certification body in the scope of audit 
testing as specified in section 2-08.4.6: 

Mechanical test results are presented as average values.  The following variation 
coefficients are permitted: 

• wide strip tensile strength < 15 % 
• puncture strength < 15 % 
• mass per unit area < 10 % 

In case of maximum anisotropic tensile force as determined during the wide strip tensile 
test, the relevant value is the minimum average value of maximum force in longitudinal, 
transverse and diagonal directions. 

An average value of longitudinal, transverse and diagonal directions is given for 
elongation as established during the wide strip tensile strength testing: 

ε = (εlong + εtrans + εdiag)/3 

Index tests 

The determination of index parameters (such as nominal thickness and mass per unit 
area) enables a simplified presentation of geotextiles.  These values are not related to 
quality.  Test methods presented in section 2-08.4.3 are relevant for quality 
assessment.  The following standards are applied: 

HRN EN 965:2001 Geotextile and geotextile related products - Determination of 
mass per unit area. 
(EN 965:1995) 

HRN EN 964-1:2001 Geotextile and geotextile related products - Determination of 
thickness at specified pressures - Part 1: Single layers 
(EN 964-1:1995) 

Geotextile selection tests 

Tests specified in Table 2-08.4-7 must be used to describe the quality of products: 
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Table 2-08.4-7 Tests/parameters/standards for geotextile selection 
 

No. Testing Parameter Standard 
1 Static puncture test Force of plunger generated 

puncture 
HRN EN 12236-
2001 

Wide strip tensile method Maximum tensile force 
(longitudinal, transverse, 
diagonal) 

HRN EN ISO 
10319: 2001 

2 

Wide strip tensile method Maximum tensile elongation 
(longitudinal, transverse, 
diagonal) 

HRN EN ISO 
10319:2001 

3 Dynamic puncture test Hole diameter HRN EN 918:2001 
4 Dynamic pyramid puncture 

test 
Dynamic force of puncture 
by pyramid 

cf. Appendix 

5 Determination of the 
characteristic 
opening size 

Apparent opening 090, w HRN EN ISO 
12956:2001 

6 Determination of water 
permeability characteristics 
normal to the plane, 
without load 

Permittivity Ψ HRN EN ISO 
11058:2001 

7 Determination of water 
flow capacity in their plane 

Transmissivity Φ HRN EN ISO 
12958:2001 

8 UV stability Reduction of maximum 
tensile force 

HRN EN ISO 
10319, DIN 53 384, 
Procedure B 
(Global UV device) 

9 Chemical stability Change of maximum tensile 
force 

HRN EN ISO 
10319 (keeping 
geotextile in 
solutions according 
to ONORM S 2073) 

2-08.4.4 Product description 

Technical sheet 

The offer must be accompanied with a technical sheet in which all properties specified 
in section 2-08.4.3 must be presented.  In addition, the sheet must also contain data 
about: 

• product, 
• manufacturer/supplier, 
• manufacturing procedure and raw material, 
• product group: 

• nonwoven (type of strengthening, fiber length, e.g. infinitely long fibers, short cut 
fibers), 

• woven (weaving method), 
• sewn (binding method), 
• composites (individual components). 
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Delivery note 

The name of the manufacturer and the type of product should be indicated in the 
delivery note.  The quantity, packing method and delivery date must also be indicated. 

Product marking 

The product is marked with an appropriate stamp and label.  The geotextile stamping 
will consist of information about the type and contingent which will be apposed at 
regular intervals (no less than every 5 m). 

The label on each roll must contain information about the manufacturer, type, raw 
material, mass per unit area and packing method. 

2-08.4.5 Placing instructions 

Preparation and placing 

Rough soil irregularities must be leveled.  The geotextile will be placed on a flat 
adequately prepared surface.  For some uses of secondary significance (e.g. temporary 
placing), the geotextile may also be placed on a grassed surface. 

Jointing methods 

Individual sheets will be connected by overlapping, welding or sewing.  Jointing must 
be performed in accordance with the manufacturer's instructions. 

• Overlapping 

The overlapping will depend on the geotextile's angle of friction and hence on the 
roughness of the geotextile surface.  Smallest or minimum overlapping lengths are 
given in Table 2-08.4-8. 

Table 2-08.4-8  Minimum overlapping values 
 
 Nonwoven geotextile Woven geotextile 
Overlap 50 cm 80 cm 

To prevent geotextile sliding at the place of overlap during filling operations, the overlap 
will be made in the direction in which material is placed. 

 
SMJER NASIPANJADirection of fill operations 

 

 

 

Figure 2-08.4-1 Geotextile overlapping in the direction of filling operations 
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• Welding 

Surfaces that have to be welded must be heated by wide gas burner or hot air.  
Immediately after that the welded spot must be covered with the unrolled geotextile and 
one roll will be connected with the other by walking along the contact.  The welding can 
be performed only if the geotextile is dry. 

• Sewing 

An appropriate mechanical equipment and skilled workers are needed for sewing 
operations.  In addition, this jointing method is the slowest. 

First embankment layer placing and compacting 

The first embankment layer is placed from the front side as driving over the geotextile 
should be avoided.  In case of soil of poor bearing capacity (E-1 <7.5 MN/m2, i.e. < 15 
MN/m2 according to RVS 8.24) the compacted thickness of the first embankment layer 
must exceed by at least three times the maximum grain thickness, i.e. it should amount 
to at least 40 cm.  The compaction method (static, dynamic) will be selected in 
accordance with properties of the foundation soil and fill material.  The required layer 
thickness must be obtained on the entire width.  When applicable, all depressions 
(rutting occurrences) must be filled with appropriate material, and the embankment 
layer must then be recompacted over the entire width. 

2-08.4.6 Quality assurance 

Acceptability testing 

The acceptability testing as specified in these GTR will be ordered by the manufacturer 
before the first use of the product.  The raw material used in the fabrication of the 
product must be specified by the manufacturer.  Any change in this respect must be 
promptly signaled to the competent authority.  The acceptability testing will be 
conducted by a certification body.  If the manufacturer changes one or several 
properties that are likely to significantly influence raw material components and 
jeopardize fulfillment of requirements specified in these GTR, a new acceptability 
testing will be performed.  The acceptability testing includes all tests specified in Table 
2-08.4-7. 

Results obtained during the acceptability testing will be specified in the report in which it 
will be stated whether the manufacturer has fulfilled appropriate requirements.  
Acceptability test results will be presented together with the manufacturer's offer. 

Production/manufacturing supervision 

For each series of products a supervision contract will be concluded between the 
manufacturer and an accredited testing laboratory.  The following tests will be included, 
as a minimum requirement, in such supervision contract: 

According to Section 2-08.4.4 Product marking 
HRN EN 965 Determination of the mass per unit area 
HRN EN ISO 10319 Wide strip tensile strength test 
HRN EN ISO 12236 Static puncture strength test 
HRN EN 964-1 Determination of thickness at specified pressures 
HRN EN ISO 12956 Determination of characteristic aperture size 
HRN EN ISO 12958 Determination of water flow capacity in their plane 
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HRN EN ISO 11058 Determination of water permeability characteristics 
normal to the plane, without load 

Every product series must be supervised at least twice a year when at least two types 
from the production series, as selected by the certification body, are tested.  The entire 
production series must be tested within three years.  The opening size and UV stability 
must be tested every year on one type selected from the production series. 

Samples from production, i.e. from the manufacturer's warehouse, will be taken by a 
certification body.  The certification body will also inspect manufacturer's production 
process and will prepare a report about these activities.  The cost of acceptability 
testing and production supervision will be borne by the manufacturer. 

Control tests 

The Contractor's supervision consists of control tests that are conducted by the 
manufacturer and the certification body to determine whether the properties of the 
product comply with contract requirements and requirements contained in these GTR.  
The cost of control tests will be borne by the Contractor.  The scope and the method 
used in control testing must be indicated in the QCQAP and in the quality assurance 
manual, and they will in any case be performed at least at every 10,000 square meters 
of geotextile placed.  Test results will be recorded in appropriate minutes.  In the scope 
of his supervising activities, the Contractor will be required to fulfill at least the minimum 
testing requirements and to perform this work in accordance with: 

Section 2-08.4.4 Product marking 
HRN EN 965 Determination of the mass per unit area 
HRN EN ISO 10319 Wide strip tensile strength test 
HRN EN ISO 12236 Static puncture strength test 
HRN EN 964-1 Determination of thickness at specified pressures 

In addition, each product type must be tested at least once a year in accordance with: 

HRN EN ISO 12956 Determination of characteristic aperture size 
DIN 53 384 / Procedure B UV stability test 

Audit tests 

In addition to permanent supervision of packing, labeling and marking of products, 
additional audit tests will be conducted as necessary, as well as some special tests if 
specified in the design or in the QCQAP.  Such tests will be conducted at least at every 
20,000 square meters, in accordance with the specified scope and method of testing.  
As a minimum requirement, audit tests will include testing in accordance with the 
following standards: 
HRN EN 965 Determination of the mass per unit area 
HRN EN ISO 10319 Wide strip tensile strength test 
HRN EN ISO 12236 Static puncture strength test 
HRN EN 964-1 Determination of thickness at specified pressures 

Audit tests will be conducted by a certification body in accordance with these GTR. 

Guidelines and standards 

RVS 3.63 Civil engineering details 
RVS 8.24 Earthwork 
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HRN EN 918 Geotextiles and geotextile-related products - Dynamic puncture 
test 

HRN EN 964-1 Geotextiles and geotextile-related products - Determination of 
thickness at specified pressures - Part 1: Single layers 

HRN EN 965 Geotextiles and geotextile-related products - Determination of the 
mass per unit area 

ONORM EN 30 318 Geotextiles and geotextile-related products - Terms 
HRN EN ISO 10319 Geotextiles - Wide strip tensile strength test 
ONORM S 2073 Storage piles; synthetic insulating strips; requirements and 

testing 
ONORM S 2076 Storage piles; synthetic insulating strips; placing 
DIN 18 200 Quality control for construction materials, structural elements and 

construction methods, general notions 
DIN 53 384 Testing synthetic materials; simulation of natural conditions by 

exposure to UV radiation 
HRN EN ISO 11 058 Geotextiles and geotextile-related products - Determination of 

water permeability characteristics normal to the plane, without 
load 

HRN EN ISO 12 956 Geotextiles and geotextile-related products - Determination of 
characteristic opening size 

HRN EN ISO 12 958 Geotextiles and geotextile-related products - Determination of 
water flow capacity in their plane 

HRN EN ISO 12 236 Geotextiles and geotextile-related products - Static puncture 
strength test 

2-08.5 IMPROVEMENT OF WEAK FOUNDATION SOIL BY POLYMER GEOGRIDS 

Description of work 

The work covers all activities needed to improve foundation soil of poor bearing 
capacity, or presenting an excessive moisture content, in order to enable construction 
of embankment above the foundation soil.  These activities include removal of weak 
foundation soil if required due to small embankment height, placing of polymer grids 
and construction of granular stone layer above polymer geogrids.  The surface of this 
granular stone layer will be considered as foundation soil on which embankment can be 
built, although it can also be considered as subgrade if it meets appropriate quality 
criteria. 

This method for improving excessively moist foundation soil or foundation soil of poor 
load bearing capacity, is applied in cases when, due to properties or moisture of such 
soil, and despite the use of appropriate work methods, the requirements from Table 2-
08-1, Section 2-08.1 of these GTR, can not be met, the objective being to enable 
embankment construction in accordance with appropriate criteria relating to 
embankment and subgrade construction. 

Portions of the route on which this method will be used to improve the foundation soil 
are specified in the design, or are included in the corresponding QCQAP, or will be 
defined at a later date by the Supervising Engineer. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 

 
General Technical Requirements for Road Works 2001 - VOLUME II Page 39 
 



EARTHWORK 
 

Materials 

Polymer geogrids 

Polymer geogrids type A, B, C, D, E, F and G may be used in foundation soil 
improvement operations.  Other geogrid types may also be used provided that they 
comply with technical requirements as specified in Table 2-08.5-1. 

In addition to meeting technical requirements from Table 2-08.5-1, polymer geogrids 
used in road construction must also present good properties with respect to: 

• resistance to chemical and bacteriological influences, 
• resistance to harmful freezing effects, 
• resistance to ultraviolet radiation (sun rays), 
• resistance to damage by animals. 

The Contractor is required to obtain from polymer geogrid manufacturer appropriate 
technical data about polymer geogrids, including scope of application, the way the grids 
are used and the method for checking quality of such grids. 

In addition, basic technical properties of polymer geogrids as specified in Table 2-08.5-
1 must be checked by a certification body, which will issue an appropriate quality 
certificate or a document proving their acceptability. 

The use of every type of polymer geogrids will be subject to the approval of the 
Supervising Engineer.  Prior to such approval, the Contractor will submit to the 
Supervising Engineer the original document proving acceptability of such grids. 

Mixed or stone material as specified in Sections 2-09 and 2-10 of these GTR can be 
used for the construction of subgrade or embankment layer above the geogrids. 

The material used for such construction must comply with appropriate quality 
requirements and is subject to the approval of the Supervising Engineer. 

Table 2-08.5-1  Technical properties of polymer geogrids 
 

GEOGRID TYPES GEOGRID PROPERTIES A B C D E F G 
Mass per unit area (g/m2) 
HRN EN 965 200 300 450 300 200 300 300 

Opening size (mm) 39/39 39/39 33/33 28/40 65/65 65/65 40/30 
Maximum trans./longitudinal 
tensile strength (kN/m)  
HRN EN ISO 10319 

20/20 30/30 40/40 31,5/ 
17,5 20/20 30/30 20/30 

Tensile strength at  2% 
deform. transv./long. (kN/m) 
HRN EN ISO 10319 

7/7 10,5/ 
10,5 14/14 12/7 8/7 12/11 10/6 

Tensile strength at 5% 
deform. trans./long. (kN/m) 
HRN EN ISO 10319 

14/14 21/21 28/28 23/14 15/14 25/22 20/12 

In-plane torsional stiffness 
(Nm/°) 0,5 0,9 1,2 0,9 1,16 1,51 - 

Typical node thickness 
(% of tensile strength) 
GRI Test method GG2-87 

≥ 95 ≥ 95 ≥ 95 ≥ 95 ≥ 95 ≥ 95 - 

Roll dimension (m) 4/50 4/50 4/30 4/50 3,8/5 3,8/5 4/100 
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Construction 

Preparation of existing soil 

The existing soil must be prepared in full conformity with Section 2-08.1, except for 
compaction. 

Placement of polymer geogrids 

Polymer geogrids are supplied in rolls and spread in longitudinal direction onto the 
adequately prepared foundation soil. 

Polymer geogrids must be placed so that they are adequately and uniformly tightened 
in longitudinal and transverse directions, i.e. in such a way to avoid excessive folding.  
For that reason, edges of polymer geogrids must be tightened with iron or wooden pins 
spaced at two meter intervals. 

Longitudinal and transverse extensions of polymer geogrids must be jointed and fixed 
with U-shaped iron pins, 5-8 mm in diameter, spaced at two meter intervals.  If 
longitudinal and transverse extensions are not to be linked in such a way, then a 20-30 
cm overlap must be provided. 

Polymer geogrids must not be laid on frozen ground or during rain. 

The work must be organized so as to spread only those polymer geogrid sections that 
will be covered with fill material on the same day. 

Construction of fill layer immediately above the polymer geogrid 

Polymer geogrids will be covered with fill material meeting quality criteria given in this 
section, and complying with other provisions contained in Section 2-08.4. 

Quality assurance 

The quality control includes: 

• initial testing of: polymer geogrids, material for embankment, and natural soil after 
removal of topsoil, 

• determination of required thickness of granular fill to be placed over the polymer 
geogrid, and determination of construction technology, at a test section, 

• control tests and audit tests during this work. 

Regulations used for determining quality of materials and works 

HRN U.B1.010/79 Soil sampling 
HRN U.B1.012/79 Determining moisture content of soil samples 
HRN U.B1.014/68 Determining unit weight of soil 
HRN U.B1.016/68 Determining bulk density of soil 
HRN U.B1.018/80 Determination of the grain size distribution 
HRN U.B1.020/80 Determination of soil consistency limits (Atterberg limits) 
HRN U.B1.022/68 Determining change of soil volume 
HRN U.B1 024/68 Determining content of inflammable and organic materials in soil 
HRN U.B1.046/68 Compressibility modulus determination by bearing plate method 
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The following European and international standards are used for testing technical 
properties of polymer geogrids: 

HRN EN 965 Geotextiles and geotextile-related products - Determination of the 
mass per unit area 

HRN EN ISO 
10319 Geotextiles - Wide strip tensile strength test 

Initial tests 

Initial testing of polymer geogrids 

Initial tests will be performed in accordance with the QCQAP, these GTR and 
applicable standards.  In addition, appropriate criteria from Table 2-08.5-1, depending 
on the type of geogrid, must be fulfilled. 

The testing will be conducted on one representative sample of polymer geogrid to be 
used on the project.  The testing will be made by a certification body duly accredited for 
the performance of quality control tasks.   The decision on the use of a particular type 
of polymer geogrid will be made by the Supervising Engineer based on test results 
obtained by the certification body.  The cost of the testing will be borne by the 
Contractor. 

Initial testing of fill material 

Initial testing of material for embankment layer must be conducted in full accordance 
with requirements contained in Sections 2-09 and 2-10 of these GTR. 

Initial testing of natural soil 

Initial testing of natural soil must be conducted in accordance with requirements 
contained in Section 2-08.1 of these GTR. 

Construction of test section 

Fill layer thickness and construction technology will be defined at a test section. 

Such fill layer thickness and construction technology must be defined at test section in 
accordance with requirements given in Section 2-08.4 of these GTR. 

Control tests 

Control tests will be organized and paid for by the Contractor.  Control tests include 
polymer geogrid testing and fill layer testing in accordance with the QCQAP and these 
GTR. 

Polymer geogrids will be tested in accordance with requirements given in this Section 
and, in this respect, at least one sample will be taken at every 10,000 square meters. 

The fill layer will be tested in full compliance with Section 2-09 or 2-10 of these GTR. 

Audit tests 

Audit tests will be organized and paid for by the Client.  These tests will be performed 
by a certification body to determine quality of the geogrid and fill layer after placement. 
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Polymer geogrids will be tested in accordance with these GTR and, in this respect, at 
least one sample will be taken at every 30,000 square meters.  The fill layer testing will 
be conducted in full accordance with Section 2-09 or 2-10 of these GTR. 

Calculation of works 

The work needed for geogrid placing will be calculated and measured in square meters.  
The payment will be based on contract unit prices, and the price will include all 
material, transport and work as required for geogrid placing, as well as everything else 
that is needed in relation with geogrid placement. 

The fill layer to be placed above geogrids will be measured in cubic meters of placed 
and compacted material.  The payment will be based on unit prices which include all 
that is needed for embankment construction, supply of material, spreading, sprinkling or 
drying, compaction, etc. 

During repair of depressions, the excavation of materials will be measured in cubic 
meters, payment will be based on provisions contained in Section 2-02.3, and the fill 
composed of earth material or loose granular stone material will be measured in cubic 
meters of placed material and calculated in accordance with provisions given in Section 
2-09. 

2-09 EMBANKMENT CONSTRUCTION 

Description of works 

This work covers backfilling, spreading, sprinkling or drying, and leveling material on 
embankment in conformity with dimensions and grades presented in the design, as well 
as compaction in accordance with these GTR. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 

Activities 

Each layer of fill material must be spread horizontally in longitudinal direction or at a 
grade that must not exceed the longitudinal grade given in the design.  The only 
exception can be made for construction of ramps descending to deeper valleys, in 
which case greater inclination may be allowed for embankment layers.  In transverse 
direction, the embankment cross fall must be minimum in all phases of construction. 

Every backfilled layer must be compacted in full width using an appropriate compaction 
equipment and devices.  The compaction must be carried out from lower edge towards 
the higher edge. 

The material must be transported over the embankment that has already been partly 
compacted, if possible always using a new path, so that the transport can partly 
contribute to an uniform compaction of embankment layers.  The placing of a new layer 
may commence after the preceding layer has been sufficiently compacted, i.e. when 
the required level of its compaction has been proven by testing. 

The height of each individual loose layer of fill material must be determined taking into 
account the type of fill material and the effective compaction depth of compaction 
equipment. 
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If there are is no valid prior experience with respect to compaction of a particular fill 
material, the thickness of fill layers will be determined at a test section. 

In such cases, the testing will be made at the 50 m test section as follows: 

The fill material of appropriate moisture content will be supplied to the testing location 
where it will be spread to the thickness that could theoretically be fully compacted by 
the compaction equipment used in these operations. 

The layer will then be compacted by variable number of passes of compaction 
equipment, and the compaction level will be determined after a specified number of 
passes. 

The compaction level will be tested on at least four locations out of which at least two 
should be in the lower half of the layer.  The testing and analysis will be made in 
accordance with methods and instructions contained in these GTR. 

Depending on test section results, the Supervising Engineer will approve a suitable 
work method and this by making an appropriate remark in the site diary.  All costs 
relating to test section construction will be borne by the Contractor and this test section, 
if situated on the route itself and if the compaction level is satisfactory, will be approved 
as completed embankment. 

The fill material will be placed onto the prepared foundation soil or onto the already 
placed embankment layer only after the Supervising Engineer has given his approval 
for the foundation soil or the previous embankment layer.  After completion of the 
embankment, its slopes will be improved and leveled. 

Quality control 

Embankment dimensions must be checked during the work by comparing them with 
dimensions given in the design.  A more detailed control is performed during 
acceptance of the top embankment layer (subgrade) by making measurements from 
the staked centerline of the road along the horizontal and vertical projection. 

If it is established that the embankment slope inclination exceeds the corresponding 
values given in the design, the Supervising Engineer will have the right to require slope 
correction in accordance with the design.  The slope inclination must be corrected by 
benches, using the same quality of materials, and the same compaction machines, until 
the required compaction level is reached.  It is not allowed to reduce slope inclination 
by "gluing" a layer of material without compaction and without previous construction of 
benches. 

The following regulations are used as the basis for controlling quality of materials used 
in embankment construction activities: 

HRN U.B1.010/79 Soil sampling 
HRN U.B1.012/79 Soil sample moisture determination 
HRN U.B1.014/68 Determining unit weight of soil 
HRN U.B1.016/68 Determining bulk density of soil 
HRN U.B1.018/80 Determining grain size distribution 
HRN U.B1.020/80 Soil consistency limit determination.  Atterberg limits 
HRN U.B1.024/68 Determination of inflammable and organic matter content in soil 
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HRN U.B1.038/68 Optimum water content determination 
HRN U.E1.010/81 Earthwork in road construction 
HRN U.E8.010/81 Load bearing capacity and evenness at subgrade level 

The following regulations are applied to control tests and audit tests: 

HRN U.B1.010/79 Soil sampling 
HRN U.B1.012/79 Soil sample moisture determination 
HRN U.B1.016/68 Determining bulk density of soil 
HRN U.B1.046/68 Compressibility modulus determination by bearing plate method 

Control tests 

These tests include determination of the compaction level with respect to Standard 
Proctor (Sz) or determination of compressibility modulus (Ms) by the bearing plate 
method (30 cm - depending on the type of material) at least at every 1000 square 
meters for each embankment layer, and determination of the grain size distribution for 
fill material at least at every 4000 cubic meters of completed embankment. 

If the embankment is made of stone material obtained during blasting operations, the 
grain size distribution will be controlled in laboratory on material with the maximum 
grain of up to 10 cm in dia., while the proportion of individual fractions (10-40 cm) will 
be determined by visual control and assessment. 

One out of five compaction testing results may be below the required minimum per one 
compaction series, provided that its absolute value does not deviate by more than: 

• 5% when dry bulk density (γd) is measured, 
• 10% when the modulus of compressibility (Ms) is measured. 

If less then five tests are conducted in one test series, then all values (results) 
determined during the testing must be higher than the minimum value. 

Test results will be presented by the Contractor to the Supervising Engineer and the 
latter will, if the results are satisfactory, accept control tests and permit construction of 
the next embankment layer. 

Audit tests 

These tests include determination of the compaction level with respect to Standard 
Proctor (Sz) or determination of compressibility modulus (Ms) by the bearing plate 
method (30 cm - depending on the type of material) at least at every 2000 square 
meters for each embankment layer, and determination of the grain size distribution for 
fill material at least at every 8000 cubic meters of completed embankment. 

Calculation of work 

The work required for the construction of embankment made of earth, mixed material 
and stone material, is measured in cubic meters of placed and compacted embankment 
(2-09.1, 2-09.2 and 2-09.3). 

The payment will be made according to the unit price which includes all works required 
for embankment construction - spreading, sprinkling or drying, compaction of 
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embankment layers, leveling embankment slopes, and cleaning the area around the 
embankment. 

2-09.1 CONSTRUCTION OF EARTH EMBANKMENTS 

Earth materials are low to high plasticity clays, silts, clayey silts and similar materials 
sensitive to the presence of water (a portion of materials covered by the excavation 
class C). 

These materials are compacted by sheepsfoot rollers, smooth rubber-tired rollers and 
vibratory plates. 

The embankment will be built in layers ranging from 30 to 50 cm in thickness, and the 
maximum thickness of the loose layer will be determined through test sections, if no 
previous experience is available about layer thicknesses that can be properly 
compacted using appropriate compaction equipment.  When determining suitability of 
earth material for embankment construction, it will be first of all necessary to test all 
materials from the cutting and borrow area, if that has not been done in the scope of 
geotechnical investigations, and to determine every change of material.  At least two 
samples must be tested for every type of material. 

The material for embankment construction must meet the following criteria: 

• the grain size distribution of material must be such that the uniformity coefficient 

10

60

d
U =

d
 is greater than 9. 

Materials with the uniformity coefficient of U ≤ 9 (such as uniformly graded sand) 
can also be used provided that a special placing technology (e.g. hydraulic 
dredging) is used. 

• The fill material must not contain more than 6% of organic matter.  If it contains 
from 6 to 10 percent of organic matter, its suitability for placing must be proven by 
detailed laboratory testing. 

This requirement is valid for uniformly distributed and decomposed organic mater.  
Organic matter in pieces or clusters (such as wood or similar material) must be 
removed from fill material and discarded. 

• The optimum quantity of water must be less than Wopt ≤ 25%. 

• The dry bulk density of material (according to Standard Proctor test) must not be 
lower than γd = 1.50 g/cm3 for embankments of up to 3.0 m in height, and γd = 1.55 
g/cm3 for higher embankments. 

• The liquid limit of material must not be higher than W2 ≤ 65%. 

• The plasticity index of material must not be higher than Ip ≤ 30. 

• The swelling of material under water must not exceed 4% after four days. 

• The Proctor number 
γγ
11

−=
d

bP  must amount to Pb = 0 to 0.20. 
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The material must not be used in embankment construction even when it complies with 
all of the above requirements if its moisture exceeds the limit of compliance with the 
prescribed quality of placing.  The moisture of material must not vary by more than ± 
2% from the optimum moisture as determined by Standard Proctor test.  This means 
that an excessively moist material must be dried prior to placing (by spreading, 
fragmentation, relocation, exposure to sun or wind action), while the excessively dry 
material must be moisturized (by sprinkling or spraying) until the required moisture 
content is reached.  Some time should be allowed to pass prior to compaction of the 
sprinkled material to allow for uniform distribution of moisture in the material. 

When the embankment is built using a coherent earth material, all material transported 
to the site must be placed and compacted on the same day. 

If, after compaction and testing of an embankment layer, the Contractor does not 
proceed with construction of the next layer, i.e. if the next layer is to be placed after a 
prolonged period of time and in different weather conditions, then it will be necessary to 
check once again the compaction level of the placed layer before proceeding to 
construction of the new layer. 

The placing of the next layer may start only after the required quality (compaction level) 
of the previous layer has been proven. 

The placing and compaction activities must be interrupted in case the required results 
can not be obtained (because of the rain, high ground water level or other unfavorable 
weather conditions). 

The backfill material must not be placed onto a frozen surface.  Similarly, the snow, ice 
or frozen earth material must not be incorporated in the embankment.  Criteria for 
estimating quality of placed material are given in Table 2-09-1. 

Table 2-09-1 Quality criteria for earth embankment layers 
Position of embankment layers Compaction level Sz 

(according to Standard 
Proctor test), minimum 

(%) 

Modulus of compressibility 
Ms (plate 30 cm in dia.), 

minimum 
(MN/m2) 

a)  Layers of embankments 
exceeding 2 m in height at 
the portion from 
embankment bottom to 2 
m below the subgrade 
level 

95 20 

b) Layers of embankments 
less than 1 m in height and 
layers of embankments 
exceeding 2 m in height in 
the zone 2 m below the 
subgrade level 

100 25 

2-09.2 CONSTRUCTION OF MIXED-MATERIAL EMBANKMENTS 

The term mixed material denotes mixed stone and earth materials, clayey gravels, 
clayey rock scree and weathered rock material such as schist, marl, flysch, and similar, 
i.e. materials that are less sensitive to water action (most materials belonging to 
excavation class B and some of the materials belonging to excavation class C). 
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These materials will be compacted by rollers. 

Embankments made of these materials are formed in layers ranging from 30 to 60 cm 
in thickness and, if there is no proven experience on layer thicknesses in which this 
material could be adequately compacted by an appropriate compaction equipment, the 
actual maximum thickness of the loose embankment layer will be determined by test 
section. 

The material used in embankment construction must meet the following requirement: 

• The grain size distribution of material will comply with the following uniformity 
coefficient: 

.4
10

60 〉=
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In case of materials that are likely to change grading during the compaction process, 
such as some types of weathered rocks, and if their uniformity coefficient can not be 
determined or is not realistic, then their suitability must be determined by practical 
means, i.e. by test sections. 

Materials will not be placed in embankment in cases when the moisture level exceeds 
the limits within which the required quality of placing can be obtained. 

The backfill material must not be placed onto a frozen surface.  Similarly, the snow, ice 
or frozen earth material must not be incorporated in the embankment.  Criteria for 
estimating quality of placed material are given in Table 2-09-2. 

Table 2-09-1 Quality criteria for embankments made of mixed materials 
 
Position of embankment layers Compaction level Sz 

(according to Standard 
Proctor test), minimum 

(%) 

Modulus of compressibility 
Ms (plate 30 cm in dia.), 

minimum 
(MN/m2) 

a)  Layers of embankments 
exceeding 2 m in height at 
the portion from 
embankment bottom to 2 
m below the subgrade 
level 

95 35 

b) Layers of embankments 
less than 1 m in height and 
layers of embankments 
exceeding 2 m in height in 
the zone 2 m below the 
subgrade level 

100 40 

2-09.3 CONSTRUCTION OF ROCK EMBANKMENTS 

Rock materials are materials obtained by blasting, scree materials and gravels, i.e. 
those materials that are practically insensitive to the presence of water (materials 
belonging to the excavation class A and a portion of materials from the excavation 
class C). 
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These materials will be compacted by vibratory rollers (self-propelled and towed), 
vibratory tampers and compactors, depending on the type of material. 

