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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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7-00 CONCRETE FABRICATION AND PLACING REQUIREMENTS 

7-00.0 INTRODUCTION 

Minimum quality requirements for materials, products and works that are used in 
concrete works are specified in this section.  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). 

These General Technical Requirements for Concrete Works on Roadways 
(hereinafter referred to as Technical Requirements or GTR) contain technical 
requirements (measures and standards) for quality control and quality assurance 
during production, placing and maintenance of concrete and reinforced-concrete 
structures, including quality evaluation and calculation of work. 

Present requirements can be used for all concrete works on roads as specified in 
cost estimates forming part of design documents, and also for subsequent on-site 
activities as needed for full completion of the project.  Separate requirements, 
with additional or more stringent quality criteria, may be prepared for individual 
concrete works and structures. 

This document is based on available European standards (EN), prevailing 
Croatian standards (HRN) and standards referred to therein.  It has been 
harmonized with applicable Croatian regulations and must be applied when 
appropriate for all works carried out on Croatian roads. 

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. 

These general technical requirements are applied either for concrete placed on 
site to form monolithic concrete structures, for precast structures or for precast 
structural elements and their assembly. 

The concrete may be fabricated on the site, in the central concrete batching plant 
(concrete plant) or in precast element casting yard. 

General technical requirements define: 

• concrete components, 

• properties of fresh and hardened concrete and verification of these properties, 

• restrictions relating to concrete composition, 

• concrete quality requirements, 
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• delivery of fresh concrete, 

• quality control during production of concrete, 

• conformity criteria and evaluation of conformity, 

• quality requirements for scaffolds and formworks, 

• quality requirements for steel used for concrete reinforcement, 

• quality requirements for prestressing materials, 

• quality requirements for the realization of concrete and reinforced-concrete 
structures, 

• placed concrete protection requirements, 

• inspection during realization of concrete structures, 

• procedures and activities to be carried out in case of non-conformity of 
construction products or completed concrete works, 

• general requirements for maintenance of concrete structures and for repair of 
damage resulting from use of such structures. 

They are applied only for dense concrete, compacted in such a way that it does 
not contain a significant quantity of entrapped air, except for air micropores 
entrained into concrete by aeration.  GTR are also applied for ordinary concrete, 
lightweight concrete and heavy concrete, placed either into concrete structures or 
concrete pavement. 

Concrete structures include: 

• culverts and bridges, and 

• accessory structures. 

7-00.0.1 General terms and definitions used in the field of concrete construction 

Definitions of general terms for road works are given in Volume I (Section 0 - 
General terms) of these General Technical Requirements.  Definitions, terms, 
and abbreviations used in the field of concrete construction and concrete 
structures are provided in this section of GTR: 

Concrete: material obtained by mixing cement, coarse and fine aggregate and 
water, with or without chemical or mineral admixtures, which develops its 
properties by hydration of the cement. 

Fresh concrete: completely mixed concrete ready for transport, placing and 
compaction by a specified procedure. 

Hardened concrete: concrete in a hardened condition, i.e. concrete which has 
already reached a specified strength. 

Site-mixed concrete: concrete prepared on the construction site by the user of 
the concrete for his own use. 

Ready-mixed concrete: concrete delivered in fresh condition by a person other 
than the user.  For the purposes of these General Technical Requirements, the 
ready-mixed concrete can also be: 
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• concrete produced by the user outside of the construction site, 

• concrete produced on the construction site, but not by the user. 

Precast concrete element: concrete product fabricated and cured outside of its 
final place of use. 

Normal-weight concrete: concrete having an oven-dry density greater than 
2000 kg/m3 but not exceeding 26000 kg/m3. 

Light-weight concrete: concrete having an oven-dry density of not less than 800 
kg/m3 and not more than 2000 kg/m3. 

Heavy-weight concrete: concrete having an oven-dry density greater than 2600 
kg/m3. 

High-strength concrete: concrete with a compressive strength class higher than 
C50/60 in the case of normal-weight and heavy-weight concrete, and LC50/55 in 
the case of light-weight concrete. 

Designed concrete: concrete for which the required properties and additional 
characteristics are specified to the producer who is responsible for providing a 
concrete conforming to the required properties and additional characteristics. 

Prescribed concrete: concrete for which the composition of the concrete and the 
constituent materials to be used are specified to the producer who is responsible 
for providing a concrete with the specified composition. 

Standardized prescribed concrete: concrete whose composition is defined in a 
valid standard. 

Concrete family: a group of concrete compositions for which a reliable 
relationship between relevant properties is established and documented. 

cubic meter of concrete: the quantity of fresh concrete which, when compacted 
in accordance with the procedure given in HRN EN 12350-6, occupies a volume 
of one cubic meter. 

truck mixer: Concrete mixer mounted on a self-propelled chassis capable of 
mixing and delivering a homogenous concrete. 

agitating equipment: equipment generally mounted on a self-propelled chassis 
and capable of maintaining fresh concrete in a homogeneous state during 
transport. 

non-agitating equipment: dump truck or other type of truck that is used for the 
transport of concrete without mixing. 

Batch: quantity of concrete mixed in one cycle of mixer operation or the quantity 
discharged during one minute from a continuous mixer. 

Load: quantity of concrete transported in a vehicle consisting of either one or 
several batches. 

Delivery: the process of handing over the fresh concrete by the producer. 
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Chemical admixture: material added during the mixing process of concrete in 
small quantities related to the mass of cement to modify the properties of fresh or 
hardened concrete. 

Mineral addition: finely divided material used in concrete in order to improve 
certain properties or to achieve special properties.  There are two types of 
mineral additions: 

• nearly inert additions (Type I), 

• pozzolanic or latent hydraulic additions (Type II). 

Aggregate: granulated mineral material suitable for use in concrete.  Aggregate 
may be natural, artificial or recycled from material previously used in construction. 

Normal-weight aggregate: aggregate with an oven-dry particle density > 2000 
kg/m3 < 3000 kg/m3, when determined according to EN 1097-6. 

Light-weight aggregate: aggregate of mineral origin having an oven-dry particle 
density ≤ 2000 kg/m3 when determined according to EN 1097-6, or a loose oven-
dry bulk density ≤ 1200 kg/m3 when determined according to EN 1097-3. 

Heavy-weight aggregate: aggregate having an oven-dry particle density ≥ 3000 
kg/m3 when determined according to EN 1097-6. 

Cement (hydraulic binder): finely ground inorganic material which, when mixed 
with water, forms a paste which sets and hardens by means of hydration 
reactions and processes and which, after hardening, retains its strength and 
stability even under water. 

Total water content: the added water plus water already contained in the 
aggregates and on the surface of the aggregates plus water in the admixtures 
and in additions used in the form of a slurry and water resulting from any added 
ice or steam heating. 

Effective water content: the difference between the total water content in fresh 
concrete and water absorbed by the aggregate. 

water/cement ratio: ratio of the effective water content to cement content by 
mass in the fresh concrete. 

characteristic strength: the value of strength below which 5 % of the population 
of all possible strength determinations of the volume of concrete under 
consideration, are expected to fall. 

Entrained air: microscopic air bubbles intentionally incorporated in concrete 
during mixing, usually by use of a surface active agent; typically between 10 µm 
and 300 µm in diameter and spherical or nearly so. 

Entrapped air: air voids in concrete which are not purposely entrained. 

Construction site: area where the construction work is undertaken. 

Specifications: final compilation of documented technical requirements given to 
the producer in terms of performance or composition. 
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Specifier: person or body responsible for required (specified) properties of 
concrete. 

Producer: person or body that manufactures fresh concrete. 

User: person or body that uses fresh concrete in the execution of a construction 
or a component. 

Working life: the period of time during which the performance of the concrete in 
the structure will be kept at a level compatible with the fulfillment of the 
performance requirements of the structure, provided it is properly maintained. 

Initial test: test or tests to check before the production starts how a new concrete 
or concrete family shall be composed in order to meet all the specified 
requirements in the fresh and hardened states. 

identity test: test to determine whether selected batches or loads come from a 
conforming population. 

Conformity test: test performed by the producer to assess conformity of the 
concrete. 

Evaluation of conformity: systematic examination of the extent to which a 
product fulfills specified requirements. 

environmental actions: biological, chemical and physical action to which 
concrete is exposed and which result in effects on the concrete or reinforcement, 
or embedded metal, that are not considered as loads in structural design. 

Verification: confirmation by examination of objective evidence that specified 
requirements have been fulfilled. 

Permitted deviation: permitted algebraic differences between the limits of size 
and the corresponding reference size (see ISO 1803/1 Building construction - 
Tolerances - Vocabulary - Part I: General terms). 

precast element: concrete element conforming to a product standard, cast and 
cured in a place other than the final location of use. 

Technical approval: document issued by a competent legal person attesting to 
the conformity of construction products not covered in or deviating from the 
existing regulations. 

Certificate (confirmation of conformity): document issued by a competent 
legal person attesting to the conformity of a construction product with an existing 
regulation (standard). 

Certification mark of conformity: specified mark stamped on the packaging or 
dispatch document of a construction product in order to confirm its conformity 
with an existing regulation (standard). 

Project specifications: documents covering technical data and requirements for 
a particular project prepared to supplement and qualify the requirements of 
relevant standards. 
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Reference line: line defined in the project specification to which sizes are 
related. 

Secondary line: any line used for the purpose of setting-out the proposed 
building and for checking the conformity of the building or building parts (cf. ISO 
4463-1:1998: Measurement procedures for portions of structures.  Measurement 
- Part I: Planning and organizing measurement procedures, acceptance criteria). 

Surface finish: Description of the appearance of the concrete surface including 
aspects of geometry, texture, color, etc. 

Temporary structure: structure designed for short lifetime, according to Table 
2.1 of ENV 1991-1. 

Tolerance: permitted variation of size (cf. ISO 1803/1.  Construction - Tolerances 
- Vocabulary - Part I: General terms. 

Tolerances for precast elements are subdivided as follows: 

• production tolerances, i.e. geometrical tolerances as defined in the product 
standards, 

• erection tolerances, i.e. geometrical tolerances related to the location, 
verticality, horizontality or other characteristics of the construction assembly, 

• construction tolerances, i.e. geometrical tolerances that are a combination of 
production, site construction and erection tolerances. 

Normal tolerances: The basic limits for geometrical deviations that ensures that 
the structure: 

• satisfies the design assumptions, 
• achieves other functional requirements of the construction works. 

Special tolerances: tolerances that are more stringent than normal tolerances. 

Symbols and abbreviations 
X0 Exposure class for no risk of corrosion or attack 
XC Exposure classes for risk of corrosion induced by carbonation 
XD Exposure classes for risk of corrosion induced by chlorides other than 

from sea water 
XS Exposure classes for risk of corrosion induced by chlorides from sea 

water 
XF Exposure classes for freeze/thaw attack 
XA Exposure classes for chemical attack 
S1 to S5 Consistence classes expressed by slump 
V0 to V4 Consistence classes expressed by Vebe time 
C0 to C3 Consistence classes expressed by degree of compactability 
F1 to F6 Consistence classes expressed by flow diameter 
C.../... Compressive strength classes for normal-weight and heavy-weight 

concrete 
LC.../... Compressive strength classes for light-weight concrete 
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fck,valj Characteristic compressive strength of concrete determined by testing 
cylinders 

fc,valj Compressive strength of concrete determined by testing cylinders 
fck,koc Characteristic compressive strength of concrete determined by testing 

cubes 
fc,koc Compressive strength of concrete determined by testing cubes 
fcm Mean compressive strength of concrete 
fcmj Mean compressive strength of concrete at the age of (j) days 
fci Individual test result for compressive strength of concrete 
ftk Characteristic splitting tensile strength of concrete 
ftm Mean splitting tensile strength of concrete 
fti Individual test result for testing splitting tensile strength of concrete 
D Density class of light-weight concrete 
Dmax Maximum nominal upper aggregate size 
CEM Cement type according to EN 197-1 
S Standard deviation calculated from at least 35 successive test results 
S15 Standard deviation calculated from at least 15 successive test results 
AQL Acceptance quality level (cf. ISO 2859-1) 
v/c water/cement ratio 
k-vrij Factor that takes into account activity of a type II addition 
e Verification scale interval for the weighing equipment 
m Load exerted on weighing equipment 
n Number 
T temperature 
l (L) length 
h height 
t thickness 
∆ allowable geometrical deviation (tolerance). 

7-00.0.2 General terms and classification of concrete structures 

Culverts and bridges 

Culverts are load bearing structures up to 10 m in span, while bridges are load 
bearing structures of more than 10 m in span.  According to their use, traffic and 
position, bridges (culverts) may be: 

• road bridges, 
• railway bridges, 
• pedestrian bridges, 
• aqueducts (culverts and bridges for water supply schemes and channels), 
• viaducts, 
• overpasses, 
• underpasses. 
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Accessory concrete structures 

Accessory concrete structures on roads are: 

• water evacuation and environment protection structures, 
• road operation structures (toll collection facilities, road operation centers, 

etc.), 
• road maintenance structures, 
• roadside service structures (rest areas, gas stations, car-repair shops, motels, 

etc.). 

Concrete pavement 

Concrete pavement structure may be made of unreinforced concrete, reinforced 
concrete, continuously reinforced concrete, prestressed concrete, rolled concrete 
and precast elements. 

7-00.1 PROPERTIES, FABRICATION AND CONFORMITY OF CONCRETE 

7-00.1.1 Classes 

Classes of exposure to environmental influences 

Environmental influences on concrete structures are determined in the final 
design on the basis of actual conditions of use of the designed structure.  
Exposure classes are presented in Table 1 EN 206.  With respect to actual 
conditions of use (aggressive action of environment), the following classes may 
be differentiated: 

No risk of corrosion or attack 

X0 for concrete without reinforcement or embedded metal in the environment 
characterized by no exposure to freezing, abrasion or chemical action, 
and for reinforced concrete in very dry conditions of use. 

Corrosion induced by carbonation 

XC1 dry or permanently wet 
XC2 wet, rarely dry 
XC3 moderate humidity 
XC4 cyclic wet and dry 

Corrosion induced by chlorides other than from sea water 

XD1 moderate humidity 
XD2 wet, rarely dry 
XD3 cyclic wet and dry 

Class XD1 covers reinforced-concrete surfaces exposed to chlorides from air, 
Class XD2 covers reinforced-concrete surfaces exposed to the action of industrial 
waste water containing chlorides, and Class XD3 covers reinforced-concrete 
surfaces of bridges exposed to direct action (sprinkling) of chlorides (dissolving 
salts). 
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Corrosion induced by chlorides from sea water 

XS1 zones near the sea exposed to airborne salt 
XS2 zones exposed to constant sea action (submerged parts of reinforced-

concrete structure) 
XS3 tidal, splash and spray zones 

Freeze/thaw attack with or without deicing agents 

XF1 moderate water saturation, no deicing salt 
XF2 moderate water saturation, with deicing salt 
XF3 high water saturation, no deicing salt 
XF4 high water saturation, with deicing salt 

Class XF1 covers vertical concrete surfaces exposed to atmospheric influences, 
Class XF2 covers vertical concrete surfaces of transport facilities exposed to 
freezing and deicing salt from air, Class XF3 covers horizontal concrete surfaces 
exposed to rain and freezing, and Class XF4 covers concrete surfaces directly 
exposed to freezing and deicing salt, e.g. road pavement surfaces, zones of low 
and high tides, and wave sprinkling zones additionally exposed to freezing. 

Chemical attack 

XA1 slightly aggressive chemical environment 
XA2 moderately aggressive chemical environment 
XA3 highly aggressive chemical environment 

The class of chemical aggressiveness should be determined based on the actual 
presence of chemically aggressive substances in water or soil that are in contact 
with structural concrete, taking at that into account limit values for aggressive 
substances as indicated in Table 2. EN.206. 

If concrete is exposed to more that one class of exposure, then the 
corresponding requirements, exposure classes, and concrete protection 
measures, should be combined as appropriate. 

Fresh concrete 

Consistence class 

Depending on the testing procedure selected, the consistence of concrete should 
be classified in accordance with tables 7-00.1.1-1, 7-00.1.1-2, 7-00.1.1-3 or 7-
00.1.1-4. 

Different consistence classes given in tables 7-00.1.1-1 to 7-00.1.1-4 are not 
correlated to one another. 

The consistence class has not been determined for concrete of moist-earth 
consistence, such as the rolled concrete that is compacted by technology similar 
to that used for compaction of soil materials. 
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Table 7-00.1.1-1 Slump classes 
 

Class Slump in mm 
S1 10 to 40 
S2 50 to 90 
S3 100 to 150 
S4 160 to 210 
S5* ≥ 220 

* Cf. 7-00.1.2 

Table 7-00.1.1-2 Vebe classes 
 

Class Vebe time in seconds 
V0* ≥ 31 
V1 30 to 21 
V2 20 to 11 
V3 10 to 6 
V4* 5 to 3 

Table 7-00.1.1-3 Compaction classes 
 

Class Compaction level 
C0* ≥ 1.46 
C1 1.45 to 1.26 
C2 1.25 to 1.11 
C3 1.10 to 1.04 

Table 7-00.1.1-4 Flow classes 
 

Class Flow diameter in mm 
F1* ≥ 340 
F2 350 to 410 
F3 420 to 480 
F4 490 to 550 
F5 560 to 620 
F6* ≥ 630 

Classes according to maximum grain size 

When the concrete is classified according to maximum aggregate grain size, the 
top value of the aggregate's coarse fraction (Dmax) is to be defined according to 
EN 12620. 

Hardened concrete 

Classes of compressive strength of concrete 

 When classifying concrete according to its compressive strength, the Table 7-
00.1.1-5 is used for the normal-weight and heavy-weight concrete, while the 
Table 7-00.1.1-6 is used for the light-weight concrete.  the value fck.valj is the 
required characteristic compressive strength of concrete cylinders measuring 150 
x 300 mm at 28 days, and the value fck.koc is the required characteristic 
compressive strength of 150 mm concrete cubes at 28 days. 
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Table 7-00.1.1-5 Compressive strength classes for normal-weight and heavy-
weight concrete 

 
Strength class fck.valj 

N/mm2 
fck.koc 

N/mm2 
C 8/10 8 10 
C 12/15 12 15 
C 16/20 16 20 
C 20/25 20 25 
C 25/30 25 30 
C 30/37 30 37 
C 35/45 35 45 
C 40/50 40 50 
C 45/55 45 55 
C 50/60 50 60 
C 55/67 55 67 
C 60/75 60 75 
C 70/85 70 85 
C 80/95 80 95 
C 90/105 90 105 
C 100/115 100 115 

 

Table 7-00.1.1-6 Compressive strength classes for light-weight concrete 
 

Strength class fck.valj 
N/mm2 

fck.koc 
N/mm2 

LC     8/9 8 9 
LC 12/13 12 13 
LC 16/18 16 18 
LC 20/22 20 22 
LC 25/28 25 28 
LC 30/33 30 33 
LC 35/38 35 38 
LC 40/44 40 44 
LC 45/50 45 50 
LC 50/55 50 55 
LC 55/60 55 60 
LC 60/66 60 66 
LC 70/77 70 77 
LC 80/88 80 88 

7-00.1.2 Requirements for concrete and verification procedures 

Requirements for concrete components 

Concrete components must not contain harmful ingredients in quantities that may 
be detrimental to the durability of concrete, or that may cause corrosion of 
reinforcing steel.  They must be selected in accordance with the planned use of 
concrete. 

Only components determined appropriate for the planned use may be used in 
concrete compliant with EN 206. 
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When no Croatian standard regulates the use of a particular component, i.e. 
when there is no standard which specifically deals with the use of this component 
in concrete compliant with EN 206, or when such component significantly 
deviates from requirements given in an applicable Croatian standard, then its 
acceptability may be determined through technical approval issued by competent 
ministry or a body authorized by such ministry, which specifically regulates the 
use of such component in concrete compliant with EN 206. 

Cement 

Concrete can be fabricated with cement specified in standard EN 197 which, in 
its presently available Part I, specifies composition, properties and conformity 
criteria for normal-weight concrete. 
As to other cement types, cements to be used include cements which will be 
regulated by other parts of EN 197 and, while awaiting their publication, cements 
covered with still applicable HRN or technical approvals given by the competent 
ministry. 

Only cements with certificate confirming their conformity with an applicable 
standard, as delivered by an authorized Croatian institution, shall be used. 

The conformity is proven by the certification sign (Figure 7-00.1.2-1).  The 
appearance and use of this sign is regulated by the State Office for 
Standardization and Metrology, i.e. by its Bylaw on the Appearance and Use of 
Certification Sign (Official Gazette No. 88/1998).  The sign must be apposed on 
the packaging in which the cement is dispatched, or on the dispatch document if 
the cement is transported by tank truck. 

Imported cements must comply with requirements specified in appropriate 
Croatian standards and these technical requirements, and must be certified in the 
prescribed manner. 

The cement in bags and tanks must be transported and stored in the manner and 
under conditions that will not bear a negative influence on its quality. 

XY              zadnja dva broja godine izdavanja potvrde o sukladnosti
Z1Z2Z3                   oznaka ovlaštene pravne osobe koja je potvrdila proizvod

B/6

B/12

XY/Z1Z2Z3

B

Tip slova "Arial"

 

Figure 7-00.1.2-1  Appearance of certification sign 
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The cement will be stored separately, i.e. by types and classes, and will be used 
based on the order in which it has been received at the concrete plant.  Cements 
of the same type and class, but produced by different manufacturers, may be 
stored in the same silo if it has previously been proven that their mixing will not 
negatively affect properties and quality of the resulting concrete. 

Cement stored longer than 3 months at the concrete plant may be used only if it 
has been proven by testing its basic properties that its quality is still compliant 
with appropriate requirements. 

Unless otherwise specified, the price of cement will be a part of the unit price of 
concrete and will not be charged separately. 

Aggregate 

The concrete may be fabricated using the normal-weight and heavy-weight 
aggregate specified in the standard EN 12620 and the light-weight aggregate 
specified in the standard EN 13055. 

Aggregate properties and the frequency of control tests specified in these 
standards are dependant on quality classes. Only aggregates with properties 
complying with requirements for at least second quality class may be used for 
concrete works on roads. 

During concrete preparation, the aggregate must be divided in at least three 
fractions. 

Naturally granulated aggregate may only be used for the fabrication of rolled 
concrete, blinding concrete and fill concrete belonging to class C 8/10. 

Only aggregate with certificate confirming conformity with the mentioned 
standard, as delivered by an authorized Croatian institution, shall be used. 

The conformity is proven by the certification sign (Figure 7-00.1.2-1).  The 
appearance and use of this sign is regulated by the State Office for 
Standardization and Metrology, i.e. by its Bylaw on the Appearance and Use of 
Certification Sign (Official Gazette No. 88/1998).  The sign must be apposed on 
the dispatch document which is delivered to the purchaser together with the 
aggregate. 

The acceptability of the recycled aggregate, i.e. of the aggregate obtained by 
treatment of a previously used inorganic material, which is not as yet regulated by 
the standard EN 206, will be determined in accordance with requirements given 
in Section 7-00.1.2 of these General Technical Requirements. 

Individual aggregate fractions must be transported and stored separately, so that 
they do not become soiled, additionally fragmented or segregated. 

The surface of the area in which the aggregate will be stored must be sufficiently 
inclined to enable evacuation of water released by the aggregate. 

Only the aggregate of the same nominal fraction and from the same source may 
be stored at the same location.  However the storage of aggregates of the same 
nominal fraction but from different sources will also be allowed, but only if it has 
previously been proven that the aggregates have the same or sufficiently similar 
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properties, and that their mixing will not result in the difference during concrete 
proportioning. 
Unless otherwise specified, the price of aggregate will be a part of the unit price 
of concrete and will not be charged separately. 

Mixing water 

The mixing water shall comply with requirements contained in the standard HRN 
EN-1008. 

Reliable drinking water (tab water) may be used without preliminary verification of 
acceptability. 

The acceptability of non-drinking water that is used for the fabrication of concrete 
based on initial testing, will have to be checked at least once every three months. 

Unless otherwise specified, the price of mixing water will be a part of the unit 
price of concrete and will not be charged separately. 

Chemical admixtures 

Chemical admixtures complying with the standard HRN EN 934 may be 
accepted. 

Only chemical admixtures with conformity certificate evidencing conformity with 
the mentioned standard, and delivered by an authorized Croatian institution, may 
be used. 

Chemical admixtures not regulated by the mentioned standard may be used 
subject to the approval of the competent ministry or institution authorized by such 
ministry. 

The conformity is proven by the certification sign (Figure 7-00.1.2-1).  The 
appearance and use of this sign is regulated by the State Office for 
Standardization and Metrology, i.e. by its Bylaw on the Appearance and Use of 
Certification Sign (Official Gazette No. 88/1998). 

Every delivery of admixture to the site must be marked with certification sign 
(apposed on the packaging), and must be accompanied with a copy of certificate 
with test report, as well as with the declaration with operating instructions.  The 
instructions must contain all necessary information about the admixture, 
proportioning limits, type of cement that can be used with the admixture, method 
of storing and proportioning, and time of validity before use. The acceptability and 
efficiency of every delivery of chemical admixture must be checked prior to use in 
actual conditions of use, and in accordance with prevailing regulations. 

The storage and use of chemical admixtures must be conducted in accordance 
with the producer's instructions. 

Unless otherwise specified, the price of chemical admixtures will be a part of the 
unit price of concrete and will not be charged separately. 
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Mineral admixtures 

Mineral admixtures defined in the introductory part of this section can be 
classified as follows: 

• almost inert mineral admixtures (Type I), 

• pozzolan or latently hydraulic mineral admixture (Type II). 

The following Type I mineral admixtures may be used: 

• fillers compliant with the standard EN 12620, 

• pigments compliant with the standard HRN EN 12878. 

The following Type II mineral admixtures may be used: 

• flying ash compliant with the standard HRN EN 450, 

• silicate dust compliant with the standard HRN EN 13263. 

Other mineral admixtures may only be used if found compliant with requirements 
contained in relevant Croatian standards or with the technical approval issued by 
the competent ministry or institution authorized by such ministry. 

The acceptability of a mineral admixture is proven by the conformity certificate 
evidencing conformity with an appropriate standard, as issued by an authorized 
institution, and by the certification mark apposed on its packaging or on the 
dispatch document. 

Composition requirements for concrete 

Concrete may be specified as: 

• designed concrete (characterized by its properties), 

• prescribed concrete, 

• standardized composition concrete (with composition defined according to a 
standard). 

The designed concrete is characterized by properties of the fresh and hardened 
concrete, the prescribed concrete is characterized by the composition specified 
by the purchaser, and the standardized composition concrete is characterized by 
the composition specified in an appropriate standard. 

The composition of concrete and components for the designed concrete and 
prescribed concrete must be selected (cf. 7-00.1.3) in such a way that they 
comply with requirements for the fresh and hardened concrete, including the 
consistence, density, strength, durability, and reinforcing steel corrosion 
protection, taking into account the production process and the procedure selected 
for realization of concreting work, which includes transport, placing, compaction, 
cure and any other applicable treatment or processing of the placed concrete. 

When not precisely specified, the producer shall select types and classes of 
components among those components that have been determined as acceptable 
for given environmental conditions. 
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Unless otherwise specified, the concrete must be designed in such a way to 
minimize segregation and evacuation of water from the fresh concrete. 

The required composition of the designed concrete will be determined through 
preliminary or initial testing the results of which must meet all requirements for 
properties of the fresh and hardened concrete compliant with service 
requirements for structure into which the concrete will be placed.  If the producer 
or concrete composition designer has an appropriated concrete design prepared 
on the basis of previously performed preliminary (initial) tests, or base on many 
years of positive experience, then such design can be considered as equal to 
preliminary or initial testing. 

The producer will be responsible for the initial testing of the designed concrete, 
the composition designer will be responsible for the prescribed concrete, and the 
standardization body will be responsible for the standardized prescribed 
concrete. 

The initial testing must be conducted prior to the use of the new concrete, i.e. 
prior to the use of the concrete with new properties or the new concrete family.  
This testing must be repeated in case of a significant change in concrete 
components or properties. 

The initial testing must be conducted on a fresh concrete at the temperature 
ranging from 15 to 22° C.  In case the concrete is placed in highly varying 
temperature conditions or if thermal treatment is applied during placing, the 
producer will have to be notified in order to evaluate influence the concreting 
conditions could have on concrete properties and to undertake additional tests 
and measures aimed at maintaining specified properties of the concrete. 

Three samples must be taken from every one of three batches to be tested in the 
scope of initial testing of individual concrete, while the quantity of samples to be 
tested in the scope of initial testing for the concrete family will have to be 
designed in such a way to cover concrete composition of the entire range of the 
concrete family.  In the latter case, the number of individual mixes to be tested 
may be reduced to one mix. 

The strength or an another specified property of the mix is an average value of 
individual test results, and the result of preliminary testing is an average value of 
results from all mixes.  The report must inter alia include the information about 
the time between concrete mixing and consistence testing, and the loss of 
consistence as a function of time. 

Any differences in the type of mix and mixing procedure used during initial testing 
and during actual production must be taken into account during evaluation and 
acceptance of concrete properties, which is particularly important for properties of 
fresh concrete. 

The compressive strength of concrete must be higher than that of the specified 
class (characteristic compressive strength) by at least a value that ensures 
conformity with criteria according to Section 7-00.1.1 of these General Technical 
Requirements, or must be about two times higher than the expected standard 
deviation, i.e. it should vary from 6 N/mm2 to 12 N/mm2, depending on conditions 
during production, components and available information about earlier uniformity 
of concrete quality. 
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Special properties of concrete must be compliant with minimum criteria specified 
in the design. 

The concrete consistence must be within limits of the consistence class at the 
time of placing or, in case of the ready-mixed concrete, at the time of delivery. 

The composition of the standardized prescribed concrete shall be limited to: 

• natural normal-weight aggregate, 
• mineral additives if they are not included in the cement quantity and w/c ratio 

calculation, 
• components meeting the previously set criteria for initial testing. 

Selection of cement 

Cement shall be selected among cements of confirmed acceptability, taking at 
that into account: 

• realization of works, 
• planned use of concrete, 
• curing requirements (e.g. thermal treatment), 
• dimensions of the structure (increase in the heat of hydration), 
• environmental conditions to which the structure will be exposed (cf. 7-00.1.1), 
• potential reactivity of aggregate to alkalis contained in concrete components. 

Use of aggregate 

The type of aggregate and its grading and categories, e.g. grain shape, 
resistance to freezing, resistance to abrasion and quantity of fines, must be 
selected taking into account: 

• realization of works, 
• planned use of concrete, 
• environmental conditions to which the concrete will be exposed, 
• all requirements for the exposed aggregate and final treatment of concrete. 

The aggregate whose properties are compliant with the first or second class or 
category should normally be selected. 

The maximum nominal grain size (Dmax) should be selected taking into account 
the concrete for the protection of reinforcing steel, and the minimum cross 
sectional width. 

Naturally granular (non-fractioned) aggregate complying with EN 12620 should 
be used only for concrete belong to the compressive strength class C12/15 or to 
a lower class. 
The aggregate recycled from water-rinsed concrete may be used in concrete 
fabrication. 

The unseparated recycled aggregate should not be added in quantities 
exceeding 5 percent of the total quantity of aggregate.  When the quantity of 
recycled aggregate exceeds 5 percent of the total quantity of aggregate, then the 
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aggregate has to be of the type similar to the primary aggregate, and must 
additionally be separated into coarse and fine fractions, and should also meet 
requirements contained in EN 12620. 

If the aggregate contains silicate varieties of minerals and rocks potentially 
reactive in contact with alkalis (Na20 and K20) originating from cement or an 
another source, and if concrete will thus be exposed to moisture, then reliable 
measures must be undertaken to prevent alkali-silicate reactions. 

Preventive measures must be adjusted to the geological source of aggregate, 
taking at that into account previous experience with a particular cement and 
aggregate combination. 

Use of recycled water 

The recycled water obtained during concrete production must be used in 
accordance with the standard HRN EN 1008. 

Use of mineral admixtures 

Quantities of type I and type II mineral admixtures to be used in concrete must be 
submitted, prior to their use, to initial testing so as to determine in which way they 
will influence the strength and other specified properties of concrete. 

Type II mineral admixtures compliant with Section 7-00.1.2 of these General 
Technical Requirements may be included in the concrete composition calculation 
in relation to cement quantity and w/c ratio (in aggressive environment) provided 
that they have previously been found acceptable.  At that, requirements specified 
in Section 5.2.5 of the EN 206 must be met. 

Use of chemical admixtures 

The total quantity of any chemical admixture must not exceed the maximum 
quantity recommended by the manufacturer or 50 g of admixture (as supplied) 
per kg of cement, until the influence of a higher quantity of admixture on the 
properties and durability of concrete has been checked. 

Chemical admixtures added in quantities of less than 2 g per 1 kg of cement may 
be used only if dispersed in water to be used in concrete fabrication. 

If the total quantity of liquid chemical admixtures exceeds 3 l per 1 cubic meter of 
concrete, then their quantity of water must be taken into account in the w/c ratio 
calculation. 

If more than one chemical admixture is used, then the compatibility of chemical 
admixtures must be checked in the scope of the initial testing. 

High performance superplasticizers must be used in the fabrication of the 
concrete with plasticity in excess of S4, V4, C3 or F4. 

Quantity of chlorides 

The quantity of chlorides in concrete, expressed as the percentage of chloride 
ions in the cement mass, must not exceed the values given for a particular class 
in Table 7-00.1.2-1. 
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The calcium chloride, as well as chemical admixtures based on chlorides, must 
not be added to concrete which contains reinforcing steel, prestressed steel or 
any other embedded metal. 

The quantity of chlorides in concrete shall be determined based on the total 
content of component materials, using one or both of the following procedures: 

• calculation based on maximum nominal chloride content in components, as 
specified in standards relating to these components, or in producers' 
declarations, 

• calculation based on the quantity of chlorides in concrete components 
calculated monthly from the mean value of at least 25 chloride quantity 
determinations plus 1.64 times the calculated standard deviation for every 
component. 

Table 7-00.1.2-1 Maximum quantity of chlorides in concrete 
 

Use of concrete Chloride content class1) Maximum Cl content in 
cement2) 

Does not contain 
reinforcing steel or other 
embedded metal, except 
for corrosion-resistant 
guides 

Cl 1.00 1.00% 

Contains reinforcing 
steel or other embedded 
metal 

Cl 0.20 
Cl 0.40 

0.20% 
0.40% 

Contains prestressed 
steel 

Cl 0.10% 
Cl 0.20% 

0.10% 
0.20% 

1) In special conditions of concrete use, the selection of class will depend on 
provisions valid at the place where the concrete is used. 

2) When using type II mineral admixtures included in the calculation of cement 
quantity, the quantity of chloride will be expressed as percentage of 
chloride ions in the mass of cement, plus the quantity of calculated mineral 
admixture. 

Temperature of concrete 

The temperature of fresh concrete must not be lower than 5 degrees Celsius at 
the time of delivery.  When the requirement for a different minimum or maximum 
temperature of fresh concrete needs to be set, then the tolerance must be 
specified in addition to such requirement.  All requirements relating to artificial 
cooling or heating of concrete must be agreed between the producer and user 
prior to delivery. 

Requirements related to classes of exposure to environmental actions 

Requirements for the concrete resistant to environmental actions are expressed 
as limit values of concrete composition, as specified properties of concrete, or 
may be derived from design procedures based on behavior of concrete during 
use.  Requirements must take into account the design working life of the 
structure. 
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Limit values of concrete composition 

Requirements for every class of exposure must be specified by: 

• allowable type and class of components, 
• maximum w/c ratio, 
• minimum quantity of cement, 
• minimum compressive strength of concrete, 

and, if relevant by 

• minimum air content in concrete, 
• special property of concrete relevant to the defined class of the 

aggressiveness of environment. 

In requirements adapted to the place of use, the maximum w/c ratio must be set 
in 0.05 increments, the minimum quantity of cement must be specified by 20 
kg/m3, and the compressive strength of concrete in classes given in Table 7-
00.1.1-5 for normal-weight and heavy-weight concrete, and in Table 7-00.1.1-6 
for light-weight concrete. 
Limit values of concrete properties and composition for individual classes of 
exposure must meet minimum requirements given in Table 7-00.1.2-2 which 
imply the use of cement CEM I compliant with EN 197, and maximum grain size 
ranging from 16 to 32 mm.  Minimum strength classes presented have been 
derived from the relationship between the w/c ratio and the concrete strength 
class of concrete produced using the cement class 42.5. 

Table 7-00.1.2-2 Limit values of composition and compressive strength classes 
of concrete 

Exposure class Max. w/c ratio Min. class 
of strength 

Min. quantity of 
cement, kg/m3 

No corrosion risk 
X 0 - C12/15 - 

Corrosion by carbonization 
XC 1 0.65 C20/25 260 
XC 2 0.60 C25/30 280 
XC 3 0.55 C30/37 280 
XC 4 0.50 C30/37 300 

Chloride generated (maritime) corrosion 
XS 1 0.45 C35/45 340 
XS 2 0.45 C35/45 340 
XS 3 0.40 C40/50 360 

Chloride corrosion (non-maritime) 
XD 1 0.50 C30/37 300 
XD 2 0.50 C30/37 300 
XD 3 0.40 C40/50 360 

Freezing/thawing with or without deicing salt 
XF 1 0.50 C30/37 300 
XF 2 0.50 C25/30 300 
XF 3 0.45 C30/37 320 
XF 4 0.40 C35/45 360 

Chemically aggressive environment 
XA 1 0.55 C30/37 300 
XA 2 0.50 C30/37 320 
XA 3 0.45 C35/45 360 
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In addition to the above presented approach adapted to EN 206, requirements 
specified in the following section of these GTR must also be met based on our 
experience gained in conditions characterized by freezing and thawing, and use 
of deicing salt. 

Aggregate resistant to freezing as per EN 12620, and concrete aerated with min. 
5.0 % of micropores of entrained air, must be used in aggressive environment 
from XF 2 to XF 4. 

The sulfate resistant cement must be used when the sulfate aggressiveness 
inclines towards exposure classes XA 2 and XA 3. 

The above limit values guarantee a 50 year working life of concrete.  More 
stringent values (approximately one class higher for additional 20 years), or 
additional protection measures, would be required if higher durability values are 
to be set. 

If compliant with the previously defined limit values, it can be assumed that the 
concrete placed in the structure will meet durability requirements for the intended 
use under special environmental conditions provided that: 

• concrete has been properly placed, compacted and cured in accordance with 
ENV 13670, 

• the minimum thickness of the steel-protection concrete layer complies with 
provisions of a relevant standard such as ENV 1992-1 with respect to special 
environmental conditions and maintenance measures. 

Concrete mix composition design based on properties during its use 

Requirements for individual exposures classes may also be determined using the 
design procedure based on durability properties, and may depend on properties 
significant for determining behavior of concrete (e.g. concrete scaling during the 
freezing and thawing test). 

The process of designing concrete composition based on its behavior in use must 
include every relevant mechanism of deterioration, working life of a structural 
element, and criteria that quantitatively define the end of such working life. 

If the following minimum parameters are determined in advance: 

• type and shape of structure, 
• local environmental conditions, 
• level of completion, 
• required service life, 

then it will be possible to apply one of the following procedures for the design of 
concrete composition based on its behavior in use: 

• procedure involving good knowledge of this issue, based on extensive 
experience with local materials and practices, and detailed knowledge of local 
environmental conditions, 

• procedure based on approved and confirmed testing procedures that 
represent actual conditions and are backed with approved criteria defining 
scope of use, 
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• procedure based on analytical models calibrated according to testing data 
that reflect actual on site conditions. 

For that purpose, in class XF1 of exposure to environmental influences, the 
concrete must meet requirements for 100 freezing and thawing cycles as 
indicated in HRN U.M1.0166, in exposure class XF3 for 200 cycles, and in 
exposure classes XF2 and XF2 the concrete must meet requirements for 50 
freezing and thawing cycles, and for exposure to deicing salt, as specified in HRN 
U.M1.055.  The testing based on procedures indicated in these standards, and 
the checking of conformity with these requirements, must be carried out through 
initial testing for all types (compositions) of concrete, and confirmed by 
inspections to be carried out at least once a year and at every change in concrete 
composition.  The concrete composition and components must be defined in full 
detail. 

Requirements for fresh concrete 

Consistence 

 The following procedures must be applied in the scope of concrete consistence 
determination: 

• slump test according to HRN EN 12350-2, 
• Vebe test according to HRN EN 12350-3, 
• compaction capacity determination according to HRN EN 12350-4, 
• Flow table test according to HRN EN 12350-5, 
• special procedure to be defined by the Client and producer for special uses 

(e.g. earth-moist concrete). 

As these procedures are quite sensitive outside of the specified consistence 
values, they should be used for: 

• slump test: ≥ 10 mm and ≤ 210 mm, 
• Vebe-time: ≤ 30 s and > 5 s, 
• compaction level: ≥ 1.04 and < 1.46, 
• flow diameter: > 340 mm and ≤ 620 mm. 

The consistence of concrete must be determined during the use of concrete or at 
delivery if ready-mixed concrete is used. 

If concrete is delivered in truck mixers or agitating trucks, the consistence can be 
determined on a representative sample taken from initial delivery.  The 
representative sample of about 0.3 cubic meter of concrete shall be taken after 
delivery in accordance with HRN EN 12350-1. 
The consistence may be set through reference class of consistence or, in special 
cases, through tolerance values as shown in Table 7-00.1.2-3. 
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Table 7-00.1.2-3  Tolerances for specified consistence values 
 

Slump test 
Specified range, 
mm ≤ 40 50 to 90 ≤ 100 

Tolerances, mm ± 10 ± 20 ± 30 

Vebe-time 
Specified range, s ≥ 11 10 to  6 ≤  5 
Tolerances, s ± 3 ± 2 ±  1 

Compactability (compaction level) 
Specified range, sz ≥ 1,26 1,25 to 1,11 ≤ 1,10 
Tolerances, sz ± 0,10 ± 0,08 ± 0,05 

Flow diameter 
Specified range, mm All values 
Tolerances, mm ± 30 

Quantity of cement and w/c ratio 

If the quantity of cement, water or mineral admixture needs to be determined, this 
information should be taken (regardless of whether the mix report is available or 
not) from production data related to mixing (proportioning) instructions. 