Embankments made of these materials are formed in layers ranging from 50 to 100 cm 
in thickness and, if there is no proven experience on layer thicknesses in which this 
material could be adequately compacted by an appropriate compaction equipment, the 
actual maximum thickness of the loose embankment layer will be determined by test 
section. 

The material used in embankment construction must meet the following requirement: 

• The grain size distribution of material will comply with the following uniformity 
coefficient: 

.4
10

60 〉=
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dU  

• The maximum grain size must not exceed one half of the layer thickness, and will in 
no case be greater than 40 cm (but 15% of grains may be up to 50 cm in size). 

In the vicinity of structures, the Contractor will in most cases have to change his placing 
and compaction procedures because big vibratory machines may cause significant 
damage to old and new structures alike.  For this reason, the approval of the 
Supervisory Engineer will be required for machines, methods and start of compaction in 
the vicinity of structures. 

No embankment construction work will be allowed when the backfill material is frozen, 
i.e. when there is snow or ice on the route.  Criteria for estimating quality of placed 
material are given in Table 2-09-3. 

Table 2-09-3 Quality criteria for embankments made of rock materials 
 
Position of embankment layers Compaction level Sz 

(according to Standard 
Proctor test), minimum 

(%) 

Modulus of compressibility 
Ms (plate 30 cm in dia.), 

minimum 
(MN/m2) 

a)  Layers of embankments 
exceeding 2 m in height at 
the portion from embank-
ment bottom to 2 m below 
the subgrade level 

95 40 

b) Layers of embankments 
less than 1 m in height and 
layers of embankments 
exceeding 2 m in height in 
the zone 2 m below the 
subgrade level 

100 40 
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2-10 PREPARATION OF SUBGRADE 

Description of work 

This work includes preparation of subgrade in cuttings, embankments and side-cuts, 
i.e. coarse and fine leveling of material and compaction to required compaction levels.  
The subgrade must be prepared in accordance with levels shown in the design. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 

The subgrade is the final layer of embankment or cutting.  It must be of uniform load-
bearing capacity, and is up to 50 cm in thickness, depending on the type of material. 

Quality control 

Quality control activities for the preparation of subgrade are carried out in accordance 
with the following regulations: 

HRN U.B1.010/79 Soil sampling 
HRN U.B1.012/79 Determining moisture content of soil samples 
HRN U.B1.014/68 Determining unit weight of soil 
HRN U.B1.016/68 Determining bulk density of soil 
HRN U.B1.018/80 Determination of the grain size distribution 
HRN U.B1.020/80 Determination of soil consistency limits (Atterberg limits) 
HRN U.B1.022/68 Determining change of soil volume 
HRN U.B1 024/68 Determining content of inflammable and organic materials in soil 
HRN U.B1.038/68 Optimum water content determination 
HRN U.B1.042/69 Determining the California bearing ratio (CBR) 
HRN U.E8.010/81 Subgrade carrying capacity and evenness 

The control tests and audit tests will be carried out in accordance with the following 
regulations: 

HRN U.B1.010/79 Soil sampling 
HRN U.B1.012/79 Determining moisture content of soil samples 
HRN U.B1.016/68 Determining bulk density of soil 
HRN U.B1.046/68 Compressibility modulus determination by bearing plate method 

Control tests 

These tests cover determination of the level of compaction according to the Standard 
Proctor test procedure (Sz) and determination of the compressibility modulus (Ms) by 
bearing plate (30 cm). 

The minimum control tests are: 

• one compaction level testing per every 1,000 square meters, 
• one compressibility modulus testing per every 1,000 square meters, 
• one subgrade grading determination per every 6,000 square meters, 
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• one compaction level testing and compressibility modulus testing per every 200 m 
in the shoulder zone. 

Subgrade levels may not differ from the design levels by more than 3 cm.  Cross slopes 
and longitudinal grades of the subgrade must be in accordance with levels presented in 
the design.  The evenness is measured in the longitudinal, transverse and diagonal 
directions. 

The level of the finished subgrade will be proven by leveling record.  The evenness of 
the finished subgrade must be such that, in case of cohesive material, the tolerance in 
any direction is not greater than 3 cm when measured by leveling rod 4 m in length. 

The evenness testing and the cross slope testing will be conducted for subgrade at 
every 100 m. 

The attained compaction level will be checked after the subgrade level has been 
approved. 

While testing quality of subgrade preparation, the tests are preformed in series and at 
least five tests will be conducted in every series.  It is only in such cases that the 
following tolerances will be allowed. 

One out of five results may fall below the required minimum but, acceding to its 
absolute value, it must not deviate by more than: 

• 5% with respect to the required mass in dry state (γd), 
• 10% with respect to compressibility modulus (Ms), 

If less than 5 tests are performed per one series, then test results must exceed the 
required minimum. 

The Contractor is required to present test and measurement results to the Supervising 
Engineer and the latter will, in case he finds the results satisfactory, approve control 
tests and allow commencement of pavement construction work on the subgrade. 

Audit tests 

These tests consist of the compaction level testing according to the Standard Proctor 
test procedure (Sz) which will be conducted at least at every 2,000 square meters, and 
determination of the compressibility modulus (Ms) by bearing plate (30 cm) which will 
be conducted at least at every 2,000 square meters of prepared surface of the 
subgrade. 

The subgrade in the shoulder zone will be tested separately.  This testing will be 
conducted at every 400 m using either of the above two methods.  The grain size 
composition of the subgrade material will be tested at least at every 10,000 square 
meters. 

Calculation of work 

The work relating to the preparation of subgrade made of earth, mixed and stone 
material will be measured in square meters of the prepared and compacted subgrade 
(Section 2-10.1, 2-10.2 and 2-10.3 of these GTR). 
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The payment will be made according to contract unit prices which include all activities 
needed to prepare the subgrade, depending on the type of material, as indicated in 
Sections 2-10.1, 2-10.2 and 2-10.3, provided that this item is included in the contract 
cost estimate.  If not included in such cost estimate, the work will be included in the 
price for the construction of embankment layers. 

2-10.1 PREPARATION OF SUBGRADE MADE OF EARTH MATERIALS 

Earth materials are low to high plasticity clays, silts, clayey sand materials and similar 
materials sensitive to the presence of water (a portion of materials belonging to the 
excavation class C). 

Backfill material for subgrade on embankment or in cutting must be compacted without 
delay.  If an already compacted subgrade has been exposed for some time to bad 
weather, the Contractor will be required to make all actions that are needed to bring the 
subgrade to the state as required in the design and as specified in these General 
Technical Requirements.  The work for the preparation of subgrade in earth materials 
includes leveling, local replacement with better quality material (if necessary), as well 
as the sprinkling or drying to the required compaction level. 

If compaction is impossible due to high natural moisture or unfavorable weather 
conditions, then one of the improvement methods indicated in the section on foundation 
soil improvement (Section 2-08 of these GTR) should be used.  Such an improvement 
method will be selected by the Contractor, and approved by the Supervising Engineer. 

Materials for the preparation of subgrade made of earth materials must meet the 
following criteria: 

• uniformity coefficient 
10

60

d
d

=U  must be higher than 9, 

• liquid limit W2 must be below 40 percent, 
• plasticity index Ip must be below 20 percent, 
• swelling after 4 days of immersion in water must not exceed 3 percent, 
• California bearing ratio CBR must be greater than 3 percent. 

The moisture of material must not vary by more than ±2% from an optimum moisture 
content (as determined by Standard Proctor procedure). 

If in side cuts the earth material does not meet acceptability criteria, then the poor 
material in subgrade must be replaced in the same way as indicated for the 
replacement of poor foundation soil (2-08.2, 2-08.3 and 2-08.4), which is in most cases 
combined with the use of geotextile.  Subgrade preparation activities must not be 
carried out when the soil is frozen, i.e. when there is snow and ice on the route. 

The following criteria will be used for estimating quality of the subgrade made of clayey 
materials: 

• compaction level according to the Standard Proctor procedure must be Sz ≤ 100%, 
• compressibility modulus measured by bearing plate 30 cm in dia. must be Ms ≥ 30 

MN/m2. 
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2-10.2 PREPARATION OF SUBGRADE MADE OF MIXED MATERIALS 

The term mixed materials denotes mixed stone and earth materials, clayey gravel, 
clayey rock scree, weathered rock - schist and marl, flysch material, and similar 
materials (most materials belong to the excavation class "C" while some of them belong 
to the excavation class "B"). 

Activities for the preparation of the subgrade made of mixed materials include leveling, 
local replacement with better quality material (if necessary), possible sprinkling or 
drying, and compaction to the required density. 

When the subgrade material in cutting is highly cohesionless (stone with clay pockets), 
the excavation must be deepened by 30 to 50 cm and a layer of homogeneous mixed 
or stone material must be placed. 

The material for subgrade composed of mixed materials must meet the following 
requirements: 

• uniformity coefficient 
10

60

d
d

=U  must be higher than 9, 

• maximum grain size is 60 mm (up to 70 mm is allowed for 10% of grains) 

The moisture of material must not vary by more than ± 2% from an optimum moisture 
content (as determined by Standard Proctor procedure). 

No work shall be performed on subgrade when the soil is frozen, i.e. when there is 
snow or ice on the route. 

The following criteria are used for estimating quality of subgrade composed of mixed 
materials: 

• compaction level according to the Standard Proctor procedure must be Sz ≥ 100%, 
• compressibility modulus measured by bearing plate 30 cm in dia. must be Ms ≥ 35 

MN/m2. 

2-10.3 PREPARATION OF SUBGRADE MADE OF STONE MATERIALS 

The term stone materials denotes materials obtained by blasting, stone scree materials 
and gravels (i.e. materials belonging to excavation class "A" and some materials 
belonging to excavation class "C"). 

The work relating to the preparation of the stone-material subgrade in cuttings includes 
smoothing all remaining stone protrusions, backfilling and spreading a leveling layer 
made of clean fine-grained stone material, its leveling, sprinkling and compaction to the 
required density. 

When stone is used as backfilling material, the final layer must be leveled using a fine-
grained stone material. 

The quality of this leveling layer must be checked before it is placed. 

The material for subgrade composed of stone materials must comply with the following 
requirements: 
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• uniformity coefficient 
10

60

d
d

=U  must be higher than 9, 

• maximum grain size is 60 mm (up to 70 mm is allowed for 10% of grains) 

No work shall be performed on subgrade when the soil is frozen, i.e. when there is 
snow or ice on the route. 

The following criteria are used for estimating quality of subgrade composed of stone 
materials: 

• compaction level according to the Standard Proctor procedure must be Sz ≥ 100%, 
• compressibility modulus measured by bearing plate 30 cm in dia. must be Ms ≥ 40 

MN/m2. 

2-11 STABILIZATION OF EARTH MATERIALS WITH LIME AND HYDRAULIC BINDERS 

Description of work 

This work consists of the stabilization of earth materials in the following elements of the 
road: 

• foundation soil, 
• embankment, 
• subgrade. 

The soil is to be stabilized in zones where its load bearing capacity must be improved 
and its sensitivity to weather influences (such as rainfall) must be reduced. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 

Road portions and individual elements to be stabilized shall be specified in the design. 

The Contractor is welcome to propose stabilization measures even in roadbed zones 
where such action has not been anticipated in the design.  In such cases, the 
stabilization will be subject to the approval of the Supervising Engineer. 

The thickness of the stabilization layer is specified in the design, and may range from 
15 to 40 cm in compacted state, which is dependent on the mixing and compacting 
possibilities. 

Materials 

a)  Earth materials 

The actual suitability of earth material for stabilization is defined by prior testing in 
laboratory (Figure 2-11-1). 
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Figure 2-11-1 Diagram showing general suitability of materials for stabilization 

General suitability of materials, as presented in the preceding diagram (Figure 2-11-1), 
can be described as follows: 

ZONE A for stabilization with cement or with an another hydraulic binder with similar 
properties (fly ash, crushed slag), 

ZONE B for stabilization with hydrated lime or crushed quicklime. 

b)  Binders 

The following materials will be used as binders: 

• hydrated lime (HRN B.C1.020), 
• crushed quicklime (HRN B.C1.020), 
• Portland cements and Portland cements to which some slag or pozzalan of class 25 

or 35 is added (HRN B.C1.011), 
• fly ash, crushed slag and other similar binders (if their suitability is proven by 

detailed testing in laboratory). 

c)  Water 

If necessary, pure water, i.e. water without organic or other harmful additions, will be 
used in the preparation of stabilization mixes. 

2-11.1 IN-PLACE PREPARATION 

Activities 

The surface of the earth material must be prepared in accordance with the design prior 
to the start of stabilization. 

The layer will then be loosened by an appropriate method, and the final loosening will 
be made by means of a special machine (self-propelled rotary mixer). 
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The depth of loosening will be such that a layer of design-specified thickness is 
obtained after mixing with binder and compaction. 

Then the required quantity of specified binder will be spread at a specified rate onto the 
loosened layer.  The spreading must be performed by mechanical means ensuring a 
sufficient uniformity of spreading.  After this, the earth material will be mixed with binder 
by rotary mixer, until a homogenous mixture is obtained. 

If necessary, an appropriate quantity of water will be added during the mixing process, 
to reach an optimum moisture content of the mixture. 

The mixture will be compacted either immediately or after some time, which will depend 
on the type of binder that has been used in the stabilization.  This must be specified 
based on prior laboratory testing or in accordance with relevant experience-based data. 

The compaction will be made to the required uniform density using sheepsfoot rollers, 
pneumatic tired rollers, or smooth-wheeled rollers.  If the stabilized layer is not soon 
covered with an another layer, it has to be cured by sprinkling until it is covered, and 
the curing will be performed for at least 7 days.  The curing can also be performed by 
sprinkling during 3 days, and by special sprinkling against evaporation. 

The stabilization can not be performed while it is raining and at low temperatures 
(below 5°C), or a short time before the temperature is expected to fall below 0°C.  The 
stabilization layer must be covered with an appropriate layer before winter. 

2-11.2 QUALITY ASSURANCE 

Quality assurance activities for these works include all activities aimed at achieving 
stabilization of earth material with lime and hydraulic binders in accordance with 
appropriate quality requirements.  In this respect, it is necessary to prepare the quality 
assurance program (POK) which will consist of two types of controlling activities: 

• prior to the start of work, 
• during realization of work. 

2-11.2.1 Quality control prior to the start of work 

The Contractor will be responsible for the performance of these activities.  They 
comprise: 

• preliminary testing (certification) of binder, 
• testing suitability of soil and preparation of the job-mix formula (mix design), 
• definition of work technology by means of a test section. 

Quality-related tests, i.e. preliminary tests, control tests and audit tests, will be 
performed in accordance with the following regulations: 

HRN U.B1.010/79 Soil sampling 
HRN U.B1.012/79 Determining moisture of soil samples 
HRN U.B1.014/68 Determining unit weight of soil 
HRN U.B1.016/68 Determining bulk density of soil 
HRN U.B1.018/80 Grain size distribution determination 
HRN U.B1.020/80 Soil consistency limit determination.  Atterberg limits 
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HRN U.B1.024/68 Determination of inflammable and organic matter content in soil 
HRN U.B1.030/68 Determination of the uniaxial compressive strength of soil 
HRN U.B1.038/68 Optimum water content determination 
HRN U.B1.042/69 Determination of the California bearing ratio (CBR) 
HRN U.B1.048/68 Determination of the optimum water content in the cement-stabilized 

soil 
HRN U.B1.050/69 Determination of the frost resistance of the cement-stabilized soil. 
HRN B.C1.011/82 Portland cement.  Portland cements with additives.  Metallurgical 

cement.  Pozzalan cements. 
HRN B.C1.012/79 Cement.  Delivery, packing, storing and sampling methods. 
HRN U.E9.024/80 Construction of base courses for road pavement structures using 

materials stabilized with cement and similar hydraulic binders. 
HRN U.E9.026/82 Soil stabilization by lime and construction of base courses for roads 

using lime-stabilized materials 
HRN B.C1.020/81 Building lime.  Types, uses and quality requirements. 
HRN B.C8.042/81 Building lime.  Physicomechanical testing methods. 

Preliminary testing of binders 

Binders will be tested and certified prior to the commencement of work.  They must 
meet the following principal requirements: 

a)  Lime 

The following types of lime are used in soil stabilization: 

• hydrated lime 
• crushed quicklime. 

The quality of lime must comply with requirements contained in the standard HRN 
B.C1.020. 

Hydrated lime 
Chemical composition: 

• quantity of CO2 max. 5% 
• quantity of active CaO + MgO min. 85% 

out of which MgO must be max. 8% 
• free H20 max. 5% 
Grinding fineness 

• grains > 0.6 mm max. 0% 
• grains > 0.09 mm max. 10% 

Crushed quicklime 

Chemical composition 

• quantity of CO2 max. 5% 
• quantity of active CaO + MgO min. 85% 
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out of which MgO will be max. 8% 
• loss on ignition max. 5.5% 

Grinding fineness 

• grains > 0.6 mm max. 0% 
• grains > 0.09 mm max. 10% 

b)  Cement and water 

The cement must comply with requirements specified in the standard HRN B.C1.011 or 
with appropriate requirements as contained in these General Technical Requirements.  
If nonstandard binders such as fly ash, slag, pozzalan and chemical substances are 
used, then their properties must be determined through detailed testing which will be 
conducted by an appropriate certification body, and their use will be subject to approval 
of the Supervising Engineer who will make his decision in consultation with the 
Designer. 

If there is any doubt about the presence of harmful substances, the water will be 
submitted to chemical testing. 

Testing suitability of soil and preparation of the job-mix formula (mix design) 

Prior to the commencement of work, the suitability of soil for stabilization will be tested 
in laboratory, where the job-mix formula will also be prepared. 

The suitability of soil will be determined by testing appropriate geotechnical properties 
such as: 

• grain size distribution, 
• quantity of organic and harmful substances, 
• consistency limits, 
• optimum moisture and maximum bulk density according to Proctor test, 
• natural moisture content, 
• California bearing ratio (CBR), 

as well as by testing soil-binder mixtures for strength and resistance to freezing and 
water action. 

The following will be determined during preparation of the job-mix formula: 

• percent of binder with respect to the dry bulk density of earth material, or the 
quantity of binder per unit area for the specified layer thickness (kg/m2), 

• optimum moisture content for the earth/binder mixture, 
• maximum dry bulk density, 
• mechanical properties (compressive strength after 7 and 28 days, resistance to 

freezing and water action). 

All tests conducted in the scope of the job-mix formula determination will be performed 
in keeping with the standard HRNU.E9.026 and according to other relevant standards. 
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Definition of work technology on test sections 

The Contractor will have to establish on a test section, prior to the start of work, an 
appropriate method for the use of machines in stabilization work and prove that he is 
able to obtain specified mechanical properties, in case there is no prior experience with 
respect to stabilization of a particular earth material with available binder and 
machinery. 

The test section must occupy an area of at least 600 square meters. 

The test section must be prepared at least 14 days before the full start of stabilization 
work. 

Detailed checking of the quantity of binder, quality of comminution of earth materials, 
mixing with binder, and moisture content, is performed during the work on the test 
section.  In addition, the testing includes determination of the level of compaction with 
respect to Standard Proctor procedure, and compaction rate needed to achieve the 
specified level of compaction. 

The compaction level is tested on at least six locations within the test section and for 
every regimen of work (various numbers of passes, various roller combinations, etc.).  
At three locations within the test section, samples of the earth mix and binder are taken, 
and samples are prepared for the determination of mechanical properties and 
resistance to freezing and water action. 

After having defined an appropriate work regimen and machines, the Contractor will 
submit original copies of the entire documentation to the Supervising Engineer in order 
to obtain his approval for the commencement of work. 

2-11.2.2 Quality control during realization of work 

Quality-related activities as performed by the Contractor and the Client during 
realization of works are defined in this section.  These activities comprise control tests 
which have to be provided by the Contractor, and audit tests which will be provided by 
the Client. 

The Supervising Engineer will monitor performance of the above activities, with respect 
to their type and scope. 

Control tests 

The Contractor is required to perform (organize) at least the following control tests: 

• grain size distribution test at least at every 3000 square meters and at every visible 
change of property of earth material, 

• load bearing test (CBR) at every 2000 square meters, 
• testing of basic parameters defining binder quality, at the arrival of every new binder 

consignment, 
• permanent control of comminution level for earth material, 
• binder quantity testing as directed by the Supervisory Service, 
• earth material moisture content testing, at least once a day, 
• testing compaction level according to Standard Proctor procedure, at every 500 

square meters, 
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• compressive strength testing on fresh stabilization mix samples taken after 7 and/or 
28 days of cure in a moist space, at every 1000 square meters, 

• permanent control of evenness by straightedge, testing profile accuracy and 
thickness of placed layers at every cross sectional profile. 

Audit tests 

The following audit tests will be performed (organized) by the Client (they are obligatory 
during subgrade construction): 

• Compressive strength testing after 7 and/or 28 days using samples taken from the 
fresh stabilization mixture, at least at every 4000 square meters. 
In case of subgrade construction, if the subgrade is in the freezing zone, the testing 
will also include determination of the fall of compressive strength on samples 
exposed to an appropriate number of freezing and thawing cycles, and the 
difference must not be greater than 20 percent when compared to samples that 
have not been exposed to freezing and thawing. 

• Control of evenness by straightedge 4 m in length, testing profile accuracy and 
thickness of placed layers at every 4000 square meters of finished layer. 

• California bearing ratio test (CBR), at least at every 4000 square meters 
(stabilization by lime). 

• Compaction level testing, at least at every 1500 square meters. 

Quality requirements 

Different quality requirements are applied for every type of stabilization (for various 
binders), and for individual elements of the roadbed, as specified in the design. 

If quality requirements are not specified in the design, the criteria defined in Table 2-11-
1 will be applied. 
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Table 2-11-1  Quality requirements for the stabilization of earth materials 
 

Properties of placed layers Road 
segment 

Lime 
stabilization 

Cement 
stabilization 

Founda. soil, 
embankment 95 95 Compaction level with respect to 

Standard Proctor, min. % 
Subgrade 100 100 

7 days 0,2 0,7 
28 days 

foundation 
soil 0,3 - 

7 days 0,3 - 
28 days 

embankment 
0,4 1,0 

7 days 0,4 1,4 

Compressive strength 
MN/m2 after curing 

period of min. 

28 days 
subgrade 

0,5 1,75 
found. soil, 

embankment
not 

obligatory 
not 

obligatoryResistance to freezing 
and water action subgrade as spec. in 

the design 
as spec. in 
the design 

founda. soil, 
embankment 5 5 

CBR min.  % 
subgrade 15 20 

founda. soil, 
embankment - - Evenness testing by 

straightedge 4 m in length (dev. 
from reference edge, cm) subgrade 3 3 

Calculation of work 

Stabilized earth materials for which layer thickness has been specified, i.e. foundation 
soil and final embankment layer (subgrade), will be measured in square meters of the 
completely finished layer. 

If the roadbed is built using earth material stabilized with lime or hydraulic binder, then 
the work will be measured per cubic meter of completely finished work. 

The finished work will be paid according to contract unit prices for square or cubic 
meters of finished stabilization work.  These prices include all works relating to the 
delivery of material, fabrication, cure, transport and similar activities, so that the 
Contractor is not entitled to any additional compensation. 

2-12 CLAY FILL IN MEDIAN AND NEXT TO SEWER AND DRAINAGE PIPES 

Description of work 

The work covers excavation of clay material, loading, transport and placing within the 
median zone of the motorway, all in accordance with the design.  In case of sewer and 
drainage ditches, the clay fill is made as the last layer after the trench backfilling.  
Inorganic clays of medium and high plasticity (CI, CI/CH, CH) may be used for 
construction of such clay fill. 
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The work must be carried out in accordance with the design, regulations, Quality 
Control and Quality Assurance Program (QCQAP), Construction Management Design 
(CMD), instructions given by the Supervising Engineer, and these GTR. 

Activities 

The clay material selected for this purpose in accordance with requirements specified in 
the design and in these GTR, will be spread in the layer as specified in the design, and 
will then be compacted by means of appropriate tamping devices. 

Impermeable foils may be used instead of clay fill in median areas in order to make 
such areas watertight and to prevent any penetration of impurities coming from the 
road.  These foils will be placed on embankment below the topsoil layer, in accordance 
with the design. 

Quality control 

The material used as clay fill must not contain more than 6 percent of organic matter.  
This requirement does not apply to uniformly distributed and decomposed organic 
matter.  Organic matter in form of clusters or pieces (such as wood or similar material) 
must be removed from material that will be used for clay fill construction. 

The clay fill must be placed when its moisture content is close to optimum.  The 
compaction of this material must be made by adequate machines.  If a greater 
thickness of clay fill is planned, then the clay fill will be placed in layers.  The clay fill 
next to sewer pipers and under the median, must be compacted so that the compaction 
level is Sz ≥ 92 percent with respect to the Standard Proctor.  The compaction level will 
be checked at every 200 m of median or sewer piping - for every layer. 

Calculation of work 

The work will be calculated in cubic meters (m3) unless otherwise provided in the 
design.  The price covers all materials and works as needed to achieve an appropriate 
impermeability, and includes measures that would prevent clay material from mixing 
with the drainage filter. 

In case of road sewerage and drainage activities, they will be considered as included in 
the price of drainage, if not expressly specified in the design. 

2-13 WEDGE CONSTRUCTION NEXT TO STRUCTURES 

Description of work 

This work covers backfilling, spreading and compaction of loose material next to 
structures, i.e. construction of the so called wedges.  The wedges will be constructed in 
accordance with plans contained in the design, and in keeping with these General 
Technical Requirements (GTR). 

The work must be carried out in accordance with the design, regulations, Quality 
Control and Quality Assurance Program (QCQAP), Construction Management Design 
(CMD), instructions given by the Supervising Engineer, and these GTR. 

 
General Technical Requirements for Road Works 2001 - VOLUME II Page 62 
 



EARTHWORK 
 

Material 

According to its quality, the material must correspond to materials used for base 
courses of pavement structures, i.e. it must be a granular stone material without binder, 
as specified in Section 5-01.1 of these GTR. 

Activities 

The size of wedges depends on the height of the adjacent structure and the length of 
the approach to the structure.  The front of clay fill is realized from both sides at an 
inclination of 1:3 towards the structure, so that the slope at the front of embankment 
starts from the abutment of the facility. 

If the embankment next to the structure is made of stone material, the slope at the front 
of embankment can be realized at an inclination of up to 1:1. 

If an embankment of more than 2 m is to be built above the structure, the wedge 
adjacent to the structure should be realized only up to 0.5 m above the structure.  In 
such a case, the wedge may be realized using stone material ranging from 0 to 15 cm 
in size. 

Wedges adjacent to structures are built in layers 50 cm in max. thickness.  The 
compaction of material is performed using appropriate vibrating equipment, including 
sprinkling as appropriate.  The compaction method should be such that no damage is 
caused to the structure and its waterproofing. 

Quality control 

The quality control is performed by the Contractor who will in this respect test 
compaction level for each layer of the wedge.  The modulus of compressibility (Ms) 
according to the 30 cm bearing plate method will be tested (according to HRN 
U.B1.046).  If the counterweight can not be used due to space restrictions, the 
compaction level will be tested by determining the compaction level (Sz) according to 
the Standard Proctor procedure.  Depending on the size of wedge, at least two tests 
will be performed for every layer.  The following criteria will be used for estimating 
quality of placed material: 

• at the depth of more than 4.0 m below the pavement structure 

Msmin. = 60 MN/m2  or  Sz min. =  97%, 

• at the depth from 0.5 to 4.0 m below the pavement structure 

Msmin. = 70 MN/m2  or  Sz min. = 100%, 

• at the depth of up to 0.5 m below the pavement structure 

Msmin. = 80 MN/m2  or  Sz min. = 100%. 

If the requirement for the compaction of mechanically compacted base courses 
contained in road pavement structures is less than Msmin = 80 MN/m2, then they should 
be compacted in the gravel wedge zone to the compressibility modulus of Msmin = 80 
MN/m2 or to the compaction level of Szmin = 100%. 
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Calculation of work 

This work will be measured in cubic meters of material placed in wedge zones.  The 
payment will be made according to the contract unit price which includes supply, 
transport and placing of materials, and cleaning of the surrounding area, all in 
accordance with this Section of General Technical Requirements. 

If these works are not expressly specified in the design, they shall be deemed as 
included in the construction price for the structure. 

2-14 DISPOSAL OF MATERIALS 

The work covers shaping and forming disposal sites, and includes all activities that are 
needed to ensure their stability and to make them compliant with their natural 
environment. 

The work must be carried out in accordance with the design, regulations, Quality 
Control and Quality Assurance Program (QCQAP), Construction Management Design 
(CMD), instructions given by the Supervising Engineer, and these GTR. 

Activities 

Material will be transported to the place of disposal: 

• when there is an excess of excavation material, 
• when it is determined that the excavation material is not suitable for road 

embankment construction, 
• when, because of the time schedule, it would not be cost-effective to wait for 

embankment construction by material coming from excavation. 

The Contractor is required to form disposal sites at places specified in the design or as 
directed by the Supervising Engineer. 

In urban areas, the excess material will be transported to municipal disposal sites.  If 
new disposal sites are to be formed and unless otherwise specified, the general 
principle is to use locations favorable for the creation of parking lots and vista points. 

When enlarging the existing and forming new disposal sites, a special care must be 
taken to provide for an appropriate drainage around the disposal site and at the 
disposal site itself, so as to avoid formation of landslides or any slope damage due to 
erosive action of rain and seepage water. 

It will also be necessary to take into account geotechnical properties of the terrain on 
which larger disposal sites are to be formed, in order to prevent formation of landslides 
and other types of soil degradation. 

Disposal sites must be leveled and shaped in accordance with the design or as directed 
by the Supervising Engineer. 

In cases where natural grass planting is not possible, the grass will be planted 
artificially if requested by the Supervising Engineer. 
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crops or land situated outside of such disposal sites.  The Contractor will also bear all 
costs relating to disposal sites formed without prior approval of the Supervising 
Engineer. 

Calculation of work 

The work is measured in cubic meters of excavation (Section 2-2 of these GTR).  The 
work will not be paid for as a separate item, but is included in the unit price for 
excavation (Section 2-02 of these GTR) and hence the Contractor is not entitled to any 
additional compensation in relation to this work. 

If, according to the design, the disposal site is to be used for a specific purpose 
(parking lot, vista point, noise protection barrier, etc.), the work will be paid for 
according to the description of works to be realized on the project. 

2-15 PROTECTION OF SLOPES AND OTHER AREAS EXPOSED TO EROSION 

General 

The protection of slopes and other areas exposed to erosion will be carried out in 
accordance with appropriate solutions presented in the design, which will be applied 
during construction of cuttings, side cuts, embankments, grassed median areas, etc. 