If the w/c ratio for concrete needs to be determined, it should be calculated based 
on the determined quantity of cement and an effective quantity of water (for liquid 
chemical admixtures see 7-00.1.2).  The water absorption for normal-weight and 
heavy-weight aggregate shall be determined according to EN 1097-6, and for 
light-weight aggregate according to Appendix C to EN 1097-6. 

If the minimum quantity of cement is replaced by the minimum quantity of cement 
+ mineral admixture, or if the w/c ratio is replaced with w/(cement + k x mineral 
admixture) ratio (cf. Section 5.2.5 of EN 206), the procedure will have to be 
modified as appropriate. 

No individual w/c ratio will be allowed to exceed the limit value by more than 0.02. 

If the quantity of cement, mineral admixture or w/c ratio of fresh concrete is to be 
determined by analysis, then the procedure and tolerances must be jointly 
defined by the mix specifier and the producer. 

NOTE: See CEN report CR 13902 Determination of w/c ratio for fresh concrete. 

Air content 

When necessary, the quantity of air in concrete shall be measured in accordance 
with HRN EN 12350-7 for normal-weight and heavy-weight concrete and 
according to ASTM C 173 for light-weight concrete.  The quantity of air is 
specified by minimum value.  The top limit for air quantity is defined as the 
minimum value + 4% of the absolute value. 
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Maximum aggregate grain size 

When necessary, the maximum aggregate grain size in fresh concrete will be 
determined in accordance with EN 933-1. 

The maximum nominal grain size of aggregate defined according to EN 12620 
must not be greater than the specified value. 

Requirements for hardened concrete 

Strength 

When necessary, the strength of concrete will be tested on 150 mm cubes or on 
test cylinders measuring 150 x 300 mm in accordance with HRN EN 12390-1, 
and the sample will be fabricated and cured according to HRN EN 12350-1 and 
HRN EN 12390-2. 

When compressive strength of concrete is to be defined, it should be expressed 
as fc,koc when cubes are used in the testing, and as fc,valj when test cylinders are 
used according to HRN EN 12350-1. 
Before the testing commences, the producer shall determine whether the 
compressive strength will be accepted based on cube or cylinder testing. 

Unless otherwise specified, the compressive strength will be determined on 
samples tested at 28 days.  In special cases the compressive strength will be 
determined at concrete age of more or less than 28 days, or after being kept in 
special conditions (e.g. after thermal treatment). 

The characteristic compressive strength of concrete must be equal or higher than 
the characteristic compressive strength required for the specified class of 
compressive strength (cf. Tables 7-00.1.1-5 and 7-00.1.1-6). 

If it can reasonably be expected that the specified compressive strength testing 
for concrete will not result in representative values, e.g. in case of concrete 
consistence CO, or more rigid that S1, or in case of vacuum concrete, then the 
testing procedure may be modified or the compressive strength of concrete may 
be determined in the structure or on a structural element. 

The acceptance of strength in the structure or structural element shall be 
conducted in accordance with EN 13791. 

The splitting tensile strength shall be determined in accordance with HRN EN 
12390-6.  Unless otherwise specified, the splitting tensile strength shall be 
determined on samples tested at 28 days. 

The characteristic splitting tensile strength of concrete shall be equal or greater 
than the specified splitting tensile strength. 

Density 

According to its density in dry state, concrete can be defined as normal-weight 
concrete, light-weight concrete and heavy-weight concrete (cf. definitions).  When 
required, the density of concrete in dry state shall be determined in accordance 
with HRN EN 12390-7. 
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The density of normal-weight concrete in dry state must be higher than 2000 
kg/m3 but shall not exceed 2600 kg/m3.  The density of light-weight concrete in 
dry state shall be situated within limits set for a particular class (cf. Table 9 in EN 
206).  The density of heavy-weight concrete in dry state shall be greater than 
2600 kg/m3.  If the density is defined as a specified value, then the tolerance of ± 
100 kg/m3 shall be applied. 

Resistance to water penetration 

Water permeability of concrete shall be tested in accordance with EN 7031, and 
the conformity criteria shall be defined by the mix specifier in concert with the 
producer.  Generally, the water should not penetrate into the sample by more 
than 50 mm, and an average value of such penetration should not exceed 20 
mm. 

Fire resistance 

The concrete composed of natural aggregate, cement, chemical admixtures, 
mineral admixtures or other inorganic materials shall be classified into the 
European class A and does not need to be tested1. 

Other properties of concrete 

If other properties of concrete must be determined by testing (such as resistance 
to freezing, resistance to freezing and deicing salt, resistance to wear, etc.), the 
procedure and conformity criteria must be defined by the mix specifier in concert 
with the producer. 

7-00.1.3 Concrete quality requirements 

The concrete quality specifier must make sure that all relevant properties of 
concrete are included in requirements i.e. in the specification submitted to the 
producer.  Such specification should include appropriate requirements for 
concrete properties at all times, i.e. during transport, after delivery, during 
placing, compaction, cure or with respect to any other treatment.  If necessary, 
such specification will include special requirements (e.g. for architectural 
finish/treatment). 

The concrete quality specifier shall take into account: 

• use of fresh and hardened concrete, 
• curing conditions, 
• dimensions of the structure (rise of the heat of hydration), 
• all requirements for rustic terrazzo or surfaces treated with appropriate tools, 
• all requirements for concrete for the protection of reinforcing steel or minimum 

cross sections, e.g. maximum nominal grain size of aggregate, 
• all limitations relating to the use of acceptable components, such as those 

arising from the exposure class requirements. 

Concrete should be specified as either designed concrete according to general 
classification, or as concrete of specified composition (prescribed concrete) for 
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which composition has to be defined.  The basis for designing or prescribing a 
concrete composition shall be results from initial tests, or information obtained 
from long-term experience with comparable concrete, taking into account the 
basic reqiirements for constituent materials and concrete composition. 

In case of prescribed concrete the specifier has to ensure that the requirements 
are generally compliant with EN 206 and that the specified composition will result 
in required properties of concrete in both fresh and hardened state.  The specifier 
is required to keep and regularly update accompanying documentation relating to 
concrete behavior. 

In case of standardized concrete of defined composition (standardized prescribed 
concrete), the responsibility is vested in the national institution for 
standardization.  For the concrete of specified composition, the evaluation of 
conformity is exclusively based on specified composition, rather than on 
properties required by the specifier. 

Requirements for designed concrete 

The designed concrete will be specified by principal data (basic requirements) 
and, when required, by some additional information (additional requirements). 

Basic requirements 

The requirements must include: 

a) data compliant with EN 206, 
b) class of compressive strength, 
c) class of exposure, 
d) maximum nominal upper aggregate size, 
e) class of chloride content. 

Additional requirement for light-weight concrete: 

f) density class or target density 

Additional requirement for heavy-weight concrete: 

g) target density 

Additional requirement for ready-mixed concrete and site-mixed concrete: 

h) consistence class or, in special cases, a target value for consistence. 

Additional requirements 

The following requirements may be specified with respect to behavior during 
working life or in relation to testing procedures: 

• special type or class of cement (e.g. low hydration heat cement), 
• special type or class of aggregate, 
• properties needed to ensure resistance to freezing, e.g. quantity of air 

including possible losses during pumping, placing, compaction i.e. during 
activities occurring after delivery, 
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• temperature of fresh concrete, 
• increase in strength, 
• rise of heat of hydration, 
• retarded stiffening, 
• resistance to water penetration, 
• resistance to freezing, 
• resistance to freezing and deicing salt, 
• resistance to abrasion, 
• splitting tensile strength. 

Requirements for prescribed concrete 

The concrete of specified composition is defined by principal requirements and, in 
special conditions, by additional requirements. 

Principal requirements 

a) data compliant with EN 206, 
b) quantity of cement, 
c) cement type and strength class, 
d) w/c ratio or consistence class for fresh concrete and, in special cases, a 

target value, 
e) aggregate type and class; in case of light-weight or heavy-weight concrete an 

appropriate maximum or minimum density must be specified, 
f) maximum nominal aggregate size and grading limitations, 
g) type and quantity of chemical or mineral admixtures, if any, 
h) if chemical or mineral admixtures are added, their source and source of 

cement, as well as an approximation of properties that can not be 
characterized in an another manner. 

Additional requirements 

Additional requirements may be: 

• source of all or some of  concrete components in order to obtain properties 
that can not be obtained by specifying other features, 

• additional requirements for aggregate, 
• temperature of fresh concrete, 
• other technical requirements. 

Requirements for standardized prescribed concrete 

The standardized prescribed concrete must be specified by 

• referring to standard in which it is described, and by specifying relevant 
requirements, 

• specifying concrete in the standard. 
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The standardized prescribed concrete will only be used for: 

• normal-weight concrete placed in nonreinforced and reinforced concrete 
structures, 

• designed classes characterized by compressive strength of ≤ C 16/20, 
• classes of exposure X0 and XC1. 

Concrete classes of up to 20/25, destined for the fabrication of nonreinforced 
elements and structures, which are fabricated at the place of production, and are 
defined only with  the class of concrete shall be fabricated, in case of maximum 
aggregate fraction from 16 to 32 mm, using the following quantities of cement 
class 32.5 (kg/m3 of placed concrete): 

C 8/10 220 
C 12/15 260 
C 16/20 300 
C 20/25 350 

When cement class 42.5 is used, the above cement quantities shall be reduced 
by 10% and increased by: 

• 10% at maximum aggregate fraction from 8 to 16 mm, 
• 20% at maximum aggregate fraction from 4 to 8 mm, 
• 20% at liquid consistence. 

The inspection and confirmation of conformity of these concrete types shall be 
carried out exclusively by inspection of concrete composition in accordance with 
Section 7-00.1.5 of these General Technical Requirements. 

7-00.1.4 Delivery of fresh concrete 

Information to be submitted to the producer by the concrete user 

The user will define, together with the producer: 

• delivery date, time and rate, 

and, when necessary, the user will inform the producer about: 

• special transport to the construction site, 
• special construction procedures, 
• limitations of the transport vehicle, such as type (agitating or non-agitating 

truck), size, height or gross weight. 

Information to be submitted to the concrete user by the producer 

When ordering concrete, the user may require information about composition of 
the concrete mix so that he can apply an appropriate method for placing and 
protection of fresh concrete and to correctly anticipate development of concrete 
strength. 
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When asked by the user, the producer shall provide the requested information 
prior to the delivery of concrete, in accordance with the user's wishes.  When 
requested to do so, the producer shall provide the following information for the 
designed concrete: 

a) type and strength class of cement and type of aggregate 
b) type of chemical admixture, type and approximate quantity of mineral 

admixture, if any, 
c) target w/c ratio, 
d) relevant results obtained during preliminary (initial) testing of the mix, e.g. 

results of the inspection during production or results of initial testing, 
e) strength development, 
f) source of components (constituent materials). 

In case of ready-mixed concrete, the information - if required - may also be given 
in form of the producer's catalogue of concrete mixes, in which details are given 
about strength classes, consistence classes, mix weight, and other relevant data. 

Information about the time of concrete protection based on the rise of concrete 
strength may be expressed through designations contained in Table 7-00.1.4-1 or 
by the curve of concrete strength rise at 20°C for the period between 2 and 28 
days. 

Table 7-00.1.4-1 Rise of concrete strength at 20°C 
 

Strength development Estimate of strength ratio 
fcm,2/fcm,28 

Rapid ≥ 0.5 
Medium ≥ 0.3 and < 0.5 
Slow ≥ 0.15 and < 0.3 
Very slow < 0.15 

 

The strength ratio, as an indicator of the rise in strength, is the relationship 
between the intermediate value of compressive strength after 2 days (fcm,2) and 
the intermediate value of compressive strength after 28 days (fcm,28), as determine 
by initial testing or based on known properties of a concrete of comparable 
composition.  In such initial tests, samples used in strength determination shall be 
prepared, cured and tested in accordance with HRN EN 12350-1, HRN EN 
12390-1, HRN EN 12390-2 and HRN EN 12390-3. 

The producer is required to inform the user about any health risk that may occur 
during concrete handling. 

Delivery ticket for the ready-mixed concrete 

When delivering the concrete, the producer must submit to the user the delivery 
note for concrete delivered by any means of transport, and the following minimum 
information must be either stamped or written in that delivery note: 

• name of concrete plant, 
• serial number of delivery ticket, 
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• date and time of transport, i.e. the time of first contact between cement and 
water, 

• number of vehicles, 
• name of purchaser, 
• name and location of construction site, 
• details about or reference to requirements, i.e. code number, designation 

number, 
• quantity of concrete in cubic meters, 
• declaration of conformity with referenced quality requirements and EN 206, 
• name or sign of certification body, if relevant, 
• time when the concrete will arrive at the construction site, 
• time of the start of unloading, 
• time of the end of unloading. 

In addition, the delivery ticket must contain the following details: 

a) for the designed mix: 

• strength class, 
• exposure class, 
• consistence class or target value, 
• limit values for concrete composition, if such values are set, 
• cement type and strength class, if specified, 
• type of chemical and mineral admixture, if specified, 
• special properties, if required, 
• maximum nominal upper aggregate size, 
• in case of light-weight or heavy-weight concrete, density class or target 

density. 

b) for the prescribed mix: 

• details about composition, such as quantity of cement, type of chemical 
admixture, if any, 

• w/c ratio or class or specified consistence value, if required, 
• maximum aggregate size. 

In case of the standardized prescribed concrete, the data complying with the 
relevant standard must be provided. 

Delivery information for site-mixed concrete 

The information required in Section 7-00.1.4 for concrete delivery ticket is also 
appropriate for concrete produce on a big construction site, or when several 
concrete types are used. 

Consistence at delivery 

In general terms, it is not allowed to add water or chemical admixtures during 
delivery.  In some special cases the water or chemical admixtures may be added 
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under the producer's responsibility and when this is necessary to obtain the 
specified consistence value, provided that the specified limit values are not 
exceeded and that addition of chemical admixture is included in the concrete mix 
design.  The quantity of water or chemical admixture added to the vehicle (truck 
mixer) must be recorded in the delivery ticket in all cases.  For rehomogenization 
see Section 7-00.1.6. 

If the quantity of water or chemical admixtures added on the construction site 
exceeds the quantity allowed according to specifications for such mix or for the 
quantity of concrete in the mixer, then the note "non-compliant" shall be entered 
in the dispatch document.  The person that authorized such addition shall be 
responsible for any consequences thereof, and his name shall be entered in the 
dispatch document. 

7-00.1.5 Verification of conformity and conformity criteria 

The verification of conformity includes activities and decisions to be made in 
accordance with conformity criteria defined in advance, in order to check 
conformity of concrete with specified requirements.  The verification of conformity 
is an integral part of the production control (cf. Section 7-00.1.6 of these General 
Technical Requirements). 

Concrete properties used in the verification of conformity are the properties that 
are measured through appropriate tests based on standard procedures.  Actual 
values of concrete properties when concrete has been placed in the structure 
may vary from tested values, depending on the size of the structure, placing, 
compaction, curing and climatic conditions. 

The sampling and testing plan and conformity criteria must be in accordance with 
provisions contained in Section 7-00.1.5.  These provisions should also be 
applied for the concrete of precast elements unless an equivalent set of 
provisions is specified in a separate standard relating to such product.  If a more 
frequent sampling is required, it will be subject to prior approval.  Properties not 
covered by these sections, by sampling and testing plan, test procedures and 
conformity criteria, must be jointly defined by the producer and the specifier. 

The place of sampling for compliance testing must be selected in such a way that 
relevant concrete properties and concrete composition do not significantly 
change from the place of sampling to the place of delivery.  In case of light-weight 
concrete produced with unsaturated aggregate, the samples must be taken at the 
place of delivery. 

When production control tests are similar to tests made in the scope of conformity 
verification, then the former tests shall be taken into account in conformity 
verification.  The producer may also use other delivered-concrete test results in 
conformity verification. 

The conformity or non-conformity is defined based on conformity criteria.  Non-
conformity may result in other actions to be taken at the place of production and 
at the construction site (cf. Section 7-00.1.5). 
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Conformity verification for designed concrete 

Conformity verification for compressive strength 

In case of normal-weight and heavy-weight concrete belonging to strength class 
from C8/10 to C55/67, or light-weight concrete belonging to class C55/60, the 
sampling and testing must be conducted by individual concrete compositions or 
by concrete families of determined similarity, in the manner defined by the 
producer, unless otherwise specified.  The family concept shall not be applied for 
higher concrete classes.  The light-weight concrete must not be grouped in 
families which are related to normal-weight concrete; light-weight concrete with 
aggregates of proven similarity may be grouped in its own family. 
Instructions for the selection of concrete families are given in EN 206 (Appendix 
K). 

In case of concrete families, the producer must test all members of the family and 
the sampling must be conducted in the entire range of concrete compositions 
produced within a family. 

When the concrete conformity testing is applied to a concrete family, then the 
reference concrete is selected, which is usually the concrete that is produced the 
most or the concrete from the middle range of the concrete family.  Then the 
correlation is established between each individual concrete composition in the 
family and the reference concrete so that every individual compressive strength 
result for every individual concrete can be calculated in relation to the reference 
concrete.  The correlation will have to be revised based on original results 
obtained by compressive strength testing in every period of acceptance, and 
when visible changes are noted in production conditions.  Furthermore, when 
checking compliance of a family, it should also be determined whether every 
individual member actually belongs to the family. 

The initial production will be differentiated from continuous production in the 
sampling an testing plan and with respect to conformity criteria for individual 
concrete compositions within concrete families. 

The initial production is the production covering the period until at least 35 test 
results are obtained. 

The continuous production is achieved when at least 35 test results have been 
obtained in the period of no more than 6 months. 

If the production of a particular concrete composition or concrete family has been 
suspended for more than 6 months, then the producer has to adjust criteria and 
the sampling and testing plan to those given for the initial production. 

In the course of continuous production the producer may adjust the sampling and 
testing plan and criteria valid for initial production to those valid for continuous 
production. 

If the strength is specified for a different age of concrete, then the conformity will 
be evaluated on samples tested at such specified age of concrete. 

Provisions contained in EN 206 (Annex B) will be applied in cases when identity 
has to be checked for a particular quantity of concrete with population meeting 
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characteristic strength requirements, i.e. if the quality of a mix or delivery is 
doubtful or if in special cases it is specified in the design. 

Concrete samples shall be selected at random in accordance with provisions 
contained in HRN EN 12350-1.  Sampling shall be conducted in every concrete 
family that has been produced in conditions considered to be similar.  The 
minimum number of samples must be set in accordance with Table 7-00.1.5-1, 
taking as relevant the value giving greater number for either initial or continuous 
production, as appropriate. 

Table 7-00.1.5-1  Minimum rate of sampling for assessing conformity 
 

Minimum rate of sampling 
After the initial 50 m3 of production1) 

Production Initial 50 m3 of 
production 

Concrete with 
certified production 

control 

Concrete without 
certified production 

control 
Initial (until at 
least 35 results 
are obtained) 

3 samples 1/200 m3 or 
2/production week 

1/150 m3 or 
2/production day 

Continuous2) 
(after at least 35 
results are 
obtained) 

 1/400m3 or 
1/production week 

 

1) Sampling must be distributed evenly throughout the production and no more than one 
sample should be taken per every 25 m3. 

2) When the standard deviation in at least 15 test results is above 1.37s, then the 
frequency shall be increased to that required for initial testing for the next 35 test results. 

Regardless of sampling requirements given in Section 7-00.1.5, samples will 
have to be taken each time the water or chemical admixture is added under 
control and responsibility of the producer, and sampling will be allowed before the 
plasticizer or superplasticizer is added for consistence adjustment purposes (cf. 
7-00.1.4) if it is proven by initial testing that the plasticizer or superplasticizer will 
not negatively affect the strength of concrete if added in specified quantity. 

Test result is either the result obtained by testing a particular sample, or an 
average result obtained by simultaneous testing of two or more samples taken 
from the same sample batch. 

When two or more samples originating from the same sample batch differ for 
more than 15 percent from the average value for the sample batch, then these 
samples shall be discarded unless it is proven by analysis that there is an 
acceptable reason why any of them should be accepted. 

The conformity should be estimated based on test results obtained in the 
evaluation period of no more than 12 preceding months. 

The conformity of compressive strength of concrete will be estimated based on 
samples tested at 28 days2 for: 

• groups of "n" successive test results (fcm) (criterion 1), 
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• each individual result (fci) (criterion 2). 

The conformity is confirmed if both criteria from Table 7-00.1.5-2 have been met 
for the initial and for the continuous production. 