The work must be carried out in accordance with the design, regulations, Quality 
Control and Quality Assurance Program (QCQAP), Construction Management Design 
(CMD), instructions given by the Supervising Engineer, and these GTR. 

Prior to the commencement of this protection work, appropriate actions relating to slope 
stability must be taken: 

• slopes must be realized with such inclinations that ensure an appropriate stability of 
the terrain and prevent subsequent settlement (deformations), 

• slopes made unstable due to water action must be improved by appropriate 
stabilization measures, 

• surface and ground waters affecting the site must be directed in a controlled 
manner towards the surrounding areas or appropriate depressions in the 
surrounding terrain, and this by means of appropriate semicircular channels or 
drainage ditches, 

• embankment toes and top parts of slopes in cuttings will be realized in form of an 
circular arch, unless otherwise specified in the design, 

• embankment or cutting slopes will be scarified in order to increase roughness and 
ensure better adhesion of vegetation cover, and smooth surfaces will horizontally 
be roughened with appropriate implements (rakes, etc.). 

After construction of embankments, cuttings and other road structures, and after taking 
all basic stability measures, the slopes must be protected without delay in accordance 
with appropriate protection methods. 

2-15.1 SLOPE PROTECTION BY TOPSOIL PLACING AND GRASSING 

Description of work 

This work comprises protection of embankments, cuttings and grassed median areas 
that are affected by small quantities of water, and this by applying topsoil material and 
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seeding grass in areas specified in the design or as directed by the Supervising 
Engineer. 

The use of this type of protection is also dependent on pedologic properties of the 
terrain.  The actual topsoil layer thickness will be defined by the Supervising Engineer. 

Activities 

Before proceeding to this protection, the Contractor is required to meet basic slope 
stability requirements as specified in these GTR. 

Active topsoil material free from branches, roots, stone and other materials detrimental 
to the growth of vegetation, will be used. 

The topsoil material will be applied starting from slope bottom and advancing towards 
the top.  The topsoil thickness is usually specified in the design.  If this is not the case, 
the topsoil thickness will range from 0.15 to 0.25 m for slopes, while its thickness will be 
up to 0.45 m in median areas. 

The topsoil will be leveled and compacted with lightweight tampers.  The grass will be 
planted on an adequately prepared topsoil layer.  The type of grass and grass mixtures 
will be selected taking into account environmental features of the region to ensure 
proper growth of vegetation.  The quantity of seed will vary from 5.1 to 8.0 g per square 
meter, while for fertilizer it will be about 80 g per square meter. 

After the topsoiling and seeding activities, the seeded area shall be properly cured to 
ensure adequate growth of vegetation, and the areas will be mowed one of two times, 
as necessary. 

The use of this type of protection on embankment slopes is presented in Figure 2-15-1. 

 

Figure 2-15-1  Slope protection with topsoil material and grass 

Quality control 

The Contractor shall submit to the Supervising Engineer analysis results confirming that 
he has selected an appropriate type of grass and fertilizer, and shall also submit the 
results confirming quality of proposed seed.  Surfaces protected with topsoil material 
and grass will be approved based on the area actually covered with grass of uniform 
density, fresh color and healthy appearance. 
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Calculation of work 

The work for the protection of slope with topsoil material and grass will be calculated in 
square meters, according to work that has actually been realized, and the payment will 
be made based on unit prices presented in the contract. 

The unit price includes all material that is needed for this type of protection and for the 
work as described in this Section. 

2-15.2 SLOPE PROTECTION BY SODDING 

This type of protection is used when a significant quantity of rainwater is expected to be 
evacuated via the slope.  In such cases, the sodding is performed either by individual 
sodding or by ready-made compact sods in rolls. 

2-15.2.1 Slope protection by revetment with individual sod pieces 

Description of work 

This work comprises slope protection by individual sodding in areas as specified in the 
design or as directed by the Supervising Engineer.  This type of slope protection is 
most often applied to protect embankment toes against scour, and at sensitive spots on 
top of the embankment where topsoil revetment can easily be washed away. 

Material 

Individual sods, fertile soil, appropriate grass mix and stakes are used in this type of 
protection.  Individual sods are of rectangular shape, measuring 0.25 x 0.25 m or 0.30 x 
0.30 m, and are 0.07 m in thickness.  They are usually obtained from natural turfs from 
which they are cut with appropriate mechanical equipment.  Sods cut in this way may 
be stored prior to use, but no longer than 7 days.  Stored sods must be protected and 
properly cured.  Fertile soil and grass mix must correspond to local pedological 
properties of soil and to local environmental conditions.  Willow stakes or other type of 
stakes shall be approximately 30 cm long, with 2 to 4 cm in diameter. 

Activities 

Before proceeding to this protection work, the Contractor is required to ensure proper 
stability of slope as indicated in these GTR. 

The protection work is performed by placing individual sods onto prepared and leveled 
slope surfaces or onto previously placed nonwoven textile mats. 

Sods will be placed with staggered vertical joints and each piece of sod shall be packed 
tightly against the edge of adjacent pieces.  The space between individual pieces of 
sod will be filled with fertile soil and grassed.  At slope surfaces that are exposed to 
erosive action of water, the sods will be placed in such a way that joints between 
individual sods are at an angle of 45 degrees with respect to the direction of water flow. 

Sods placed onto slope surfaces will then be fixed to the slope with willow or other 
stakes (Figure 2-15-2).  the slope protection by individual sodding must be maintained 
during and after completion of the work, until the sods have properly attached to the 
underlying soil.  Depending on weather conditions, the sodded surfaces will be watered 
as appropriate. 
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Figure 2-15-2  Slope protection by sodding 

Calculation of work 

The protection of slopes by sodding is calculated in square meters based on the work 
that has actually been performed, and the payment will be made according to contract 
unit prices. 

The unit price comprises all material needed for this type of protection, supply, 
transport and cure of sods, transport to the storage area, sod placing, filling joints with 
fertile soil and planting grass, supply and fabrication of stakes, fixing sods with stakes, 
cure of sodded areas, and all required work as described in this section. 

2-15.2.2 Slope protection by revetment with sod rolls 

Description of work 

This work comprises protection of slopes with ready-made compact sods in rolls, in 
areas as indicated in the design or as directed by the Supervising Engineer. 

Material 

This type of protection is fabricated industrially on large areas and this by spreading 
topsoil onto an appropriate type of nonwoven textile, which is followed by seeding an 
adequate type of grass.  Nonwoven textile has flocks 50 mm in length on its top surface 
and these flocks ensure good adhesion to active soil and grass.  On the other hand, 
nonwoven textile also serves as a protective lining against washout of soil particles 
from the surface of the slope.  Intensive watering must be applied until grass is firmly 
established.  Sods are cut in form of rolls 0.30 x 2.00 m in size by an appropriate 
machine.  Immediately after cutting, the rolls are transported to the site and placed 
without delay onto the prepared surface of the slope. 
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Activities 

Prior to this protection, the surface of the slope will be cleaned by removing any solid 
waste, and then leveled.  Rolls will be placed onto the prepared surface and will be 
fixed at the top and bottom of the slope by 10 mm stakes.  Space between adjacent 
rolls will be as small as practicable, and will be filled with fertile soil and then grassed. 

This protection must be cured during and after the work, i.e. until an uniform vegetation 
cover is obtained. 

Calculation of work 

The slope protection by placing sod rolls will be measured per square meter based on 
work actually performed, and the payment will be made according to contract unit 
prices. 

The unit price comprises all materials and work necessary for this type of protection, 
fabrication of rolls, supply, transport to the placing area, placing, treatment of joints, 
appropriate cure, and all necessary actions as described in this section. 

2-15.3 SLOPE PROTECTION WITH GRASS COVERS - HYDROSEEDING 

Description of work 

This work is related to the establishment of grass cover by hydroseeding, which is a 
good stabilization and protection method for cuttings, embankments, side cuts, 
shoulders, and various steep and inaccessible types of terrain.  This kind of protection 
may be specified in the design or will be performed at the request of the Supervising 
Engineers with the approval of the Designer. 

Materials 

Appropriate grass mixtures combined with high-molecular-weight polymer emulsions 
and water, to which appropriate fertilizers and cellulose are added, will be used for this 
type of protection.  The hydroseeding is based on the exclusive use of grass types 
presenting novel properties: low growth of the plant, poor reproductive capability, high 
resistance to environmental influences, and a very strong and well developed root 
system which guarantees a good protection against erosion. 

Activities 

This protection is most often applied without prior preparation of topsoil material and 
without any other preparation, and this on surfaces of every type and on all types of 
soil, regardless of its pedological composition.  This can be soil without a vegetable 
layer, sterile and devastated type of soil (sand drifts, river deposits, quarries, 
embankment materials, industrial waste deposits, coal, slag, overburden, etc.).  The 
lack of vegetable matter and physiologically active nutrients in such soil is 
compensated by organic vegetable-peat compounds contained in the basic 
suspension.  This protection is applied in stages. 

Prior to the commencement of work, the terrain is investigated to determine general 
environmental and vegetative properties of the area.  At this time, general properties of 
soil are established and objectives to be accomplished by the hydroseeding are set.  
This serves as a basis for defining the mix formula and technology of work.  The 
hydroseeding is performed by a special machine characterized by a great operating 
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radius which ejects the mix composed of various components onto the surface of the 
soil.  Best results are obtained in the treatment of large areas.  After the soil has been 
treated by hydroseeding, it is protected until an appropriate grass cover is established.  
In areas where the grassing is unsuccessful, the Contractor will be required to repeat 
the procedure. 

Calculation of work 

Slope protection with grass cover by means of hydroseeding is calculated in square 
meters of adequately formed grass cover, and the payment will be made according to 
contract unit prices. 

The unit price comprises the supply, appropriate equipment and all necessary work and 
material as described in this section, as well as an appropriate cure until the 
acceptance of the works. 

2-15.4 SLOPE PROTECTION BY NONWOVEN TEXTILE WITH GRASS SEEDS 

Description of work 

This work comprises protection of slope by nonwoven textile cover into which grass 
seed is inserted.  The work is performed in zones specified in the design or as directed 
by the Supervising Engineer, with the approval of the Designer. 

Material 

The product also called "grass mat" is used for this type of protection.  It is a polyester-
based nonwoven textile into which an appropriate grass seed mix has been inserted 
during industrial production.  The grass seed mix is selectively defined depending on 
pedological properties of soil, and is used based on the type of terrain and weather 
conditions.  The technology used in the nonwoven textile preparation gives to this 
material appropriate physical, mechanical and hydraulic properties, while its specific 
structure enables good seed protection and provides optimum conditions for its normal 
development. 

Appropriate grass mixtures (such as Festuca ovina, Festuca rubra falax, Festuca rubra 
genuina, Pao annua, Pao pratensis Merion, Cynodon dactylon, Trifolium repens, etc.) 
are used for the protection of slopes and other erosion-prone surfaces.  The quantity of 
seed varies from 0.2 to 2.5 kg/m2. 

Activities 

Prior to the commencement of work, the slope surface must be prepared (loosened) 
down to the depth of 50 mm and cleaned from bulky debris.  The soil will then be 
fertilized with appropriate fertilizers.  Based on soil analysis, a specialized organization 
will determine the type and quantity of fertilizers. 

After preparation and fertilization of the top soil layer, the surface will be leveled and 
rolled and the grass mat will be placed.  The ends of the mat will be fixed with wooden 
stakes or covered with earth.  In case of soil with low moisture content, the grass mat 
will be sprinkled with water and the quantity of water used will vary from 10 to 15 l/m2 
per day.  Subsequent care will consist of daily sprinkling with water in the quantity 
varying from 4 to 5 l/m2. 
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The Contractor is required to upkeep the grassed surfaces until an appropriate 
vegetation cover is firmly established. 

Quality control 

The Contractor is required to submit to the Supervising Engineer results of all previous 
analyses so that the selected type of grass and fertilizer can be checked, as well as the 
seed control results. 

Areas covered with grass mat will be accepted taking into account adequacy of the 
grassed area, and its compliance with relevant regulations. 

Calculation of work 

Slope surfaces protected wit nonwoven textile mats into which grass seed has been 
inserted, is calculated per square meter of properly shaped grass mat, and the payment 
will be made according to contract unit prices. 

The unit price comprises mat supply and placing, and all the work and material 
necessary for this type of protection, as described in this section.  After the germination 
(i.e. after the growth), the Contractor will be required to repeat the procedure for areas 
in which the planting was unsuccessful. 

2-15.5 SLOPE PROTECTION BY SHRUB AND GRASS VEGETATION PLANTING 

Description of work 

This work covers slope protection by planting low and sparse shrubs and grass 
vegetation.  This protection work is carried out on surfaces specified in the design or as 
directed by the Supervising Engineer. 

Material 

Seedlings of low shrubs and grass vegetation, selected in accordance with pedological 
properties of the terrain, are used in this type of slope protection.  The vegetation 
selected for this type of protection must be resistant to wind, snow drifts and other 
unfavorable influences. 

The selection of seedlings, fertilizer, seeding method and care, will be made based 
recommendations given by horticultural experts.  Either domestic or properly 
assimilated shrub types may be used. 

Protection of steep slopes with trees or densely planted shrubs is not recommended as 
soil layers are in such cases exposed to excessive pressure due to water retained on 
leafs, which may negatively affect stability of the slope. 

Activities 

This type of protection will be carried out on slopes meeting basic stability criteria, as 
set in these GTR.  The protection is made by planting low brush seedlings at specified 
intervals (one seedling at every 2.0 square meters, unless otherwise specified in the 
design). 

This will be followed by making semicircular channels on the slope, after which the 
entire surface of the slope will be planted with grass vegetation. 
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Figure 2-15-3 Slope protection with low shrubs and grass vegetation (a) and slope 
protection by matting (b) 

Grassed channels regulate and slow down the flow of water in case of strong rainfall, 
downpour or sudden snow melting, and evacuate this water in a controlled manner to 
depressions or to the zone of final discharge (Figure 2-15-3 a). 

Calculation of work 

The slope protection with low shrubs and grass vegetation is calculated in square 
meters based on work that has actually been performed, and the payment will be made 
according to contract unit prices. 

The unit price comprises supply, planting and placing as well as all necessary material 
and work as described in this section.  The excavation and fabrication of oval channels 
will be paid for based on a separate item, and the payment will be made by linear 
meter. 

2-15.6 SLOPE PROTECTION BY MATTING 

Description of work 

This work comprises protection by matting as applied on slopes, cuttings and 
embankments in unstable materials (weathered dolomite, marl, flysch, loose permeable 
materials, etc.) characterized by low resistance to atmospheric and hydrological 
influences. 

Areas to be protected by matting are presented in the design or will be specified by the 
Supervising Engineer. 

Material 

The matting will be secured with willow or other stakes (20-50 mm in diameter and 
0.70-0.80 m in length).  The matting will be made of fresh willow branches (5-30 mm in 
diameter).  The matting can be filled with sods or topsoil material. 

Topsoiled areas will be grassed. 
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Activities 

Matting protection including topsoiling and grassing is conducted on previously 
prepared slopes, most often in cuttings, where basic stability requirements - as 
specified in these GTR - have previously been met.  The protection work consists of 
placing the matting immediately onto the slope surface without topsoil material, in 
accordance with solutions presented in the design.  If no solution for this protection 
work is given in the design, then the protection will be realized by driving stakes, 
spaced at approximately 050 m intervals, into the soil, and by interweaving individual 
branches in the area between the stakes.  The areas must be interweaved in the zone 
of no more than 3.0 m (Figure 2-15-3b).  The matting will be prepared in such a way 
that its top edge is at the final height, complying with slope lines.  In case of river bank 
protection, the matting will be placed so that it is inclined with respect to the water flow.  
The grass will be planted on the straw or hay bedding (0.60 kg/m2) which is fixed in 
place with bitumen emulsion (about 0.80 kg/m2), or directly on topsoil to which fertilizer 
has been added (80 g/m2) which may be protected with a thin nonwoven textile cover.  
Once completed, the protection work must be properly maintained until the vegetation 
is firmly established.  The matting protection is normally applied in areas where 
satisfactory results can not be obtained by any other means. 

Calculation of work 

The slope protection by matting will be calculated in square meters based on work that 
has actually been completed, and the payment will be made according to contract unit 
prices. 

The unit price comprises the supply, transport and placing, and all required work and 
material as described in this section, including also an appropriate maintenance. 

2-15.7 SLOPE PROTECTION BY GABIONS (BASKETS) 

Description of work 

This work comprises protection of slopes with gabions in areas as specified in the 
design or as directed by the Supervising Engineer in consultation with the Designer. 

Materials 

This protection is made using baskets consisting of the wire fabric cover (envelope) and 
the fill material (construction material).  The envelope is made of wire or polymer fabric. 

The wire fabric will be made of steel wire (Č.0146 and Č.0147) with hexagonal 
openings and double thread at contacts.  The wire fabric will be shaped as a 
rectangular prism.  The steel wire fabric will be galvanized to increase durability and 
corrosion resistance.  The aperture size and wire diameter will depend on the type of fill 
material which may be coarse gravel, crushed stone material or rubble. 

Manufacturers offer a varying range of basket sizes.  As a rule, the following basket 
sizes are used: 1.0 x 1.0 x 1.0 m; 1.0 x 1.0 x 2.0 m or 1.0 x 1.0 x 3.0 m, or sizes as 
specified in the design. 

Polymer baskets will be made of high-density polyethylene, polyvinyl chloride, 
polyethylene or polypropylene.  The openings are normally rectangular.  The method of 
assembly, connection and fabrication of basket elements is similar to that used for wire 
fabric. 
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Local stone material may be used as fill material provided that the quality of such 
material is appropriate for this type of work. 

Quality control 

The fabric and connecting materials for gabion baskets must comply with quality 
requirements as specified in these GTR.  The quality of fill material (coarse gravel, 
crushed stone material or rubble) must be in accordance with appropriate provisions as 
contained in these GTR. 

Prior to the commencement of work, the Contractor shall be required to obtain from a 
certification body an appropriate proof of acceptability for all materials, and is 
furthermore required to submit the original quality-related documentation to the 
Supervising Engineer for inspection and approval. 

Activities 

Baskets to be used in this type of protection will be filled at the place of wall 
construction.  The operation starts with excavation of foundations in accordance with 
the design or as directed by the Supervising Engineer.  Then baskets are placed in 
such excavation where they are filled with stone material.  At that, the smallest stone 
fragments have to be greater that the opening of the fabric.  The material will be spread 
by hand or with appropriate hand tools, so as to ensure that voids are filled as best as 
practicable.  Once the fill material is placed, the baskets will be covered with lids, tied 
with vertical and angle ties, and the edges will be extended along the entire length of 
the route; then the baskets will successively be placed in the same layer or in the next 
layers. 

All adjacent baskets in the same layer or in the following layers will be linked together 
by steel ties to ensure joint action and to increase the strength of the protection 
structure.  Appropriate filter material will be placed between the baskets and the natural 
soil in order to prevent infiltration of soil particles into the fill material.  It is also 
significant to enable evacuation of water from the deepest part of foundations by means 
of drainage ditches. 

If the wall height is to exceed the height of one basket (i.e. if it is more than 1 meter 
high), then the stability of the wall will have to be calculated in the design, where 
appropriate dimensions will also be set. 

Calculation of work 

The protection of slopes with baskets (gabions) will be calculated per cubic meter of 
actually completed work, and the payment will be made according to contract unit 
prices. 

The unit price contains supply, transport and placing, as well as all the work and 
material described in this section.  The excavation for foundations and the filter material 
will be calculated per cubic meter, and the payment will be made according to contract 
unit prices for appropriate items, based on the work actually completed. 
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2-15.8 SLOPE PROTECTION BY STONE REVETMENT 

Description of work 

This work comprises protection of stone embankment slopes by revetment with 
selected stone material in areas as specified in the design or as directed by the 
Supervising Engineer. 

Material 

Stone material used for embankment construction will be used in this type of protection.  
The material must be of an appropriate mineralogical and petrographical composition, it 
must be sound, and of appropriate size (the largest face will measure about 0.40 m). 

Activities 

This type of protection is most often used for higher stone embankments to enable 
construction of steeper slopes and to prevent erosion. 

Stone revetment is realized by building dry wall composed of selected stone on 
embankment slopes during construction of the embankment.  At that, the longer face of 
the stone must be perpendicular to the slope surface so as to enable good and stable 
link between the stone and the embankment. 

The stone will be dressed and shaped with hammer whenever such action proves 
necessary.  During realization of such stone revetment care must be taken that 
foundations are supported by a firm and sound subsoil.  Completion of revetment work 
on top of the slope must be realized in such a way that a good link is established with 
the shoulder. 

According to its form and grade, the revetment must comply with requirements 
specified in the design, and deviations must be within tolerances permitted therein.  
After completion of the revetment work, the slope and the surrounding area will be 
cleaned from stone debris. 

Calculation of work 

The protection of slopes with stone revetment will be calculated in square meters 
according to work actually performed, and the payment will be made in accordance with 
the contract unit prices. 

The unit price includes excavation work for foundations of the revetment, selection, 
supply and dressing of stone material, transport and placing of stone, as well as all 
material and work as described in this section. 

2-15.9 SLOPE PROTECTION BY WIRE FABRIC 

Description of work 

This work comprises protection of slopes in rocky terrains by placing mesh in unstable 
areas where cave-in or collapse could otherwise be expected.  Specific areas in which 
such protection will be made are specified in the design or are defined by the 
Supervising Engineer. 
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Material 

Steel wire fabric or polymer fabric is used in this type of protection.  The steel wire 
fabric has hexagonal openings with triple wire thread.  The steel wire is galvanized to 
increase durability and corrosion resistance.  The wire ranges from 1.2 to 3.1 mm in 
diameter, and the size of the openings is 50-100 mm.  At end sections of the mesh, the 
wire diameter is greater (from 1.4 to 4.0 mm). The width of the fabric depends on the 
planned use and may vary from 1.0 to 3.0 m, and is delivered in rolls 25.0 m in length. 

Steel anchors 10 to 12 mm in diameter are used for fixing the fabric to the slope.  
Individual anchors are spaced at 2.0-3.0 m intervals.  The anchors are fixed to the 
slope rock to the depth of approximately 0.50 m.  The top end of the fabric may also be 
attached to the concrete beam built into the slope, while the bottom end is fixed by 
anchors or concrete weights. 

The Contractor is required to obtain from the certification body an appropriate 
documentation for all materials, and is furthermore required to submit this 
documentation to the Supervising Engineer for inspection and approval. 

Activities 

Prior to this protection, the slope must be cleaned from loose and unstable material and 
all rough irregularities must be leveled.  The fabric will be placed once these activities 
are completed. 

The fabric will be fixed in place by anchors. 

Concrete weights at the bottom portion of this protection enable removal of all debris 
and accumulated material.  Mesh units are linked to one another by means of 
galvanized or plasticized wire. 

Calculation of work 

The slope protection with wire fabric will be calculated per square meter based on work 
actually performed, and the payment will be made according to contract unit prices. 

The unit price includes supply, transport, placing and all work and material as described 
in this section. 

2-15.10 SLOPE PROTECTION BY SHOTCRETE 

Description of work 

This work comprises protection of slope made of stone material that is susceptible to 
erosion due to climatic or mechanical influences, i.e. slope protection in zones where 
stone material is highly susceptible to weathering and in zones with intercalations or 
pockets of clay. 

This type of protection is applied in areas as specified in the design or as directed by 
the Supervising Engineer. 

Materials 

The following materials are required for this protection: anchors, mesh, grouting mortar 
and concrete.  The anchors will be made of steel wire (2.0 mm) of required strength.  
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The grouting mortar will be prepared according to an appropriate mix design.  The 
mesh will be made of steel wire 2 mm in diameter, and the mesh apertures will be of 
square or hexagonal shape and will be about 400 mm in size.  Galvanized mesh will 
normally be used although nongalvanized mesh can also be applied but only if it is not 
rusted.  The shotcrete will be prepared according to mix design to be defined by a 
certification body.  Cement class PC 25 or PC 35, complying with requirements of the 
standard HRN B.C1.011, will be used.  The sand and aggregates must have an 
appropriate grading, they must be clean and completely free from any harmful 
ingredients.  The water must be chemically pure and suitable for concrete works.  The 
shotcrete must be of an appropriate consistency.  Shotcrete layers will be applied by 
means of a special machine. 

Prior to the commencement of this protection work, the Contractor is required to obtain 
all necessary documentation about quality of building materials.  He shall also define 
the job-mix formula in accordance with requirements contained in Volume IV (Sections 
7-00.1 and 7-00.2) of these GTR.  The Contractor shall submit an original copy of this 
documentation to the Supervising Engineer for inspection and approval. 

Activities 

Before the start of this protection work, stone slopes will be prepared as indicated in the 
design or as directed by the Supervising Engineer and, in the scope of these 
preparations, all unstable portions, rough irregularities and dust, will have to be 
removed. 

The mesh will be fixed to the slope by steel wire anchors which will be installed into the 
sound rock via predrilled holes (32 mm in dia. and about 0.20 m in depth).  These 
anchoring wires will be inserted in holes in such a way that both ends protrude from the 
hole, and then the wire will be fixed in place by cement mortar containing rapid-setting 
cement.  Shotcrete of appropriate thickness (as indicated in the design, or at least 30 
mm) will be placed by an appropriate machine onto the prepared wire-mesh stabilized 
base. 

The protection work must be cured for 7 days by sprinkling it with water or by applying 
coats of approved chemical properties that prevent evaporation of water, and the 
quality control will be performed in accordance with provisions contained in Volume IV 
of these GTR. 

The application of such chemical compounds will be approved by the Supervising 
Engineer based on quality documentation issued by a certification body. 

On slopes where rock weathering is only superficial, this protection will be made 
without wire mesh, and the shotcrete thickness will be 30 mm. 

Quality control 

The quality control of basic materials, i.e. grouting mortar, shotcrete and placed 
shotcrete layer, will be performed in full accordance with provisions contained in 
Volume IV of these GTR. 

Calculation of work 

The slope protection by shotcrete will be calculated per square meter of shochrete of 
specified thickness, based on work actually performed, and the payment will be made 
according to contract unit prices. 
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The unit price comprises supply and placing, as well as all the work and material 
described in this section, and is dependent on the layer thickness, technology of work, 
all required transports and handling, use of scaffold, cure of protection work, and 
difficult work conditions, if applicable. 

2-15.11 SLOPE PROTECTION BY INDIVIDUAL BLOCK STRENGTHENING 

Description of work 

This work is related to the protection of stone slopes by strengthening individual 
unstable blocks by means of anchors, in zones with unfavorable geological, 
hydrological and geotechnical properties as shown in the design or as defined by the 
Supervising Engineer. 

Materials 

Anchors and grouting cement mortar are required in this type of protection work.  The 
quality of materials and adequacy of grouting mortar mix design will have to be proven 
by appropriate documentation as issued by a certification body.  The Contractor will 
submit this documentation to the Supervising Engineer for inspection and approval.  
The anchors must comply with Croatian standards (HRN) for steel, and will be made of 
deformed reinforcement 16, 19, 22 and 25 mm in diameter, or patented anchors will be 
used (such as Perfo, Gorska dibel, Williams hollow anchors, BBRV, Polensky and 
Zöllner, IMS, etc.). 

The anchors will be placed into predrilled holes and will then be fixed in place with 
cement mortar.  The cement mortar also serves as a corrosion protection agent.  To 
increase the viscosity of the mix, the cement mortar is prepared using expansive 
cement and appropriate inhibitors. 

Activities 

This protection work will be realized in accordance with the description and 
requirements as presented in the design.  The work consists of placing appropriate 
anchors into predrilled holes in order to strengthen individual unstable blocks.  The 
tensile strength of installed anchors will be tested by certification body in accordance 
with standards applicable to these materials and suitable for this purpose, all based on 
quality criteria defined in the design and in these GTR. 

Calculation of work 

The slope protection by individual block strengthening will be calculated per linear 
meter of installed anchors of specified diameter, and the payment will be made 
according to contract unit prices. 

The unit price includes supply, drilling and installation of anchors, as well as all 
materials and work required for this type of protection, as described in this section. 

2-15.12 SLOPE PROTECTION BY GEOGRIDS 

Description of work 

This work concerns protection of slopes in cuttings and embankments and this by 
placing geogrids to strengthen the topsoil thus reducing the topsoil thickness (topsoil 
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thickness is 5 cm), increasing friction at the contact surface, preventing erosion and 
creating conditions for grassing steep and high slopes of cuttings and embankments. 

Materials 

Materials used in this protection work and technical properties of geogrids are 
presented in Table 2-08.5-1. 

Activities 

The surface onto which the grids will be placed must be free from irregularities.  The 
grids will be fixed to the embankment or cutting slope by U-shaped anchors (anchor 
pins). 

The number and spacing of anchor pins will be determined in accordance with the 
following parameters: height and inclination of the slope, type of material used in slope 
construction, load, etc. 

As a rule, four anchor pins are installed per square meter.  The anchor pins are made 
of reinforcing bars 6-10 mm in diameter, 50 cm in length, which have been sharpened 
at the end to enable easier attachment to the surface.  Channels must be excavated at 
the top and the bottom of embankment or cutting. 

The placed geogrid will be fixed in the channel with anchor pins and will be rolled down 
the slope where it will also be fixed with anchor pins and this at every 2-3 m so as to 
ensure good contact between the soil and geogrid. 

Before being anchored at the bottom channel, the geogrid is cut to the desired length 
(using an appropriate cutter). 

When placing geogrid, care must be take to provide for an appropriate overlap, i.e. at 
least 10 cm lengthwise (along the vertical) and 5 cm along the width, and anchor pins 
will be driven at about 1.5 m intervals. 

Anchor channels may be backfilled either with excavated material or with concrete or 
stone. 

After that, the geogrid will be fully filled and covered with topsoil material.  The topsoil 
must be placed in the thickness of at least 10 cm above the geogrid. 

Appropriate grass seed will then be dispersed along the slope surface at the rate of 
about 50 grams per square meter, or the hydroseeding procedure will be applied. 

Quality control 

The quality control will be performed in accordance with the QCQAP and these GTR. 

Calculation of work 

The area covered with geogrid will be paid for based on the unit price per square meter 
of area as specified in contract documents. 

The unit price includes supply, placing and all the work described in this section, as well 
as all required material and transport. 
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2-16 CONSTRUCTION OF SHOULDERS 

Description of work 

This work covers construction of shoulders in accordance with the design.  The 
following shoulder types are considered: 

• shoulders made of mechanically stabilized granular material, 
• topsoiled and grassed shoulders, 
• concrete shoulders, 
• shoulders with raised curbs, 
• shoulders constructed with bituminized nonwoven textiles. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (QCQAP), Construction Management 
Design (CMD), Supervising Engineer's requirements, and these GTR. 

Materials 

• stone material will be non-segregated stone material suitable for placing, 
• topsoil must comply will requirements defined in Section 2-01 of these GTR, 
• concrete for shoulders must be concrete class C 40/45. 