When the conformity is confirmed based on concrete families, then the criterion 1 
is applied to the reference concrete taking into account all calculated test results 
within the family; criterion 2 is applied to original test results. 

In order to confirm that each individual member belongs to the family, the 
average value of all unmodified test results (fcm) should be estimated for an 
individual family member based on criterion 3 shown in Table 7-00.1.5-3.  Every 
concrete that does not meet this criterion must be removed from the family and 
its conformity shall be analyzed separately. 

Table 7-00.1.5-2  Conformity criteria for compressive strength 
 

Criterion 1 Criterion 2 
Production 

Number of "n" 
compressive 
strength test 

results in a group 
Mean of "n" results 

(fcm), N/mm2 
individual result (fci), 

N/mm2 

Initial 3 ≥ fck + 4 ≥ fck - 4 

Continuous 15 ≥ fck + 1.48s ≥ fck - 4 

In the beginning, the standard deviation (s) should be calculated based on at 
least 35 successive test results obtained in the period of more than three months, 
which immediately precedes the production period for which the conformity is 
being checked.  This value should be taken as the established standard deviation 
(s) of the population.  The validity of the accepted value should be checked 
during the ensuing production. 

Table 7-00.1.5-3  Confirmation criterion for family members 
 

Criterion 3 Number "n" of test results for 
compressive strength for a single 

concrete 
Average of "n" results (fcm) for a 

single family member. N/mm2 

2 ≥ fck - 1.0 

3 ≥ fck + 1.0 

4 ≥ fck + 2.0 

5 ≥ fck + 2.5 

6 ≥ fck + 3.0 
 

The value "s" may be determined according to two methods.  The method to be 
used must be selected in advance. 

Method 1 

The initial value of standard deviation may be applied for the oncoming period 
during which the conformity will be checked by ensuring that standard deviation 
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of at least 15 results (S15) does not greatly differ from the accepted standard 
deviation.  This principle is valid for: 

0.63 s < S15 < 1.37 s 

When the value S15 is outside of the specified limits, a new value must be 
determined based on the last 35 test results. 

Method 2 

The new value s can be determined from the continuous composition and this 
value will be accepted.  The sensitivity of the system must be at least equal to 
that given in Procedure 1. 

The new s value will be determined for the new evaluation period. 

Conformity verification for the splitting compressive strength 

The Section 7-00.1.5 will be applied although it should be noted that the concept 
of concrete families can not be used.  Each concrete composition will be 
accepted separately. 

Provisions contained in Section 7-00.1.5 will also be used in relation to the 
sampling and testing plan. 

When the splitting compressive strength of concrete is specified, the conformity 
shall be checked based on test results obtained during the evaluation period 
which must not be longer than the last twelve months. 

The conformity of the splitting tensile strength of concrete will be checked on 
samples tested at 28 days, unless otherwise specified, for: 

• group of "n" successive test results (fvm) (criterion 1), 
• each individual test result (fvi) (criterion 2). 

The conformity with the characteristic splitting tensile strength of concrete (fvk) is 
confirmed if test results meet both criteria from Table 7-00.1.5-4 for the initial and 
for the continuous production. 

Table 7-00.1.5-4  Conformity criteria for the splitting tensile strength 
 

Criterion 1 Criterion 2 
Production Number "n" of 

results in a group Mean of "n" results 
(fcm), N/mm2 

individual result 
(fci), N/mm2 

Initial 3 ≥ fck + 0.5 ≥ fck - 0.5 

Continuous 15 ≥ fck + 1.48s ≥ fck - 0.5 

Provisions for standard deviation specified in Section 7-00.1.5 shall be applied 
when appropriate. 
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Table 7-00.1.5-5  Conformity criteria for other properties 
 

Property 
testing or 

examination 
procedure 

Minimum 
number of 
samples or 

examinations 

Number of 
acceptances 

Maximum allowable 
deviation of individual test 

results from individual class 
limits or specified tolerances 

    Top limit Bottom limit 

Density of 
heavyweight 
concrete 

HRN EN 
12390-7 

as in Table 7-
00.1.5-1 
compressive 
strength 

cf. Table 
7-00.1.5-7a  -30 kg/m3 no limitation1) 

Density of 
light-weight 
concrete 

HRN EN 
12390-7 

as in Table 7-
00.1.5-1 for 
compressive 
strength 

cf. Table 
7-00.1.5-7a  -30 kg/m3  +30 kg/m3 

w/c ratio cf. 7-00.1.2 once a day cf. Table 
7-00.1.5-7a no limitation 0,02 

Quantity of 
cement cf. 7-00.1.2 once a day cf. Table 

7-00.1.5-7a  -10 kg/m3 no limitation1) 

Entrained 
air in fresh 
concrete 

HRN EN 
12350-7 for 
normal 
concrete 
ASTM C173 
for light-weight 
concrete 

once a day 
(when 
production is 
stable) 

cf. Table 
7-00.1.5-7a 

 -0,5 % 
of absolute 
value 

 +1,0 % 
of absolute 
value 

Quantity of 
chlorides in 
concrete 

cf. 7-00.1.2 

for every 
concrete 
composition and 
again if the 
chloride quantity 
increases in any 
component 

0 no 
limitation1) 

higher value 
not allowed 

1) Until limitations are specified 

Conformity verification for other and special properties 

The term "other properties" denotes (except for concrete strength) properties 
given in Tables 7-00.1.5-5 and 7-00.1.5-6, which are mainly related to fresh 
concrete and are checked in fresh concrete, while "special properties" are 
properties of hardened concrete based on our former regulations, which 
characterize the durability, i.e. behavior of concrete during use (water 
permeability, resistance to freezing, resistance to freezing and deicing salt, etc.). 

Other properties 

Concrete samples for checking conformity of other properties shall be selected at 
random and taken in accordance with HRN EN 12350-1.  The sampling must be 
conducted at every concrete family produced in conditions that are considered to 
be equal.  The minimum number of samples and test procedures must be in 
accordance with Tables 7-00.1.5-5 and 7-00.1.5-6. 
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Table 7-00.1.5-6  Conformity criteria for consistence 
 

Testing procedure 

Minimum 
number of 
samples or 

examinations 

Number of 
acceptances 

Maximum allowable 
deviation of individual test 

results from individual class 
limits or specified tolerances 

    Bottom limit Top limit 

Visual 
inspection 

Comparison 
between 

actual and 
specified 

appearance 
of concrete 

each mix, for 
vehicles each 

contingent 
- - - 

Slump HRN EN 
12350-2 

 
i) frequency as 
in Table 7-
00.1.5-1 for 
compressive 
strength 
 
ii) at air quantity 
check 
 
 

cf. Table 
7-00.1.5-7b   - 10 mm   + 20 mm 

  

iii) in case of 
doubt, according 
to visual 
inspection 

 

- 20 mm2) + 30 mm2) 

Time of 
vibration 

HRN EN 
12350-3 

 
cf. Table - 4 sec + 2 sec 

   7-00.1.5-7b - 6 sec2) + 4 sec2) 

Level of  
HRN EN 
12350-4 

 
cf. Table - 0,05 + 0,03 

compaction   7-00.1.5-7b - 0,072) + 0,052) 

Flow dia. HRN EN 
12350-5 

 
cf. Table - 15 mm + 30 mm 

   7-00.1.5-7b - 25 mm2) + 40 mm2) 
1) These deviations are not applicable when there are no top and bottom limitations. 
2) Applicable only for consistence measurement from the start of vehicle unloading (cf. 7-00.1.2). 

The conformity of other properties of concrete shall be assessed during 
production, i.e. within the time of conformity determination which must not exceed 
the preceding period of six months. 

The conformity of concrete is considered satisfactory if specified test criteria have 
been met with respect to specified limit values, class limit values or specified 
values, including tolerances sand maximum allowable deviation from specified 
values. 

The conformity of a property is considered confirmed if: 

• the number of test results exceeding specified limit values or class limits or 
tolerances, as appropriate, is not greater than the acceptable number as 
given in Tables 7-00.1.5-7a or 7-00.1.5-7b and as shown in Tables 7-00.1.5-5 
and 7-00.1.5-6. 
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Table 7-00.1.5-7a and 7-00.1.5-7b  Conformity criteria for consistence 
 

Table 7-00.1.5-7a - AQL = 4 % Table 7-00.1.5-7b - AQL = 15 % 
Number of test 

results 
Acceptable 

number 
Number of test 

results 
Acceptable 

number 
1 - 12 0 1 - 2 0 
13 - 19 1 3 - 4 1 
20 - 31 2 5 - 7 2 
32 - 39 3 8 - 12 3 
40 - 49 4 13 - 19 5 
50 - 64 5 20 - 31 7 
65 - 79 6 32 - 49 10 
80 - 94 7 50 - 79 14 
95 - 100 8 80 - 100 21 

When the number of test results exceeds 100, the corresponding acceptable 
numbers may be taken from the Table II-A given in ISO 2859-1:1989. 

Special properties 

Concrete samples for the evaluation of special properties which characterize 
durability, i.e. behavior of concrete when used in aggressive environment, shall 
be taken and tested in accordance with applicable Croatian standards. 

In this respect, for exposure to environmental influences defined in 
aggressiveness class XF1 according to Section 7-00.1.1 of these General 
Technical Requirements, the concrete has to comply with criteria for resistance to 
freezing during 100 cycles as given in HRN U.M1.016, for exposure to 
aggressiveness class XF3 the concrete has to withstand freezing during 200 
cycles, and in aggressiveness classes XF2 and XF4 it has to meet requirements 
for resistance to freezing and deicing salt during 50 cycles according to HRN 
U.M1.055.  These tests based on procedures described in the above standards, 
as well as relevant audit tests, must be carried out during initial (preliminary) tests 
for every concrete (composition) for a specified purpose and within the control 
procedure, at least once a year as well as at every change in concrete 
composition that is likely to influence such properties. 

If any other special properties of concrete need to be tested, then such properties 
will be defined by the specifier who will determine the procedure, frequency of 
testing and acceptance criteria, if not already specified in appropriate Croatian 
standards. 

Conformity verification for prescribed concrete and for standardized 
prescribed concrete 

The conformity of each batch of prescribed concrete shall be determined based 
on the quantity of cement, maximum nominal aggregate size, if specified, and, if 
necessary, based on the w/c ratio, and the quantity of chemical or mineral 
admixtures. 

The quantities of cement, aggregate (every specified fraction) and mineral 
admixtures, that are specified in the producer's report or set in the concrete plant 
declaration, must be within tolerances specified in Table 7-00.1.6-1, and the 
water/cement ratio must be within the specified limits (up to 0.04 of the specified 
value). 
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In case of standardized prescribed concrete, pertinent values may be given in 
appropriate standards. 

When the conformity of composition is to be proven by analysis of fresh concrete, 
the producer and the user must jointly define testing procedures and limit values 
taking into account specified limits and accuracy of testing procedures. 

When the conformity of consistence is to be proven, then the requirements 
specified in Section 7-00.1.5 and Table 7-00.1.5-6 of these Technical 
Requirements must be applied. 

For : 

• type and class of cement, 
• type of aggregate, 
• type of chemical or mineral admixture, if any, 
• sources of components, if chemical or mineral admixtures are used 

the conformity must be determined by comparing the producer's report and 
dispatch document for components, with specified data. 

Measures to be taken in case of non-conformity 

If a product is found non-compliant, the following measures must be taken: 

• test results must be checked and, if inaccurate, steps must be taken to 
eliminate errors, 

• if non-conformity is confirmed e.g. by repeated testing, then the corrective 
action must be taken, which should include managerial revision of the 
inspection program, 

• if non-conformity is related to quality requirements, and the error is not related 
to the delivery process, then the specifier and user must be informed abut the 
situation in order to avoid any harmful effects. 

• report about the above issues must be produced. 

If non-compliance is due to the addition of water or chemical admixture (cf. 7-
00.1.4) on the construction site, the producer must take appropriate corrective 
measures but only if he has approved such addition. 

If the producer has reported that the concrete is non-compliant, or if conformity 
tests show that requirements have not been met, then additional testing 
according to HRN EN 12390-8 must be conducted using test cylinders from the 
structure or structural elements, or cylinder testing must be combined with non-
destructive testing on structure or structural elements, e.g. in accordance with 
HRN EN 12390-9 or HRN EN 13296. 

Instructions relating to strength requirements for structures or structural elements 
are given in EN 13791. 

The method for measuring and calculating delivered quantities of concrete, and 
the method for compensating the Client, in case non-compliance of a delivered 
concrete batch is confirmed, must be specified in advance by the concrete 
producer or suppler and the Client (purchaser). 
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7-00.1.6 Production control 

The producer is responsible for the flawless production of concrete.  All concrete 
must be subject to production control. 

The production control includes all measures that are needed to maintain 
properties of concrete fully compliant with required properties. 

This includes: 

• selection of materials, 
• concrete design, 
• concrete production, 
• inspection and testing, 
• use of test results for components, fresh and hardened concrete and 

equipment, 
• conformity control based on requirements given in Section 7-00.1.5 of these 

General Technical Requirements. 

Requirements for other aspects of production control are specified in this section.  
When deciding on the use of these requirements, one should bear in mind the 
type and scope of production, as well as the work process and equipment used.  
Additional requirements may be specified for some special circumstances at the 
place of production, or if specific requirements are specified for a particular 
structure or structural element.  The Section 7-00.1.6 was prepared in 
accordance with principles set in the series of standards contained in HRN EN 
ISO 9000. 

Production control systems 

Individual responsibilities, competent bodies, and relationships among persons 
managing, realizing and verifying works related to the quality of concrete, must 
be defined through a documented production control system.  This particularly 
concerns persons requiring organizational freedom and authority in order to 
minimize risk that would arise from unsatisfactory concrete, and to identify and 
report any problem relating to the quality of concrete. 

The producer is required to revise the production control system at least every 
other year so as to provide for its continued efficiency and applicability.  Revision 
reports must be archived for at least 3 years, except when longer periods are 
specified in applicable regulations. 

The production control system must contain appropriate and properly 
documented procedure and instructions.  This procedure and instructions shall be 
checked when necessary, taking at that into account required actions as 
specified in tables 22, 23 and 24 of the EN 206.  The planned frequency of 
testing and inspection must be documented.  Results obtained by testing and 
inspection must be presented in appropriate reports. 

Recorded data and other documents 

All relevant production control data must be recorded (i.e. contained in 
appropriate reports, cf. Table 7-00.1.6-1). Production control reports must be 
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archived for at least 3 years, except when longer periods are specified in 
applicable regulations. 

Table 7-00.1.6-1  Recorded data and other relevant documents 
 

Subject Recorded data and other documents 
Specified requirements contract conditions or overall requirements 
Cement, aggregate, 
chemical admixtures, 
mineral admixtures 

Name of supplier and source 

Testing mixing water (not 
required for drinking water) 

- date and place of sampling, 
- test results 

Testing of components testing date and test results 
Composition of concrete - description of concrete 

- report on the weight of components in the mix or 
contingent (e.g. quantity of cement), 

- water/cement ratio, 
- chloride content, 
- mark of family member. 

Fresh concrete testing - date and place of sampling, 
- position within structure, if known, 
- consistence (procedure used and results), 
- density, 
- temperature of concrete, when required, 
- quantity of air, when required, 
- quantity of tested mix or contingent, 
- number and designation of sample to be tested, 
- water/cement ratio, when required 

Hardened concrete testing - date of testing, 
- designation and age of samples, 
- results obtained by testing density, hardness and 

special properties 
- special notes (e.g. unusual error on a sample) 

Evaluation of conformity conformity/non-conformity with requirements 
Additionally for ready-
mixed concrete 

- name of purchaser, 
- location of construction site, 
- number and dates of delivery tickets with tests, 
- delivery tickets 

Additionally for precast 
elements 

additional or other data may be specified in a 
standard applicable to the product 

Testing 

Tests must be conducted in accordance with testing procedures specified in 
standards defined in EN 206 (reference testing procedures), although other 
testing procedures may be used if correlation or reliable relationship is 
determined between results obtained by such testing procedures and reference 
procedures. 

The validity of such relationships or correlations must be checked in appropriate 
intervals.  Every place of production operating in different conditions must 
separately be checked. 

Composition of concrete and initial testing 
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An initial testing must be conducted for every new concrete composition in order 
to obtain concrete whose properties will remain within the specified range.   Such 
initial testing is not required when appropriate experience based data from a 
sufficient time period are available for a particular composition or family of 
concrete.  The concrete composition design or design criteria must be 
reexamined when there is a significant change in concrete components.  
Producer's preliminary tests are not required in case of specified-composition mix 
or standardized-composition mix. 

The new concrete composition obtained by interpolation of known concrete 
compositions or by extrapolation of compressive strength not exceeding 5 
N/mm2, can be considered compliant with initial testing requirements. 

Concrete compositions must periodically be revised in order to make sure that all 
design mixes are still compliant with actual requirements, taking into account any 
change in the properties of materials and results obtained by testing conformity of 
concrete composition. 

Personnel, equipment and plant 

The knowledge, skill and experience of personnel involved in the production and 
production control must be compliant with the type of concrete (e.g. high strength 
concrete, lightweight concrete, etc.). 

Appropriate records must be kept about the skill and experience of personnel 
involved in the production and production control. 

Components must be stored and used in such a way that their properties are not 
significantly altered by influences such as climate, mixing or pollution, and that 
they remain compliant with an appropriate standard. 

Storage compartments must clearly be marked in order to avoid any error or 
mistake in the use of components. 

All special instructions given by the producer must strictly be observed. 

Sampling from storage spaces such as storage piles, silos and other storage 
facilities, must be allowed. 

Properties of the mixing equipment must be such that accuracy requirements 
specified in Section 7-00.1.6 of these General Technical Requirements are met 
and that conformity with them is maintained. 

As of January 1, 2003 the accuracy of weighing equipment has to meet accuracy 
criteria specified in the Directive 90/384/EEc, measured according to HRN EN 
45501:1992 at least for class III for cement, aggregate, water, and chemical and 
mineral admixtures. 

The number of measuring intervals on the verification scale of weighing 
equipment must be: 

• at least 1000 for chemical admixtures, 
• at least 500 for cement, aggregate, water and mineral admixtures. 
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The accuracy of volume measuring equipment must comply with accuracy 
requirements as specified in OIML.R 117. 

The existing mixing equipment not complying with such requirements may be 
used until January 1, 2003, if it complies with relevant national regulations that 
are currently in force. 

Mixers must enable uniform distribution of components and uniform workability of 
mix within mixing intervals and capacity of the mixer. 

Truck mixers and agitating equipment must be equipped in such a way that the 
concrete can be delivered to the site in a homogeneous condition.  They must 
additionally be equipped with appropriate measuring equipment and equipment 
for the dispersion of water and chemical admixtures, if the water or chemical 
admixtures are added on site under the producer's responsibility. 

All necessary facilities, equipment and instructions for the proper use of testing 
equipment must be accessible to the inspection team which must be allowed to 
inspect equipment, concrete components and concrete. 

Relevant testing equipment must be properly calibrated at the time of testing, and 
the producer is responsible for the realization of an appropriate calibration 
program. 

Batching of concrete components 

Written instructions with detailed information on the type and quantity of 
components must be available and readily accessible at the place where mixing 
is performed. 

Mixing tolerances must not exceed limit values presented in Table 7-00.1.6-2 for 
all concrete quantities equal to or in excess of one cubic meter.  When the 
specified number of batches is mixed or re-mixed in a mixer, the tolerances given 
in Table 7-00.1.6-2 will be applied for the entire contingent. 

Table 7-00.1.6-2  Tolerances for mixing of concrete components 
 

Components Tolerances 

Cement 

Water 

Total aggregate 

Mineral admixtures (> 5 percent of the 
cement weight) 

± 3 percent of the specified quantity 

Chemical and mineral admixtures (≤ 5 
percent of the cement weight) ± 5 percent of the specified quantity 

Note: The tolerance is the difference between the specified value and the 
measured value. 

The cement, aggregate and mineral admixtures in powder shall be proportioned 
by weight.  Other procedures may also be used if their accuracy is at least as 
good as the specified accuracy and if it is properly documented. 
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The mixing water, lightweight aggregate, chemical admixtures and liquid mineral 
admixtures may be proportioned either by weight or by volume. 

Concrete mixing 

Concrete components must be continuously mixed in the mixer complying with 
requirements contained in Section 7-00.1.6 of these General Technical 
Requirements, until an uniform appearance of the mix is obtained.  The quantity 
of material in the mixer must not exceed the declared mixing capacity of the 
mixer. 

When chemical admixtures are used, they shall be added during the principal 
mixing procedure, except for superplasticizers or plasticizers which may be 
added after the end of the principal mixing procedure.  In the latter case the 
concrete must be remixed until the chemical admixture has fully dispersed in the 
mix or contingent, and until its full efficiency has been reached.  In the truck 
mixer, the duration of remixing after the end of the principal mixing procedure 
must not be less that 1 min/m3 nor less that 5 minutes following the addition of 
the admixture. 

In case of lightweight concrete prepared with nonsaturated aggregate, the time 
from initial mixing to the end of the final mixing (e.g. re-mixing in the mixer), must 
be extended until such time when the water absorbed by the aggregate, and 
evacuation of air from lightweight aggregate, can no longer significantly influence 
properties of the hardened concrete. 

The composition of the fresh concrete must not be modified after it has been 
discharged from the mixer. 

Production control sequence 

Components, equipment, production procedure and concrete must be controlled 
in accordance with conformity criteria and as specified in these General 
Technical Requirements.  This control must be conducted in such a way that any 
major changes likely to influence the properties can be revealed, and that 
appropriate corrective actions can be taken. 

The type and frequency of inspection/testing of components shall be compliant 
with instructions given in EN 206, Table 22. 

This table is based on the assumption that an appropriate production control of 
components is already applied, that such control is made at the producer's place 
of production, and that components have been delivered with the declaration or 
certificate evidencing conformity with relevant requirements.  If such document is 
missing, the concrete producer is required to control whether components are 
compliant with appropriate standards. 

The control of equipment must be conducted in such a way to ensure that the 
storage areas, measuring devices, mixer and controlling devices (e.g. device for 
measuring moisture of aggregates) are in good working condition and that they 
meet requirements specified in EN 206.  The frequency of inspection and testing 
activities for equipment is presented in EN 206, Table 23. 
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The entire plant, equipment and transport devices must be covered by a planned 
system of maintenance and must be maintained in an efficient working condition 
so that they do not negatively influence the quantity and quality of concrete. 

Properties of designed concrete must be controlled as specified in EN 206, Table 
24. 

Properties of prescribed concrete, as well as its consistence and temperature, 
when specified, shall be controlled in accordance with EN 206, Table 24 (lines 2 
to 6 and 9 to 14).  This control must cover production, transport to the place of 
delivery, as well as the delivery. 

Additional production control requirements may be necessary for certain types of 
concrete.  Special knowledge and skill is required for the production of high 
strength concrete.  These requirements are not defined in these General 
Technical Requirements or in EN 206.  Only some general guidelines are given in 
Appendix H to the EN 206. 

If special requirements for concrete are defined in the contract, the production 
control shall include such requirements, and they will have to be respected in 
addition to those given in EN 206, Tables 22 to 24. 

7-00.1.7 Evaluation and determination of conformity 

The producer is responsible for the conformity of concrete with specified 
properties.  In this respect, the producer is required to perform the following 
actions: 

a) initial testing, when required (cf. 7-00.1.6), 
b) production control (cf. Section 7-00.1.6), 
c) conformity control (cf. Section 7-00.1.5). 

An authorized supervising or certification body is required to supervise, evaluate 
and certify conformity of produced concrete with quality requirements for concrete 
of designed or specified composition belonging to classes higher than C 16/20. 

Requirements for evaluating conformity of precast concrete elements are 
contained in appropriate technical requirements (product-related standards and 
technical approvals). 

Assessment, monitoring and certification of production control 

For all concrete classes higher than C 16/20 the producer's production control 
shall be assessed and checked by an authorized inspection body and then 
certified by an authorized certification body. 
An authorized inspection body shall first undertake an initial inspection of the 
concrete production plant in order to determine whether all preliminary actions 
enabling proper production and adequate production control have been met with 
respect to both personnel and equipment. 

The inspection body is inter alia required to check: 
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• whether documents needed for the inspection of the plant are available and 
have been place at appropriate places, and whether persons employed at the 
plant have access to such documents, 

• availability of all measures and equipment that are needed for the supervision 
and testing of equipment, components and plant, 

• qualifications of the personnel for the production and production control, 
• whether the initial testing has been performed in accordance with these 

General Technical Requirements and whether it has been properly 
documented. 

If an indirect testing is performed or if the strength conformity criteria are based 
on results calculated for a concrete family, the producer is required to prove to 
the inspection body that there is a correlation or a reliable connection between 
the direct and indirect testing. 

In order to confirm validity of production control results and to verify quality of 
concrete production and control system used, the inspection body is also 
required to undertake appropriate comparative tests.  In the scope of this testing, 
the inspection body tests specific properties selected among those controlled by 
the producer, making use of the same standard procedures.  The type and 
number of such tests, the method for their evaluation and for assessing 
conformity with production control results, is determined by the inspection body 
(until this issue is regulated by a competent national body responsible for 
specifying procedures for confirming conformity of construction products). 

Such testing may be reduced to minimum or even omitted by the inspection body, 
which may proceed instead to a more extensive and detailed control of 
producer's data and production control system, provided that the producer's 
testing laboratory is certified and controlled by an authorized institution. 

After the end of initial tests, the inspection body is required to write special 
reports about all significant facts relating to initial inspection, focusing on the 
equipment at the place of production, production control system and evaluation of 
the system.  By this report, the inspection body determines whether the concrete 
production control has been performed in conformity with Section 9 of the EN 206 
(Section 7-00.1.6 of these General Technical Requirements).  This report is 
submitted to the producer and to the authorized certification body which will 
decide whether or not the production control is compliant with the requirements. 

Once the production control has been found compliant in this initial period, the 
inspection body shall proceed to the routine supervision of the production control 
activities. 

In general, the routine inspection performed by the inspection body consists in 
checking whether production preconditions are still being met and whether the 
production control is performed as specified. 

The producer is responsible for the implementation of the production control 
system.  When significant changes are made to the production system or in the 
production control manual, the producer is required to inform the inspection body 
about such changes, ant the latter may request that an initial inspection be 
performed once again. 
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In the course of the routine inspection, the inspection body is inter alia required to 
check: 

• sequence of production, sampling and testing, 
• recorded data, 
• production control results obtained during the period of inspection, 
• realization of required tests and sequence of activities, including respect of 

the frequency of testing, 
• programmed maintenance of production equipment, 
• programmed maintenance and calibration of testing equipment, 
• measures taken in any event of non-conformity, 
• delivery tickets and declarations of conformity, when required. 

In order to ascertain itself of the validity of results and to gain trust in the 
sampling and testing performed during the producer's production control 
activities, the inspection body is required to take - even during the routine 
inspection - appropriate samples from the production and to test those samples.  
Even here, the scope of these comparative tests may be reduced to minimum, 
and the tests may in special cases be totally omitted if the inspection body has 
established by detailed inspection of the producer's data and production control 
system that the producer is well organized and that it properly implements the 
said system, provided that the producer's testing laboratory is certified and if its 
operation is controlled by an authorized institution.  The intention to perform 
sampling for this testing must not be made known to the producer. 

The frequency of these tests and the method according to which they are 
interpreted and compared with production control results shall be determined for 
every production unit by the inspection body, until this is specified by the national 
body responsible for specifying procedures for confirming conformity of 
construction products. 

Concrete properties (such as strength and consistence) have to be tested in case 
of designed concrete. 

Only consistence and composition have to be covered in case of prescribed 
concrete. 

The inspection body is also required to periodically investigate and check 
correlations between results of direct and indirect tests, as well as the 
correlations between members of concrete families. 

Routine inspection activities must be conducted at least four to six times a year, 
and their results and evaluations must be documented at least twice a year by 
establishment of an appropriate report that has to be submitted to the producer 
and the certification body. 

The inspection body will have to perform an extraordinary inspection in cases 
when: 

• significant deviations have been noted during routine inspection, 
• production has been suspended for more than six months, 
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• this is requested by the producer (e.g. because of the change in production 
conditions), 

• this is requested by the certification body (whose request must be backed by 
an appropriate explanation). 

The form, type and period for such extraordinary inspection shall be defined 
separately for each particular situation. 

The production control shall be certified by a national certification body (or by an 
institution authorized by such national body) based on the report submitted by the 
inspection body confirming that the production unit has been found compliant with 
requirements after preliminary testing of its production control. 

Based on the report issued after continuous monitoring of production control, the 
certification body or the institution authorized by such body, will decide every year 
whether or not it should extend validity of certificates issued during the previous 
year. 

When the inspection body identifies a case of non-conformity with requirements, 
or when errors which have not been promptly removed by the producer are 
identified in the production process or in the production control process, the 
certification body shall ask the producer to remove such errors in an appropriately 
brief period of time.  Measures taken by the producer for such removal of errors, 
shall be checked by the inspection body. 

Extraordinary supervision activities and additional tests are most often conducted 
if non-conformity is related to: 

• strength, 
• water/cement ratio, 
• major limitations of the composition, 
• density in case of designed light-weight and heavy-weight concrete, 
• specified composition in case of prescribed concrete. 

If results obtained during extraordinary inspection activities are not satisfactory, 
or if additional tests are not compliant with specified criteria, the certification body 
will have to promptly suspend or withdraw the conformity certificate.  After that, 
the manufacturer will no longer be allowed to refer to such certificate. 

7-00.1.8 Marking of designed concrete 

When significant properties of concrete have to be presented in form of 
abbreviations, then such properties will be marked as follows: 

• by referring to EN 206, 
• compressive strength: the class of compressive strength determined in Table 

7-00.1.1-5 or 7-00.1.1-6 will be specified, e.g. C 25/30, 
• limit values according to the class of exposure: class designation as given in 

Table 7-00.1.1-1, 
• maximum chloride content: the class is determined according to the Table 7-

00.1.2-3, e.g. Cl 0,20, 
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• maximum nominal size of aggregate grains: value Dmax as determined in 7-
00.1.2, e.g. Dmax 22, 

• density: according to class designations given in Table 7-00.1.2-3 or a 
specified value, e.g. D1,8, 

• consistence: according to class designations given in 7-00.1.2 or a specified 
value and procedure. 

7-00.2 REQUIREMENTS FOR REALIZATION OF CONCRETE WORKS 

7-00.2.1 Documentation 

The following documentation is necessary for concrete works: 

• all technical information specified in the design (project specifications), 
• procedures for the change of project specifications, 
• requests for the distribution of documents, 
• quality plans, if required, 
• working documentation, if required. 

Project specifications 

Technical documentation consists of the design analysis of the structure and 
individual elements, and of project specifications. 

Project specifications contain: 

• structural drawings providing all necessary information, such as geometry of 
the structure, quantity and position of reinforcement, prestressing steel, 
precast concrete elements, precast units, spacers, etc. 

• description of all products that will be used with all conditions of use, as given 
n drawings and/or description of work, 

• description of works as a document describing inspection class to be applied, 
all inspection tolerances, surface finish requirements, etc. 

• description of works including all requirements for the realization of works, i.e. 
sequence of activities, temporary support work, working procedures, etc. 

• specifications for the assembly of precast concrete elements, 
Specifications for the assembly of precast concrete elements contain: 
• assembly drawings consisting of plans and as-built positions and 

connections of elements, 
• assembly data with properties of materials built into the structure, 

including inspection data, 
• assembly instructions with all data that are necessary for the handling, 

storing, erecting, fastening, attaching and finishing the work. 

Project specifications are deemed to contain all information and technical 
requirements that are needed for the realization of work, including authorizations 
and approvals given during such realization, as well as all relevant standards and 
technical approvals.  Prior to the commencement of realization of any portion of 
the job, project specifications for such portion of the job must be finished and 
readily available. 
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Working documentation 

Quality Program 

It should be specified in the design that a quality control program (concrete 
design) must be prepared and that this program must be kept on the site at place 
where it will be readily available. 

Special Documentation 

If any other special documentation is required, the type and level of detail of such 
documentation shall be specified in the structure's design. 

If the inspection of the second and third class is needed, then the inspection 
documentation will also be required. 

7-00.2.2 Formwork and scaffolding 

Basic requirements 

Scaffolds and formworks, including their supports and foundations, must be 
designed and built in such a way that they are: 

• resistant to every action to which they are exposed during realization, 
• sufficiently strong to meet tolerances specified for the structure, and to 

prevent any structural damage. 

The form, functioning, appearance and durability of permanent work must not be 
jeopardized or harmed either by properties of scaffolds and formworks or by their 
removal. 

Scaffolds and formworks must be compliant with relevant Croatian and European 
standards such as EN 1065. 

Materials 

General 

Any material capable of meeting structural requirements specified in section 7-
00.1.2 of these General Technical Requirements may be used.  Materials must 
be compliant with appropriate product-related standards, if available.  Properties 
of special materials must be taken into account. 

Formwork oils 

Formwork oils must be selected and used in such a way that they are not harmful 
to concrete, reinforcement or formwork, and that they are not detrimental to 
natural environment. 

Unless otherwise specified, formwork oils must not negatively influence the 
concrete surface, its color or special surface coatings, if used. 
Formwork oils must be used in accordance with instructions provided by the 
producer or supplier. 
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Scaffolds 

The method used for erection and removal of temporary structures must be 
described in an appropriate procedure, if required.  In such a case, requirements 
related to handling, fastening, loading, erection and removal must be specified. 

The scaffold design must take into account deformations that will occur during 
and after concreting, in order to avoid appearance of harmful cracks in green 
concrete.  This can be obtained by: 

• limiting deflection and/or slump, 
• controlling concrete placing and/or by specifying concrete e.g. by slowing 

down the placing process. 

Formworks 

The formwork must give a proper shape to the concrete until it hardens. 

The formwork and ties between elements must be sufficiently impermeable to 
prevent leakage of fine mortar. 

The formwork that either absorbs a significant quantity of water from concrete or 
enables evaporation should be wetted in an appropriate manner to prevent loss 
of water from concrete, except when such formwork is used intentionally and in a 
controlled manner. 

The internal surface of formwork must be clean.  If the formwork is used for an 
architectural concrete, its treatment must correspond to the expected appearance 
of such concrete. 

Special formworks 

Sliding 

When a structure is realized using a sliding formwork, the formwork material must 
be taken into account in the concrete design, and the geometry of work must 
adequately be defined. 

Appropriate guides or spacers must be used to provide for an appropriate 
thickness of protective layer of concrete, in accordance with tolerances given in 
Section 7-00.2.7 of these General Technical Requirements. 

Other special types of formwork 

Requirements for other special types of formwork must be defined in project 
specifications. 

Surface finish 

Any special treatment of concrete surface shall be defined in project 
specifications.  Test concrete panels may be required as a method of checking 
quality of the surface treatment of concrete. 
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The type and quality of surface treatment will depend on the type of formwork, 
concrete (aggregate, cement, chemical and mineral admixtures), placing method 
and cure during placing. 

Formwork inserts and embedded components 

General 

Temporary formwork supports, bars, pipes and similar objects that will be 
concreted into the structure, as well as built-in elements such as plates, anchors 
and spacers must: 

• be firmly fixed so that the design position is preserved during the concreting, 
• not influence the structure in an unacceptable manner, 
• not cause a harmful reaction with concrete, reinforcement or prestressed 

steel, 
• not cause an unacceptable appearance of concrete surface, 
• not have a detrimental effect on the functionality and durability of the 

structural element. 

The strength and rigidity of every placed element must be such that it can retain 
its form in the course of concrete placing activities.  It must not contain any 
substance that is likely to be detrimental to the element itself, to the concrete or 
to the reinforcing steel. 

Temporary inserts 

Any depressions or openings for temporary works must properly be filled and, 
after filling, the surface shall be treated using material of quality similar to the 
surrounding concrete, except when they are to remain open or when an another 
type of treatment is planned. 

Release and removal of formwork 

The scaffold and the formwork must not be removed until the concrete has 
gained the strength sufficient to: 

• withstand any surface damage due to form removal, 
• take on all forces influencing the concrete element at that moment, 
• avoid deformation in excess of tolerances specified for elastic or non-elastic 

behavior of concrete. 

Formwork shall be removed in such a way to prevent any overload or damage to 
the structure. 

The scaffold load shall be released gradually so as not to impose additional load 
on other elements of the scaffold.  The stability of the scaffold and formwork shall 
be maintained throughout the release and removal operations. 

When a special releasing or supporting procedure is used as a means to reduce 
initial load, it is also necessary to take into account any subsequent load and/or 
excessive deformation. 
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If the formwork is a part of concrete curing system, provisions contained in 
Section 7-00.2.5 should be taken into account with respect to formwork removal. 

7-00.2.3 Concrete reinforcing steel 

Provisions contained in these requirements are related to reinforcing steel for 
concrete, i.e. reinforcing steel bent on the site and reinforcing steel produced in a 
steel-working plant. 

Materials 

The reinforcing steel for concrete shall comply with requirements contained in EN 
10080 and with requirements specified in the design documentation for a 
particular structure.  Every product must be clearly marked and recognizable. 

Anchoring and tying elements must comply with requirements contained in ENV 
199-1-1 and with those contained in the design. 

The surface of the reinforcing steel must be cleaned of rust and other substances 
that might have a harmful effect on the steel, concrete, or on the bond between 
them. 

Galvanized reinforcement may be used only in concrete with cement that will not 
have a harmful effect on galvanized reinforcement. 

Bending, cutting, transporting and storing 

The reinforcing steel for concrete shall be cut and bent in accordance with project 
specifications.  At that: 

• bending must be performed at an uniform rate, 
• appropriate protection measures must be taken when steel bending is 

performed at temperatures below -5°C (if project specifications allow steel 
bending at such low temperatures), 

•  steel bending by heating is allowed only if project specifications expressly 
permit such bending method. 

Diameter of the steel bending mandrel must be adjusted to the actual type of 
reinforcement and shall not be smaller than the values presented in Table 7-
00.2.3-1. 

Table 7-00.2.3-1  Smallest diameter of the steel bending mandrel 
 

 hooks, overlaps, loops bent bars 

Reinforcing 
steel Bar diameter 

smallest protective coating of 
concrete, perpendicular to the plane 

of the curve 

 <20 mm ≥20 mm >100 mm 
and   >7 ∅

>50 mm 
and   >3 ∅ 

≤50 mm 
and   >3 ∅ 

 Round bars 
 S 220 2,5 ∅ 5 ∅ 10 ∅ 10 ∅ 15 ∅ 

Rebars 4 ∅ 7 ∅ 10 ∅ 15 ∅ 20 ∅ 
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For welded reinforcement and welded wire fabric, the mandrel diameter must 
correspond to the type of reinforcement, and must not be smaller than the values 
given in Table 7-00.2.3-2. 

Table 7-00.2.3-2  Smallest mandrel diameter for welded bars and steel fabric 
 

Minimum bending diameter 

Welds outside of bend Welds within bend 

R
d
s

B

•
•

R
e

T
re

•

•

W

W
w

•
•

 
General Tec
 

 
 
 
 
 
 
 
 
for d < 4 ∅: minimum bending 
                    diameter must be 20 ∅ 
for d ≥ 4 ∅: use table 7-00.2.3-1                  20 ∅                         20 ∅ 

d d

einforcing bars, wire fabric and prefabricated reinforcement cages must not be 
amaged in the course of transport, storage, handling and placing into position 
pecified in the design. 

ent bars may be straightened only if: 

 special equipment for local stress reduction is used, 
 straightening procedure has been authorized in the project specifications. 

einforcing bars in rolls can be used only if an appropriate straightening 
quipment is available and if such procedure has been approved. 

he following requirements must be met with respect to the cold bending of steel 
inforcement: 

 it must be specified in project specifications whether repeated bending at the 
same point is allowed, 

 Substances for the protection of reinforcement to be used for subsequent 
connection should be designed and selected in such a way that they do not 
have a harmful effect on the bearing capacity of the concrete structure and on 
the anticorrosive protection of the reinforcement. 

elding 

elding must be conducted in accordance with project specifications.  Allowable 
elding procedures include: 

 arc welding, 
 gas welding, 
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• flame welding, 
• spot welding. 

Reinforcing steel welding is permitted only if reinforcing steel conforming with EN 
10080 is used and in case of reinforcing steel that is declared as weldable. 

Welding at structurally significant and delicate points must be performed by 
qualified welders with an appropriate training certificate.  The welding must not be 
performed at the bar bent or near the bent zone.  Limitations specified in Table 7-
00.2.3-2 must be applied. 

Spot welding process may be applied for making reinforcement connections, but 
only if not specified otherwise in project specifications. 

Joints 

Bars shall be connected either by overlapping, coupling or welding in accordance 
with ENV 1992-1-1 or according to project specifications. 

The tensile strength and ductility (resistance to bending) of butt-welded 
connections for principal tensile reinforcement must be periodically checked and 
this checking should be included in the program for the inspection of work. 

Assembly and placing 

The reinforcement must be placed in positions as specified in the design.  A 
special care must be taken with respect to reinforcement and protective layer of 
concrete at points where small openings not specified in the design are situated. 

It is assumed that project specifications provide appropriate information about 
placing and distribution of reinforcing bars, and about measures to be taken in 
zones where reinforcing bars are densely packed. 

The reinforcement must be fastened and its position must be protected in 
accordance with tolerances specified in these General Technical Requirements.  
The reinforcement can be tied with a thin wire or by spot welding as specified in 
Section 7-00.2.3 of these General Technical Requirements. 

The protective layer of concrete must be protected with appropriate supports or 
inserts.  Steel supports in contact with the surface are allowed only in dry 
environment, i.e. in the exposure class X0 as specified in EN 206. 

The requirement for the protective concrete cover shall be taken as a nominal 
value Cm, and shall be calculated until the surface of any reinforcement, including 
the ties. 