Quality control 

Control tests 

These tests comprise tests that will be conducted on shoulders (without topsoil) in order 
to determine the modulus of compressibility (Ms) with bearing plate 30 cm in diameter, 
in accordance with the standard HRN U.B1.046.  The testing will be performed at every 
100 m and the results will have to comply with requirements defined in Section 2-09 of 
these GTR. 

The Contractor is required to submit measurements and test results to the Supervising 
Engineer who will, if results are satisfactory, approve the testing and the next phase of 
work. 

Audit tests 

These tests comprise tests that will be conducted on shoulders (without topsoil) in order 
to determine the modulus of compressibility (Ms) with bearing plate 30 cm in diameter, 
in accordance with the standard HRN U.B1.046.  The testing will be performed at every 
200 m and the results will have to comply with requirements defined in Section 2-09 of 
these GTR. 

2.16.1 CONSTRUCTION OF SHOULDERS MADE OF GRANULAR STONE MATERIAL 

Activities 

Construction work for shoulders made of granular stone material may commence only 
after the Supervising Engineer has approved the underlying layer (embankment) and 
the base course and has thus confirmed their compliance with requirements concerning 
the compaction, grades, levels and functionality of drainage. 
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The thickness of shoulders made of granular stone material is defined in the design, 
and is dependent on the thickness of pavement layers. 

The compaction will be made by means of an appropriate roller.  The compacted 
surface of the shoulder must have a mosaic-shaped texture.  The shoulder surface 
must be up to one centimeter lower than the edge of pavement level specified in the 
design.  The shoulder must have the load carrying capacity as indicated in the design. 

The actual compacted layer thickness may deviate from the thickness specified in the 
design by no more than ±  1 cm. 

Calculation of work 

The shoulder construction will be calculated per linear meter of work actually 
performed, and the payment will be made according to contract unit prices. 

The unit price covers supply, mechanical work and all work and material required for 
the full completion of the shoulder. 

2-16.2 CONSTRUCTION OF TOPSOILED AND GRASSED SHOULDERS 

Activities 

The backfilling of topsoil material may commence only after the Supervising Engineer 
has approved the underlying layer (embankment) and the base course and has thus 
confirmed their compliance with requirements concerning the compaction, grades, 
levels and functionality of drainage. 

The topsoil layer thickness is defined in the design, and may vary from 5 to 15 cm.  
Once the topsoil layer has been placed, the shoulder surface must be leveled within an 
accuracy of plus or minus 2 cm and then rolled with a lightweight static roller in one 
compaction pass.  After that, the shoulder shall be grassed in full compliance with the 
Section 2-15 of these General Technical Requirements. 

Calculation of work 

The work will be measured in meters of fully completed and grassed shoulder, and the 
payment will be made according to contract unit prices. 

The unit price will include supply and leveling as well as all the work, material and 
transport required for the full completion of the shoulder. 

2-16.3 CONSTRUCTION OF CONCRETE SHOULDERS 

Activities 

Concrete shoulders will be made on stone embankments whenever specified in the 
design.  The construction work may commence only after the stone material bedding 
(embankment) has been completed in accordance with embankment construction 
requirements (Section 2-09 of these GTR), leveled within an accuracy of plus or minus 
3 cm, and approved by the Supervising Engineer.  The concrete shoulder will be made 
on such bedding using concrete class of no less than C 40/45.  The actual concrete 
class shall be specified in the design. 
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The quality of the concrete, construction work and inspection work must comply with 
appropriate requirements as specified in Volume IV of these GTR. 

Dimensions - concrete layer thickness and shoulder width - will be determined at every 
100 m. 

Joints will be made in concrete shoulder at every 5 meters or less, as indicated in the 
design. 

Calculation of work 

The work will be measured per meter of completed shoulder.  The payment will be 
made according to contract unit prices.  The price will include all elements as required 
for the full completion of the shoulder. 

2-16.4 CONSTRUCTION OF SHOULDERS WITH RAISED CURBS 

Activities 

This type of shoulder will be constructed in zones where the road route passes through 
populated areas, the objective being to separate pedestrian traffic from the motor 
vehicle traffic. 

The shoulders are elevated by the height of curb, in accordance with the corresponding 
details given in the design documents. 

All works and quality inspection activities must be in accordance with the design and 
appropriate sections of these GTR, and must comply with requirements of the 
Supervising Engineer. 

Calculation of work 

The work will be measured per square meter of completed shoulder area based on 
work actually performed in accordance with the design. 

The payment will be made according to contract unit prices which will in all cases 
include the supply, all work, material and transport as required for the full completion of 
the shoulder. 

2-16.5 CONSTRUCTION OF SHOULDERS WITH BITUMINIZED NONWOVEN TEXTILES 

Description of work 

This work covers protection of shoulders will bituminized nonwoven textiles in zones as 
specified in the design or as directed by the Supervising Engineer. 

Material 

The bituminized nonwoven textile is classified as a waterproofing material.  It is 
composed of the polyester base and bituminous binder.  The bituminized nonwoven 
textile is watertight and will retain this property even after partial deterioration. 
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Activities 

As a rule, shoulders are made of materials described in Sections 2-16.1 to 2-16.4.  
However, these materials do not make the shoulder impermeable to water and the 
shoulder and the surrounding pavement area is therefore often subject to premature 
deformation and degradation.  The bituminized nonwoven textile is installed during 
shoulder construction below final layers (topsoil, stone material) in order to reduce such 
unfavorable influence of rainwater. 

The width of the bituminized nonwoven textile must exceed the shoulder width by 10-15 
cm to enable good connection with the bound material (asphalt or concrete).  The 
quality control for the bituminized nonwoven textile is conducted in accordance with 
appropriate sections of these GTR. 

Calculation of work 

The construction of shoulders with bituminized nonwoven textiles is calculated per 
meter of work actually performed, and the payment will be made according to contract 
unit prices. 

The unit price contains all work and material needed for this type of protection, as 
described in this section. 

2-17 STANDARDS AND TECHNICAL REGULATIONS 

HRN U.B1.010/79 Geotechnical investigations, Sampling. 
HRN U.B1.012/79 Geotechnical investigations, 

Soil moisture determination. 
HRN U.B1.014/68 Geotechnical investigations, 

Determination of the bulk density of materials without pores. 
HRN U.B1.016/68 Geotechnical investigations. 

Determination of the bulk density of soil. 
HRN U.B1.018/80 Geotechnical investigations, 

Determination of grain size distribution. 
HRN U.B1.020/80 Geotechnical investigations, 

Determination of liquid limit and compaction limit of soil. 
HRN U.B1.022/68 Geotechnical investigations, 

Soil volume change determination. 
HRN U.B1.024/68 Geotechnical investigations, 

Determination of inflammable and organic matter content in 
soil. 

HRN U.B1.030/68 Geotechnical investigations, 
Determination of compressive strength of soil. 

HRN U.B1.038/68 Geotechnical investigations, 
Optimum water content determination. 

HRN U.B1.042/69 Geotechnical investigations, 
California bearing ratio determination. 

HRN U.B1.046/68 Geotechnical investigations, 
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HRN U.B1.048/68 Geotechnical investigations, 
Determination of the optimum water content in the cement-
stabilized soil. 

HRN U.B1.050/69 Geotechnical investigations, 
Determination of the frost resistance of the cement-stabilized 
soil. 

HRN B.C1.011/82 Portland cement. 
Portland cements with additives.  Metallurgical cement.  
Pozzalan cements. 

HRN B.C1.012/79 Cement. 
Method for the delivery, packing, storing and taking samples. 

HRN B.C1.020/81 Building lime. 
Types, uses and quality requirements. 

HRN B.C8.042/81 Building lime. 
Physicomechanical testing methods. 

HRN U.E1.010/81 Design and construction of roads. 
Earthwork in road construction - 
Technical requirements for realization. 

HRN U.E8.010/81 Design and construction of roads. 
Load-bearing capacity and evenness at subgrade level. 

HRN U.E9.024/80 Construction of base courses for road pavement structures 
using materials stabilized with cement and similar hydraulic 
binders. 
Technical requirements for realization. 

HRN U.E9.026/82 Design and construction of roads. 
Soil stabilization with lime and construction of base courses 
for roads using lime-stabilized materials.  Technical 
requirements for realization. 

HRN EN 918:2001 Geotextiles and geotextile-related products 
Dynamic puncture test 

HRN EN 963:2001 Geotextiles and geotextile-related products 
Extraction and preparation of test specimens. 

HRN EN 964-1:2001 Geotextiles and geotextile-related products 
Determination of thickness at specified pressures - Part 1: 
Single layers 

HRN EN 965:2001 Geotextiles and geotextile-related products 
Determination of mass per unit area. 

HRN EN ISO 10319-2001 Geotextiles - Wide strip tensile strength test. 
HRN EN ISO 11058:2001 Geotextiles and geotextile-related products - 

Determination of water permeability characteristics normal to 
the plane, without load 

HRN EN ISO 12236:2001 Geotextiles and geotextile-related products - 
Static puncture strength test (CBR test) 

HRN EN ISO 12956:2001 Geotextiles and geotextile-related products - 
Determination of characteristic aperture size. 
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HRN EN ISO 12958:2001 Geotextiles and geotextile-related products - 
Determination of water flow capacity in their plane. 

ISO 10318:1990 Geotextilien; Fachworterverzeichnis 
DIN 18 200:2000 Ubereinstimmungsnachweis für Bauprodukte - Werkseigene 

Produktionskontrolle, Fremdüberwachung und Zertifizierung 
von Produkten. 

DIN 53 384 Prüfung von Kunststoffen, Künstiliches Bewittem oder 
Bestrahlen in Geräten Beanspruchung durch UV - 
Schädigung 

ONORM S 2073 Deponien, Dichtungsbahnen aus Kunststoff, Anforderungen 
und Prüfungen 

ONORM S 2076 Deponien, Dichtungsbahnen aus Kunststoff, 
Verlegung 
Verlegung 

ONORM EN 30318 Geotexitlien und geotextilverwandte 
Produkte: Begriffe 

RVS 3:63 Bautechnische Details, Oberbaubemerkung 
RVS 8.24 Erdarbeiten 
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3-00 GENERAL REMARKS 

This section specifies minimum quality requirements for materials, products and works 
as applied during realization of drainage activities.  The GTR are written in such a way 
that they form a part of the contract while requirements relating to special works are 
included in the contract as Special Technical Requirements (PTU). 

Materials, products, equipment and works must comply with the standards and 
technical regulations specified in the design documentation.  If no standard is specified, 
then an appropriate EN (European standard) must be applied.  If a standard or 
regulation becomes invalid during realization of the project, it will be substituted by an 
appropriate replacement standard or regulation. 

The Contractor may propose application of generally recognized technical rules 
(standards) issued by a foreign standardization body (such as ISO, EN, DIN, ASTM, 
etc.), subject to written explanation and approval of the Supervising Engineer.  This 
change may be accepted by the Supervising Engineer if approved by the Designer.  
The Contractor is required to register this change in the working design. 

3-00.1 DEFINITIONS 

General terms and expressions, with the meanings they have in these General 
Technical Requirements, are presented in Section 0.  The following terms are 
additional terms that are especially relevant to this section. 

Ditches are artificial depressions in soil which receive surface water coming from road 
pavement, cutting or embankment, and carry this water to culverts, watercourses, 
ravines, etc.  Ditches are realized as structures of segmental, trapezoidal or other type 
of cross section.  They may be either lined or unlined. 

Underdrains are underground structures that are used for the collection and 
evacuation of seepage water from the pavement structure, surrounding natural terrain 
and ground water. 

Road culverts are structures that are used for evacuation of smaller quantities of 
water. 

Separators are devices designed in such a way that they enable reception and 
evacuation of rainwater, but retain harmful effluents. 

Road drainage is a system of evacuation of rainwater from the road pavement, 
shoulders and cutting slopes by means of various surface drainage elements (curb, 
gutter and drain with grating) giving access to manholes and from there to other parts 
of the drainage system.  The road drainage system may be either a closed or open type 
system. 

Manhole is a circular or rectangular structure, equipped with cover, that is used for 
reception of rainwater or seepage water, and for inspection of the drainage system. 

Drains (water inlets) are circular or rectangular structures, equipped with gratings, that 
receive rainwater coming from road surface. 

3-01 SURFACE DRAINAGE 

General 
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Rainwater coming to the roadway from the surrounding terrain, regardless of whether 
the route is in cutting or on embankment, must be collected in boundary channels 
(ditches) at the edge of the cutting or at the foot of the embankment, and the water thus 
collected shall be evacuated outside of the road area. 

The ditches will be of segmental, trapezoidal or other type of cross section, as defined 
in the design.  The ditches may be lined or unlined. 

The bottom of the ditch situated at the foot of the embankment, at any type of road 
profile, will have to be lower by at least 30 cm than the outside edge of the lowest base 
course of the pavement. 

If this condition can not be met for any reason, than the closed system of drainage must 
be established. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (PKOK), Construction Management 
Design (POG), Supervising Engineer's requirements, and these GTR. 

3-01.1 DRAINAGE DITCHES 

The work covers excavation of ditches, transport or spreading of excavated material 
along the foot of embankment or next to the edge of cutting, in natural soil of class A, B 
or C, and lining of these ditches with various materials: stone, sods and concrete (either 
prefabricated or prepared in situ). 

If possible, the excavated material will be spread within the roadway area, or it will be 
transported to the place of disposal where it will be spread as appropriate. 

The measurement and calculation of excavation work will be performed in accordance 
with Section 2-06 of these GTR. 

According to the type of lining, the ditches may be classified as follows: 

• drainage ditch without lining, 
• drainage ditch lined with concrete (monolithic lining), 
• drainage ditch lined with concrete (prefabricated elements), 
• drainage ditch lined with stone material, 
• drainage ditch lined with sods. 

Ditches will longitudinal grade in excess of 10 percent must be realized with steppings 
in order to reduce such grade. 

Provisions contained in Sections 2-06, 20-07, and 2-08 of these GTR are applicable to 
excavation work so that the calculation of such works is defined in these sections. 

The compliance of the prepared bottom compaction level with design requirements, will 
be verified, prior to the installation of ditch lining, by testing compressibility modulus in 
the scope of control tests, by bearing plate method or by measuring compaction level 
by defining bulk density of soil at every 100 linear meters of prepared ditch bottom, in 
accordance with HRN U.B1.046; HRN U.B1.012; HRN U.B1.016 and HRN U.B1.038. 

If the longitudinal grade of the ditch exceeds two percent but is lower than ten percent, 
the ditch will have to be protected with lining that is resistant to erosion. 
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3-01.1.1 Ditch without lining 

Drainage ditches without lining may be excavated in all classes of natural or loose soil 
as indicated in the design. 

These ditches collect the surface water from road pavement and from the cutting or 
embankment, and carry this water to culverts, watercourses, ravines, etc. 

Ditches without lining will be built to grades varying between 0.2 to 2 percent, and the 
cross section will be as specified in the design. 

Quality control 

Ditches must be realized in full accordance with the design, especially with respect to 
their longitudinal grade.  Local irregularities of ditch bottom, i.e. places where water 
may accumulate, will not be permitted. 

Ditches will be accepted by elevation measurements at every design profile or more 
often if necessary, and every deviation in excess of 5 cm will not be accepted. 

The inclination of ditch slopes and the longitudinal grade of the ditch bottom must be 
uniform along the entire length of the ditch. 

Calculation of work 

The work will be calculated per cubic meter of actual ditch excavation, based on the 
class of soil.  The item includes excavation, spreading or transport of material to the 
place of disposal, fine trimming of slopes and channel bottom, and all work, in full 
accordance with Sections 2-06 and 2-07 of these GTR. 

3-01.1.2 Ditch lined with concrete - monolithic construction 

Description of work 

The work covers excavation of ditches in loose or natural soil regardless of soil class, 
spreading or transport of surplus material to the place of disposal, preparation of 
bedding for the concrete lining and construction of concrete lining of required quality, 
wih dimensions as specified in the design. 

The excavation work will be measured and calculated in accordance with Sections 2-06 
and 2-07 of these GTR. 

The ditch lining will have to be impermeable in well areas and if longitudinal grade of 
the ditch is less than 2%. 

These ditches will be excavated with appropriate machinery in all classes of soil, while 
manual excavation will be made only in exceptional cases.  The trimming of ditch 
slopes and ditch bottom to the required lines in zones where the ditch caved-in or was 
realized in an inadequate manner, will be done manually. 

Prior to the construction of concrete bedding, the Supervising Engineer will approve the 
excavation work, after which the bedding for concrete lining may be realized. 

The bedding will be realized with natural or crushed sand or fine-grained gravel, which 
will be spread in a layer as specified in the design, and the lining will be concreted in an 
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appropriate formwork and the fresh concrete will be vibrated and cured as appropriate.  
The lining will be realized in sections.  If the concrete is placed manually, the joints will 
be realized by placing inserts at the end of each section. 

If the concrete is placed mechanically, the joints will be made by pressing-in the inserts 
mechanically, or by cutting the semi-hardened concrete lining as specified in the design 
or according to directions given by the Supervising Engineer. 

If the profile of excavated ditches is affected by bad weather conditions, the lining work 
must be carried out immediately after excavation of shorter sections of the ditch. 

The concrete will be cured by sprinkling completed surfaces with water or with 
appropriate chemical substances that prevent evaporation of moisture from fresh 
concrete, and by covering fresh concrete with moisture-retaining materials. 

Completed joints must be filled with crushed stone sand 0/4 mm in size, or with an 
appropriate joint sealing compound. 

The joint sealing compound must meet the following basic requirements: plasticity, 
permanent resistance to solar radiation, water permeability, resistance to aggressive 
action of water or other effluents in case this ditch receives water from road surfaces. 

After completion of all works, the ditch and the surrounding area have to be cleaned 
along the entire length of the ditch. 

The concrete class C 40/45 (M30) will be used in the fabrication of the concrete lining.  
The concrete must comply with quality requirements as specified in the design. 

Quality control 

The ditch must be excavated in accordance with cross sections, elevations and grades 
as specified in the design. 

The ditch will be excavated to the levels enabling realization of the concrete lining as 
specified in the design.  Deviations that would change the concrete lining thickness by 
more than 10 mm will not be allowed. 

The concrete lining surface must be leveled and compacted in accordance with 
requirements specified in the design, in Section 2-08 of these GTR, and in appropriate 
standards.  This compliance with be checked by topographic surveying at every design 
profile and more often when necessary. 

Basic properties of the joint sealing compound are: plasticity, resistance to solar 
radiation, watertightness, resistance to aggressive action of water or other effluents in 
case this ditch receives water from road surfaces. 

The concrete used must comply with the design, with requirements specified for 
concrete class C 40/45 (MB 30a) and with provisions contained in Sections 7-00.1 and 
7-00.2 of these GTR. 

Calculation of work 

The ditch excavation quantities will be calculated per cubic meter of excavation taking 
at that into account the class of soil. 
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The ditch lining, including preparation of the bedding, will be calculated per square 
meter of completed ditch lining, measured according to the surface area of the concrete 
lining. 

The unit price comprises ditch excavation in accordance with grades and lines as 
specified in the design, and the use of special accessories and tools when required, as 
well as the preparation of the bedding. 

Any other work not specified in the requirements, design and these GTR, will not be 
accepted as an increase in work or as additional work. 

3-01.1.3 Ditch lined with concrete - prefabricated construction 

Description of work 

The work covers excavation of ditches in loose or natural soil regardless of soil class, 
spreading or transport of surplus material to the place of disposal, preparation of 
bedding for the concrete lining, and construction of concrete lining by means of finished 
factory made reinforced-concrete elements as specified in the design. 

The concrete elements will be inserted in the previously excavated ditch where they will 
be placed on the 0/5 mm sand bedding or on an another bedding if approved by the 
Supervising Engineer. 

Prior to the preparation of the concrete bedding, the Supervising Engineer will approve 
the excavation work, after which the bedding for concrete lining may be realized. 

Appropriate spacers ensuring respect of the design width of joints between individual 
lining elements will be placed in space between the placed elements.  The joints will be 
sealed with the joint sealing compound.  Basic properties of the joint sealing compound 
are: plasticity, resistance to solar radiation, watertightness, resistance to aggressive 
action of water or other effluents in case this ditch receives water from road surfaces. 
The concrete lining must  be realized in accordance with dimensions and lines given in 
the design, and exposed surfaces of the concrete lining must be even and smooth, 
particularly in the zone of contact between individual elements. 

Quality control 

The ditch excavation work must be in conformance with the grades and elevations 
specified in the design.  The dimensions of ditch excavation must comply with 
dimensions for subsequent lining and, in this respect, no deviation likely to affect the 
lining will be allowed. 

Reinforced-concrete elements must be fabricated in accordance with criteria specified 
in Sections 7-00.1 and 7-00.2 of these GTR. 

The bedding for concrete lining must be leveled and compacted in accordance with the 
design, relevant standards and these GTR. This compliance with be checked by 
topographic surveying at every design profile and more often when necessary. 

The concrete used for channel lining must be fully compliant with requirements 
specified in the design.  Control tests and audit tests shall be performed in full 
accordance with relevant provisions as contained in these GTR. 
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The joint sealing compound must comply with requirements specified in HRN 
U.M.3.095. 

Calculation of work 

The quantity of work for ditch excavation is calculated per cubic meter of actual 
excavation, in accordance with the class of soil. 

The ditch lining, including preparation of the bedding, will be calculated per square 
meter of completed ditch lining, and measured according to the surface area of the 
concrete lining. 

The unit price for ditch construction includes excavation of ditch and compaction as 
specified in Sections 2-06, 2-07 and 2-08 of these GTR. 

The unit price comprises ditch excavation in accordance with grades and lines as 
specified in the design, and the use of special accessories and tools when required. 

3-01.1.4 Ditch lined with natural stone 

General 

The work covers excavation of ditches in loose or natural soil regardless of soil 
category, spreading or transport of surplus material to the place of disposal, all in 
accordance with Sections 2-06, 2-07 and 2-08 of these GTR.  The item includes 
preparation of the bedding and the supply and placing of the machine- or hand-dressed 
natural stone. 

The ditches may be lined using several stone forms, sizes and treatments: 

• broken stone, 
• dressed stone (ashlar), 
• stone tiles, 
• small or big paving cubes. 

Stone-lined ditches are most often of trapezoidal or segmental form, although other 
forms may also be specified in the design. 

3-01.1.4.1 Ditch lined with broken stone 

The work comprises excavation of ditches in either loose or natural class B or class C 
soil, spreading or transport of surplus material to the place of disposal, preparation of 
bedding for broken-stone lining which has to be dressed as shown in the design. 

Stone elements will be placed in the excavated ditch onto the 0/5 mm sand bedding or 
onto an another bedding as approved by the Supervising Engineer. 
Prior to the preparation of bedding for stone elements, the Supervising Engineer will 
approve the excavation work, after which the bedding for stone lining may be realized. 

The work comprises minor rough treatment of broken stone of irregular polygonal 
shape.  If the stone is broken along the bedding or schistosity plane, then it will be 
almost flat and parallel on both faces of the fracture.  During the placing process, one of 
these faces will be used as the visible stone surface (ditch bottom and slopes). 
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Individual faces of such stone may be polygonal but the visible face must be roughly 
treated, while joints with neighboring stones and faces in the sand layer may remain 
untreated. 

If the drainage ditch is to be built in an unfavorable terrain, the poor soil layer can be 
replaced with geotextile in thickness of no less than 25 cm, or the subsoil drainage may 
be provided, or an another solution can be used.  The construction of drainage ditch at 
such sections with unfavorable subsoil will be preceded with construction of a test 
section about 30 m in length, and the construction method for the ditch will be defined 
on the basis of such test section. 
Along the length, the stone lining will be fixed with stone or concrete sills in the zone 
where there is a change in bottom grade, or at every 25-50 m of the completed ditch 
length, or as specified in the design.  The sills must follow the lines as specified in the 
design within an accuracy of ± 1 cm. 

Joints between the placed stone elements will be filled with stone, crushed stone 
chippings, less often with cement mortar, or with other material as specified in the 
design. 

Quality control 

The crushed stone size in plan will be less that the width of the ditch bottom, and the 
thickness must not be greater than 20 cm.  The stone will be placed onto the bedding 
made of crushed stone chippings varying from 3 to 5 cm in average thickness. 

Sound (good-quality) stone resistant to climatic influences, with dimensions as 
specified in the design, will be used as stone lining for drainage ditches.  Stone-lining 
quality requirements, based on appropriate Croatian standards, will be as specified in 
the design. 

The ditch bottom grade must be realized within an accuracy of ± 1 cm, which will be 
checked on every design profile, and more often if necessary.  Channel slopes will be 
marked with level rods to enable accurate realization of slope and lining surfaces. 

Conditions and methods for testing quality of natural stone used for ditch lining will be 
checked in accordance with applicable Croatian standards or according to the 
European standard EN 1341, and in keeping with these GTR. 

Calculation of work 

The quantity of ditch excavation works will be calculated per cubic meter of actual 
excavation, taking into account the class of excavated soil. 
The ditch lining, including the preparation of bedding, will be calculated per square 
meter of surface area of stone lining, as measured along the external face of the lining. 

The work carried out according to this item will be measured and calculated per square 
meter of completed surface area of stone lining, based on thicknesses as specified in 
the design and measured along the external face of the lining. 

The unit price for ditch construction also includes excavation of material for the ditch 
and its compaction in accordance with provisions contained in Sections 2-06, 2-07 and 
2-08 of these GTR, as well as the trimming of excavated ditch to make it compliant with 
design slopes and grades, including also the use of special accessories and tools as 
needed for this purpose. 
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In addition, the unit price includes preparation of the excavated ditch bottom to make it 
compliant with the ditch bottom slopes and longitudinal grades as indicated in the 
design. 

The unit price includes all accessories and tools as needed for the full completion of the 
ditch, as well as the ditch cleaning after completion of construction work. 

Any other work not specified in the requirements, design and these GTR, will not be 
accepted as an increase in work or as additional work. 

3-01.1.4.2 Ditch lined with dressed stone 

Description of work 

The work comprises ditch excavation in loose or natural terrain regardless of its 
category, spreading or transport of excess material to the place of disposal, preparation 
of bedding, and ditch lining with dressed stone as specified in the design. 

After the excavation work, dressed stone elements will be placed onto the previously 
prepared 0/5 mm sand bedding or onto an another type of bedding, subject to approval 
by the Supervising Engineer. 

Prior to the preparation of the bedding, the Supervising Engineer will approve the 
excavation work, after which the bedding for stone elements may be realized. 

The item includes supply and placing of properly dressed stone elements with regular 
and approximately parallel faces, shaped as prisms. 

If the stone is broken along the bedding or schistosity plane, then it will be almost flat 
and parallel on both faces of the fracture.  During the placing process, one of these 
faces will be used as the visible stone surface (ditch bottom and slopes). 

Individual faces of such stone elements may be polygonal, except for the visible face 
for which a rough treatment is necessary.  Joints with neighboring stone elements may 
either remain untreated or will be roughly treated to the level of their insertion in the 
sand. 

Joints between the placed stone elements will be filled with stone chippings, less often 
with cement mortar, or with other material as specified in the design. 

Quality control 

In plan, the size of one face of dressed stone element will be smaller than the designed 
ditch-bottom width, and the length along any edge at the contact with other elements 
will not exceed 20 cm. 

If the drainage ditch is to be built in an unfavorable terrain, the poor soil layer can be 
replaced with geotextile in thickness of no less than 25 cm, or the subsoil drainage may 
be provided, or an another solution can be used. 

The construction of drainage ditch at such sections with unfavorable subsoil will be 
preceded with construction of a test section about 30 m in length, and the construction 
method for the ditch will be defined on the basis of such test section. 
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Sound (good-quality) stone resistant to climatic influences, with dimensions as 
specified in the design, will be used as stone lining for drainage ditches.  Stone-lining 
quality requirements shall be as specified in the design, in these GTR or in the standard 
EN 1341. 

The ditch bottom grade must be realized within an accuracy of ± 1 cm, without 
considering local irregularities of stone material, and this accuracy will be checked at 
every design profile, and more often if necessary. 

The stone elements will be fixed and supported with concrete sills in zones where there 
is a change in bottom grade, or at every 25-50 m of the completed ditch length, or as 
specified in the design. 

The sills must follow the lines as specified in the design within an accuracy of ± 1 cm. 

Channel slopes will be marked with level rods to enable accurate realization of slope 
and lining surfaces.  The thickness of joints between individual stones must not exceed 
2 cm. 
The joints will be filled with 1:3 cement mortar or with crushed stone chippings up to 5 
mm in grain size. 
In case special requirements are set for ground water protection, the joints will be filled 
with an appropriate joint sealing compound. 

If watertight lining is used, the joint sealing compound shall comply with requirements 
as set in the design and in these GTR. 

Factory-manufactured joint sealing compound, with properties as specified in the 
design, will be used (such properties are durability, resistance to solar radiation, 
resistance to temperature differences, resistance to aggressive action of chemicals, 
etc.) 

Calculation of work 

The quantity of ditch excavation works will be calculated per cubic meter of actual 
excavation, taking into account the class of excavated soil. 

The ditch lining, including the preparation of bedding, will be calculated per square 
meter of surface area of stone lining of design-specified thickness, as measured along 
the external face of the lining. 

The unit price for ditch construction also includes excavation of material for the ditch 
and its handling in accordance with provisions contained in Sections 2-06, 2-07 and 2-
08 of these GTR.  The price also covers trimming of excavated ditch to make it 
compliant with the slopes and longitudinal grades as specified in the design, as well as 
the preparation of bedding, placing of lining stone, and an appropriate treatment of 
joints. 

The item includes supply, storage, additional treatment (if required) and placing 
dressed stone elements onto the previously prepared bedding. 

The unit price includes all accessories and tools as required to realize the dressed 
stone lining, as well as the ditch cleaning after completion of construction work. 

Any other work not specified in the requirements, design and these GTR, will not be 
accepted as an increase in work or as additional work. 
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3-01.1.4.3 Ditch lined with stone cubes 

Description of work 

The work comprises ditch excavation in loose or natural terrain regardless of its 
category, spreading or transport of excess material to the place of disposal, preparation 
of bedding, and ditch lining with stone cubes the size of which is as specified in the 
design. 

Small and big natural stone cubes will be used for ditch lining. 

The face of the small cube will most often measure 10 to 12 cm, while the big cube will 
be 20 to 25 cm in size. 

The stone cubes will be placed onto the previously prepared 0/5 mm sand bedding or 
onto an another type of bedding, subject to the approval by the Supervising Engineer. 

Prior to the preparation of the bedding, the Supervising Engineer will approve the 
excavation work, after which the bedding for stone cubes may be realized. 

Joints between the placed stone cubes must not exceed 7 mm in thickness.  These 
joints will be filled with crushed chippings, less often with cement mortar, or with an 
another material as specified in the design. 