7-00.2.4 Prestressing 

The following concrete prestressing procedures are used: 

• bonded pre-tensioned construction, 
• bonded post-tensioned construction, 
• unbonded post-tensioned, internal or external construction. 
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Special emphasis must be placed on the observance of safety measures. 

Prestressed concrete structures must be realized using materials whose 
compliance with requirements has been proven. 

Protective pipes (sheaths) 

Protective steel pipes for prestressed cables must be compliant with HRN EN 
523. 
Cable protection made of material other than steel can be applied only if an 
appropriate technical approval authorizing its use has been provided.  The same 
provision applies to the protection of unbonded prestressed wires. 

Prestressed steel or replacement materials 

Anchors and prestressed steel (wires, cables and bars) must be compliant with 
requirements contained in Section 3.3 ENV 1992-1-1 or ENV 10138.  The 
material used for unbonded tendos (internal or external) must comply with 
requirements contained in Section 3 of the ENV 1992-5. 

An appropriate national-level technical approval for use must be obtained for the 
use of non-steel materials i.e. carbon, glass or aramide fibers, in prestressing. 

Prestressing steel, anchoring elements, tying elements and cables fabricated on 
the site, shall be transported in clean vehicles, not containing any chemical 
substances that may harm the steel.  Any contact with harmful substances must 
be avoided by providing for special packaging in the factory or by supporting steel 
in such a way to prevent any contact with the surface of the vehicle.  The 
transport by water may be permitted only if an appropriate packaging is used. 

The diameter of bars to be transported and stored in rolls shall be subject to 
approval.  Prestressed steel must be stored in such a way to prevent any contact 
with soil or any exposure to rain.  The prestressing steel shall preferably be 
stored in closed storage areas where relative moisture is kept below 60 percent. 

Cables fabricated on site and placed n pipes shall be protected at their ends 
against penetration of moisture, namely condensation, and shall be supported at 
intervals that will not be harmful to the stability or impermeability of pipes. 

Anchoring elements and accessories 

Only duly specified or approved anchoring elements and accessories shall be 
used. 

Tendon supports 

Tendon supports: 

• must not exert any negative influence on steel or concrete, 
• must be strong enough to ensure that cable is properly fixed in the specified 

position, 
• must not damage the protection. 
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Cement grout 

The cement grout for cables must be compliant with the standard HRN EN 447. 

Grease, wax and other products 

Grease, wax and other similar products used as fill for cable pipes and anchors 
must comply with requirements contained in ENV 1992-1-5. 

Documentation 

Project specifications and working documentation relating to prestressing 
activities, identification documents and documentation relating to the approval of 
materials and/or cables, must be readily available on the site. 

Materials delivered to the site must be furnished with a dispatch document.  
Materials delivered without an appropriate dispatch document shall be rejected. 

Dispatch documents, test results and non-conformity findings, must be included 
in the test report. 

Transport and storage 

Materials sensitive to corrosion such as prestressed steel, protective pipes, 
anchoring elements, connection elements, prestressed cables and cables 
produced on the site, must be protected against harmful influences during their 
transport and storage, and after placing in the period until permanent protection is 
placed.  Materials greatly affected by corrosion must be replaced with appropriate 
replacement materials. 

The cement and dry mineral and chemical admixtures for the grout must be 
protected against water and moisture during their transport and storage. 

Fabrication of tendons 

The prestressing tendons must be equipped in accordance with appropriate 
technical approvals applicable for the prestressing system used. 

The type and class of prestressed steel must be specified in the Supervising 
Engineer's report. 

Welding prestressed steel or anchors, and autogenous cutting by oxygen or 
wielding in the vicinity of prestressed steel, shall not be permitted.  It shall also 
not be permitted to weld electric spirals for the distribution of pressure, nor to 
weld anchoring plates, or to proceed to spot welding of perforated plates, unless 
otherwise defined in project specifications. 

Protective pipes and their connections must be watertight. 

Other types of protection and their connections must comply with requirements 
similar to those applied for protective pipes. 

Pipe sealing compounds must not contain chlorides. 

Prestressed steel may be cut by disc-cutters. 
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Installation of tendons 

General 

The prestressing tendons must be placed and protected in such a way that they 
are fixed in their final position, within acceptable tolerances. 

The entry of tendons into anchors and connections must be straight. 

Pre-tensioned tendons 

Unattached parts of prestressed steel (i.e. parts situated outside of concrete) 
must be properly protected against corrosion. 

Post-tensioned tendons 

Openings of protective pipes must be protected at both ends and at points where 
penetration of air or water could be expected. 

Openings must be properly marked to enable identification of cables. 

Protective pipes must be protected against damage by placing and compacting 
an appropriate type of concrete. 

The resistance of protective pipes to deformations may be increased by using an 
adequately hard steel sheet or by temporary supports made of polyethylene or 
similar pipes. 

Internal and external unbonded tendons 

Unbonded tendons for internal and external prestressing must properly be 
protected against moisture. 

Application of force 

The tensioning must be conducted in accordance with the previously defined and 
approved program.  The force and elongation data must be specified in the 
Supervising Engineer's report. 

Written instructions relating to the application of force must be readily available 
on the site. 

Force application elements must be selected among those that are compliant 
with the prestressing system used on the project. 

Valid calibration reports for the force measuring elements must be available on 
the site prior to the start of prestressing. 

The application and/or transfer of prestressing action on the structure must be 
gradual and shall be allowed only when the concrete strength has been 
determined as compliant with requirements specified in Section 4.2.3.5.7 of the 
ENV 1992-1-1 and when it is equal to or lower than the minimum compressive 
strength required according to the prestressing system applied on the project. 

The concrete strength is highly significant for the anchoring procedure. 
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Appropriate measures, as defined in project specifications, must be taken if 
during application of force to the post-tensioned cables the design elongation is 
not within ± 5 percent of the total specified force or within ± 10 percent of force 
specified for one cable.  The same action must also be taken if the design 
elongation during application of force to pre-tensioned cables is not within ± 3 
percent of the total force specified or within ± 5 percent of the force specified for 
one cable. 

Results obtained during implementation of the prestressing program, and 
conformity or non-compliance of the program with requirements, must be 
specified in the Supervising Engineer's report. 

As the application of force is a complex procedure during which considerable 
forces are applied on anchors and prestressed cables, appropriate safety 
measures must be taken and the process must be controlled by experienced 
personnel. 

Pre-tensioned tendons 

Appropriate temporary protection measures must be taken if the concrete can not 
be placed within the specified period of time following application of force.  Such 
temporary measures must not be harmful to the adhesion and must not 
negatively influence the concrete and/or the steel. 

In addition to requirements specified in Section 7-00.2.4, the following must also 
be defined in the force application program: 

• every individual prestressing section, 
• pressure on the jack and equivalent force, 
• minimum and maximum allowable stress in the cable and the effect of such 

stress on the anchoring zone, 
• required strength of concrete during relaxation of the prestressing force. 

Practical suitability of already used anchoring elements must by proven by an 
appropriate verification. 

Post-tensioned tendons 

The force must not be applied at ambient temperatures of less than -10°C, unless 
otherwise specified in the design. 
The force must not be applied to concrete at temperatures of less then +5°C, 
except in cases when a procedure compliant with special design requirements is 
given in the design. 

In case deviations from planned behavior are registered during application of 
force, the relaxation of force or cable grouting shall not be allowed.  In such a 
case, no work must be performed that is likely to negatively affect a repeated 
stressing.  All such work must be postponed until approval of a revised stressing 
report. 

In addition to requirements given in Section 7-00.2.4, the following must be 
specified in the force application program: 

• prestressing system used, 
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• type and grade of prestressed steel, 
• number of bars, wires and strands in each cable, 
• required strength of prestressed concrete, 
• cable tensioning sequence, 
• design stress and force, and cable elongation, 
• relaxation at anchoring point, 
• every partial or full release of scaffold. 

The following information must be contained in the report: 

• verification of concrete strength required for application of force, 
• type of equipment used for the application of force, 
• force measured at the jack and elongation of cable at every tensioning 

increment, 
• observed relaxation of anchor, 
• every significant deviation from design force and design elongation values, 
• release of scaffold, if specified. 

Internal and external unbonded tendons 

The above specified requirements are also applicable to internal or external 
stressing of unbonded tendons. 

Protection measures (grouting, oiling and concreting) 

Written instructions must be provided for the preparation and implementation of 
protection measures.  The grouting equipment must comply with requirements 
contained in HRN EN 446 and must be selected based on the prestressing 
system approved on the project. 

Inspection results and evidence of conformity with protection requirements must 
be provided in the inspection report.  Anchorage head, anchorage zone  and 
cables must be protected against corrosion. 

Pre-tensioned cables 

Cable ends must be protected against corrosion. 

Post-tensioned bonded tendons 

Grouting of post-tensioned bonded tendons must be compliant with requirements 
specified in HRN EN 446 and HRN EN 447. 

Unless otherwise specified in the design, the following realization periods are 
recommended If the penetration of water or excessive moisture can be 
prevented: 

• no more than 12 weeks between cable realization and grouting, 
• no more than 4 weeks in formwork prior to concreting, 
• about 2 weeks in prestressed state prior to protection. 
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If the above period between the tensioning and grouting is exceeded, then the 
temporary protection must be provided in an approved manner.  An appropriate 
protection may consist in cable ventilation with dried air or nitrogen in appropriate 
intervals of time. 

External or internal unbonded tendos 

The grout for the grouting of external cables must be compliant with requirements 
contained in Section 7-00.2.4 of these General Technical Requirements. 

In other cases, protective pipes and anchorage heads for cables must be filled, 
using a specified procedure, with a non-corrosive oil or wax compliant with 
requirements contained in ENV 1992-1-5. 

Grouting 

The mixing process (proportioning, water/cement ratio, procedure, time) must 
result in properties complying with HRN EN 446 and HRN EN 447 or with 
specifications given in the design. 

The grouting must be compliant with requirements specified in HRN EN 446 or 
with those specified in the design. 

Properties specified for the grout must be confirmed by testing, and the type and 
number of such tests shall be specified in the quality control program relating to 
the realization of works. 

When subsequent grouting, large diameter pipes, vertical pipes or inclined pipes 
are required, their properties must be compliant with requirements given in 
Section 7.8 of the standard HRN EN 446. 

The grouted volume must be comparable to the theoretical free volume of pipes.  
Every void in pipes must be either vacuumed or re-grouted. 

In case of vacuuming, the free volume in pipes must be measured.  The quantity 
of grouted mix must be comparable with such volume. 

Greasing operations 

The greasing must be performed at an uniform rate, without interruptions. 

The volume must be comparable with the theoretical free volume of pipes.  At 
that, the change in oil volume with temperature must be taken into account. 

After the end of oiling, any unwanted loss of oil from pipes must be prevented by 
sealing the pipes under pressure. 

7-00.2.5 Concreting 

Quality requirements for concrete 

The concrete must be specified and fabricated in accordance with the standard 
EN 206 and as specified in these General Technical Requirements. 
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It should be determined, prior to the start of concreting, whether all requirements 
relating to realization of concrete works have been properly specified. 

Delivery, handover and site transport of fresh concrete 

The quality of concrete shall be supervised and controlled at the point of concrete 
placing, and the scope of such inspection and control shall be at least compliant 
with requirements specified in Section 7-00.2.8 of these General Technical 
Requirements. 

Before concrete unloading, the dispatch document should be checked and 
initialed if found compliant with requirements.  The concrete shall be checked 
visually during concrete unloading and, if its appearance is unusual (different 
color or consistence), the unloading process will have to be stopped. 

Harmful changes of fresh concrete such as segregation, concrete bleeding, loss 
of fine mortar, etc., must be prevented or reduced to minimum during loading, 
transport, unloading and site transport.  When specified in Section 7-00.2.8 of 
these General Technical Requirements, samples for identification testing will 
have to be taken at the concrete placing location or, in case of ready-mixed 
concrete, at the place of delivery. 

Pre-concreting operations 

Plans for concreting and inspection shall be made, and other measures provided 
for in these General Technical Requirements shall be taken, for the second or 
third class realization that is subject to inspection. 

When necessary, the initial testing of concreting process shall be made on a test 
section.  The process will have to be properly documented prior to concrete 
placing. 

Before the concreting starts, all preliminary activities must be completed, checked 
and documented as required for the specified class of inspection. 

Structural joints must be clean and wetted. 

The formwork must be cleaned from any accumulation of dirt, ice, snow or water. 

If the concrete is placed directly onto the rocky soil, the fresh concrete will have 
to be protected so as to avoid mixing with soil and water loss. 

Structural elements must be separated from foundation soil by concrete bedding 
at least 5 cm in thickness, or the thickness of the protective bottom layer of 
concrete should be increased correspondingly. 

The temperature of the foundation soil, rock, formwork, or structural elements 
that are in contact with surface to be concreted, must be such that it does not 
cause freezing of concrete before the concrete has attained a sufficient 
resistance to freezing.  The concrete must not be placed onto frozen soil, unless 
special measures have been approved for such cases. 

Measures for the protection of concrete against freezing must be planned if 
ambient temperatures of less than 0°C may reasonably be expected to occur at 
the time of concrete placing, or during the concrete curing period. 
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The surface temperature of concrete at structural joint must be above 0° C prior 
to concreting of the next layer. Appropriate measures for concrete protection 
must be planned If high ambient temperatures are expected during concrete 
placing or in the period of cure. 

Ambient temperatures at which appropriate measures for the protection of 
concrete against damage must be taken, shall be specified in the design. 

Placing and compaction 

The concrete shall be placed and compacted in such a way that all reinforcement 
and embedded elements are fully covered with concrete, and that an appropriate 
protective layer of concrete is provided in accordance with specified tolerances, 
and also in such a way to ensure that required strength and durability of concrete 
has been obtained.  Special attention must be paid to the placing and compaction 
of concrete in zones of change in cross section, in zones of reduced cross 
section, next to openings, at points where reinforcement is densely packed, and 
at concrete work interruption points. 

Unless otherwise specified in the design, the concrete must be vibrated by 
means of submerged vibrators.  The concrete must be placed as close as 
possible to its final position in the structural element.  The vibrating must not be 
used as a means of pushing concrete through the formwork and reinforcement. 

The normal layer thickness must not exceed the height of the submerged 
vibrator.  The vibrating must be performed by systematic vertical immersion of 
vibrator so that the surface of the preceding layer is re-vibrated.  In case of 
thicker layers, surface layer re-vibration is also recommended as a means to 
avoid plastic settlement of concrete to the level below top reinforcing bars. 

The vibration with surface vibrators must be carried out until the entrapped air 
has been released from the concrete.  Excessive surface vibration, which 
reduces quality of the surface layer of concrete, must be avoided.  In case only 
surface vibration is applied, the layer thickness after vibration does not normally 
exceed 100 mm, unless experimental evidence to the contrary has been 
furnished.  Additional vibration of surfaces next to supports is quite helpful. 

The rate of concrete placing and compaction must be sufficiently high to avoid 
cold joints and sufficiently low to avoid excessive settlement or overloading of the 
formwork and scaffold.  Cold joint can form during concrete placing if the 
concrete of the placed layer has set before the next layer has been placed and 
compacted.  Additional requirements relating to the procedure an rate of concrete 
placing may be required in cases when a special surface treatment is specified. 

The concrete segregation during placing and compaction must be reduced to 
minimum. 

The concrete must be protected during placing and compaction against 
insolation, strong wind, freezing, water, rain and snow. 

The light-weight aggregate concrete must not be pumped, unless it has been 
demonstrated that the pumping will not significantly affect the strength of 
hardened concrete. 
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Subsequent addition of water, cement, surface hardeners or similar materials will 
not be allowed, unless otherwise is expressly specified in the design. 

Cure and protection 

In the early period the concrete shall be protected so that: 

• shrinkage is reduced to minimum, 
• necessary surface strength is achieved, 
• sufficient durability of surface layer is ensured, 
• it is not affected by freezing, 
• It is not subjected to harmful vibrations, impacts or any other damage. 

Project specifications may contain additional requirements for: 

• the highest temperature difference per cross section of concreted element, 
• the highest temperature difference between the concreted element and the 

previous one, 
• aggregate temperature, 
• monitoring in the course of construction. 

The following curing procedures, applied either separately or successively, are 
considered appropriate: 

• keeping concrete in formwork, 
• covering concrete surface with vapor-tight foils, especially fixed and protected 

at joints and ends. 
• covering with moist materials and protecting them against drying, 
• keeping concrete surface visibly moist by appropriate wetting, 
• applying appropriate protective coatings (the properties of which are 

confirmed by certificate or technical approval). 

When using a high strength concrete, a special attention must be paid to the 
protection of concrete against cracking resulting from plastic shrinkage. 

Curing procedure must ensure low evaporation of moisture from the surface layer 
of concrete or keep the surface in a permanently moist condition.  Natural curing 
is considered sufficient if conditions during the overall curing period are such that 
the rate of evaporation of moisture from concrete is kept sufficiently low, e.g. in 
humid, rainy or foggy weather. 

The curing of concrete surface must commence immediately after compaction 
and surface treatment.  If the exposed concrete surface is to be protected against 
cracking due to plastic shrinkage, the temporary curing procedure must be 
applied even before the surface treatment. 

The curing time must be related to the development of concrete properties in the 
surface layer, i.e. to the ratio of: 

• strength to concrete maturity, 
• released heat to the total heat released under adiabatic conditions. 
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For the concrete that will be exposed to aggressiveness class X0 or XC1, the 
minimum curing time must be 12 hours, provided that the setting takes place 
within 5 hours and that the temperature at the concrete surface is at least equal 
to or higher that 5°C. 

Unless otherwise (more strictly) specified in the design, the concrete to be used 
in an aggressiveness class not including X0 or XC1 shall be cured until the 
surface layer of concrete has attained at least 50 percent of the compressive 
strength specified.  This requirement may be checked according to experience-
based data given in Table 7-00.2.5-1. 

If the heat development is used for measuring development of concrete 
properties, then the ratio of heat to the corresponding strength must previously be 
determined or approved by an authorized institution. 

Development of concrete properties may be determined more accurately using 
any one of the following procedures: 

• calculation of maturity based on temperature measurements at the depth of 
no more than 10 mm under the concrete surface, 

• calculation of maturity based on mean daily air temperature measurements, 
• heating temperature, 
• other appropriate procedures. 

The calculation of maturity must be based on an appropriate maturity function, 
proven for a particular type of cement or for a combination of cement and mineral 
admixture. 

Table 7-00.2.5-1 Minimum curing times for concrete belonging to exposure 
classes other than X0 and XC1 

 
Minimum curing time, days1),2) 

Concrete strength development4)   (fcm2/fcm/28) = r 

Temperature 
at concrete 

surface, 

 °C fast, r ≥ 0.50 medium, r = 0.30 slow, r = 0,15 very slow 

r < 0.15 

T ≥ 25 

25 > T ≥ 15 

15 > T ≥ 10 

10 > T ≥ 53) 

 

1.0 

1.0 

2.0 

3.0 

 

1.5 

2.0 

4.0 

6 

 

2.0 

3.0 

7 

10 

 

3.0 

5 

10 

15 

1 by adding every setting time in excess of 5 hours 
2 linear interpolation between values in rows is allowed 
3 for temperatures of less than 5°C, the time must be extended for the period 

equal to the time below 5°C 
4 concrete strength development corresponds to the ratio of medium 

compressive strength of concrete after 2 days to medium compressive strength 
of concrete after 28 days 
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An appropriate higher curing time must be specified in the design for concrete 
surfaces exposed to abrasion or other harsh conditions, so that the specified 
(higher) strength ratio can be obtained. 

Protective coatings must not be used on structural joints, on surfaces subject to 
subsequent treatment, or on surfaces where connection with other materials must 
be ensured, unless such coats are fully removed prior to subsequent operation or 
if it is proven that they will not be harmful to such subsequent operation. 

Unless expressly specified in the design, protective coats shall not be used even 
on surfaces for which special surface appearance is specified. 

Protective coats may penetrate into the concrete and may be very difficult to 
remove.  In such cases they should be removed either by sanding or by spraying 
them with water under pressure. 

The surface temperature of concrete must not fall below 0° C in the period until 
the surface of concrete has attained the strength sufficient to ensure its 
resistance to freezing (usually above 5 N/mm2).  The highest temperature of 
concrete must not be greater than 65° C. 

Negative influences of high concrete temperature during curing time may be: 

• significant reduction in strength, 
• significant increase in porosity, 
• delayed formation of ettringite, 
• higher temperature difference between the concreted element and the 

preceding element. 

Post-concreting operations 

After removal of formwork, the Supervising Engineer shall check the concrete 
surface in accordance with specified class of inspection, and shall determine its 
conformity with requirements. 

During realization of such activities, the concrete surface shall be protected 
against damage and disturbance of surface texture. 

In accordance with requirements given in Section 7-00.2.8 of these General 
Technical Requirements and other requirements for the realization and use of the 
concrete structure, the testing requirements for placed concrete (properties, 
frequency and conformity criteria) shall be defined in the design of the structure 
and in the plan for ensuring quality control during realization of the structure. 

Special procedures during realization of works 

Special realization procedures shall be specified by providing a separate 
description of the procedure, and all changes shall be harmonized with design 
requirements. 

The use of special concrete types such as the light-aggregate concrete, high 
strength concrete, heavy-weight concrete, and underwater concrete, must also 
be specified in the design. 
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The concrete for slipforming must have an appropriate setting time.  The sliding 
must be conducted using an appropriate equipment and procedure, making sure 
that reinforcement cover is appropriate, and that the concrete quality and surface 
treatment are satisfactory.  The sliding must be controlled by an expert properly 
experience in this type of realization. 

The use of sliding form for reinforced-concrete structures must be avoided in 
cases when concrete will be subject to the influence of aggressive environment 
classified as XS3. 

Concreting of composite structures 

The concrete work for composite structures shall be realized in accordance with 
these General Technical Requirements.  All additional requirements shall be 
specified in the design. 

7-00.2.6 Construction with precast concrete elements and site manufactured 
components 

These General Technical Requirements define procedures for the realization of 
structural elements, namely structural elements produced on the site as well as 
precast structural elements, from their reception on the site to their final placing 
and approval. 

The use of site-mixed or precast concrete elements shall be regulated by an 
approved design in which their use will be coordinated with the behavior of the 
overall structure. 

Factory produced precast elements 

Unless regulated by a specific standard, ready mixed (precast) concrete 
elements shall be regulated by an appropriate Croatian standard or technical 
approval until their reception on the site. 

Site manufactured elements 

Components produced on the site may be treated as precast elements if they are 
compliant with an appropriate Croatian standard. 

Elements produced on the site that do not comply with any Croatian standard can 
not be accepted as precast elements.  Their production shall be regulated by 
these General Technical Requirements. 

The sequence of operations following after production of site-produced elements 
is the same as that used for ready mixed (precast) elements. 

Handling and storage 

The handling, storage and protection of precast elements must be conducted in 
accordance with the design. 

Handling 

The lifting diagram providing suspension points and forces, description of the 
lifting system and, when necessary, special requirements, must be readily 
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available on the site.  The total weight and tolerances must be provided for every 
element. 

Storage 

Storage instructions must contain storage positions and allowable points of 
support, information on maximum storage height, protective (safety) measures, 
and other requirements relating to stability. 

Placing and adjustment 

Requirements relating to the placing and positioning of precast elements must be 
given in appropriate technical specifications.  On-site handling and storing 
specifications must be readily available on the site prior to each delivery of 
precast elements. 

The work program with all phases of required on-site operations must be readily 
available on the site. 

The work must not commence before conformity with the above requirements is 
confirmed. 

Placing 

The distribution of supports, strutting requirements, and temporary stability 
measures, shall be defined in technical specifications.  When necessary, the axis 
and position for guiding elements and for achieving lifting disposition, shall also 
be defined in technical specifications. 

All structural measures aimed at ensuring efficiency and stability of temporary 
and permanent supports must be applied.  These measures shall be taken to 
reduce to minimum any damage and inadequate behavior of elements. 

Precast elements must be realized in accordance with plans and detailed 
drawings for equipment and for all programmed operations. 

Accurate positioning of elements, dimensional accuracy of supports and joints 
and, above all, appropriate distribution of elements within the structure, must be 
checked during positioning of elements, and adjustments must be made if 
necessary. 

Jointing and completion work 

The positioning must be thoroughly checked and inspected prior to final 
connection of precast elements and prior to realization of any stage of final work. 

The final work must be carried out in accordance with requirements given in 
technical specifications, taking at that in account actual climatic conditions. 

In-situ works 

Every installation of additional reinforcement during final works must be in 
accordance with Sections 7-00.2.3 and 7-00.2.4 of these General Technical 
Requirements. 
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All concreting work on the structure shall be compliant with Section 7-00.2.5. 

Structural joints 

Joints of every type must be undamaged, properly placed and adequately 
realized, in order to ensure an efficient behavior of the structure.  Poured and 
glued joints must be realized in accordance with technology specified to that 
effect, as adjusted to the type of material used. 

Project specifications normally contain requirements ensuring that: 

• the size of joints is compatible with the gluing procedure, 
• steel inserts of any type, used for fastening, are properly protected against 

corrosion and fire, namely through selection of an appropriate material or 
protective coating, 

• welding of structural joints is carried out with weldable materials and in a 
controlled manner. 

7-00.2.7 Geometrical tolerances 

All dimensions of the structure must be within maximum permitted deviations so 
as to avoid any harmful influence on: 

• mechanical resistance and stability in the initial period and during use of the 
structure, 

• the behavior of structure during use, 
• compatibility during realization of the structure and during installation of its 

non-structural parts. 

Small unintentional deviations from specified values that no not significantly 
influence behavior of the finished structure may be neglected. 

This section contains geometrical deviations that are relevant for engineering 
structures.  Numerical values are expressed for structural tolerances, i.e. for 
tolerances that are considered relevant for the safety of structures.  First class 
structural tolerances are specified. 

Allowable values for the second-class tolerances are not indicated.  Second-class 
tolerances may be defined by the designer.  Unless otherwise specified in the 
design, first-class tolerances specified in these General Technical Requirements 
shall be applied. 

First class tolerances, designated as normal tolerances, comply with design 
assumptions as given in ENV 1992, and with the required level of safety. 

Requirements given in this section are related to the overall structure.  In case of 
individual parts of the structure, every control of these parts must be compliant 
with requirements for the final control of the finished structure. 

Special tolerances must be specified in the design and, at that, the following 
information must be provided: 

• any addition to permitted deviations given in these General Technical 
Requirements, 
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• and additional type of deviation that will be controlled together with defined 
parameters and allowable values, 

• whether these special tolerances concern all portions or only some specific 
portions of the structure. 

Tolerances for surfaces between individual parts through which forces are 
transferred in full contact, are not specified in these General Technical 
Requirements.  Requirements for these surfaces shall be determined, when 
necessary, in the design. 

Tolerances for portions concreted under water are not specified in these General 
Technical Requirements. 
If a geometrical tolerance is regulated by several different requirements, then the 
strictest requirement shall be applied. 
These technical requirements do not contain requirements with respect to 
combined (complex) geometrical tolerances and structural deformations. 

Reference systems 

Tolerances for positions in the plane are related to the secondary line in the 
plane. 

Tolerances for vertical positions (along the height) are related to the secondary 
vertical line (along the height).  Any requirement relating to the secondary line 
must be specified in the design. 

Instructions for the determination of secondary lines are given in ISO 4463-1 
(Measurement methods for buildings.  Setting out and measurement.  Part 1: 
Planning and organization, measuring procedures, acceptance criteria). 
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Base supports (foundations) 

Base supports may be foundations laid directly on the soil, pile heads, etc.  
Recommended values for center positions are shown in Figure 7-00.2.7-1. 
 

N° Type of deviation Description Permitted 
deviation 

a Horizontal cross section: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 support center lines 
y secondary line in y direction 
x secondary line in x direction 

Position in plan of 
a base support 
as related to the 
secondary lines 

  
 
 
 ± 25mm 

b Vert al cross section: 
 
 
 
 
 
 
 
 
 
 
 
1 - s
H - i

Position in 
vertical direction 
of a base support 
relative to the 

 
 
 
 

y

x

Lx + 

Ly + 

1

1

Figure  7-

The found
element. 

 
General Technical Re
 

ic
econdary level 
ntended distance 

secondary level ± 20 mm H + 

00.2.7-1 Permitted deviations for the position of base supports 
(foundations) 

ation on the soil may be either directly concreted or formed of a precast 
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Tolerances for deep foundations such as piles, diaphragm walls, special anchors, 
etc. are not provided in these specifications. 
 
Columns and walls 

Allowable structural tolerances for columns and walls are presented in Figure 7-
00.2.7-2. 
 

N° Type of deviation Description Permitted 
deviation 

a  Inclination of a 
column at any 
level in a single- 
or a multi-story 
building 
 
 

Not greater 
than 
 
  h/300 
   or 
  15 mm 

b  Deviation 
between center 
lines for columns 
and walls 
 
 
 

Not greater 
than 
 
   t/30 
    or 
   15 mm 
 
 

c 

 Curvature of a 
column between 
adjacent story 
levels 

 

Not greater 
than 
 
   h/300 
    or 
   15 mm 

d  

Location of a 
column or a wall 
at any story level, 
from a vertical 
line through its 
center at base 
level in a multi-
story structure: 
 
n is the number of 
stories when n >1 

 
Smaller 
than 
 
50 mm 
    or  
Σh/(200n1/2)  

h

t2

t1

h

h3

h2

h1

hi

Figure  7-00.2.7-2:  Permitted vertical deviations for columns and walls 
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Instructions for permitted deviations of columns and walls, measured with respect 
to secondary lines, are presented in Figure 7-00.2.7-3. 
 
 

N° Type of deviation Description Permitted 
deviation 

a econdary line Position of 
column plan 
with respect 
to secondary 

 
 
 
 ± 25 mm 

b 

c 

Lx + 

y

 
Figu
sect

 
General Techni
 

S
 
 
 

 
 
 
 
 
 
 
 
 
 

line 

Secon ary line 
 
 
 
 
 
 
 
 
 
 

Position of 
wall plan with 
respect to 
secondary 
line 

 
 
 ± 25 m 

 Free space 
between 
adjacent 

Not 
greater 
than 

x

Ly + 

    

y

y

L + 

re  7-
ion 

cal Re
d

columns or 
walls 

 ±25 mm 
  or 
 ±L/600 

L + 

00.2.7-3  Permitted deviations for column and walls, horizontal cross 
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Beams and slabs 

Line and level tolerances used for beams and slabs are also applied for other 
horizontal and inclined structural segments. 

Values of allowable structural tolerances for beams and slabs are presented in 
Figure 7-00.2.7-4. 
 

No. Type of deviation Description Permitted 
deviation 

a 

 
 
 
 
 
 
 
 
 
 
 
 
 
1 - beam, 2 - column 

Beam and 
column 
connection, 
measured 
relative to the 
column 
 
b = column 
dimension in the 
same direction as  
∆ 

 
 
Not greater 
than 
 
 
   + b/30 
     or 
   + 20 mm 
 
 
 
 

b 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 - actual bearing axis of support  

Position of 
bearing axis of  
support 
 
 
 
 
 
 
 
l = intended 
distance from 
the edge 

 
 
Not greater 
than 
 
   + l/20 
     or 
   + 15 mm 
 
 
 

b

1

2

l + 
1

 

Figure 7-00.2.7-4  Permitted deviations for beams and slabs 
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N° Type of deviation Description Permitted 
deviation 

a 

 

 

 

Horizontal 
straightness of 
beams 

 
Not greater 
than 
  ±L/600 
   or 
  ±20 mm 
 
 

b 

 Distance 
between 
adjacent 
beams, 
measured at 
corresponding 
points 

 
Not greater 
than 
  ±L/500 
   or 
  ±15 mm, 
but not 
more than 
  40 mm   

c 

 Inclination of 
beam or slab 

±(10+L/500) 

   mm 

 

d 

 Level of 
adjacent beams, 
measured at 
corresponding 
points 

 

±(10+L/500)
mm 

 

 

e 

 
Level of 
adjacent floors 
at supports 

±15 mm 
 
 
 

f 

 
Level of 
upper floor 
measured 
relative to the 
secondary 
system: 
  H≤20m 
20m<H<100 
  H≥100m 

 
 
 
 
±20 
±0,5(H+20) 
±0,2(H+200) 

L+

L

H+

H+

1

 
Figure 7-00.2.7-5 Other permitted deviations for beams and slabs 
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Cross sections 

Dimensional tolerances for cross sections, protective layer of concrete and 
reinforcement shall be as specified in Figure 7-00.2.7-6. 
 

No. Type of deviation Description Permitted 
deviation 

a 

Cross sectional dimensions 

 

li = length of cross 
sectional dimension.  
Applicable to beams, 
slabs and columns.  
For li < 150 mm, 
li = 400 mm 
li = 2500 mm with 
linear interpolation 
for intermediate 
values 

 
 
 
 
  + 10 mm 
  + 15 mm 
  + 30 mm 
 
 
 

 

For foundations, permitted plus-deviations shall be stated in the project 
specification, if required.  Minus-deviations are as stated. 
Tolerances for special geotechnical concrete members cast directly onto the 
ground are not covered here.  However, ordinary foundations cast directly 
onto the ground are covered. 

b 

Position of ordinary 
reinforcement in cross section 

 
 

For all h values: 
 
  ∆ (minus) 
  
and it is positive for: 
  h < 150 mm 
  h = 400 mm 
  h > 2500mm 
with linear 
interpolation for 
intermediate values 

  
 
   - 10 mm 
 
 
    + 10 mm 
    + 15 mm 
    + 20 mm 
 
 
 

  
cmin = required minimum cover 
cn = nominal cover = cmin+∆(minus) 
c = actual cover 
∆ = permitted deviation from cn 
h = height of cross section 
 
Requirement: cn+∆(plus)>c>cn-∆(minus) 

Permitted plus-deviations for cover to reinforcement for foundations and 
concrete members in foundations may be increased by 15 mm.  The given 
minus-deviations apply. 
 

l1 +

l2 
+

Cn
Cmin

(plus)

(minus)

 
 
 

 
General Technical Requirements for Road Works 2001 - VOLUME IV Page 83 
 



CONCRETE WORK 
 
 

N° Type of deviation Description Permitted 
deviation 

c 

Lap-joints 
 

 
 
l = length of 

overlap 

 
 
 
  -0,06 l 
 
 

d 

 
Position of prestressed 
reinforcement.  Longitudinal 
section. 
Longitudinal section 
 
 
 
 
 
 
 

 
For h<200 mm 
 
For h>200 mm 
 
 
 
Concrete cover 
measured to 
duct 

 
  +0,03 h 
 
Less than 
  +0,03 h 
    or 
  +30 mm 
 
  -15 mm 

 The values given apply to vertical and horizontal location.  Permitted minus-
deviation from nominal cover for each tendon as for reinforceement, case b. 

l +

h
y +

x

 
Figure 7-00.2.7-6 Permitted sectional deviations 

Tolerances presented herein are not applicable to prestressed elements.  They 
have to comply with requirements as given in appropriate Croatian standards, or 
as specified in the design. 

Conformity with requirements for the protective layer of concrete is based on 
every individual measurement, unless a more reliable statistical approach is 
specified in the design. 
Permitted deviation for orthogonality of cross section is seen in Figure 7-00.2.7-7. 
 

N° Type of deviation Description Permitted 
deviation 

a 

 
Orthogonality of cross section 

 
a = Length of 

cross 
sectional 
dimension 

 
Not greater than 
0,04a or 10 mm, 
 
but not greater   
   than 20 mm 
 
  deviation 
   + or -  
 

a

Figure 7-00.2.7-7 Permitted deviation for the orthogonality of cross section 
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Straightness of surfaces and edges 

Recommended values for permitted deviations with respect to evenness of 
surfaces and edges are given in Figure 7-00.2.7-8. 
 

N° Type of deviation Description Permitted 
deviation 

a 

Flatness 
 
Molded or smoothed surface: 
                        global 
                        local 
 
Not-molded surface: 
                        global 
                        local 
 
 
 
 
 
 
 

 
 
 
L=2,0 m 
L=0,2 m 
 
 
L=2,0 m 
L=0,2 m 
 

 
 
 
  9 mm 
  4 mm 
 
 
 15 mm 
  6 mm 
 
 
 

b 

 
Skewness of cross section 
 

 

 
not greater 
than 
h/25 ili b/25, 
 
but not 
greater than 
   30 mm 
 
tolerance 
  + or - 
 
 

c 

 
Edge straightness: 
 

For lengths 
 <±1 m 
 
For lengths 
  >1 m 

 
  8 mm 
 
 
 8 mm/m, 
 
but not 
greater than 
20 mm 

L

h

b

b

 
Figure 7-00.2.7-8:  Permitted deviations for surfaces and edges 
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Holes and inserts 

Recommended values for permitted deviations of holes and inserts are given in 
Figure 7-00.2.7-9. 
 

N° Type of deviation Description Permitted 
deviation 

a 

 
 

∆1, ∆2, ∆3     ± 25 mm 
 1

 
Figu

7-00.2.8 Insp

Insp

Supe
acco
proje

Insp
prod
work

Req
class

• I
• I
• I

Insp
struc
for th

The 
base
exec

 
General Techni
 

 
 
 
 
 
 
 
 
 
 
1 - reference line 

Unless 
otherwise 
specified in the 
project 
specification 
 
 
 
 
 

l3 +

l2 +

l1 +

3

2

1

l3 + 3

2l2+

re 7-00.2.7-9 Permitted deviations for holes and inserts 

ection 

ection classes 

rvision and inspection shall ensure that the works are completed in 
rdance with these General Technical Requirements and the provisions of the 
ct specification. 

ection in this context refers to verifying conformity of the properties of 
ucts and materials to be used as well as inspection of the execution of the 
s. 

uirements for inspection shall be specified using one of the following 3 
es: 

nspection Class I; 
nspection Class 2; 
nspection Class 3. 

ection class may refer to the complete structure, to components of the 
ture or to certain materials/technologies used for the execution.  Guidelines 
e selection of an inspection class are given in Table 7-00.2.8-1. 

three inspection classes give the option to specify the required inspection 
d on the importance of the component/structure and the criticality of the 
ution for its ability to fulfill its function. 
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The inspection class to be used shall be stated in the project specification. 

Table 7-00.2.8-1  Guidance for the selection of inspection class 
 
Subject Inspection Class 1 Inspection Class 2 Inspection Class 3 
Type of construction 
works 

- Buildings ≤ 2 
stories 

- Ordinary 
bridges 

- Buildings > 2 
stories 

- Special bridges 
- High rise 

buildings 
- Large dams 
- Buildings for 

nuclear 
reactors 

- Containment 
structures 

Type of structural 
components 

- Reinforced 
beams and 
slabs with 
spans < 10 m 

- Simple walls 
and columns 

- Simple 
foundation 
structures 

- Reinforced 
beams and 
slabs with 
spans > 10 m 

- Slender walls 
and columns 

- Pile caps 
- Arches < 10 m 

- Reinforced 
arches and 
vaults 

- Highly 
compressed 
components 

- Very sensitive 
and 
complicated 
foundations 

- Arches > 10 m 
Type of construction 
materials/technologies 
used 
 
Concrete acc. to EN 
206: 
 
- Strength class 
 
- Exposure class 
 
 
 
 
Reinforcement 

- Structures with 
precast 
elements 

 
 
 
 
 
Up to and incl. 
C25/30 
X0, XC1, XC2, 
XA1, XF1 
 
 
Ordinary 

- Structures with 
precast 
elements 

 
 
 
 
 
Any strength 
class 
 
Any exposure 
class 
 
Ordinary and 
prestressing 

- Structures with 
precast 
elements 

- Special 
tolerances 

 
 
 
Any strength 
class 
 
Any exposure 
class 
 
Ordinary and 
prestressing 

Inspection of materials and products 

The inspection of the properties of the materials and products to be used in the 
works is given in Table 7-00.2.8-1. 

If prescribed concrete is used, the relevant properties are to be checked by tests.  
The type and number of tests must be specified in project specifications and in 
the quality control plan for the realization of works. 
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Table 7-00.2.8-2  Inspection requirements for materials and products 
 
Subject Inspection 

Class 1 
Inspection Class 2 Inspection Class 3 

Materials for 
formwork 

Visual 
inspection 

In accordance with project specification3) 

Reinforcing steel In accordance with ENV 10 080 and 
provisions valid at the construction site3) 

 

Prestressing steel  In accordance with EN 10138 or according to 
project specification3) 

Fresh concrete;1) 
ready mixed or site 
mixed 

In accordance with EN 206, according to Table 7-00.2.8-1 and 
based on the project specification. 
At reception of concrete a delivery ticket shall be present.3) 

Other items2) In accordance with the project 
specification3). 

 

Precast elements In accordance Section 7-00.2.83)  
Inspection report Not required Required  
1) Site manufactured components are considered as components produced with fresh 

concrete, ready-mixed or site mixed concrete, unless they are produced according to 
a product standard. 

2) For example, items such as embedded steel components, etc. 
3) Products bearing the third party product certification shall be checked against the 

delivery ticket and visually inspected. 
In case of doubt, further inspection shall be undertaken to check that the product 
conforms to its specification.  Other products shall be subject to inspection and 
acceptance testing as defined in the project specification. 

Scope for inspection of execution 

The scope of inspection to be carried out is given in Table 7-00.2.8-3. 

Table 7-00.2.8-3  Scope of inspection 
 
Subject Inspection Class 1 Inspection Class 2 Inspection Class 3 
Scaffolding, 
formwork and 
falsework 

Visual inspection Major scaffolding 
and formwork to be 
inspected before 
concreting 

All scaffolding and 
formwork to be 
inspected before 
concreting 

Ordinary 
reinforcement 

Visual inspection 
and random 
measurements. 

Major reinforcement 
to be inspected 
before concreting. 

All reinforcement to 
be inspected before 
concreting. 

Prestressing 
reinforcement 

Not applicable Components with prestressing reinforcement 
to be inspected before concreting. 