The stone lining will be fixed and supported with concrete sills in zones where there is a 
change in bottom grade, or at every 25-50 m of the completed ditch length, or as 
specified in the design.  Along the height, the sills must follow the lines as specified in 
the design within an accuracy of ± 1 cm. 

Quality control 

Edges of stone cubes are perpendicular to one another and must be realized in such a 
way that the total distance between edges of placed cubes does not exceed 7 mm at 
the contact between any two faces. 

Cubes will be placed onto the previously prepared bedding consisting of stone 
chippings ranging from 3 to 5 cm in thickness. 

If the drainage ditch is to be built in an unfavorable terrain, the poor soil layer of no less 
than 25 cm in thickness can be replaced with geotextile, or the subsoil drainage may be 
provided, or an another solution can be used. 

The construction of drainage ditch at such sections with unfavorable subsoil will be 
preceded with construction of a test section about 30 m in length, and the construction 
method for the ditch will be defined on the basis of such test section. 

Sound (good-quality) stone resistant to climatic influences, with dimensions as 
specified in the design, will be used for lining drainage ditches with stone cubes.  
Stone-lining quality requirements shall be as specified in the design, in Croatian 
standards (HRN), in the standard EN 1341, or in these GTR. 

The Contractor or the Supplier, as the case may be, will be required to submit an 
original copy of an appropriate document proving acceptability of each material used in 
this work. 
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The ditch bottom grade must be realized within an accuracy of ± 1 cm, without 
considering local irregularities of stone material, and this accuracy will be checked on 
every design profile, and more often if necessary. 

Channel slopes will be marked with level rods to enable accurate realization of slope 
and lining surfaces.  The thickness of joints between individual stones must not exceed 
2 cm. 

In case special requirements are set for ground water protection, the joints will be filled 
with an appropriate joint sealing compound. 

Factory-manufactured joint sealing compound, with properties as specified in the 
design, will be used (such properties are durability, resistance to solar radiation, 
resistance to temperature differences, resistance to aggressive action of chemicals, 
etc.) 

Calculation of work 

The quantity of ditch excavation works will be calculated per cubic meter of actual 
excavation, taking into account the class of excavated soil. 

The ditch lining, including preparation of bedding, will be calculated per square meter of 
surface area of stone cubes of design-specified thickness, as measured along the 
external face of the lining. 

The unit price covers all material, transport, handling and everything else that is needed 
for the full completion of the work. 

3-01.1.5 Ditch lined with grass sods 

Description of work 

The work covers excavation of ditch in loose or natural soil (class B or class C soil), 
spreading or transport of excess material to the place of disposal, preparation of 
bedding for sod placing, and the delivery and placing of sods or grass strips. 
The excavation and preparation of the ditch will be carried out in full compliance with 
provisions contained in Sections 2-06, 2-07 and 2-08 of these GTR. 
The sods may be prepared during removal of topsoil material on the route or by 
transport from the borrow pit. 

When the sod is taken from grassed areas, great care must be exercised to cut the sod 
accurately i.e. to obtain square sections 50 x 50 cm in size, or strips 2-3 m in length, 
and approximately 10 to 15 cm in thickness.  The strips will be rolled and then stored 
and transported in rolls. 

The sod or rolled grass strips will be stored in an adequate space protected from solar 
radiation and weather influences, and they will be delivered to the site immediately prior 
to their placement. 

The sod placing work may not commence before the ditch excavation work has been 
accepted by the Supervising Engineer.  Before the sod placement, the Contractor will 
prepare the bedding and this by placing and compacting a topsoil layer of appropriate 
thickness - all in accordance with appropriate provisions contained in these GTR. 

The sod will be fixed to the underlying soil by wooden stakes up to 50 cm in length. 
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Quality control 

The ditch must be excavated to the levels and grades fully compliant with those 
specified in the design.  Excavations for ditches must comply with dimensions for 
subsequent revetment by sod, and no excessive local deviations likely to cause 
irregularities and ditch bottom will be allowed. 

Ditches must be realized in full compliance with the design, particularly with respect to 
longitudinal grades of up to 1 percent.  Local irregularities of ditch bottom, i.e. places 
where water may accumulate, will not be permitted.   Ditch slope inclinations must be 
uniform throughout the length of the ditch, and the bottom grade must always be 
oriented in one direction i.e. towards the outlet. 

The quality and type of sod to be used for ditch lining, particularly in cases when sod 
originates from the borrow pit, will be subject to approval of the horticulture expert, i.e. 
the designer in charge o horticultural development of road surroundings, based on valid 
proof about the acceptability of sod. 

Calculation of work 

The work will be measured and calculated per square meter of surface area of placed 
sod or grass strips, as measured along the outside face of the ditch. 

The item covers mechanical and partly manual excavation of ditch in the class B or 
class C material, disposal of excavated material to a distance of at least 2 m along the 
ditch, or the transport and spreading of material at the place of disposal, supply and 
placing of topsoil to be used as bedding, and sod placing. 

The item also includes fine leveling of ditch slopes and ditch bottom and placing of 
topsoil, supply of sod and all material, transport, storage, handling and everything else 
that is needed for the completion of the ditch properly lined with sods. 

The excavation work will be carried out in full compliance with provisions contained in 
Sections 2-06 and 2-07 of these GTR.  The unit price includes supply, placing and all 
work that is either directly or indirectly related to the full completion of the ditch. 

3-02 UNDERDRAINS 

General 

Underdrains are underground structures that are used for the collection and drainage of 
seepage water coming from the pavement structure, from the surrounding natural soil 
and from ground water, in case the road route intersects the contact plane between the 
permeable and impermeable layer of soil. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (PKOK), Construction Management 
Design (POG), Supervising Engineer's requirements, provisions contained in HRN 
U.S4.062, and these GTR. 

The following subdrainage types are considered in these General Technical 
Requirements: 

• evacuation of water from pavement structure by soakaways, 
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• deep underdrains. 

3-02.1 CONSTRUCTION OF SOAKAWAYS 

Description of work 

The work covers realization of a thin granular layer of stone material as an extension of 
the lower base course of pavement structure, in the width of the shoulder, on both sides 
or in the width of a lower shoulder only. 

The granular stone material will be placed in thickness as specified in the design, which 
will be no less than 10 cm if the layer is placed by mechanical means, although lower 
quantities may exceptionally be allowed if the layer is placed manually.  The material 
will be placed and compacted by lightweight equipment to the modulus of 
compressibility of Ms ≥ 35 MN/m2. 

Quality control 

The placed material must meet quality requirements as specified in the Section 3-01.1 
of these GTR. 

Calculation of work 

The work will be measured and calculated per cubic meter of placed granular stone 
material.  The unit price also covers any manual leveling of subgrade to the design 
level or as specified in these GTR. 

3-02.2 CONSTRUCTION OF SHALLOW UNDERDRAINS 

Description of work 

The work covers mechanical excavation of material for drainage ditches, in soil classes 
B and C, all as specified in section 2-05 of these GTR and in the standard HRN 
U.S4.062. 
The ditch bottom must be situated deeper than the soil freezing depth, and it must be 
prepared and leveled to the lines and grades as specified in the design. 
The clay or concrete bedding, to be realized according to details provided in the design, 
must be placed onto the properly prepared and level ditch bottom. 

The clay must be characterized by high plasticity, and it will be placed at optimum 
moisture content and compacted to the level of compaction of at least Sz ≥ 95% of the 
standard Proctor value. 
The concrete bedding will be placed onto the surface prepared in accordance with the 
design, and the lowest concrete class to be used for this purpose is C 20/25. 
Drainage pipes will be factory manufactured perforated pipes made of concrete, 
asbestos cement or hard PVC 10, 15 or 20 cm in diameter. 

Drainage pipes will be placed onto the approved bedding, lined with a filter layer 
composed of gravel or crushed stone 8 to 63 mm in size, while its thickness must 
comply with requirements specified in HRN U.S4.062. 

The stone aggregate will be placed, in accordance with the design, after installation of 
the drainage pipe.  The portion of the ditch above the drainage layer will be filled with 
granular stone material whose quality and compaction level must comply with design 
requirements. 
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The granular stone material in the ditch must be compacted with care so as not to 
damage drainage pipes, but at the same time the compaction level must be sufficient to 
prevent subsequent settlement.  The compaction method will be subject to the approval 
of the Supervising Engineer. 
The geotextile combined with the gravel may be used, as specified in the design, 
instead of stone material. 

Drainage pipes will be connected to water inlets or will be lead, in case of shorter 
cuttings (up to about 100 m in length) directly to the terrain, according to solutions 
presented in the design. 

Quality control 

The lowest class concrete C 20/25 will be placed as bedding for drainage pipes.  The 
quality of concrete, its fabrication and compliance requirements, must comply with HRN 
EN 206-1, HRN EN 12370 and with provisions of these GTR. 

Drainage pipes and geotextile must comply with requirements contained in the design 
and with those specified in the Croatian standard HRN U.S4.062. 
The accuracy of drainage pipe installation will be checked by geodetic measurements 
to be performed at every design profile, and more often if necessary. 
The compliance of ditch bottom compaction level with the design requirements will be 
checked, prior to installation of drainage pipes, in the scope of the control testing by 
determining compressibility modulus according to the bearing plate method or by 
measuring compaction level through bulk density testing at every 100 m of the 
prepared bottom - all in accordance with HRN U.B1.046; HRN U.B1.012; HRN 
U.B1.016 and HRN U.B1.038. 

Calculation of work 

The drainage ditch excavation work will be calculated in accordance with the design 
and according to provisions contained in Section 2-05 of these GTR. 
The unit price for drainage work includes supply and, if required, temporary storage of 
material to be used in realization of the drainage system in accordance with the design. 

The unit price also includes any hand leveling of the ditch bottom to the level specified 
in the design and these GTR, and the supply, transport and placing of all materials 
needed in the realization of the drainage, as well as the backfilling of the ditch portion 
above the drainage filter, and cleaning the area around the ditch from all materials 
remaining after construction work.  The item also covers possible local repairs at ditch 
bottom in accordance with provisions contained in Sections 2-08.1 and 2-08.2 of these 
GTR. 

The work will be measured and calculated per linear meter of drainage system realized 
in accordance with the design. 

3-02.3 DEEP UNDERDRAINS 

3-02.3.1 Ditch excavation 

Description of work 

The work includes mechanical ditch excavation in soil classes B and C, in full 
accordance with dimensions specified in the design and with provisions contained in 
Section 2-05 of these GTR. 

 
General Technical Requirements for Road Works 2001 - VOLUME II Page 102 
 



DRAINAGE 

In case of deep underdrains, the ditch excavation work will be conducted in sections as 
defined in the design, and will include obligatory protection of excavation work against 
cave-in. 

The excavated material will temporarily be deposited along the border of the excavated 
ditch at a safe distance from it so as to avoid cave-in.  A part of material will be used for 
ditch backfilling and the remaining material will be transported to the specified place of 
disposal where it will be spread as appropriate. 

The minimum width of the ditch used for deep drainage will be as specified in the 
design, and will comply with geotechnical properties of the soil, and with structural 
solutions for the protection of excavation work against cave-in. 

Quality control 

All excavation work must be carried out in accordance with the levels specified in the 
design, and in full conformity with EN 1610 1997. 

The ditches must be realized in such a way to ensure good-quality realization of the 
drainage system. 

Unless specified in the design, local tolerances of ditch bottom levels shall be within 3 
cm from the design level.  At points where manholes are situated, and when drainage 
bottom grade is less than 1 percent, then tolerances from the bottom level defined in 
the design shall be within ± 1 cm. 

The stability of ditch slope will be ensured, when considered necessary based on 
physicomechanical properties of soil, by appropriate shoring or by an another 
appropriate method.  This shoring shall be removed based on an appropriate structural 
analysis so as to prevent drainage pipe damage or displacement. 

If the natural foundation soil or, in general, any excavation bottom, does not comply 
with bearing capacity requirements specified in the design, then it must be brought to 
the specified level of compaction.  This will be done either by compaction or by 
replacement of material, all in accordance with provisions contained in Sections 2-08.1 
and 2-08.2 of these GTR. 

The compliance of ditch bottom compaction level with design requirements shall be 
checked, prior to installation of drainage pipes, in the scope of control testing, by 
determining compressibility modulus according to the bearing plate method or, more 
often, by measuring compaction level through bulk density testing at every 100 m of the 
prepared bottom - all in accordance with HRN U.B1.046; HRN U.B1.012; HRN 
U.B1.016 and HRN U.B1.038. 

 
General Technical Requirements for Road Works 2001 - VOLUME II Page 103 
 



DRAINAGE 

Calculation of work 

The work will be measured and calculated per bank cubic meter of excavation made in 
accordance with the levels specified in the design, making at that distinction between 
soil classes as defined in Section 2-05 of these GTR. 

The item covers excavation in the specified class of soil, all necessary shoring, water 
pumping, temporary deposition of excavated material, loading and transport of surplus 
material to the place of disposal, and cleaning terrain in the ditch zone after completion 
of drainage works. 

The unit price will include any hand leveling of the ditch bottom to make it compliant 
with the design and these GTR.  The item also covers any local repair at the bottom of 
the excavation work, as specified in Sections 2-08.1 and 2-08.2 of these GTR. 

3-02.3.2 Construction of concrete or clay bedding 

Description of work 

The concrete or clay bedding, compliant with solutions and dimensions specified in the 
design, will be placed onto the previously prepared and approved surface. 

The bedding layer thickness will vary from 5 to 15 cm, depending on the solution given 
in the design. 

The Supervising Engineer may authorize any modifications with respect to solutions 
presented in the design, by making an appropriate entry in the site diary.  However, 
these modifications must comply with the above specified standard and with provisions 
contained in these GTR. 

The composition of concrete mix to be used as the bedding layer must comply with 
requirements specified in the design and in these GTR. 

Quality control 

The concrete layer to be used as bedding will be placed in accordance with dimensions 
specified in the design and in these GTR.  The concrete must be fully compliant with 
design requirements, or with requirements for the concrete class C 12/15. 

Prior to the placing of concrete or clay bedding, the ditch bottom will have to be found 
compliant with grades and compaction levels specified in the design and these GTR. 

The production, placing and compliance checks for concrete must be in accordance 
with requirements contained in these GTR. 

The clay must be characterized by high plasticity, and it will be placed at optimum 
moisture content and compacted to the level of compaction of Sz ≥ 95% of the standard 
Proctor value. 

Calculation of work 

The work will be measured and calculated per linear meter of concrete or clay layer 
placed in accordance with thicknesses and widths as specified in the design.  Any 
surplus quantities of concrete or clay placed in excess of quantities specified in the 
design, and arising from errors in excavation work, shall not be calculated or paid for. 
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The unit price of this work includes supply, transport and placing of the concrete or clay 
layer onto the previously prepared drainage ditch bottom. 

3-02.3.3 Installation of drainage pipes 

Description of work 

The clay or concrete bedding, compliant with the design, will be placed onto the 
previously leveled and prepared ditch bottom, and this activity will be followed with the 
placing of drainage pipes. 

Drainage pipes are factory-produced perforated pipes made of concrete, asbestos 
cement or hard PVC, and their diameter must comply with indications given in the 
design. 

Drainage pipes will be placed onto the approved surface and at that the longitudinal 
grade must be compliant with design requirements. 

Quality control 

An original document confirming acceptability of drainage pipes must be submitted to 
the Supervising Engineer in accordance with Section 0-17 of these GTR.  The use of all 
drainage pipes shall be subject to the approval of the Supervising Engineer. 

The quality of drainage pipes is specified in appropriate standards as mentioned in 
these GTR. 

Calculation of work 

The work will be measured and calculated per linear meter (ml) of drainage pipes 
placed in accordance with the design. 

The unit price includes supply and, if necessary, temporary storage of pipes, 
mechanical lowering onto the bedding surface, and pipe jointing in accordance with 
longitudinal grade specified in the design. 

3-02.3.4 Realization of filter and final clay layer 

Description of work 

Granular stone material (filter material) will be placed into the drainage ditch along the 
entire length of the ditch, either on one or on both sides of the ditch, as specified in the 
design and in HRN U.S4.062. 

The filter material will be placed into the drainage ditch along the entire height of the 
permeable soil layer, from the hill side.  The thickness of the filter material will be 20 cm 
or as specified in the design. 

The filter must be compliant with the soil structure from which it takes water, and its 
grading must be such that it will reduce the speed of flow with respect to the speed of 
flow through natural soil. 

After the filter layer is placed, the drainage ditch will be filled with coarse stone 
aggregate along the entire height of the ditch or the filtering layer, as specified in the 
design or in HRN U.S4.062. 
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The top side of the drainage ditch will be covered with impermeable material, clay or 
clayey material, in the depth as specified in the design, in all as specified in Section 2-
12 of these GTR. 

Quality control 

All works will be carried out in accordance with dimensions given in the design and in 
conformity with provisions contained in these GTR. 

The quality of stone filter material and the quality of fill must comply with requirements 
specified in the design and in HRN U.S4.062. 

The grading of the filter layer must comply with requirements according to Terzaghi, as 
provided for in HRN U. S4.062. 

The clay must be characterized by high plasticity, and it has to be placed at optimum 
moisture content, and compacted to Sz ≥ 95% of Standard Proctor density. 

Calculation of work 

The work will be measured and calculated per cubic meter of filter layer placed in 
accordance with the design. 

The work related to the final impermeable layer made of clayey material will be 
calculated per cubic meter of layer actually placed. 

The unit prices cover purchase, transport, temporary storage and placing of material in 
layers as specified in the design, and covering the ditch with material complying with 
the design, as well as removal of waste material generated during realization of 
drainage work. 

3-03 ROAD CULVERTS 

General 

Culverts will be realized in full conformity with drawings and details shown in the 
design. 

Culverts may be: 

• pipe culverts, vaulted culvers, box culverts and frame culvers, all fabricated on the 
site, 

• prefabricated pipe culverts and prefabricated frame culverts. 

Fabrication of culverts consists of various activities including: excavation with transport 
of excavated material, leveling, fabrication of all required formwork, scaffolding, supply 
and installation of steel reinforcement, all concreting, fabrication of waterproofing, 
assembly of concrete, asbestos cement or metal pipes, fabrication of concrete flumes, 
stilling pools, inlets, outlets, and all other work as needed for the full completion of 
culverts in accordance with the design, i.e. as directed by the Supervising Engineer. 
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3-03.1 EXCAVATION FOR CULVERT FOUNDATIONS 

Description of work 

The excavation work for the foundations of culverts will be carried out in accordance 
with dimensions specified in the design or according to dimensions subsequently 
defined on the site based on local terrain conditions, but subject to approval of the 
Supervising Engineer.  The excavation work will be mechanical, although manual 
excavation may be allowed in exceptional cases and in case of small quantities. 

This excavation work must be carried out in full accordance with provisions contained in 
Sections 2-02 and 2-04 of these GTR. 

Quality control 

The geometrical accuracy of the excavation work must be prescribed in the design.  If 
this information is not provided in the design, tolerances within ± 2 cm from the design 
lines and levels will be allowed. 

The as-built condition will be checked by topographic measurements.  The topographic 
survey supervisor will check topographic measurements and approve as-built 
documents by his signature.  If the required accuracy of excavation work has not been 
achieved, the topographic work supervisor shall require rectification of the error. 

The quality control for concrete components and for fabrication of precast elements will 
be carried out in accordance with appropriate provisions of these GTR. 

The compliance with soil compaction level specified in the design will be checked by 
testing compressibility modulus using the bearing plate method, or by measuring 
compaction level through bulk density determination on at least two points, as 
measured along the length of the excavation bottom, in accordance with HRN 
U.B1.046; HRN U.B1.012; HRN U.B1.016 and HRN U.B1.038. 

Calculation of work 

The excavation work will be measured per cubic meter of excavation work actually 
performed, in accordance with dimensions specified in the design and provisions 
contained in Section 2-04 of these GTR, and according to soil excavation classes. 

The unit price also covers leveling (preparation) of foundation bottom within tolerances 
specified in the design.  If the required accuracy can not be achieved by mechanical 
means, the unit price must also provide for manual preparation and leveling of the 
foundation bottom. 

3-03.2 CONSTRUCTION OF CONCRETE CULVERTS 

Description of work 

In general terms, concrete culverts will be constructed in accordance with provisions 
contained in these GTR where required activities, such as concrete fabrication and 
placing, steel reinforcement, scaffold and formwork placing, and waterproofing 
requirements, are specified. 
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Quality control 

The quality control for the concrete and its components will be carried out in 
accordance with applicable regulations and standards, and in conformity with these 
GTR (Volume IV, Sections 7-00.1 and 7-00.2). 

Calculation of work 

The concrete work will be calculated per cubic meter of concrete placed in accordance 
with provisions contained in these GTR.  The unit price for placed concrete includes 
supply, placing and cure of concrete, all formwork and scaffolding, and all other work 
and material needed to complete the work. 

The work relating to steel reinforcement will be measured in kilograms (kg) of steel 
reinforcement placed, depending on the profile.  The unit price includes supply, 
transport, handling, bending and assembly of reinforcing steel as specified in the 
design. 

3-04 ROAD DRAINAGE 

General 

All rainwater will be evacuated from the road pavement, shoulders and cutting slopes 
by appropriate surface drainage elements (curbs, gutters and drains with grating) and 
manholes, and will then be carried into the drainage system.  Depending on individual 
requirements, the road drainage will be built as either close or open drainage system.  
The treatment of water will depend on individual requirements and water protection 
measures applicable in the area traversed by the road. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (PKOK), Construction Management 
Design (POG), Supervising Engineer's requirements, and these GTR. 

The drainage system must be realized in accordance with detail drawings presented in 
the design, and in conformity with these GTR. 

Every change of design proposed by the Contractor and approved by the Designer, will 
have to be additionally approved by the Supervising Engineer prior to its 
implementation. 

Drainage pipes will be placed onto the bottom of the previously excavated ditch, i.e. 
onto the bedding layer which must be properly leveled, compacted, and prepared in 
conformity with dimensions and lines specified in the design. 

The bedding must be realized in compliance with these GTR. 

The compliance of ditch bottom compaction level with design requirements will be 
checked, prior to installation of individual drainage elements, by determining 
compressibility modulus according to the bearing plate method, or by measuring 
compaction level through bulk density testing at the prepared ditch bottom, in 
accordance with HRN U.B1.046 and HRN U.B1.012. 

Control measurements aimed at checking compaction level at the bottom of drainage 
ditches, will be carried out at an appropriate place between every two neighboring 
manholes. 
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3-04.1 EXCAVATION OF DRAINAGE DITCHES 

Description of work 

The work consists of mechanical excavation of drainage ditches in soil classes A, B 
and C, to be carried out in accordance with dimensions given in the design and based 
on provisions contained in Section 2-05 of these GTR. 

The width and depth of the ditch will be as specified in the design, and compliant with 
requirements contained in the European standard EN 1610 1997 and in Section 2-05 of 
these GTR. 

The excavation will be widened by 50 cm or more, as specified in the design, at the 
point of contact between pipes and manholes.  The widenings are necessary for the 
treatment, jointing and sealing of pipes. 

The excavated material will temporarily be deposited along the border of the excavated 
ditch at a safe distance from it so as to avoid any cave-in.  A part of material will be 
used for ditch backfilling and the remaining material will be transported to the specified 
place of disposal where it will be spread as appropriate. 

The drainage excavation work also includes excavations at the position of manholes 
and excavations for drains, as well as excavation for possible leveling of foundation soil 
according to provisions contained in Section 2-08 of these GTR. 

The minimum width of the ditch used for drainage operations will be dependent on the 
drainage pipe profile specified in the design and on ditch depth requirements, as well 
as on geotechnical features of the soil 

Quality control 

Dimensions of all excavations shall comply with levels indicated in the design and shall 
also be fully compliant with EN 1610-1997.  Ditches must be realized in such a way to 
ensure safe and proper installation of pipes.  If not specified in the design, the allowable 
local deviation of the ditch bottom from the design level shall be no more than 3 cm.  At 
manhole positions, when longitudinal grade of the ditch bottom is less than 1 percent, 
the deviation from the design level shall not exceed ± 1 cm. 

The stability of ditch slope will be ensured, when considered necessary based on 
physicomechanical properties of soil, by appropriate shoring or by means of an another 
appropriate method.  This shoring shall be removed based on an appropriate structural 
analysis so as to avoid drainage pipe damage or displacement. 

If the natural foundation soil or, in general, any excavation bottom, does not comply 
with bearing capacity requirements specified in the design, then it must be brought to 
the specified level of compaction.  This will be done either by compaction or by 
replacement of material, all in accordance with provisions contained in Sections 2-08.1 
and 2-08.2 of these GTR. 

Calculation of work 

The work will be measured and calculated per bank cubic meter of excavation made in 
accordance with the levels specified in the design, making at that distinction between 
soil classes as defined in Section 2-05 of these GTR. 
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The item covers excavation in the specified class of soil, all necessary shoring, water 
pumping, temporary deposition of excavated material, loading and transport of surplus 
material to the place of disposal, and cleaning terrain in the ditch zone after completion 
of drainage work. 

The item also includes excavation of widenings at the place of contact between pipes, 
manholes and drains, and any widening of excavation to enable shoring, all as 
specified in EN 1610:1997, and in accordance with solutions presented in the design. 

The unit price will include any hand leveling (preparation) of the ditch bottom to make it 
compliant with the design and these GTR. 

The item also covers any local repair at the bottom of excavation work, as specified in 
Sections 2-08.1 and 2-08.2 of these GTR. 

3-04.2 PREPARATION OF BEDDING FOR DRAINAGE PIPES 

General 

Once the bearing capacity of soil has been checked and the compaction level proven, 
then the gravel or concrete bedding will be placed at the bottom of the ditch, in 
thickness as indicated in the design. 
If the natural foundation soil at the bottom of the excavation does not comply with the 
specified load bearing capacity, then it must be improved.  This is achieved by 
mechanical compaction of soil or by replacement of material in compliance with 
provisions contained in Sections 2-08. and 2-08.2 of these GTR. 
Poor quality soil at ditch bottom will be improved at longer stretches in accordance with 
results obtained on a test section. 

The test section to be used to select the best possible improvement method will be 
approximately 30 m in length. 

Poor quality soil will be improved in full accordance with provisions contained in Section 
2-08.2 of these GTR.  The method, requirements and details related to the placing of 
pipe bedding layers is specified in the design and in EN 1610:1997. 

The Supervising Engineer may approve a change to design solutions provided that 
such change is in accordance with the mentioned standard, and that an appropriate 
approval of the Designer has been obtained. 

3-04.2.1 Preparation of sand bedding 

Description of work 

Once the excavation bottom has been prepared and approved, the work may proceed 
by placing a sand bedding layer in accordance with solutions presented in the design. 

The sand bedding shall be placed onto a suitably prepared ditch bottom.  The thickness 
of this sand layer will be as specified in the design.  The minimum bedding thickness 
will be 3-5 cm. 

The sand bedding will be spread along the entire ditch bottom width, in one or two 
layers, as specified in the design. 
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Placing bedding in a single layer.  When the bedding is placed in a single layer it has to 
be prepared in such a way that the pipe sits on the bedding by the circular arch of 90 
degrees as measured from the pipe axis. 

Placing bedding in two layers.  If the bedding is placed in two layers, the lower layer will 
be 10 cm in thickness when soil conditions are normal, or 15 cm in thickness in case of 
rock or other hard soil, as specified in EN 1610:1997.  This first layer is placed before 
pipe installation and connecting, while the other sand layer will be placed after the pipe 
has been laid and connected to manholes or other devices. 

Quality control 

The sand bedding must be prepared in full accordance with dimensions and 
requirements specified in the design.  The finished bedding must not present local 
irregularities, as that would permit local accumulation of water in pipes during the use of 
the drainage system. 

No uncontrolled water flow will be allowed in the ditch, so as to prevent washout of 
individual fractions of soil material. 

The finished bedding has to be approved by the Supervising Engineer prior to the 
installation of drainage pipes.  Deviations in excess of ± 1.0 cm, over the length of 4 m, 
shall not be tolerated. 

The biggest grain in the top and the bottom layer of the bedding must not exceed one 
third of the bedding thickness, i.e.: 

• for the pipe diameter of ≤ 200 mm, the maximum grain size will be 22 mm, 

• for the pipe diameter from 200 to 600 mm, the maximum grain size may be 40 mm. 

Various supports, riders or other inserts will be installed in the bedding to ensure 
compliance of drainage pipes with vertical and horizontal lines specified in the design. 

The height of installed supports will be controlled, monitored and checked through 
geodetic measurements.  The pipe installation may commence only after the 
Supervising Engineer has approved the bedding (i.e. its height and compaction level) 
and after all irregularities and deficiencies have been remedied. 

Calculation of work 

The work will be measured and calculated per cubic meter of completed bedding layer 
(top layer and bottom layer) in thickness as specified in the design. 

The item comprises supply of material including loading, transport, unloading, 
spreading and compaction in the ditch to the thickness as specified in the design.  The 
unit price includes preparation of pipe bedding and its shaping in accordance with the 
solution presented in the design. 

The item also covers all accessory tools, materials and work as needed for proper pipe 
positioning.  Any surplus quantities resulting from excavation shall neither be calculated 
nor paid for. 
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3-04.2.2 Preparation of concrete bedding 

Description of work 

The concrete bedding may be placed onto the previously prepared and approved ditch 
bottom in accordance with solutions and geometry as specified in the design. 

The concrete bedding will range from 5 to 15 cm in thickness, depending on the 
solution presented in the design. 

The concrete bedding, when used as support for the drainage pipe, will be placed in 
either one or two layers. 

The first concrete layer will be the leveling layer class C 12/15 (MB 15) 5 cm in 
thickness, and it must be realized in accordance with provisions of these GTR.  This 
layer will be placed before the pipes are laid. 

The second layer will be used as pipe bedding and will be installed after the pipes have 
been laid.  This layer will be of variable thickness, depending on pipe diameter.  It will 
be placed in such a way that the pipe will be covered with up to 1/4 to 1/3 of its 
circumference or with its portion forming an angle of 90 degrees, measured from the 
center of pipe profile. 

The method, requirements and details for placing the bedding layer for pipes are 
defined in the design and in EN 1610:1997. 
The Supervising Engineer may approve a change to a design solution provided that 
such change is in accordance with the mentioned standard, and that an appropriate 
approval has been obtained from the Designer. 
The composition of the concrete mix used as bedding layer must comply to 
requirements specified in the design and in these GTR. 

Quality control 

The concrete bedding shall be placed in accordance with measurements and 
dimensions specified in the design and in these GTR.  The concrete must be fully 
compliant with design requirements and with requirements for the concrete class C 
12/15 (MB 15). 
Prior to the placing of the concrete bedding, the ditch bottom must be leveled and 
compacted in accordance with the design and these GTR. 

The manufacturing, placing, and compliance checks for concrete, must be carried out in 
accordance with requirements contained in these GTR. 

Calculation of work 

The work will be measured and calculated per cubic meter of the class C 12/15 (MB 15) 
concrete layer placed in accordance with thicknesses and widths as specified in the 
design.  Quantities of placed concrete in excess of those specified in the design shall 
neither be taken into account nor paid for, if they are due to excavation errors. 

The price includes supply, transport, placing and cure of concrete. 
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3-04.3 INSTALLATION OF DRAINAGE PIPES 

General 

The following pipe types are used in road drainage activities: concrete pipes, asbestos 
cement pipes, PVC pipes, seamless steel pipes and, in exceptional cases, cast iron 
pipes, clay pipes and pipes made of other materials complying with requirements 
specified in the design, and accompanied with the certificate and approval authorizing 
their use in the Republic of Croatia. 
Drainage pipes will be placed on the previously prepared sand or concrete bedding.  
The pipes may be placed only after the Supervising Engineer has approved the 
bedding and this through topographic surveying to be made at every design profile or 
more often if necessary. 

Pipes used in road drainage activities are normally of circular cross section, and their 
dimensions and pipe diameters are set in the design. 

Description of work 

The pipes will be placed into the ditch by mechanical means, aligned as appropriate 
and connected, all as specified in the design and in manufacturer's instructions. 

Concrete pipes will be connected by joining the tongue of one pipe, previously coated 
with plaster, with the groove of the other pipe, and by making an external strengthening 
3 to 5 cm in thickness and 10 cm in width, using cement mortar in the proportion of 1 to 
3. 

Vibro-pressed watertight drainage pipes equipped with rubber gaskets shall be 
transported, laid and connected in accordance with detail drawings and instructions 
provided by the pipe manufacturer. 

Asbestos cement pipes, clay pipes and plastic pipes shall be connected in accordance 
with detail drawings and instructions provided by the pipe manufacturer, using 
appropriate fittings and connection accessories. 

Pipe to pipe joints and pipe connections to manholes must be watertight.  Pipe to pipe 
joints may be treated with cement mortar, bituminized strip coated with bituminous 
compound, rubber gaskets, rubber rings, collars and various types of joint-sealing putty. 

Quality control 

All pipes must be supplied with an original document attesting to their acceptability as 
specified in Section 0-17 of these GTR, and their use shall be subject to approval of the 
Supervising Engineer. 

The quality of pipes to be used in drainage applications is specified in appropriate 
standards mentioned in these GTR and in relevant Croatian standards (HRN). 

The pipe laying operations and testing of the road drainage system upon completion 
must be fully compliant with the European standard EN 1610:1997. 

Any material not compliant with such quality requirements shall be rejected. 

According to Croatian standards (HRN), drainage pipes must meet requirements 
relating to: 
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• dimensions (diameter, length, wall thickness), 

• impermeability, 

• resistance to compression at pipe top, 

• water absorption (at immersion), 

• durability and resistance to aggressive substances: salts and oil derivatives. 

Laying of partly damaged or cracked pipes shall not be permitted. 

Control tests 

According to minimum pipe quality control testing requirements, the testing must be 
performed at every 2000 m of pipes laid.  In water protection areas, such testing must 
be carried out at every 1000 m. 

The control testing program must be submitted to the Supervising Engineer for 
approval. 

If the Supervising Engineer finds during the control tests that the deviation of results is 
higher than permitted, he may increase the frequency of testing, i.e. the minimum 
testing requirement. 

If it is specified in the design that the drainage system must be watertight, the 
watertightness of the system will have to be tested on the protected but not backfilled 
portion of the drainage system tested.  The testing must be carried out in accordance 
with the standard HRN-EN 1610. 

The watertightness of the pipeline will be tested by applying test pressure ranging form 
min. 10 kPa to max. 50 kPa at the pipe top during the period of 60 minutes at the test 
section until the ground level, depending on the pre-defined upstream or downstream 
shaft.  In the scope of the testing, the water will be kept in the pipeline for 24 hours in 
order to saturate pipe walls (concrete pipes) with water, and then the pressure will be 
raised to the specified level.  The test section will remain under pressure for 60 
minutes. 

Test requirements: 

The pressure must be maintained within 1 kPa of the specified value (50 kPa) at the 
pipe top.  The total volume of water added during the testing to fulfill the above 
requirement must be measured and recorded, and the pressure must also be 
measured and recorded at every moment until the required pressure is reached. 

The testing requirements have been met when the volume of added water does not 
exceed: 

• 0.15 l/m2 in 30 minutes for pipelines, 

• 0.20 l/m2 in 30 min for pipelines, including drains, 

• 0.40 l/m2 in 30 min for manholes. 

NOTE: m2 means "wet internal surface". 

Unless otherwise specified, the testing of individual joints may be permitted instead of 
the entire pipeline testing, usually for pipes in excess of 1000 mm in diameter. 
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One meter long test section must be selected for the testing of individual pipe joints, 
unless otherwise specified. 

Testing requirements are similar to those for 50 kPa pressure testing at pipe top. 

An original document with impermeability test results must be submitted to the 
Supervising Engineer. 

It is advisable to test compaction level, with respect to lateral backfilling and main 
backfilling activities, during the progress of works. 

Audit tests 

The proportion of audit tests, which are performed by the Employer, to control tests is 
generally 1 : 3.  The points from which samples will be taken for control and audit tests 
will be determined by the Supervising Engineer based on an appropriate statistical 
method. 

The Supervising Engineer will also define the scope and requirements for topographic 
measurements to be performed on the finished pipeline.  Allowable deviations from the 
design level will be dependent on the longitudinal grade.  The longitudinal grade of pipe 
sections between manholes must be uniform.  The installation of pipe in horizontal 
grade or with local "upward grade" will not be permitted. 

Calculation of work 

The work will be measured and calculated per linear meter (ml) of the fully completed 
drainage pipe.  The unit price covers purchase and delivery of pipes (separately for 
every profile) to the site with unloading next to the drainage ditch, temporary deposition 
or storage, transport along the route, lowering into the ditch, and laying in accordance 
with requirements specified in the design and in these GTR. 

The unit price includes all work, additional materials and accessories needed for the 
proper installation and connection of drainage pipes. 

The item covers fittings, gaskets, treatment of joints and everything else that is needed 
for full completion of the pipe installation work, including the watertightness testing. 

3-04.4 MANHOLES 

General 

The work covers realization of manholes either made of monolithic factory-made 
concrete with on-site concreting, or of prefabricated elements assembled together at 
the final manhole position.  In road construction, manholes are normally realized as: 

• monolithic, concreted on the site, 

• prefabricated, made of precast concrete elements, 

• semi-prefabricated, made of factory-finished elements, such as asbestos cement or 
plastic pipes. 

Manholes are positioned at points indicated in the design, and placed into the 
previously prepared excavation.  The natural or backfilled soil below manholes must be 
compacted to the compressibility modulus of Ms ≥ 30 MN/m2 as measured by the 
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bearing plate 300 mm in diameter, or to the compaction level of Sz ≤ 95% of Standard 
Proctor density. 

The compliance of the underlying-soil compaction level with the value specified in the 
design must be checked, in the scope of control testing, under the bottom of each 
manhole. 

Typical step irons made of cast iron or corrosion-resistant steel will be placed in 
manholes exceeding one meter in height, where they will be spaced at 35-40 cm 
intervals or as indicated in the design. 

The item includes realization of the invert in accordance with the design, cure of 
concrete, removal of formwork, and clearing the site from waste materials prior to the 
start of ditch backfilling operations. 

3-04.4.1 Monolithic manholes 

Description of work 

Monolithic manholes of circular or rectangular cross section will be made of concrete 
class C 40/45 (water/cement ratio of less than 0.45).  Manholes will be placed into the 
previously prepared excavation, i.e. onto the prepared bottom without bedding or onto 
the sand or concrete bedding. 

The thickness of the manhole bottom and walls will be as specified in the design and 
the single-sided or two-sided formwork will be used for concreting work. 

The minimum opening and the manhole cross section must be 600 x 600 mm.  Clear 
span dimensions of the manhole are specified in the design and depend on the 
diameter of the pipe to which it is connected. 

The work includes realization of the manhole invert in accordance with details 
presented in the design.  The fill will be made of concrete class C 12/15 (MB15) in 
accordance with the requirements contained in these GTR. 

Semi-pipes of diameter corresponding to that of the connection pipe (inlet pipe) will be 
used as formwork for the invert. 

Quality control 

Manholes will be realized in accordance with dimensions and levels of connections as 
specified in the design, and will be made of concrete class C 40/45.  The manufacturing 
quality control and the control and determination of compliance must be performed in 
accordance with requirements contained in these GTR (water/cement ratio of less than 
0.45).  The resistance to freezing and resistance to deicing salt will be tested in 50 
cycles as per HRN U.M1.055.  The manufacturing and placing of concrete must be 
compliant with EN 206, EN 12370 and with provisions given in Volume IV (Sections 7-
00.1 and 7-00.2) of these GTR. 

The bottom of excavation in which manhole will be placed must be compacted to the 
compressibility modulus of Ms ≥ 30 MN/m2 as measured by the bearing plate 300 mm in 
diameter, or to the compaction level of Sz ≥ 95% of Standard Proctor density. 

The accuracy of the work will be monitored and checked by topographic 
measurements, both for the pipe bedding and for the vertical alignment of the drainage 
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pipe after placing.  Surfaces of the placed concrete must be even and smooth, without 
pockets and cracks. 

The Contractor may commence with manhole construction only after the bedding layer 
has been approved by the Supervising Engineer. 

All works must be carried out in such a way to ensure watertightness of manhole and 
its connections, as indicated in the design.  The manhole must be realized in such a 
way to ensure good adherence of the cast-iron cover to the support prepared in 
accordance with the design. 

Calculation of work 

The works will be measured and calculated by unit of placed and accepted manhole 
complying with dimensions specified in the design. 

The unit price includes preparation of the surface, purchase, supply (transport), placing, 
cure of factory-made concrete, realization of the invert, installation of step irons, 
realization of the cover support or frame, formwork stripping, and site clearing from 
debris generated during manhole realization activities. 

3-04.4.2 Precast concrete manholes 

Description of work 

Manholes will be made of precast concrete factory-made elements of circular or 
rectangular cross section, and the concrete class C 40/45 will be used (water/cement 
ratio of less than 0.45). 

They will be placed onto the previously prepared concrete bedding in accordance with 
the recommendation, requirement or request of the manhole manufacturer, and as 
specified in these GTR. 
The connection of pipes made of concrete and other materials will be realized by 
means of appropriate fittings and according to details provided by the manufacturer. 

The work covers preparation of foundations and connections according to details given 
in the manufacturer's instructions.  The invert will be made, unless specified by the 
manufacturer, of concrete C 12/15 (MB 15) compliant with requirements contained in 
these GTR.  The invert shall finally be treated with a cement mortar finish. 

Quality control 

The quality of the concrete will be checked by taking samples from the finished and 
placed elements of the precast manhole, in accordance with these GTR. 

Prior to installation of cast-iron covers, the Contractor will be required to submit an 
original document attesting to the acceptability of such covers. 

The concrete class C 12/15, complying with requirements contained in Volume IV 
(sections 7-00.1 and 7-00.2) of these GTR, will be used for manhole foundations and 
invert. 
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Calculation of work 

The work will be measured and calculated by unit of properly installed and accepted 
manhole.  The item covers compaction and preparation of the bedding, realization of 
the bedding (foundations) in accordance with manufacturer's instructions, and 
preparation of connections as specified in the design. 

The unit price includes purchase and supply of all integral parts of the manhole, 
installation of these parts in accordance with the diagram presented by the Designer or 
Manufacturer, and the treatment of joints. 

The price for the installation of manholes made of precast elements includes realization 
of the invert, installation of step irons, realization of the cover support or frame, removal 
of formwork and clearing the area from waste generated during realization of the 
manhole. 

3-04.4.3 Precast asbestos cement manholes 

Description of work 

The work covers supply and installation of factory-produced manhole elements, and the 
placing and installation of manhole elements in accordance with the diagram presented 
in the design.  These asbestos cement elements will be installed, as portions of the 
manholes and in accordance with the specified diagram, onto the previously prepared 
concrete bedding. 

The concrete class C 12/15 - compliant with requirements contained in these GTR - will 
be used for the concrete bedding and invert. 

The work covers preparation of the concrete bedding, realization of invert (if 
necessary), installation of step irons, and realization of support or frame for the 
installation of the cover.  The work described in this item also includes removal of 
formwork and clearing the area from waste generated during realization of the 
manhole. 
All other activities will be carried out as indicated in details shown in the design or, if 
necessary, based on the change approved by the Supervising Engineer in conjunction 
with the Designer. 

Quality control 

The inspection of quality, production and placing, and the determination of compliance, 
must be carried out in accordance with the requirements contained in these GTR, or 
those specified in the design. 

The accuracy of the work will be checked by topographic measurements and, in that 
respect, every deviation in excess of ± 1 cm from the design levels will have to be 
rectified. 

The production quality and product checking, and the control and determination of 
compliance, will have to comply with special installation requirements specified in the 
design. 
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Calculation of work 

The work will be measured and calculated per unit of the properly installed and 
accepted manhole.  The item includes any required compaction and preparation of soil, 
realization of concrete bedding, and installation of connections in accordance with the 
design or as specified by the manufacturer. 

The unit price includes supply of all integral parts of the manhole and the installation of 
these parts in accordance with the corresponding diagram presented by the Designer 
or Manufacturer, and the treatment of joints. 

The price for the installation of manholes made of prefabricated elements includes 
realization of the invert, installation of step irons, realization of the cover support or 
frame, removal of formwork and clearing the area from waste generated during 
realization of the manhole. 

3-04.4.4 Installation of manhole covers 

Description of work 

The work covers supply (and storage if needed) and installation of cast iron covers, of 
the size, weight and bearing capacity as specified in the design.  The purchase and 
installation of the cover shall mean the purchase and installation of the frame and the 
cover of the bearing capacity and size as specified in the design. 

The cover will be installed onto the previously prepared manhole frame or slab, in 
accordance with the details shown in the design.  The cover must fit well along its entire 
periphery, and any "swaying" of the cover because of the nonsymmetrical pressure due 
to inaccurate construction, will not be allowed. 

Quality control 

The accuracy of the work will be monitored and checked by topographic measurements 
of the height of the installed cover and, in that respect, any deviation in excess of ± 1 
cm from dimensions and levels specified in the design will have to be rectified.  If the 
cover is in the pavement, then the ± 5 mm tolerance will be allowed for the final course. 
The Contractor or the cover manufacturer will have to submit to the Supervising 
Engineer an original document attesting to the acceptability of the cover and this prior 
to the installation of the frame and its cover. 

Calculation of work 

The work will be measured and calculated per unit of the frame and cover installed in 
accordance with dimensions shown in the design. 

The item includes supply and placing of the frame onto the prepared bedding and 
installation of the cover of bearing capacity as indicated in the design.  The unit price 
includes fabrication of the reinforced-concrete frame to be used as manhole cover 
support. 
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3-04.5 DRAINS (WATER INLETS) 

General 

The work covers realization of drains using monolithic factory-produced concrete with 
concreting at the drain position, or realization of drains made of factory prepared 
elements consisting of various building materials which are assembled together into a 
functional entity at the location of the drain. 

In road construction, the drains are most often realized as: 

• concrete monolithic drains, prepared on the site, 

• precast factory made concrete elements, 

• precast factory made asbestos cement elements. 

The drains of specified dimensions will be installed at locations defined in the design, 
by placing them into an appropriate excavation of specified depth and compaction level.  
The excavation work for the drain will be carried out and calculated in accordance with 
Sections 4-04.1 and 4-04.2 of these GTR. 

The bottom of excavation for the drain must be fully compliant with requirements and 
provisions contained in Sections 2-05 and 2-08 of these GTR. 

Drains are realized with one-sided or two sided formwork or without formwork, in which 
case the concrete or asbestos cement pipe is used as an internal formwork.  Drains are 
generally of circular cross section 50 cm in diameter, and the settling tank depth usually 
varies from 100 to 150 cm. 

3-04.5.1 Monolithic concrete drains 

Description of work 

The concrete class C 40/45 (min. MB 30) shall be used in the construction of monolithic 
concrete drains of circular or rectangular cross section.  The drain will be placed in the 
prepared excavation i.e. onto the prepared soil without bedding or onto the sand or 
concrete bedding. 

The minimum opening and cross section of drains may vary from 50 to 40 cm in 
diameter.  The clear opening of the drain will be as defined in the design but should, in 
any case, be such to enable installation of the grating measuring 400 x 400 mm. 

Quality control 

Drains will be installed in accordance with dimensions and locations specified in the 
design. 

The bottom of excavation for the drain must be compacted to the compressibility 
modulus of Ms ≥ 25 MN/m2 as measured by the bearing plate 300 mm in diameter, or to 
the compaction level of Sz ≥ 95% of Standard Proctor density. 

The accuracy of the work will be monitored and checked by topographic 
measurements, both for the pipe bedding and for the vertical alignment of the pipe after 
placing.  Surfaces of the placed concrete must be even and smooth, without pockets 
and cracks. 

 
General Technical Requirements for Road Works 2001 - VOLUME II Page 120 
 



DRAINAGE 

The Contractor may commence with drain construction only after the bedding layer has 
been approved by the Supervising Engineer. 

The inspection of quality, production and placing, and the determination of compliance, 
must be carried out in accordance with requirements contained in Volume IV (Sections 
7-00.1 and 7-00.2) of these GTR, and in keeping with specifications given in the design. 

All works must be carried out in such a way to ensure that the drain is fully watertight.  
The top edge of the drain must be leveled with the cross slope of the pavement or 
gutter.  The top edge of the grating must be positioned 5-8 mm below the gutter level or 
the pavement edge. 

Calculation of work 

The works will be measured and calculated per unit of drain placed in accordance with 
dimensions specified in the design. 

The unit price includes supply (transport), placing, cure of the factory-made concrete, 
realization of the support or frame and installation of the grating, removal of formwork, 
and site clearing from debris generated during realization of the drain. 

3-04.5.2 Precast concrete or asbestos cement drains 

Description of work 

Drains consisting of precast circular elements are made either of concrete class C 
40/45 (min MB 30) or of asbestos cement, and are installed in accordance with 
manufacturer's instructions. 

Drains will be placed onto the concrete bedding prepared as shown in the 
corresponding details given in the design. 
The connection to manhole or directly to drainage pipe will be realized via connecting 
pipes 15 or 20 cm in diameter, or according to dimensions specified in the design. 

Quality control 

The quality of concrete will be checked by taking samples from already placed drain 
pipe elements, in accordance with provisions contained in these GTR. 

Before installation of cast iron gratings, the Contractor is required to present an original 
document attesting to the acceptability and bearing capacity of the product. 

Calculation of work 

The work will be measured and calculated per unit of properly placed and accepted 
drain.  The price includes compaction and preparation of soil, preparation of the 
bedding according to manufacturer's instructions, and installation of connections in 
accordance with the design.  The item includes supply and placing of the grating of 
bearing capacity and class as specified in the design. 

The item price includes purchase and delivery of all drain components and installation 
of these components according to the diagram provided by the Designer or 
manufacturer, realization of the bedding or frame for the grating, removal of formwork 
and clearing the area from waste generated during drain installation activities. 

 
General Technical Requirements for Road Works 2001 - VOLUME II Page 121 
 



DRAINAGE 

3-04.6 DRAINAGE DITCH BACKFILLING 

Description of work 

The drainage ditch backfilling may not commence before the Contractor has furnished 
the evidence attesting to the acceptability of materials and elements, and the 
watertightness certificate issued by the competent authority, and before the placed 
drainage pipes have been accepted by the Supervising Engineer. 

The ditch will be backfilled using material from ditch excavation if properties of such 
material are compliant with requirements contained in Section 2-09 of these GTR. 

If the material does not comply with these requirements, the Contractor will have to 
propose an another material for backfilling.  Any such material will be subject to 
approval of the Supervising Engineer. 

A portion of the ditch around pipes - up to 30 cm above the pipe - will be backfilled with 
a suitable earth or sand material with the maximum grain size of no more than 8 mm.  
The rest of the ditch may be backfilled with a coarser material. 

The material will be compacted with care, either manually or with lightweight 
compacting devices, so as to avoid any damage to drainage pipes. 

During compaction, the thickness of individual layers will have to correspond to the type 
of material and compaction equipment used, so that the required compaction level can 
be obtained along the entire depth of the ditch. 

Quality control 

The required compaction level will depend on the position of the drainage pipe.  If 
drainage pipes are installed in the roadbed, then the requirements specified in Section 
2-09 of these GTR will be applied. 

If drainage pipes are installed outside of the roadbed, the required compaction level Sz 
shall be at least 95 percent of the Standard Proctor density (HRN U.B 1.038). 

More powerful compaction equipment shall be used for the portion of the backfill 
situated more that 70 cm above the top edge of the pipe. 

A more detailed description of ditch backfilling material is given in Section 2-09.3 of 
these GTR.  The quality of materials and works will be checked based on requirements 
contained in Section 2-09 of these GTR. 

Compliance with compaction requirements will be checked by determining compaction 
level (Sz) with respect to the Standard Proctor density.  The compaction level will be 
checked for every backfilled layer, on every 50 m of pipeline and, at that, requirements 
similar to those for embankment construction, as presented in Section 2-09 of these 
GTR, will be used. 

The compaction level specified in the design for backfill material in the ditch above the 
pipeline will be measured and confirmed by testing compressibility modulus using the 
bearing plate method, or by measuring compaction level through bulk density 
determination for compacted soil between two neighboring manholes, in accordance 
with HRN U.B1.046 and HRN U.B1.012. 
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Calculation of work 

The work will be calculated per cubic meter of material placed in the ditch, from which 
the volume occupied by the drainage pipe will be deducted. 

Separate calculation will be made for: 

• backfilling with fine-grained material up to 30 cm above the top of the pipe, in m3, 

• backfilling with coarser material ( > 30 cm) above the pipe top to the top of the ditch, 
i.e. to the terrain line with topsoil stripped or to the natural ground level, in m3. 

The work will be calculated based on dimensions given in the design, in accordance 
with these GTR, and according to instructions given by the Supervising Engineer.  The 
payment will be made based on unit price which includes all material, transport and 
backfilling work, as well as everything else that is needed for the full completion of the 
work. 

3-04.7 CURBS 

General 

Curbs are installed at external sides of traffic lanes or pavement in order to provide a 
visual guidance for the traffic and to enable controlled drainage of water from the 
pavement.  Curbs of various sizes and shapes are used.  Concrete curbs are in most 
cases factory produced elements measuring 100 or 80 cm in length. 

Description of work 

Curbs are made in accordance with the details and dimensions given in the design.  
Standard curbs are normally 1.00 m long with the cross section measuring 18/24 cm.  
Depending on the design, other dimensions may also be used.  Curbs are installed 
onto the concrete bedding as shown on the details presented in the drawing. 

Quality control 

Curbs must be provided with the document attesting to their acceptability.  The original 
of this document shall be submitted to the Supervising Engineer.  Curbs shall be laid 
onto the bedding made of concrete class C 12/15 (MB15), in accordance with the 
corresponding detail given in the design.  The quality of the finished and properly 
placed curb must comply with provisions contained in these GTR. 

Curbs shall be made of concrete class C 40/45 (MB 45) - w/c ratio below 0.45, resistant 
to freezing and deicing salt after 50 cycles according to HRN U.M1.055 - and the 
manufacturing and design shall be in accordance with conditions specified in EN 206, 
EN 12370 and in these GTR. 
The placed curb must not be cracked or otherwise damaged in any way. 

Calculation of work 

The work will be measured per linear meter (m1) of placed curb based on details given 
in the design, and will also include preparation of the bedding. 

The item includes supply, temporary storage and installation of curbs as well as all 
additional work and material as needed for the full completion of the work. 
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3-04.7.2 Construction of stone curbs 

Description of work 

Natural stone curbs must be made of sound, good-quality, igneous or sedimentary 
rock.  These curbs will be made in accordance with dimensions specified in the design.  
Stone curbs will be placed onto the concrete bedding as shown on details given in the 
design. 
Joints between individual curbs must not be more than 10.0 mm in width.  They will be 
filled with crushed sand and sealed with 1:2 cement mortar down to 4.0 cm in depth 
(measured from joint top).  The exposed surface of the curb must be either cut or 
treated with pointed chisel. 

Quality control 

Stone curbs must be placed in accordance with levels and dimensions shown in the 
design.  The exposed surface of the curb must comply with esthetic requirements, 
which will be subject to the approval of the Supervising Engineer.  This approval may 
be given after realization of a short test section and inspection at the commencement of 
work. 
The stone used for the curb must comply with requirements specified in the design and 
with quality requirements as defined in EN 1343:2000. 
The Contractor is required to submit to the Supervising Engineer original documents 
attesting to the acceptability of the stone and other materials to be used during 
installation of the curb. 
The Contractor will perform control tests in accordance with appropriate provisions 
contained in EN 1343:2000 and these GTR, for each material used in this work. 
The proportion of audit tests to control tests will be 1 : 3.  

Calculation of work 

The work will be measured and calculated per linear meter (m1) of finished curb, 
separately for every width and type of the curb.  The item includes supply and, if 
necessary, temporary storage of stone elements, all required treatment and installation 
in accordance with details shown in the design. 

The unit price also includes all additional work and material such as: construction and 
compaction of concrete bedding for the curb, correction of bedding height, any 
additional excavation or backfilling, all transport and handling, as well as everything 
else that is needed for the full completion of the curb. 

3-04.8 GUTTERS 

General 

The work covers construction of gutters of appropriate type, in accordance with 
dimensions and on road sections as shown in the design, all as specified in these GTR. 

The gutters may be made of: 

• concrete (monolithic or prefabricated), 

• stone. 
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work on pavement layers the joint thickness of which is less that the thickness (height) 
of the body (bottom) of the gutter. 

The cross slope at the gutter bottom will range from 10 to 15 percent, and the gutter 
must comply with other dimensions given in the design. 

3-04.8.1 Construction of concrete gutters 

Description of work 

Concrete gutters will be installed, in accordance with details shown in the design, onto 
the granular stone bedding or onto the bedding made of cement stabilized stone 
material. 
Concrete gutters are usually made of two types of factory produced elements, i.e. curbs 
and a gutter bottom slab, which are placed in keeping with the specified grade (cross 
slope). 

The gutter bottom is made of monolithic factory-produced concrete with dimensions 
and class according to the design, or of factory-produced elements of specified 
dimensions, as appropriate for the construction of gutter bottom. 

Monolithic gutters are made in sections as specified in the design, but usually ranging 
from 3 to 5 m in length.  In case of 3.0 m sections, expansion joints are made using 
appropriate inserts which remain in the joints until the concreting ends, after which they 
are either cut or otherwise removed immediately next to the surface of the gutter 
bottom. 

Concrete gutters may also be installed by mechanical means in full profile, using 
special on-site gutter fabricating machines.  In such a case, the Contractor will be 
required to prove on a test section, prior to such fabrication, that an appropriate quality 
of concrete can be obtained and that the geometry of installed elements will comply 
with relevant accuracy requirements. 

Quality control 

The evenness and geometrical elements of the bedding for the gutters must be 
compliant with the design.  The compaction level of the bedding must comply with the 
modulus of compressibility of Ms ≥ 80 MN/m2, as measured with the bearing plate 30 
cm in diameter, and must additionally comply with requirements given in Section 3-01.2 
of these GTR. 

The compaction level will be tested by the Contractor in the scope of control tests at 
every 100 m, and also by the Employer in the scope of audit tests at every 200 m. 
The concrete used for gutter fabrication must be concrete class C 40/45 (w/c ratio 
below 0.45), resistant to freezing and deicing salt, as tested in 50 cycles according to 
HRN U.M1.055, while the fabrication and installation shall be compliant with standards 
EN 206, EN 12370 and these GTR. 

In case of monolithic construction of gutter bottom, in sections of more than 3 m in 
length, the expansion joints will be 10 mm in width, with inserts that will be removed 
from the joint after concrete hardening.  In this event, the joints will be sealed with the 
sealing compound.  Joints must be compliant with requirements specified in HRN 
U.M3.095.  The joint sealing compound will be placed no more than 3-4 cm in depth, 
while the remaining depth of the joint will be filled with natural or crushed sand, up to 5 
mm in grain size. 
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If gutters are made using a formwork, this formwork will have to properly and evenly 
fixed and should be resistant to warping.  The concrete will be vibrated during placing.  
The concrete surface will have to be treated as appropriate. 
The evenness of gutter surface will be measured with straightedge 4.0 m in length and 
the maximum allowable deviation from straight line will be ± 5 mm. 

Factory prepared gutter elements must be made of concrete class C 40/45.  They must 
be furnished with an evidence attesting to their acceptability, the original of which shall 
be submitted to the Supervising Engineer. 
The longitudinal grade shall be no less than 0.2 percent but, exceptionally, 0.1 percent 
may be accepted on very short sections.  The water may be transported in gutter in the 
length of no more than 100 meters (without drain). 

Calculation of work 

The work will be measured and calculated per linear meter (m1) of fully completed 
gutters made in accordance with details shown in the design. 

The item also includes preparation of the bedding, its compaction to the required level, 
supply of concrete, and gutter concreting in keeping with specified cross slope and 
longitudinal grade values. 

If the gutter is to be made of factory-produced elements, the item includes supply, 
temporary storage and installation of completed gutter elements, as well as all 
additional work and material as needed for the full completion of the concrete gutter. 

3-04.8.2 Construction of stone gutters 

Description of work 

Natural stone gutters must be made of sound, good-quality igneous or sedimentary 
stone, resistant to freezing, with dimensions as specified in the design. 

The stone gutter will be made of two separate portions: stone curb which is installed 
first and the stone slab which is installed as gutter bottom, with dimensions and quality 
as specified in the design. 

As a part of the gutter, the stone curb will be installed before installation of the bottom 
slab.  The stone gutter bottom will be installed onto the previously mechanically 
compacted granular stone material of the pavement structure, but the top 5 cm of the 
bedding must be made of compacted either natural or crushed sand 0/5 mm in size. 

This bedding will be covered with the 1:3 cement mortar 3 cm in thickness, and topped 
with crushed stone.  Joints will be filled with crushed sand to about 4 cm below the top 
surface of the gutter bottom.  The remaining 3-4 cm will be filled with 1:2 cement 
mortar. 

An average crushed stone thickness will be 15 cm.  Individual stone fragments must be 
shaped in such a way that their longer face does not exceed the specified gutter width. 

Joints between individual broken stone fragments must not be more than 2 cm in width. 
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Quality control 

Stone gutters must be made in accordance with the levels and dimensions specified in 
the design.  For these gutters, the longitudinal grade must not be less than 0.4 percent.  
The completed gutter surface must be compliant with esthetic criteria, which will be 
subject to the Supervising Engineer's approval following checking on a short test 
section and inspection to be made at the start of the work. 

The Contractor shall submit to the Supervising Engineer appropriate evidence attesting 
to the acceptability of the stone and other materials to be used in gutter construction. 

Quality control tests for each type of material used will be performed by the Contractor 
in accordance with relevant requirements contained in these GTR. 

The stone for gutters must comply with requirements given in the design and must 
meet relevant acceptability criteria, which will be proven in accordance with EN 
1341:2000.  Original documents attesting to such acceptability shall be submitted to the 
Supervising Engineer. 

Calculation of work 

The work will be measured and calculated per linear meter (m1) of gutter placed, 
separately for every width and type of gutter.  The item includes supply, temporary 
storage of stone elements (if needed), any additional treatment, and installation of 
gutter elements in accordance with details shown in the design. 

The unit price for the item also includes all additional work and material such as 
preparation and compaction of gutter bedding, bedding height corrections, any 
additional excavation and backfilling, supply and placing of cement mortar, all transport 
and handling, protection and cure of completed gutter, and everything else that is 
needed for the full completion of the gutter. 

3-04.9 CONSTRUCTION OF GUTTER OR CURB OUTLETS 

Description of work 

The work includes construction of gutter or curb outlets at places indicated in the 
design, construction of trapezoidal channels in the embankment or at intersection of 
two embankments, and realization of water outlet structures for discharge into the 
terrain or into an appropriate body of water. 

All portions of the outlet will be made in accordance with the details and dimensions 
given in the design.  Water outlets will be spaced at 40 to 50 meter intervals.  In zones 
with vertical grade curve, outlets may be spaced at up to 20 m intervals.  The channels 
will be prefabricated in accordance with dimensions specified in the design. 

Channels will be laid onto a sand layer 5 to 10 cm in thickness, and the sand 0/5 mm in 
grain size will be used.  The trapezoidal channel inlet and outlet structures will be built 
on site as monolithical structures using concrete class C 40/45, all in accordance with 
details given in the design.  Concrete sill, to be used as fastening for channels and 
outlet structures, will be realized at the foot of the embankment. 
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Quality control 

Gutter outlets will be made of concrete class C 40/45 (water/cement ratio below 0.45) 
resistant to freezing and thawing, and to deicing-salt action, when tested in 50 cycles 
according to HRN U.M1.055; EN 206; EN 12370 and these GTR. 

The quality control of concrete channels will be carried out in the scope of control tests 
for concrete channels at every 500 m, while the corresponding audit tests will be made 
at every 1000 m, all as specified in Section 4-04.8.1. 

Outlets will be built at points specified in the design. 

The Contractor will be required to submit to the Supervising Engineer original 
documents attesting to the acceptability of channels and other materials to be used 
during realization of outlets. 

Calculation of work 

The work will be measured: 

• per unit (U) of the fully completed gutter or curb outlet, as shown in details given in 
the design, 

• per linear meter (m1) of channel placed. 

The item includes realization of gutter or curb outlets with the structure for connection 
with channels, installation of channels at embankment slope and realization of 
rainwater outlet for discharge into the terrain or into an appropriate body of water. 

The unit price includes supply and, if needed, storage and placing of sand for the 
bedding, installation of concrete channels, purchase and delivery of concrete for the 
realization of the inlet structure and outlet structure for discharge into the terrain or into 
an appropriate body of water, placing the bedding made of sand and concrete, and 
everything else in accordance with the design. 

The unit price includes all work, material, accessories and transport, as needed for the 
full completion of curb or gutter outlets. 

3.05 SEPARATORS AND OVERFLOW SPILLWAYS 

General 

According to their function and use, separators may be defined as devices that enable 
entry and evacuation of rainwater while being able to retain at least 15 m3 of effluent 
coming from the pavement. 

These devices are in most cases positioned at lowest levels of terrain along the road 
route, in depressions along the route, or in the zone in which the route passes from the 
cutting into embankment. 

In addition, separators must be positioned so as to allow access of maintenance and 
servicing vehicles, and this either directly from the road or via an another approach 
road which is linked to the public transport network. 

Various works such as earthwork, steel reinforcement work, concrete work, masonry 
work, steel and metal work, etc., must be carried out to enable full completion of such 
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structures.  These structures/devices are designed and dimensioned in such a way that 
they are able to receive and temporarily retain harmful effluents. 

3-05.1 EARTHWORK 

3-05.1.1 Excavation of topsoil 

Description of work 

The work covers mechanical clearing of the terrain and removal of topsoil in thickness 
as specified in the design and in Section 2-01 of these GTR. 

Quality control 

The quality shall be controlled in full accordance with provisions contained in Section 2-
01 of these GTR. 

Calculation of work 

The work will be calculated in full accordance with provisions contained in Section 2-01 
of these GTR. 

3-05.1.2 Excavation of foundation pit 

Description of work 

The work covers excavation of material for the foundation slab of the separator in class 
A, B and C material, all in accordance with the design and provisions contained in 
Section 2-02 and 2-04 of these GTR. 

Quality control 

The quality shall be controlled in full accordance with provisions contained in Sections 
2-02 and 2-04 of these GTR. 

Calculation of work 

The work will be measured and calculated in full accordance with provisions contained 
in Sections 2-02 and 2-04 of these GTR. 

3-05.1.3 Subgrade construction 

Description of work, materials and construction 

This work covers preparation of subgrade of the foundation pit, i.e. rough and fine 
leveling of material and compaction to the required compaction level, all in accordance 
with provisions contained in Section 2-10 of these GTR.  The subgrade shall be 
compliant with levels shown in the design. 

If the foundation soil or, in general, bottom of excavation, does not comply with bearing 
capacity requirements, then it has to be brought to the required compaction level either 
by mechanical compaction or by replacement of material, as specified in Sections 2-
04.1 and 2-08.2 of these GTR. 
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Quality control 

Unless otherwise provided in the design, the minimum modulus of compressibility must 
be Ms ≥ 35 MN/m2 when measured by bearing plate 30 cm in diameter, and the 
compaction level must amount to at least Sz ≥ 95% of the standard Proctor value. 

Calculation of work 

The work will be measured per square meter of completed subgrade, in full accordance 
with provisions contained in Section 2-10 of these GTR. 

3-05.1.4 Construction of wedges adjacent to structure 

Description of work, materials and construction 

Wedges adjacent to the structure situated next to the road and serving for the 
containment of harmful and poisonous effluent, must be backfilled and compacted in 
full accordance with provisions contained in Section 2-13 of these GTR. 

Quality control 

The quality control must be fully compliant with quality requirements defined in Section 
2-13 of these GTR. 

Calculation of work 

This work will be measured per cubic meter of material placed in wedges. 

The payment will be made according to the contract unit price which will include 
purchase, transport and placing of materials, in full accordance with Section 2-13 of 
these GTR. 

3-05.1.5 Embankment construction 

Description of work, materials and construction 

The work covers construction of embankment around separators, in full accordance 
with the design and Section 2-09 of these GTR. 

Quality control 

The quality control shall be fully compliant with provisions contained in Section 2-09 of 
these GTR. 

Calculation of work 

The embankment construction work will be measured per cubic meter of embankment 
placed and compacted, all in accordance with provisions contained in Section 2-09 of 
these GTR.  When separator is situated on the platform in an immediate vicinity of the 
road, the quantities for embankment will be deemed included in the quantities for the 
road. 
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3-05.2 CONCRETE WORK 

3-05.2.1 Concrete bedding 

Description of work 

After inspection and submittal of evidence relating to the compaction level and bearing 
capacity of the soil, the bedding made of concrete class C 12/15 (MB 15) will be placed 
onto the excavation bottom in thickness as specified in the design. 

The thickness of the bedding layer will vary from 5 to 15 cm, depending on the solution 
presented in the design. 

The method, conditions and details relating to the placing of the bedding layer shall be 
defined in the design.  Any changes with respect to the design solution shall be subject 
to the approval of the Supervising Engineer and the Designer. 

One side of the formwork shall be properly wetted prior to concrete placing.  The steel 
reinforcement shall be laid after construction of the bedding layer. 

Quality control 

The concrete bedding will be placed in accordance with levels and other requirements 
given in the design.  The concrete must be fully compliant with design requirements for 
concrete class C 12/15. 

The excavation bottom on which the concrete bedding will be placed must be leveled 
and compacted in accordance with requirements given in the design and in Sections 2-
08.1 and 2-08.2 of these GTR. 

Calculation of work 

The work will be measured and calculated per cubic meter of concrete layer placed in 
thickness and width as specified in the design and according to requirements for 
concrete class C 12/15 (MB 15).  The price of work includes supply and placing of 
concrete onto the properly prepared excavation bottom (subgrade). 

The unit price for this item also includes evacuation of water, erection of formwork as 
required, all additional material, accessories and work needed for placing the concrete 
bedding. 

3-05.2.2 Separator bottom concreting 

Description of work 

The work covers supply and placing of fresh concrete within limits defined by the 
formwork and includes laying and fastening the steel reinforcement, as well as the 
vibration and cure of concrete after placing. 

The formwork for the foundation slab of the separator shall be erected in accordance 
with dimensions and bottom grade as indicated in the design. 
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Quality control 

Surfaces of the concrete must be level and smooth, without any pockets and cracks.   
Wall levels and dimensions will be thoroughly checked.  The quality of concrete and 
sampling procedure will be inspected in accordance with Volume IV (Sections 7-00.1 
and 7-00.2) of these GTR. 

Calculation of work 

The work will be measured per cubic meter of concrete in accordance with the design 
or according to modifications approved by the Supervising Engineer.  The payment will 
be made according to contract unit prices which include the cost of material and 
construction, formwork, transport, and everything else that is needed for the full 
completion of the work. 

3-05.2.3 Concreting external walls and partition walls 

Description of work 

The work covers supply and placing of fresh concrete within limits defined by the 
formwork and includes laying and fastening the steel reinforcement, as well as the 
vibration of concrete with internal vibrator and its cure after placing. 

External and internal walls will be concreted using appropriate formwork and the 
concrete class C 40/45 (no less than MB 30) to which appropriate additives have been 
added to enhance watertightness.  The quality and placing requirements for these 
additives must be in accordance with provisions contained in these GTR. 

The works must comply with indications given in the design or, if changes are 
necessary, with instructions of the Supervising Engineer, following approval of the 
Designer. 

The preliminary work includes topographic survey of the placed formwork and 
inspection by the Supervising Engineer of the placed steel reinforcement, which is 
followed by formwork stripping, placing waterproofing on external walls, and by 
applying protective coating on internal walls. 

Quality control 

Surfaces of the concrete must be level and smooth, without segregation, pockets or 
cracks.   Wall levels and dimensions will be thoroughly checked.  The quality of 
concrete and sampling procedure will be inspected in accordance with Volume IV 
(Sections 7-00.1 and 7-00.2) of these GTR. 

Calculation of work 

The work will be measured per cubic meter of concrete in accordance with the design 
or according to modifications approved by the Supervising Engineer.  The payment will 
be made according to contract unit prices which include the cost of material and 
construction, formwork, transport, and everything else that is needed for the full 
completion of the work. 
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3-05.2.4 Concreting cover slabs 

Description of work 

The work covers supply and placing of fresh concrete, installation of formwork and 
scaffolding, steel reinforcement placing and fastening, vibration of concrete by internal 
vibrator, and cure of concrete after placing.  Openings complying with the design must 
be provided for in the cover slab.  Frames for steel shaft covers will be installed in these 
openings. 

The concrete work for the cover slab will be carried out using appropriate formwork and 
concrete class C 40/45 (MB 30), unless otherwise specified in the design, and the 
concrete must comply with quality requirements as defined in these GTR. 

The works must comply with indications given in the design or, if changes are 
necessary, with instructions of the Supervising Engineer, following approval of the 
Designer. 

Quality control 

The quality control and sampling for the placed concrete will be carried out in full 
compliance with provisions contained in Volume IV (Sections 7-00.1 and 7-00.2) of 
these GTR. 

Surfaces of the concrete must be level and smooth, without segregation, pockets or 
cracks.   Levels and dimensions of the cover slab will be thoroughly checked. 

Calculation of work 

The works will be measured per cubic meter of concrete as indicated in the design or 
based on modifications approved by the Supervising Engineer.  The payment will be 
made according to contract unit prices which include supply and placing of concrete 
and reinforcement, erection of scaffold and formwork, transport, formwork stripping and 
disassembly of scaffold, restoration of site after the work, and everything else that is 
needed for the full completion of the work. 

3-05.2.5 Concreting manholes 

Description of work 

The work covers supply and placing of fresh concrete, installation of formwork, steel 
reinforcement placing and fastening, vibration of concrete by internal vibrator, and cure 
of concrete after placing. 

The concrete work for the manholes will be carried out using appropriate formwork and 
concrete class C 40/45 (MB 45), unless otherwise specified in the design, and the 
concrete must comply with quality requirements as defined in these GTR. 

Quality control 

The quality control and sampling for the placed concrete will be carried out in full 
compliance with provisions contained in Volume IV (Sections 7-00.1 and 7-00.2) of 
these GTR. 
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Surfaces of the concrete must be level and smooth, without segregation, pockets or 
cracks.   Levels and dimensions of manholes will be thoroughly checked. 

Calculation of work 

The works will be measured per cubic meter of concrete as indicated in the design or 
based on modifications approved by the Supervising Engineer.  The payment will be 
made according to contract unit prices which include supply and placing of concrete 
and reinforcement, erection of scaffold and formwork, transport, formwork stripping and 
disassembly of scaffold, cleaning, and everything else that is needed for the full 
completion of the work. 

3-05.2.6 Concreting at the contact between external walls of the bottom portion of the 
separator 

Description of work 

The work covers supply and manual placing of fresh concrete at the contact between 
external walls at the bottom portion of the separator.  The concreting will be carried out 
using concrete class C 12/15 (MB 15) of appropriate quality, in accordance with 
provisions contained in these GTR. 

The works must comply with indications given in the design or, if changes are 
necessary, with instructions of the Supervising Engineer, following approval of the 
Designer. 

Quality control 

The quality control and sampling for the placed concrete will be carried out in full 
compliance with provisions contained in Volume IV (Sections 7-00.1 and 7-00.2) of 
these GTR. 

Surfaces of the concrete must be level and smooth, without segregation, pockets or 
cracks.   Levels and dimensions will be thoroughly checked. 

Calculation of work 

The works will be measured per cubic meter of concrete as indicated in the design or 
based on modifications approved by the Supervising Engineer and the Designer.  The 
payment will be made according to contract unit prices which include supply and 
placing of concrete, cost of material, erection of scaffold and formwork, transport, and 
everything else that is needed for the full completion of the work. 

3-05.3 MASONRY WORK 

3-05.3.1 Wall plastering 

Description of work 

The work covers application of plaster on all walls in accordance with the design. 

Immediately prior to plastering, the concrete walls will be wetted, and then sprayed with 
cement slurry.  The rough plastering may commence after the cement slurry has set. 
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Rough plastering may be up to 1.5 cm in thickness.  Coarse and angular sand will be 
used for rough plastering. 

Fine plastering will be carried out after hardening of the rough plastering.  The sand 
must be fine and sieved.  The fine plaster layer will range from 0.5 to 1.0 cm in 
thickness. 

Quality control 

Plastered surfaces must be of uniform smoothness, without any cracks or irregularities. 

Calculation of work 

Wall plastering will be measured per square meter of area plastered.  Openings up to 
3.0 square meters in size will not be deducted, and their reveals will not be calculated 
separately. 

In case of openings ranging from 3.0 to 5.0 square meters in size, surfaces in excess of 
3.0 square meters will be deducted, and the reveals will not be calculated. 

For openings measuring more than 5.0 square meters, the area in excess of 3.0 square 
meters will be deducted, and reveals around the opening will be calculated separately. 

The unit price covers supply of all required materials (cement-lime mortar, cement 
slurry), transport to the plastering location, plastering, transport of excess material and 
clearing site from debris caused by plastering activities. 

3-05.3.2 Cement finish 

Description of work, materials and construction 

The work covers application of cement finish layer 2-3 cm in thickness, consisting of 
cement mortar mix in the proportion ranging from 1:2 to 1:3 (cement : sand).  The 
cement finish will have to be protected against rapid drying and, in this respect, it must 
be wetted with water during summer for at least three days, or protected by other 
means in order to prevent evaporation. 

Quality control 

The work shall be carried out and the quality shall be checked and audited in 
accordance with these GTR. 

Calculation of work 

The work will be measured per square meter of cement finish placed on concrete in 
accordance with the design or according to modifications approved by the Supervising 
Engineer.  The payment will be made according to contract unit prices which include 
the cost of materials and fabrication, transport, and everything else that is needed for 
the full completion of work. 
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3-05.3.3 Internal waterproofing 

Description of work 

The work covers application of a waterproofing coat on internal surfaces of concrete.  
The required watertightness of concrete and its resistance to salt, acids and other 
aggressive substances, i.e. qualities to be gained by application of internal 
waterproofing, shall be defined in the design.  Before supplying the waterproofing 
substance, the Contractor shall present to the Supervising Engineer an original 
document attesting to the acceptability of the substance the Contractor proposes to 
use, and the proposed waterproofing agent will be supplied and placed only after the 
corresponding approval has been obtained from the Supervising Engineer. 

The waterproofing will be applied in accordance with manufacturer's instructions, i.e. 
either with brush, by spraying under pressure, or in an another acceptable manner. 

Quality control 

The quality of the placed waterproofing will be checked in full accordance with 
provisions contained in these GTR.  The waterproofing coat must be smooth and even, 
i.e. it must be uniformly applied over the entire surface. 

Calculation of work 

The work will be measured per square meter of waterproofing placed in accordance 
with the design or according to modifications approved by the Supervising Engineer.  
The payment will be made according to contract unit prices which include the cost of 
materials and fabrication, transport, and everything else that is needed for the full 
completion of work. 

3-05.3.4 Waterproofing for external concrete surfaces 

Description of work 

The work covers application of waterproofing for protection of all concrete surfaces that 
are in contact with earth.  This waterproofing consists of two hot coats and a single-
layered bituminized felt paper, unless otherwise specified in the design. 

After application, the waterproofing must be protected against mechanical damage 
either by expanded polystyrene, geotextile, or in an another manner as specified in the 
design or as directed by the Supervising Engineer.  The work covers all activities from 
the supply of waterproofing to its application, and includes protection of waterproofing 
after application. 

The first hot bitumen coating shall be applied onto the hardened and properly dried 
concrete surface, and this surface shall then covered with a single-layered bituminized 
felt paper 4 mm in thickness. 

The second coat of bitumen shall be applied after the bitumen has dried and hardened.  
This activity has to be carried out in dry weather at temperatures higher than 10°C. 

Quality control 

Bitumen properties and quality testing procedures are specified in applicable HRN.  
Instructions for the application and cure will be defined by the manufacturer.  Surfaces 
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onto which the bitumen will be applied must be even, dry and clean.  The thickness of 
the coat, which has to be 2-3 mm, shall be checked during realization of this work. 

The quality of the bituminized felt paper shall be in accordance with HRN applicable for 
this type of materials, as indicated in these GTR. 

The waterproofing will be carried out in accordance with the design, and must be 
completed during realization of the work. 

Calculation of work 

The work will be measured per square meter of area covered with waterproofing.  The 
unit price covers purchase and delivery of all required materials, all accessory materials 
needed for the preparation and application of the waterproofing, preparation of the area 
and waterproofing, as well as the application and protection of the waterproofing. 

3-05.4 FORMWORK AND SCAFFOLDING 

Description of work 

All formworks (vertical, horizontal, etc.) shall be fabricated in accordance with 
requirements and dimensions given in the design.  Formwork elements will be cut out 
and prepared outside of the location in which formwork will be assembled.  In order to 
obtain a smooth face of concrete, i.e. an optimum smoothness of internal walls of the 
separator, joints between individual formwork elements must be as small as possible 
and must be sealed with putty or similar material insoluble in water, which will not 
negatively affect the fresh concrete setting process, nor leave traces of color on the 
concrete face. 

The formwork must be firm, stable and resistant to deformation during the concreting 
process.  Load bearing structural elements of the formwork must be properly 
dimensioned in design documents, and must be realized in full accordance with the 
design.  If the formwork absorbs water, it should be properly wetted before the 
concreting begins. 

The formwork will be stripped after the concrete has hardened to the level specified in 
the design, or when approved by the Supervising Engineer.  During the formwork 
stripping, all portions of the formwork will have to be removed, and all wires and 
formwork tightening screws protruding from concrete surface will have to be cut. 

Scaffolds will have to be designed and dimensioned in an appropriate manner, and the 
corresponding report shall be submitted to the Supervising Engineer for approval. 
In case of complex scaffolds, the structural analysis of the scaffold will have to be 
approved by the certified auditor. 

The type and quality of scaffolding materials, the type and quality of steel elements, the 
scaffold support method and the links between elements of the scaffold, must all be 
compliant with the structural analysis and scaffold design, and must be harmonized 
with applicable regulations and standards for wooden or steel structures, as applicable. 
Requirements contained in these GTR must also be met. 

Quality control 

The accuracy of the formwork and scaffold installation will be checked by topographic 
measurements which shall be carried out prior to the start of the concreting work.  The 
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materials and works must comply with requirements contained in Volume IV (Sections 
7-00.1 and 7-00.2) of these GTR. 

The maximum tolerance with respect to values specified in the design shall be ± 5 mm. 

Calculation of work 

This work is normally not calculated as a separate item.  It is usually included in the unit 
price for cubic meter of completed concrete, except as otherwise specified in the 
contract. 

3-05.5 STEEL BENDING WORK 

Description of work 

The steel bending work covers supply of reinforcing bars according to the reinforcing 
steel list in which quantities and types of reinforcing bars are specified.  The work 
related to this item includes cleaning, straightening, cutting and bending of reinforcing 
bars in accordance with the drawings, as well as placing of reinforcing bars. 

The steel bending work will be performed either on site or in separate workshops from 
where the reinforcement will be supplied in form of properly bent bars or as adequately 
formed steel fabric to the site, where it will be installed at locations specified in the 
design.  The preparation of reinforcing bars will have to be harmonized with the works 
coming before installation of reinforcement, in order to prevent any unnecessary 
interruption of work.  This in other words means that the reinforcement will have to be 
fully prepared and on site prior to the completion of excavation work for the foundation 
pit (for foundations), prior to concreting of foundations (for piers and abutment wings), 
and prior to installation of formwork for superstructure onto the scaffold. 

Quality control 

All types of reinforcement to be installed at individual portions of construction work in 
accordance with the design must comply - by their properties and quality testing 
methods - with requirements contained in Volume IV (Sections 7-00.1 and 7-00.2) of 
these GTR and in Croatian standard HR EN 10080.  The reinforcing steel supplier shall 
submit evidence confirming that properties of the proposed steel comply with 
requirements given in the design. 

The reinforcement will be fabricated as shown in the design and in accordance with HR 
EN 10080 and HR ENV 1992-1-1. 

Calculation of work 

The work will be calculated per kilogram (kg) of reinforcement placed, depending on the 
type of reinforcement (GA, RA, MAG, MAR, Bi).  The unit price will be calculated for 
steel up to 12 mm in diameter, and for steel in excess of 12 mm in diameter.  The unit 
price will include supply of reinforcement, inspection, cleaning and selection prior to 
fabrication, bending, cutting and transport to the site, as well as placing at the specified 
location. 

The price also includes all accessory material used during placing of the reinforcement 
(such as annealed wire, ties, plates, bar spacers). 

3-05.6 STEEL AND METAL WORK 
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Steel and metal works include installation of gates, grate dampers, typical step irons, 
and step irons with back protection made of steel resistant to salt and oil derivatives. 

3-05.6.1 Installation of gates 

Description of work 

The work covers purchase and delivery of the plate-shaped steel gate with the lifting 
device, its assembly together with the lifting device at the wall of the manhole, and the 
inspection of the functionality of the gate. 

The steel gate is made of the gate plate, frame, spindle, rubber gaskets and the gate 
lifting and lowering device. 

The gate is ordered by specifying dimensions of the opening in the manhole wall, the 
height together with the spindle and possible extensions, and the depth from the 
ground level to the bottom sill in the manhole wall.  The gate will be fixed with bolts or 
anchoring plates onto the manhole wall. 

Quality control 

The gate plate and the frame must be made of stainless structural steel with properties 
as specified in HRN C.B0.500.  Properties of stainless steel out of which the spindle will 
be made are specified in HRN C.B0.002.  The gate and frame must be coated with 
protective paint. 

Calculation of work 

The work will be calculated per unit, and the price of the set includes supply of the gate 
plate, frame, spindle, gasket, fastening material, and the lifting and lowering device, as 
well as the transport, assembly and final functionality check. 

3-05.6.2 Installation of dampers 

Description of work 

The work covers purchase and supply of the plate-shaped steel damper, its installation 
onto the wall of the primary protection structure, and damper functionality check.  The 
steel plate damper will be fabricated in accordance with the corresponding workshop 
drawing.  The corrosion protection must be realized as specified in these GTR. 

Quality control 

The damper and frame must be made of stainless structural steel with properties as 
specified in HRN C.B0.500.  The damper and frame must be coated with protective 
paint. 

Calculation of work 

The work will be measured per unit, and the price of the set includes supply of the 
damper, frame, fastening materials, transport, assembly and final functionality check. 
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3-05.6.3 Installation of steps with back protection 

Description of work, materials and construction 

The work covers supply of material, fabrication of steps, protective coatings, and the 
supply and assembly of steps providing access to the separator, all in accordance with 
the corresponding workshop drawing. 

Workshop activities for the fabrication of steps will be preceded with the supply of 
materials, while step iron installation work will follow after completion of concrete work 
for the separator.  The primary protection structure may be put into operation after 
completion of step iron installation and other finishing activities. 

Steps will be made of stainless steel resistant to aggressive action of water.  Steps will 
be fabricated in workshop based on the corresponding workshop drawing. 

The work in the workshop starts with the cutting of steel sections and their assembly, 
and is followed by welding, all in accordance with detail drawings.  The corrosion 
protection must be realized in accordance with provisions contained in these GTR. 

Quality control 

The quality of stainless steel sections out of which steps are made must be compliant 
with applicable HRN. 

Steps will be installed in accordance with the design, and the installation work will be 
checked by the Supervising Engineer.  In this respect, the accuracy of step iron placing 
and positioning will be checked. 

Calculation of work 

The work will be measured per unit of properly installed step iron with back protection.  
The unit price includes supply of material, fabrication of steps, transport to the site and 
installation. 

3-05.6.4 Installation of step irons 

Description of work 

The work covers supply of typical step irons and their installation into walls of primary 
protection structures and manholes. 

Stainless steel step irons will be anchored into the manhole wall through formwork 
openings as specified in the design.  Step irons are typical factory-made stainless steel 
elements. 
The anchoring process will have to be carried out in such a way that step irons are not 
moved during concreting and concrete vibrating activities.  The Supervising Engineer 
will check the reinforcement and step iron positions prior to the start of concreting work. 

Quality control 

The Contractor will have to prove quality of materials and step irons by a document 
attesting to their acceptability.  The original of this document shall be submitted to the 
Supervising Engineer prior to installation. 
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Calculation of work 

The work will be measured per kilogram of step irons placed.  The unit price  also 
includes supply of material, installation of step irons, double protective coating and, if 
required by the manufacturer, supply of such coating to the site and placing. 

3-05.6.5 Installation of manhole covers 

Description of work, materials and construction 

The work covers supply and installation of frames and cast iron covers, as specified in 
the design. 

Quality control 

Cast iron covers with frames are factory-made products that must comply with bearing 
capacity and durability requirements as specified in the design.  The installation 
tolerance with respect to positioning and levels must be within ± 10 mm. 

The Contractor is required to submit to the Supervising Engineer an original document 
attesting to the acceptability of these items. 

Calculation of work 

The work will be calculated per unit of cover that has been duly fabricated and installed.  
The price includes supply and installation of the frame and cover.  The item includes all 
additional material, accessories and work needed for an appropriate installation of the 
frame and cover. 

3-05.7 PERMEABILITY TESTING 

Prior to testing permeability of a device, the entire structure must be checked from 
outside and inside in order to determine whether all functional units are connected into 
a whole that is capable of functioning in accordance with technical and technological 
specifications given in the design.  This concerns checking passability of the entry and 
exit channel, as well as the appropriate positioning of partitions, weirs, discharge weirs, 
damping plates, covers, descending ladders and dampers. 

It should also be checked whether some residual construction material is still in the 
separator - formwork, structural steel, earth or other waste material.  If any such 
material is present, it has to be extracted and transported to an appropriate place of 
disposal. 

Visual checks must be made to determine whether there are any indications of 
permeability in lateral and partition walls (such as cracks, segregation or pockets).  If 
such indications are present, appropriate repair must urgently be requested. 

If separator walls are plastered, the plaster shall be tested by tapping on it with a metal 
object prior to the first filling with water.  If the tapping sound shows that there are some 
holes under the plaster, the plaster will have to be removed from such locations and 
replaced with new plaster. 

The water impermeability will be checked by the Contractor in accordance with 
provisions contained in applicable standards. 

 
General Technical Requirements for Road Works 2001 - VOLUME II Page 141 
 



DRAINAGE 

The permeability testing will be performed by filling the separator and the overflow shaft 
with water up to 50 cm above the highest water level.  Prior to this, all entry (exit) points 
on the separator will have to be closed. 

The water level will have to be checked at every 24 hour intervals during 14 days, and 
on the fourteenth day the commission (formed of the Contractor, Employer and 
Supervising Engineer) will check the water level in each chamber, after which all entry 
points will be locked and sealed. 

The seal will be removed by the same commission after 24 hours and the lowering of 
the water level will be recorded.  If the lowering amounts to more than 2 mm, the 
procedure will be repeated. 

If it is established, during three measurements made by the commission, that the water 
level has fallen by more than 3 mm in 24 hours, it will be concluded that the structure is 
not fully impermeable, and the causes will have to be identified and eliminated. 

After completion of the permeability testing, the clean water will be added - if necessary 
- to the separator so that the water level is flush to the bottom of the entry pipeline.  The 
damper at the entry to the separator must be in fully open position. 

Permeability testing costs shall be borne by the Contractor. 

3-06 STANDARDS AND TECHNICAL REGULATIONS 

U.B1.046:1968 Geotechnical testing.  Compressibility modulus determination by 
bearing plate method. 

U.B1.012:1979 Geotechnical testing.  Determining moisture of soil samples. 
U.B1.016:1968 Geotechnical testing.  Determining bulk density of soil. 
U.B1.038:1968 Geotechnical testing.  Optimum water content determination. 
U.S4.062:1990 Drainage types for pavements and hillside roadways. 
U.M1.055:1984 Concrete.  Resistance of concrete to frost and deicing salt. 
U.M3.095:1964 Joint sealing compounds. 
B.B8.001:1982 Natural stone testing.  Resistance to frost. 
B.B8.013:1960 Natural stone testing.  Resistance to atmospheric influences. 
U.N1.050:1961 Concrete drainage pipes. 
U.N1.051:1982 Concrete drainage pipes, more than 1 m in length.  Vibro-pressed.  

Technical requirements. 
U.G1.510:1988 Asbestos cement pipelines.  Technical requirements for pipeline 

installation. 
U.N2.060:1989 Factory-made concrete curbs.  Technical requirements. 
EN 1610:1997 Installation and testing of drainage pipelines and channels.  

Verllegung und Prufung von Abwasserleitungen und Kanalen. 
EN 1341:2000 Slabs of natural stone for external paving - application and testing.  

Platten aus Naturstein fur aussenbereiche - Anforderungen und 
Prufverfahren. 

EN 1342:2000 Setts of natural stone for external paving - application and testing.  
Pflastersteine aus Naturstein fur aussenbereiche - Anforderungen 
und Prufverfahren. 

EN 1343:2000 Curbs of natural stone for external paving - application and testing.  
Bordsteine aus Naturstein fur aussenbereiche - Anforderungen und 
Prufverfahren. 
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4-00 GENERAL REMARKS 

This section specifies minimum quality requirements for materials, products and works 
as applied during realization of retaining and facing walls.  The GTR are written in such 
a way that they form a part of the contract while requirements relating to special works 
are included in the contract as Special Technical Requirements (PTU). 

Materials, products, equipment and works must comply with the standards and 
technical regulations specified in the design documentation.  If no standard is specified, 
then an appropriate EN (European standard) must be applied.  If a standard or 
regulation becomes invalid during realization of the project, it will be substituted by an 
appropriate replacement standard or regulation. 

The Contractor may propose application of generally recognized technical rules 
(standards) issued by a foreign standardization body (such as ISO, EN, DIN, ASTM, 
etc.), subject to written explanation and approval of the Supervising Engineer.  This 
change may be accepted by the Supervising Engineer if approved by the Designer.  
The Contractor is required to register this change in the working design. 

4-00.1 DEFINITIONS 

General terms and expressions, with the meanings they have in these General 
Technical Requirements, are presented in Section 0.  The following terms are 
additional terms that are especially relevant to this section: 

Retaining walls are massive or segmented, permanent or temporary structures that 
retain vertical or steep side cuts, or a backfill material. 

Facing walls are lighter structures, either compact or segmented, which protect vertical 
or steep side cuts that are statically stable and not subject to natural erosion. 

Flume is concrete or clay oval base for drainage pipes. 

Soakaways are pipes passing through retaining walls and serving for drainage of water 
that has accumulated behind the wall. 

Hammer chiseling of stone is shaping of stone surface with hammer and chisel. 

Bit chiseling is the act of shaping the stone surface with chiseling bit. 

Roughening is the treatment of stone surface with toothed hammer. 

Stone edging is the treatment of stone edges with a chisel. 
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4-01 CONSTRUCTION OF WALLS 

Description of work 

The work will be carried out in accordance with the design, applicable regulations and 
provisions contained in these GTR.  The wall construction work includes, but is not 
limited to: inspection of terrain prior to commencement of work, setting out works, 
excavation work for foundations, concrete and reinforcement placing, construction of 
concrete flumes, drainage pipe laying, construction of manholes and cross drainage 
outfalls, construction of soakaways, construction of dry stone backings and filters, 
construction of clay plugs above drainage facilities, and site restoration after completion 
of the work. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (PKOK), Construction Management 
Design (POG), Supervising Engineer's requirements, and these OTU.  Additional and 
subsequent work may be carried out subject to prior approval by the Supervising 
Engineer. 

Materials 

Concrete 

The concrete for walls within foundations and outside of the foundations must be fully 
compliant with requirements given in the design, and must comply with relevant 
regulations for concrete and reinforced concrete, and with provisions contained in these 
GTR. 

Reinforcement 

If retaining and facing walls are made of reinforced concrete, the reinforcement must 
comply with requirements given in the design, as well as with relevant regulations for 
the concrete and reinforced concrete, and with provisions contained in these GTR. 

Broken stone 

The stone used in masonry work must be clean, sound, resistant to freezing, without 
portions that are likely to decompose in water, and without visible or hidden cracks.  
The compressive strength of stone for walls must be at least 70.0 MN/m2, while it 
should amount to at least 100.0 MN/m2 for vaults. 

The value of water absorption should not be greater than 1% m/m.  If the water 
absorption value is higher, the resistance of stone to freezing will have to be proven 
during 50 cycles of freezing and thawing, and its resistance to water will be measured 
by determining the softening coefficient, i.e. the relationship between the stone strength 
in dry state and its strength in water saturated state.  Other properties of stone must be 
compliant with quality requirements as contained in these GTR. 

Mortar 

The cement mortar is used for the construction of walls and for other road-related 
works.  The quality of cement, sand and water must be in accordance with relevant 
provisions contained in these GTR. 
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The grain size of the sand used for mortar shall range from 0.2 to 5 mm. 

The cement mortar for masonry work, i.e. for plastering, shall be prepared in 
accordance with criteria applied for concrete (principal parameters are: water/cement 
ratio, consistence, density).  Mortar used in masonry work must be sufficiently plastic 
but shall not be liquid.  Mortar must be fabricated in such quantity that it can fully be 
placed before it starts to set.  The minimum compressive strength of mortar shall be 
25.0 MN/m2. 

Formwork 

Formwork should be avoided whenever possible during construction of foundations for 
retaining walls.  The formwork for retaining walls must be built in such a way that 
exposed surfaces are completely even and smooth, and must comply with appropriate 
regulations for concrete and reinforced concrete, and with provisions contained in these 
GTR. 

Activities 

Prior to construction work, the Contractor and Supervising Engineer shall examine the 
terrain in full detail to establish whether the terrain and the soil are compliant with 
provisions contained in the design and in Construction Management Design (POG).  If 
this is not the case, the design and the technology of work must be adapted to actual 
on site conditions. 

4-01.1 EXCAVATION FOR FOUNDATIONS 

The excavation work for foundations will be carried out in the soil class "A", "B" or "C", 
according to dimensions given in the design.  Only the area specified in the design, or 
an area subsequently approved by the Supervision Engineer, shall be recognized as 
excavation, i.e. the overbreak shall not be taken into account in the calculation of 
quantities. 

The Contractor is required to fill, at his own expense, any overbreak due to his error, 
with concrete, stone material or compacted earth, depending on the situation on the 
terrain, and in accordance with instructions of the Supervising Engineer. 

When necessary because of specific on-site conditions (depth of excavation, instability 
of the terrain), the excavation will have to be shored and propped with an appropriate 
structure and formwork. 

If foundations for walls are built in silty of clayey material, the final 20-30 cm of soil will 
have to be excavated immediately prior to concreting so as to avoid any soil softening 
at foundation bottom in case of rain. 

To prevent loss of slope stability during excavation work, the walls will have to be built 
in sections and this by skipping every second section.  The length of such sections 
should be adapted to on site conditions. 

The foundation bottom must be thoroughly checked to determine whether it is suitable 
for wall foundations and, if found unsuitable, the excavation will have to be deepened. 
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4-01.2 CONCRETING OF WALL FOUNDATIONS 

The foundation concreting may commence only after the Designer and the Supervising 
Engineer have approved the foundation pit. 

The quality of concrete must be compliant with the design and relevant technical 
documentation.  The concrete must be in accordance with appropriate regulations for 
concrete and reinforced concrete, and with provisions contained in these GTR. 

If the excavation for wall foundations is to be strutted, no portion of the formwork or 
strut shall be left in the foundation.  An appropriate quantity of sound broken stone may 
be added to the concrete.  This broken stone must be clean, wetted with water, and 
properly distributed within the foundation. 

The added stone may take up no more than 30 percent of the volume of foundations, 
and the maximum stone size shall not be greater than one half width of foundations, but 
shall in no case exceed 30 cm.  Every stone must be fully covered with concrete. 

The concrete will be placed using vibratory equipment. 

4-01.3 CONCRETING WALL OUTSIDE OF FOUNDATIONS 

The wall situated outside of foundations shall be concreted in properly fabricated and 
prepared formwork in such a way that wall dimensions and levels are compliant with 
the design. 

The quality of concrete is defined in the design and must comply with relevant 
regulations for concrete and reinforced concrete, as well as with provisions given in 
these GTR.  The concrete and reinforcement of the retaining wall will be placed as 
indicated in the design, and shall also be compliant with the mentioned provisions. 

The concrete shall be mixed mechanically, and shall be vibrated during placing so as to 
avoid segregation and to obtain concrete characterized by smooth and even surface.  
Horizontal breaks in concrete will not be allowed.  However, if such breaks occur 
anchors made of reinforcement shall be placed at the wall break and this in quantity of 
0.3 percent of the concrete cross section, and the contact surface shall be treated in 
same way as the concrete surface is treated in case when concrete work is to be 
resumed. 

Concrete walls with stone lining shall be concreted at the rate corresponding to the rate 
at which the stone lining is placed. 

4-01.4 CONSTRUCTION OF STONE WALLS 

4-01.4.1 Stone walls made of dressed broken stone and cement mortar 

Dressed broken stone is a stone dressed either with chisel and hammer, or in an 
another manner, to obtain pieces appropriate for construction of walls, with at least two 
flat surfaces of similar size.  Stone dimensions must enable establishment of good links 
in the wall.  Natural stone of tabular form, with two parallel faces approximately similar 
in size,  may also be included into this type of stone.  Before the construction, the stone 
shall be properly washed and cleaned from earth, clay and other impurities. 

The stone volume should be approximately 0.02 m3, but the smallest dimension must 
be 20 cm.  Leveling of stone in layers will not be required.  Individual stones must be 
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well connected in the longitudinal and transverse direction, so as to eliminate and 
reduce voids as much as possible. 

Exposed surface of the wall must be made of selected bigger pieces of stone of 
arbitrary shape.  The joint must not exceed 3 cm in width.  Placing of small pieces of 
stone at the face of the wall will not be permitted.  Edges of the top final surface of the 
wall must be uniform and sharp. 

Exposed wall surfaces must be pointed with cement mortar and the grooves must be 
marked.  The joint must be indented by approximately 1 cm into the wall. 

All sides of every stone placed into the wall must be covered with mortar.  This must be 
done at the time the stone is placed into its position, rather than in the course of 
subsequent pointing of joints.  Direct placing of stones one onto another will not be 
permitted and all voids must be filled.  Each stone shall be properly wetted with water 
before being placed into the wall. 

If the wall is built during high temperatures, its external surfaces will have to be wetted, 
while surfaces exposed to sun during interruption of work will have to be both protected 
and wetted with water.  If the construction is interrupted for an extended period of time, 
all cracked and weathered mortar, and all damaged parts of the wall, will have to 
cleaned before the work is allowed to resume. 

4-01.4.2 Dry-stacked dressed broken stone walls 

The shape and treatment of stone are the same as in Section 4-01.4.1, with the 
exception that the stone must be bigger and more uniform in size, with the smallest 
dimension of no less than 30 cm.  The dry stone wall construction, i.e. construction 
without mortar, is similar to construction with mortar, except that a much greater 
attention to detail and accuracy is required during this construction.  The emphasis 
should be placed on creating the best possible contact between individual stones, with 
the minimum of wedges.  No earth or waste shall be placed within the walls. 

4-01.4.3 Semi-dressed stone walls 

The semi-dressed stone is the stone dressed into an uniform geometrical shape by 
hammer and chisel, or in an another manner, with flat faces at horizontal and vertical 
contact with adjacent stones.  Individual stones may vary in size.  The stone placing 
accuracy must be such that joints of stones within the wall must not be more than 3 cm 
in thickness, while at the face of the wall and up to 15 cm in depth, the joints must not 
be more than 1-1.5 cm in thickness. 

Walls made of semi-dressed stones will be cemented with cement mortar.  Wedging or 
placing small inserts will not be permitted.  Every piece of the stone will have to be fully 
covered with mortar at all sides that are in contact with adjacent stones, no voids shall 
be left unfilled, and individual stones must not touch one another.  Vertical joints in 
adjacent layers must be spaced at no less than 20 cm intervals. 

The size, contact and other requirements shall be as described in Section 4-01.4.1 for 
masonry with mortar. 
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4-01.4.4 Dressed stone walls 

The dressed stone is the stone completely regular in shape, dressed as indicated in the 
drawings, with dimensions specified in all directions.  Joints between individual wall 
elements must not exceed 1 cm in width, they must be fully filled with mortar, and 
individual stones must not touch one another. 

All other requirements are similar to those specified in Section 4-01.4.1. 

4-01.4.5 Construction of stone wall facing 

Facing of stone walls shall be realized by careful treatment and placing of individual 
pieces of stone.  The stone and the placing method for stone facing will be selected 
depending on the type of stone obtained from the quarry and according to esthetic 
effect to be gained by this construction. 

The treatment of facing includes pointing of joints between individual stones, which is 
done subsequently, after the masonry work.  During the masonry work, external joints 
must be left unfilled 5 cm in depth, or shall be subsequently cleaned to this depth.  The 
joints will be pointed with cement mortar in the proportion of 1 to 3.  The joint must be 
indented by 1 cm into  the wall. 

The following connection types may be differentiated based on the way the stone is 
connected at wall facing: 

• arbitrary connection, 

• regular horizontal connection, 

• Cyclopean connection, and 

• Czech connection. 

In arbitrary connection, joints and other surfaces are treated with chisel. 

In regular horizontal connection, individual rows may vary in height, but stones within a 
row must be of equal height. 

In Cyclopean connection, stones are shaped as arbitrary polygons so that horizontal 
and vertical joints may not be needed.  Three joints may face one another in a single 
point, but the regularity of connection must be maintained. 

In Czech connection, stones are rectangles of arbitrary size and varying relations 
between sides.  The longer side of stone placed into the wall may be horizontal or 
vertical.  Bigger stones may take up two or more rows. 

Joints are horizontal and vertical. 

Longer horizontal or vertical joints are avoided in the Czech connection. 

Treatment of exposed stone surfaces is described in Section 4-01.4.6 of these General 
Technical Requirements. 

4-01.4.6 Treatment of exposed surfaces of stone 

Exposed stone surfaces may be treated in several ways. 
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Hammer chiseling 

Hammer chiseling is the process of dressing stone surface with hammer and chisel.  
This dressing must not protrude by more than 5 cm from the wall face. 

Bit chiseling 

Bit chiseling is the process of dressing stone surface with chiseling bit.  The dressed 
surface must be flat. 

Roughening 

Roughening is the process of dressing stone surface with toothed hammer.  The stone 
surface roughening may be coarse, fine or very fine. 

Stone edging 

Stone edging is the process of dressing stone edges with chisel.  The width of stone 
edging must be uniform along a face of the wall.  The width must be specified in the 
design as it is the basis for defining the unit price for stone dressing. 

The stone must be edged as described in this section 

4-01.5 CONSTRUCTION OF CONCRETE FLUMES 

The concrete flume and the perforated drainage pipe for the evacuation of ground 
water will be placed behind retaining walls, in all as specified in the retaining wall 
construction design.  The elevation of the concrete flume will be checked by the 
Supervising Engineer.  Drainage pipes may be made of concrete, asbestos cement or 
plastics, and their diameter will be as specified in the design. 

Pipes must always present a downward grade, especially in cases when design grades 
are small. 

4-01.6 CONSTRUCTION OF TRANSVERSE OUTFALLS 

Transverse outfalls of the drainage system must be built behind the retaining wall at 
points as specified in the design.  Transverse outfalls consist of pipes of diameter as 
specified in the design, that are laid on an appropriate base.  Outfall points shall be 
protected with stone and cement mortar (1:3), or shall be realized as concrete 
channels. 

4-01.7 CONSTRUCTION OF MANHOLES 

Concrete manholes measuring 0.80 x 0.80 m or prefabricated manholes made of 
asbestos cement pipes, will be realized behind retaining walls at points of vertical 
discharge in drainage system, or at change of inclination of drainage pipes.  Manholes 
must be equipped with step irons and closed with reinforced-concrete covers.  
Manholes will be built in accordance with relevant provisions contained in these GTR. 

4-01.8 CONSTRUCTION OF SOAKAWAYS 

Soakaways passing through retaining walls will be realized at points specified in the 
design or as directed by the Supervising Engineer.  Soakaways may be made of 
concrete or plastic pipes 10 cm in diameter.  They are spaced at 2 m intervals along the 
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wall length.  Pipes must be properly protected against movement and damage while 
concrete is being placed.  Pipes proposed for this use must be supplied with evidence 
attesting to their quality, and are subject to the approval of the Supervising Engineer. 

4-01.9 CONSTRUCTION OF DRY STONE BACKING 

Dry stone backing will be placed behind the retaining wall in accordance with 
instructions given in the design.  This stone backing will be made of sound well sorted 
broken stone measuring no less than 20 cm in diameter.  The stone backing will be 
placed as a dry stone wall, layer by layer, so that it can carry itself, and is thus also 
important for assuming static pressure. 

4-01.10 CONSTRUCTION OF FILTER LAYERS 

The filter layer will be built behind the wall, between the clay material from excavation 
and stone backing.  The filter material and filter thickness must be defined based on 
preliminary laboratory testing and must comply with HRN U.S4.062 and with 
appropriate section of these GTR.  If necessary, the filter can be made of several 
vertical layers of different materials (e.g. 10 cm of coarse-grained sand and 15 cm of 
graded gravel).  The filter material will be compacted with lightweight compactor.  The 
earth material from slope must not be mixed with the filter material.  The filter layer may 
be used together with geotextile if specified in the design. 

4-01.11 CONSTRUCTION OF CLAY PLUGS 

The clay plug will be realized behind the retaining wall, above the stone backing and 
the filter.  The clay plug must be 0.5 m in thickness so that the mixing between the 
surface and ground water in the drainage system can be avoided.  The clay will be 
placed in layers 15 cm in thickness, its moisture must be close to an optimum value, 
and it will be compacted by hand compactors. 

4-01.12 SITE CLEARING 

After completion of the work, the site must be cleared from any waste and excess 
material and the surrounding terrain must be reinstated. 

4-01.13 QUALITY CONTROL DURING CONSTRUCTION OF RETAINING AND FACING 
WALLS 

The quality of concrete shall be checked in accordance with relevant regulations for 
concrete and reinforced concrete, and according to provisions contained in these GTR. 

The quality of work and the composition of filter will be checked in accordance with the 
design and as specified in these GTR.  Prior to the commencement of work, the 
Contractor will be required to submit to the Supervising Engineer an evidence attesting 
to the acceptability of material to be used as filter. 

The quality of clay plug placing and compaction (Section 4-01.11) will be checked in 
accordance with requirements for the compaction of foundation soil (Section 2-08) and 
based on other relevant provisions as contained in these GTR. 

The quality of the foundation soil material will be checked as follows: after the 
foundation pit is excavated to the design level, it must be established whether the 
material in which the retaining wall will be founded corresponds to the material 
specified in the design. 
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If it is established that the foundation material does not comply with requirements given 
in the design, or if its bearing capacity is lower than the required one, then appropriate 
measures must be taken in consultation with the Designer to provide for the proper 
stability of the retaining wall and slope which is to be supported by the wall.  In such a 
case one of the following measures will have to be taken: the foundation pit will be 
deepened to the level where the bearing capacity is sufficient, material in the 
foundation pit will be replaced, the shape and dimensions of retaining wall foundations 
will be changed, or the foundation method will be modified. 

The Contractor is required to carry out his work in accordance with the design, 
provisions contained in these GTR, instructions given by the Supervising Engineer, and 
in keeping with the following standards: 

HRN B.B0.001/84 Taking samples of stone aggregate and slag used in the construction 
of buildings, roads and railways and in the preparation of concrete. 

HRN B.B8.001/82 Testing frost resistance of natural stone. 
HRN B.B8.010/80 Determination of water absorption. 
HRN B.B8.012/87 Natural stone - compression strength testing. 
HRN B.B8.013/60 Testing resistance to atmospheric influences. 
HRN U.M2.010/68 Mortar for masonry work. 

The stone quality certificate, delivered for stone from one source/point of extraction, 
shall remain valid for one year. 

4-01.14 CALCULATION OF WORK 

The excavation will be measured per cubic meter of material in accordance with the 
design or based on subsequently approved modifications.  In case of structures built in 
the cutting or in side cut, the excavation of foundations will be calculated as such only 
up to the subgrade level, while the remaining excavation will be calculated as wide 
excavation. 

The concrete for foundations will be measured per cubic meter of concrete placed, with 
possible addition of stones into the foundation work. 

The concrete for walls will be measured per cubic meter of concrete placed. 

The stone wall will be measured per cubic meter of completed stone wall. 

The concrete flume and drainage pipe will be measured per linear meter of flume and 
drainage pipe placed. 

Transverse drainage outfalls will be measured per linear meter of pipes placed. 

Manholes will be measured per cubic meter of concrete placed and, in case of 
prefabricated manholes, the calculation will be based on linear meters of pipes placed. 

Soakaways will be measured per linear meter of pipes placed. 

Stone backings will be measured per cubic meter of completed backing. 

The filter layer behind the retaining wall will be measured per cubic meter of filter layer 
placed. 
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The clay plug will be measured per cubic meter of placed and compacted clay. 

The quality of backfill behind the retaining wall will not be measured separately but will 
be included in the item covering road embankment construction. 

All work included in Section 4 of these GTR will be paid for according to contract unit 
prices for the unit of measure applied for a particular work.  The unit price includes all 
work, supply of material, transport and everything else that is needed for the completion 
of work. 

In addition: 

a) The unit price for excavation also includes the cost of foundation pit shoring and 
bracing, pumping water from the foundation pit, cofferdam construction when 
needed, and trimming of pit sides, if excavation is made in stone material.  The 
price also includes transport of excavated material to embankment for distances up 
to 20 m in length, as well as backfilling and compaction of soil around foundations. 

b) The unit price of concrete for foundations also includes all cost of materials and 
fabrication activities, including transport, work accessories and any means of 
concrete protection after placing, as well as all required formwork, reinforcement, 
anchors, etc. 

c) The unit price of concrete for walls also includes all cost of materials and fabrication 
activities, including transport, work accessories and any means of concrete 
protection after placing.  The fabrication of reinforcement and reinforcement 
connections is included in the unit price and will not be charged separately.  The 
unit price for concrete includes all formwork, scaffolding, and all required shoring or 
bracing. 

d) The unit price for concrete flumes and drainage pipes includes all material and 
work, transport, surface preparation, all required shoring and bracing, as well as 
protection of drainage pipes with gravel or crushed stone 1-6 cm in size, along the 
top portion of the pipe. 

e) The unit price of transverse outfalls includes all work and material, excavation of 
ditches for transverse outfalls, bedding preparation, pipe laying, backfilling 
transverse outfall ditches, and all work needed at outfall points. 

f) The unit price per cubic meter of concrete for manholes includes all material and 
work needed for manhole completion.  This also implies supply and placing of 
concrete, pipes, formwork, covers, step irons, and similar items.  In case of 
prefabricated manholes, the price per linear meter includes supply, transport and 
assembly of pipes, prefabricated elements and everything else that is needed for 
full completion of manholes. 

g) The unit price for soakaways includes pipe supply and laying, and everything else 
that is needed for completion of soakaways. 

h) The unit price for stone backing and stone walls includes supply, selection and 
placing of stones, i.e. wall construction, as wall as excavation shoring and bracing 
when required. 

i) The unit price for filter includes all material and work needed for the completion of 
filter layer. 
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j) The unit price for the realization of clay plug includes supply, transport and placing 
of clay material. 

The work relating to the clearing and reinstatement of terrain is included in the above 
mentioned work items. 

4-02 PREFABRICATED RETAINING AND FACING WALLS 

Description of work 

The work covers realization of various prefabricated retaining and facing walls, and 
includes excavation for foundations, drainage work, transverse drainage outfalls, 
fabrication, supply and assembly of prefabricated reinforced-concrete elements, 
gabions, steel fabric reinforcement and reinforcement cages for the construction of 
walls made of reinforced earth, and for similar constructions, and the site restoration 
after completion of work. 

The work must be carried out in accordance with the design, appropriate regulations, 
Quality Control and Quality Assurance Program (PKOK), Construction Management 
Design (POG), Supervising Engineer's requirements, and these GTR.  Additional and 
subsequent work may be carried out only with prior approval of the Supervising 
Engineer. 

Materials 

Concrete 

The concrete within foundations and outside of the foundations must be fully compliant 
with requirements given in the design, and must comply with relevant regulations for 
concrete and reinforced concrete, and with provisions contained in these GTR.  If the 
design calls for construction of retaining walls requiring grouting and anchoring of wall 
elements, then the required work and materials must be fully compliant with 
requirements given in the design. 

Formwork 

The formwork must be prepared in such a way that the exposed surfaces are 
completely even, i.e. in accordance with provisions given in the design.  The formwork 
must be fully compliant with requirements given in the design, and must comply with 
relevant regulations for concrete and reinforced concrete, and with provisions contained 
in these GTR. 

Prefabricated elements 

All prefabricated elements must comply with requirements given in the design and 
these GTR, and must be supplied together with original documents confirming their 
compliance with quality requirements contained in HRN U.E3.050.  Their use is subject 
to the approval of the Supervising Engineer, and the latter will give this approval based 
on the design requirements. 

Anchors 

In case a wall needs to be anchored, the required anchors shall comply with quality 
requirements contained in HRN C.K6.020, as well as with requirements given in the 
design and these GTR. 

 
General Technical Requirements for Road Works 2001 - VOLUME II Page 155 
 



RETAINING AND FACING WALLS 

Drainage filter 

Material for drainage filters must be determined taking into account properties of clayey 
material adjacent to filter layer, based on HRN U.S4.062 and in accordance with 
relevant provisions contained in these GTR. 

Geotextile may also be used when appropriate. 

Activities 

All on-site hydrological, geological and geotechnical conditions must be checked before 
the wall construction and, in that respect, the wall design may be adapted to actual on-
site conditions, subject to the approval of the Supervising Engineer. 

4-02.1 EXCAVATION OF FOUNDATIONS 

Foundations for prefabricated retaining walls shall be excavated in accordance with 
dimensions and requirements from the design, and according to these GTR. 

4-02.2 CONCRETING OF FOUNDATIONS 

Concrete for foundations must be fully compliant with requirements given in the design, 
and must comply with provisions contained in Section 4-01.1 of these GTR. 

4-02.3 COMPLIANCE OF PREFABRICATED ELEMENTS 

Prefabricated elements must be produced in accordance with the design, based on 
relevant regulations for prefabricated elements, and in keeping with provisions 
contained in these GTR. 

4-02.4 TRANSPORT, ASSEMBLY AND CONSTRUCTION 

The transport, assembly and construction of prefabricated retaining and facing walls 
must be fully compliant with design requirements for a particular type of prefabricated 
wall, with Construction Management Design (POG), and with special technical 
requirements for wall construction which are an integral part of the design. 

Before construction, the Contractor has to comply with requirements regarding the level 
of the crown and foundations.  Only undamaged prefabricated elements may be 
installed. 

4-02.5 DRAINAGE WORK ADJACENT TO WALLS 

If the design calls for realization of a drainage adjacent to the retaining wall, the 
drainage will have be realized in accordance with the design, and based on relevant 
provisions contained in these GTR. 

4-02.6 CONSTRUCTION OF FILTER LAYERS BEHIND WALLS 

Filter layers shall be realized in accordance with the design and based of relevant 
provisions contained in these GTR. 
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4-02.7 SITE CLEARING 

After completion of the work, the site shall be cleared from debris and excess material, 
and the surrounding terrain shall be reinstated. 

4-02.8 QUALITY CONTROL 

Prior to commencement and during realization of work, the quality of materials, 
products and works must be controlled in accordance with requirements for materials 
and works as specified in other sections of these GTR. 

Prior to commencement of works, the Contractor shall be required to prove quality of 
prefabricated elements used in wall construction by obtaining an appropriate technical 
documentation, conformity certificate and manufacturing quality certificate, as issued by 
competent institution, and shall submit an original copy of this documentation to the 
Supervising Engineer for approval. 

4-02.9 CALCULATION OF WORK 

The excavation will be measured per cubic meter of material in accordance with the 
design or based on subsequently approved modifications.  In case of structures built in 
fthe cutting or in side cut, the excavation of foundations will be calculated as such only 
up to the subgrade level, while the remaining excavation will be calculated as wide 
excavation. 

If the design calls for concreting of foundations, the concrete for foundations will be 
measured per cubic meter of concrete placed. 

The prefabricated wall or the wall made of reinforced earth will be measured per cubic 
meter of completed wall. 

Anchors that will be used for anchoring of wall elements shall be measured per linear 
meter based on actual length of placed anchors. 

Concrete flumes and drainage pipes will be measured per linear meter of flume and 
drainage pipe placed. 

Filter layers will be measured per cubic meter of completed filter layer. 

The work needed for the erection of prefabricated walls will be paid for according to 
contract unit prices for the unit of measure applied for a particular work.  The unit price 
includes all work, supply of material, transport and everything else that is needed for 
the completion of work. 

In addition: 

a) The unit price for excavation includes the cost of foundation pit shoring and bracing, 
pumping water from the foundation pit, work in wet conditions, transport of 
excavated material to embankment for distances up to 10 m in length, backfilling 
and compaction of soil around foundations, and everything else that is needed with 
respect to excavation work. 

b) The unit price of concrete for foundations includes all cost of materials and 
fabrication activities, including transport, work accessories and any means of 
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concrete protection after placing, as well as all required formwork, reinforcement, 
anchors, etc. 

c) The unit price for prefabricated walls includes all cost of fabrication of prefabricated 
elements, fill activities, all required concrete, work and material for connection of 
elements, scaffolding, all work, transport, equipment, and everything else that is 
needed for the full completion of work. 

d) The unit price for anchors includes supply, placing and prestressing of anchors, the 
cost of anchor grouting with grouting mix or cement mortar in case of perforated 
anchors, cost of protecting anchor head and pier grooves with cement mortar, and 
all other transport and other costs as needed for completion of the work. 

e) The unit price for concrete flumes and drainage pipes includes all material and 
work, transport, surface preparation, and all required shoring and bracing. 

f) The unit price for filter includes all material and work needed for the completion of 
filter layer. 

The work relating to the clearing and reinstatement of terrain is included in the above 
mentioned work items. 

4-03 STANDARDS AND TECHNICAL REGULATIONS 

HRN B.B0.001/84 Taking samples of stone aggregate and slag used in the 
construction of buildings, roads and railways and in the preparation 
of concrete 

HRN B.B8.001/82 Natural stone testing.  Resistance to frost 
HRN B.B8.010/80 Determination of water absorption 
HRN B.B8.012/87 Natural stone - compression strength testing 
HRN B.B8.013/60 Testing resistance to atmospheric influences 
HRN U.M2.010/68 Mortar for masonry work 
HRN U.E3.050/81 Prefabricated concrete elements.  Technical requirements for 

fabrication and placing. 
HRN C.K6.020/87 Hot rolled steel.  Concrete reinforcing steel.  Technical 

requirements. 
HRN U.S4.062/90 Drainage types for pavements and hillside roadways 

 
 
 
 

 

 