Embedded items Visual inspection According to the project specification. 
Erection of precast 
elements 

According to erection speciication. 

Site transport and 
casting of concrete 

According to 
Section 7-00.2.8 

 

Curing and finishing 
of concrete 

None According to Section 7-00.2.8 

Stressing of 
prestressing 
reinforcement, 
including grouting 

Not applicable According to Section 7-00.2.8 

As-built geometry Not required According to project specification 
Documentation of 
inspection 

Not required As required by these General Technical 
Requirements  
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Inspection of falsework and formwork 

Inspection prior to concreting 

Before casting operations start, inspections, according to the relevant inspection 
class, shall include: 

• geometry of formwork; 
• stability of formwork and falsework and their foundations; 
• tightness of formwork and its parts; 
• removal of detritus (such ass dust, snow and/or ice and remains of tie wire) 

from the section to be cast; 
• treatment of the faces of the construction joints; 
• removal of water from the base of the form except where special procedures 

for casting under water or displacing the water without intermixing are to be 
operated, 

• preparation of the surface of the formwork; 
• openings and box-outs. 

Inspection after concreting 

Construction joints shall be checked to insure that the starter bars are correctly 
located. 

Inspection of reinforcement 

Inspection prior to concreting 

Before casting operations start, inspections, according to the relevant inspection 
class, shall confirm that: 

• the reinforcement shown on the drawings is in place, and at the specified 
spacing, 

• the cover is in accordance with the specifications, 
• reinforcement is not contaminated by oil, grease, paint or other deleterious 

substances, 
• the reinforcement is properly tied and secured against displacement during 

concreting, 
• space between bars is sufficient to place and compact the concrete, 
• the placed reinforcement is backed with appropriate conformity certificate 

confirming compliance with properties specified in EN 10080. 

If no appropriate certificate of compliance with specified properties is produced 
for reinforcement delivered to the bending yard or to the structure, the 
compliance with required properties will have to be checked by the user and this 
by testing an appropriate number of samples for each cross section delivered. 

Inspection after concreting 

Construction joints shall be checked to ensure that the starter bars are correctly 
located. 
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Inspection of prestressing 

Inspection for identification 

The identification of materials shall be verified and checked for conformity with 
requirements given in HRN EN 523 and ENV 10138.  If such conformity check is 
lacking, then all properties specified in relevant standards must be checked by 
testing appropriate samples from the delivered contingent. 

Inspection prior to concreting 

Before casting operations start, inspections shall include: 

• the position of the tendons, sheaths, vents, drains, anchorages, and couplers 
in respect of the project specification, including the concrete cover and the 
spacing of the tendons, 

• the fixture of the tendons and sheaths, including the provision of adequate 
resistance against buoyancy, and the stability of their supports, 

• the sheaths, vents, anchorages, couplers and their sealing are undamaged, 
• the tendons, anchorages and/or couplers are not corroded; 
• the cleanliness of the sheaths, anchorages, and couplers. 

The following shall also be checked: 

• verticality of facing plate with respect to cables, 
• whether cables are evenly positioned in the anchorage and coupler zone, 
• whether the length of prestressing steel on anchor heads is sufficient for 

anchoring in jacks. 

Inspection prior to tensioning 

The availability on site of the documents and equipment according to the 
tensioning program shall be ensured. 

Prior to tensioning or prior to releasing the tension force, the actual concrete 
strength shall be checked against the strength required. 

The calibration of the jacks shall be checked.  When the temperature is low, the 
conformity with requirements given in Section 7-00.2.4 of these General 
Technical Requirements shall be checked. 

Inspection prior to grouting 

Before grouting starts, the inspection shall include: 

• preparation tests for grout conforming to HR EN 447, 
• ducts are open for grout through their full length and free of harmful materials, 

e.g. water, ice, 
• vents prepared and identified, 
• equipment operational, 
• materials are batched and sufficient to allow for overflow, 
• the results of any trial grouting on representative ducts. 
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During grouting, the inspection shall include: 

• conformity of the fresh grout tests (fluidity, segregation), see HRN EN 447, 
• the characteristics of the equipment and of the grout, 
• the actual pressures during grouting, 
• order of blowing and washing operations, 
• precautions taken to keep ducts clear, 
• order of grouting operations, 
• actions in the event of incidents and harmful climatic conditions, 
• the location and details of any re-injection. 

Inspection of the concreting operations 

The inspection and testing of concreting operations shall be planned, performed 
and documented in accordance with the inspection class, see Table 7-00.2.8-4. 

Basic inspection is the continual inspection of conformity and normal good 
practice. 

Table 7-00.2.8-4  Requirements for planning, inspection and documentation 
 
Subject Inspection Class 1 Inspection Class 2 Inspection Class 3 
Planning for 
inspection 

 Inspection plan, 
procedures and 
instructions as 
specified. 
 
Actions in the event 
of a non-conformity 

Inspection plan, 
procedures and 
instructions as 
specified. 
 
Actions in the event 
of a non-conformity 

Inspection Basic inspection Basic and random 
detailed inspection 

Detailed inspection 
of each casting 

Documentation Records from all 
unusual events. 
 
All non-
conformities and 
corrective action 
reports. 

All planning 
documents. 
Records from all 
inspections. 
All non-conformities 
and corrective 
action reports. 

All planning 
documents. 
Records from all 
inspections. 
All non-conformities 
and corrective 
action reports. 

A detailed inspection plan, when required in the project specification, shall 
identify all inspection, monitoring and testing activities as needed to prove that 
the required quality has been obtained. 
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Table 7-00.2.8-5  Inspection of pre-concreting and production 
 

Subject Method Requirement Inspection 
Class 1 

Inspection 
Class 2 

Inspection 
Class 3 

Specification of 
concrete Visual EN 206 Before start of 

the production 
Before start of 
the production 

Before start of 
the production 

Inspection of 
concrete 
production 

Examination of 
certificate 
where 
available 
 
Visual 
inspection 
where there is 
no 3rd party 
inspection 

Certificate form 
approved 
certification body 
that production is 
controlled 
(according to EN 
206) 
Otherwise 
inspection of 
production plant 
(according to EN 
206) 

New supplier 
and in case of 
doubt 
 
 

New supplier 
and in case of 
doubt 
 
 

New supplier 
and in case of 
doubt 
 
 

Planning for 
production 

Visual 
inspection 

Relevant 
information for 
production 

 Written 
information 

Written 
information 

Table 7-00.2.8-6  Inspection of fresh concrete 
 

Subject Method Requirement Inspection Class 
1 

Inspection 
Class 2 

Inspection 
Class 3 

Delivery ticket Visual inspection Conformity to 
the specification 

Each delivery Each delivery Each delivery 

Consistence of 
concrete 

Visual inspection 
 
Using an 
appropriate 
consistence 
test1) 

Consistence as 
ordered 
 
Conformity to 
consistence 
class 

Random 
 
Only when in 
doubt 

Each delivery 
 
When making 
test for 
hardened 
concrete and 
when in doubt 

Each delivery 
 
When making 
test for 
hardened 
concrete and 
when in doubt 

Uniformity of 
concrete 

Visual inspection 
 
Test by 
comparing the 
properties of 
sub-samples 
taken from 
different parts of 
a batch 

Homogeneous 
concrete 
appearance 
 
Sub-samples 
shall show the 
same 
properties3) 

When in doubt Each delivery 
 
When in doubt 

Each delivery 
 
When in doubt 

Identity testing 
for 
compressive 
strength 

Test according 
to EN 2061) 

Conformity to 
compressive 
strength class2) 

One to three times a year, or a short time after work 
has commenced on a part of a structure, depending 
on the quantity of concrete and sensitivity of 
structure, and in case of doubt 

Air content On-site test 
according to EN 
206 

Conformity to 
specification 

From time to time, unannounced, according to the 
project specification, and in case of doubt 

Other (special) 
characteristics 

According to 
applicable 
standards 

Conformity to 
specification 

Once at the beginning of production or concrete 
placing, later according to the project specification 

1) The identity test shall be the criterion given in EN 206 for an individual sample 
2) Identity testing for compressive strength according to Section 8.2.1.1 of EN 206. 
3) Within the precision of the test and agreed variability tolerances.. 
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For each inspection point, the inspection plan should state: 

• the requirements, 
• the references to the standard and the project specification, 
• the method of inspection, monitoring or testing, 
• the definition of inspection section, 
• the frequency of inspection, monitoring or testing, 
• the acceptance criteria, 
• the documentation, 
• the responsible supervising engineer, 
• the owner's witness points, if any. 

Table 7-00.2.8-7  Inspection of pre-concreting operations 
 

Subject Inspection Class 1 Inspection Class 2 Inspection Class 3 
Planning for inspection  Trial casting results, if 

any. 
Agreement on Quality 
Control. 
Inspection plan. 
Equipment list. 

Trial casting results, if 
any. 
Agreement on Quality 
Control. 
Inspection plan. 
Equipment list. 

Inspection Basic inspection 
Inspection when in 
doubt 

Basic and random 
inspection 
 
Stability of the 
falsework and 
formwork. 
 
Visual inspection of: 
- tie bars 
- tightness of form 
- cleanliness of form 
- release agent, 

amount 
- saturation of form 
- construction joint 
- coasting sequence 

planned 
- access 
- delivery planned 
- concrete cover 
 
Measuring dimensions 

Inspection before each 
casting 
 
Stability of the 
falsework and 
formwork 
 
Visual inspection of: 
- tie bars 
- tightness of form 
- cleanliness of form 
- release agent, 

amount 
- saturation of form 
- construction joint 
- coasting sequence 

planned 
- access 
- delivery planned 
- concrete cover 
 
Measuring dimensions 

An inspection plan may be prepared as a summary table with references to the 
inspection procedures and inspection instructions giving the details of inspection, 
monitoring and testing. 

All forms to be used for documentation should be accepted by the owner or his 
representative before the construction starts. 
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Guidelines on inspection of concreting operations are given in Tables 7-00.2.8-5 
to 7-00.2.8-10. 

Table 7-00.2.8-8  Inspection of placing 
 

Subject Inspection 
Class 1 Inspection Class 2 Inspection Class 3 

Planning 
for 
inspection 

 Instruction to operators 
 
Rate of placing 
Placing sequence 
Layer thickness 

Instruction to operators 
 
Rate of placing 
Placing sequence 
Layer thickness 

Inspection, 
formed 
surfaces 

Basic 
inspection 

Basic and random 
inspection: 
 
- weather conditions, 
- rate of placing, 
- placing sequence, 
- layer thickness, 
- segregation, 
- consistence, 
- number of pokers, 
- size of pokers, 
- intrusion distance, 
- intrusion depth, 
- re-vibration, 
- form vibrators, 
- surface vibrators, 
- movements of concrete, 
- deflection of form, 
- fixation of embedded 

parts 

Inspection during 
casting 
 
- weather conditions, 
- rate of placing, 
- placing sequence, 
- layer thickness, 
- segregation, 
- consistence, 
- number of pokers, 
- size of pokers, 
- intrusion distance, 
- intrusion depth, 
- re-vibration, 
- form vibrators, 
- surface vibrators, 
- movements of concrete, 
- deflection of form, 
- fixation of embedded 

parts 
Inspection, 
free 
surfaces 

Basic 
inspection 

Basic and random 
inspection: 
 
- laitance on top, 
- evenness of surface, 
- formation of crust, 
- time end of compaction, 
- time of completion, 
- protection of surface. 
 
Measuring of surface 
deviations in accordance 
with project specification 

Inspection during 
casting: 
 
- laitance on top, 
- evenness of surface, 
- formation of crust, 
- time end of compaction, 
- time of completion, 
- protection of surface. 
 
Measuring of surface 
deviations in accordance 
with project specification 
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Table 7-00.2.8-9  Inspection of curing and compaction 
 

Subject Inspection 
Class 1 Inspection Class 2 Inspection Class 3 

Planning 
for 
inspection 

 Procedure for protection 
against drying out and 
freezing. 
 
Procedure for temperature 
control. 
 
Monitoring system for 
temperature and maturity 
registration. 

Procedure for protection 
against drying out and 
freezing. 
 
Procedure for temperature 
control. 
 
Monitoring system for 
temperature and maturity 
registration. 
 
Calculation of temperature 
development and 
distribution in accordance 
with project specification. 

Inspection Basic 
inspection 

Basic and random 
inspection: 
- protection against drying 

out, maturity, 
- protection against 

freezing, 
- stripping time, maturity, 
- temperature differences 

Inspection of each casting: 
 
- protection against drying 

out, maturity, 
- protection against 

freezing, 
- stripping time, maturity, 
- temperature differences 

Table 7-00.2.8-10  Inspection of post-concreting operations 
 

Subject Inspection Class 1 Inspection Class 2 Inspection Class 3 
Planning for 
inspection 

 Instruction for inspection in accordance 
with project specification 

Supervision Geometrical check 
 
Basic inspection 

Geometrical check 
 
Strength and maturity at the time of 
stripping 
 
Surface appearance: 
- holes 
- honey combing 
- sandstripes 
- blow holes 
- cracks 
- crack widths 
Connections: 
- starter bars 
- bolts 
- inserts 
- fixtures 
Cover: 
- check with cover-meter if required by 

project specification 
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Inspection of precast concrete elements 

General 

The adequacy of site conditions shall be checked prior to the installation of 
precast concrete elements.  The principal provisions to be verified by an initial 
inspection of the site, before installation of precast elements, are: 

• the access routes for elements and equipment, 
• the availability of assistance form the main contractor, 
• the availability of adequate lifting equipment, 
• the availability of proper equipment for safe working, 
• the adequate completion of the supporting structures, 
• provisional works, such as propping, scaffoldings, temporary supports, as 

necessary, 
• as-built report documenting any deviation of the site work related to the 

erection. 

Reception checks 

An initial visual check of precast elements must be carried out before unloading. 

After delivery, reception checks for precast elements must be carried out as soon 
as practicable. 

Requirements for the acceptance inspection of precast concrete elements on site 
are given in Table 7-00.2.8-11. 

Table 7-00.2.8-11  Reception inspection of precast concrete elements 
 

Subject Property Method Frequency Action 
Elements marking, 

quantity 
visual 
inspection 

every 
element 

signature on the 
delivery ticket and 
notice of imperfections 

Elements evident 
imperfections 

visual 
inspection 

every 
element 

signature on the 
delivery ticket and 
notice of imperfections 

Elements appearance of 
joint faces 

visual 
inspection 

every 
element 

signature on the 
delivery ticket and 
notice of imperfections 

Lifting 
devices in the 
element 

type, 
integrity and 
compatibility 

visual 
inspection 

every 
element 

signature on the 
delivery ticket and 
notice of imperfections 

Additional checks 

when appropriate, the reception inspection should include the items given in 
Table 7-00.2.8-12. 
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Table 7-00.2.8-12  Additional items for inspection when appropriate 
 

Subject Property Method Frequency Action 
Elements geometrical 

tolerances 
standard test 
methods 

in case of 
doubt 

full report 

Elements crack width 
and extension 

microscope 
and tape/rule 

if required full report 

Elements joint shapes 
and 
dimensions 

tape/rule in case of 
doubt 

full report 

Elements other 
characteristics 

standard test 
methods 

standard test 
methods 

full report 

Actions in case of non-conformity 

When a non-conformity is identified during inspection, appropriate measures 
must be taken to provide for the specified stability and safety of structure and to 
meet requirements relating to intended use of the structure. 

If a non-conformity is confirmed, the following aspects should be investigated: 

• the implications of the non-conformity on execution and service, 
• the measures necessary to make the component acceptable, 
• the necessity of rejection and replacement of the non-repairable component. 

The extent of non-conformity of prescribed properties of concrete shall 
subsequently be determined by performing the same tests on concrete samples 
from the structural element, in accordance with applicable standards.  This 
testing will be performed, based on the supervising engineer's decision, by an 
appropriate certification body. 

The non-conformity of compressive strength (achieved and specified classes) 
shall be checked by subsequent testing of concrete samples taken from the part 
of structure in which non-compliant concrete was placed. 

The testing must be performed in accordance with HRN EN 7034 and HRN 
U.M1.048 and the objective of testing is to determine the class of compressive 
strength of concrete at the time of testing, and an approximate class of 
compressive strength at 28 days.  The first information is used for checking 
stability and safety of the structural element tested, and the second one for 
regulating contract relations between the concrete producer and the purchaser. 

If the implications of the non-conformity on execution and service are negligible, 
the component should be accepted.  If the non-conformity can be corrected, the 
components should be accepted after proper repair. 

The evaluation of conformity after rectification must be made by the supervising 
engineer and the certification body which initially determined the extent of non-
conformity and which specified that the rectification is to be made. 

The rectification of non-conformity should be conducted in accordance with the 
project specification and these General Technical Requirements. 
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Documentation of the procedure and material to be used should be approved by 
supervising engineer before the corrections are made. 

7-00.2.9 Acceptance and calculation of concrete work 

In the scope of acceptance and calculation of completed concrete work on the 
structure, the supervising engineer shall, together with the representative of the 
certification body that participated in the control and checking of quality of 
individual phases of works, establish a summary of the total documentation 
relating to the realization of works, and they shall provide, each in his sphere of 
activity, a final opinion about the quality of completed work and about compliance 
with design requirements as well as with requirements specified in applicable 
regulations. 

The works are usually measured in cubic meters of placed concrete and are 
calculated according to contract unit prices for each structure and, at that, the 
price covers all cost of material and work, transport and everything else that is 
needed for the full completion of the structure. 

Specific types and phases of work can also be measured and calculated in an 
another way, provided that it is clearly specified in the contract. 

The costs of establishing non-conformity, and the cost or rectification or 
replacement of inadequate elements or parts of structure, and their repair to the 
level compliant with the design and applicable quality regulations, shall fully be 
borne by the contractor. 

Any compensation to be paid to the Client because the quality of work is lower 
that that specified in the design and applicable regulations, shall be regulated in 
the construction contract for each particular structure. 
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7-01 REALIZATION OF CONCRETE WORKS AND STRUCTURES 

7-01.0 GENERAL 

7-01.0.1 Culverts and bridges 

Culverts are load bearing structures or small bridges up to 10 m in span that are 
used for evacuation of water coming from ditches and gutters, creeks and small 
waterways, for the passage of pedestrians and/or vehicles, as well as for the 
transfer of telephone, electrical and other installations and/or lines from one side 
of an obstacle to another. 

Bridges are engineering structures with one or several openings or spans of more 
than 10 m in length, that are primarily used as a passage for pedestrians and 
vehicles and/or installations and utility lines across creeks, rivers, lakes, bays, 
existing roadways, navigable channels, straits, etc.  According to their purpose, 
traffic and position, culverts/bridges may be classified as follows: 

• road bridges/culverts, 
• railway bridges/culverts, 
• pedestrian bridges/culverts, 
• aqueducts (for water supply and channels), 
• protective facilities (e.g. under cableways, galleries, etc.), 
• crane ways, 
• viaducts (above bays), 
• overpasses (at a split level intersection, called after the top - previously 

existing - roadway), 
• underpasses (at a split level intersection, called after the bottom - previously 

existing - roadway). 

All materials and construction products used during construction or placed in 
culverts and bridges must be fully compliant with requirements given in Section 7-
00.1 and 7-00.2 of these General Technical Requirements. 

Construction of culverts 

Culverts (both monolithic and made of precast elements) must be realized in full 
accordance with drawings, details, design requirements, and as specified in 
these General Technical Requirements. 

Excavations and all other earth works must be carried out and calculated as 
specified in Volume II of these General Technical Requirements. 

Foundations of culverts, stilling pools, inlets and outlets, sills and flumes, shall be 
concreted using at least the concrete class C12/15 if these facilities are not 
situated in the freezing zone, and using concrete class of at least C16/20 if the 
facilities are exposed to freezing.  In the latter case, the resistance to freezing in 
continental part of the country must be ensured by aeration with no less than 100 
cycles. 

The works shall be measured in cubic meters of concrete placed in accordance 
with the design or according to measurements approved by the supervising 
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engineer, and shall be paid for according to contract unit prices which include all 
costs of materials used and placed, construction costs and the cost of full 
completion of the works. 

External surfaces of concrete pipes, walls, vaults and slabs shall be protected 
(insulated) against water with one cold and two hot coats of bitumen.  These 
coats shall be applied on the dry and clean concrete bedding.  The bitumen 
compliant with quality requirements specified in applicable norms must be used, 
or its basic prescribed properties must be checked by testing samples taken from 
supplied quantities.  The work shall be measured in square meters of 
waterproofing and the payment will be made in accordance with unit prices 
specified in the contract. 

Monolithic culverts 

Heads, pipes, abutments and wings of pipe and vaulted culverts and the walls, 
slabs and frames of box culverts must be concreted using at least the concrete 
class C20/25, and in continental parts of the country its resistance to freezing 
must be ensured by aeration of no less than 100 cycles. 

The works shall be measured in cubic meters of concrete placed in accordance 
with the design or according to measurements approved by the supervising 
engineer, and shall be paid for according to contract unit prices which include all 
costs of materials used and placed, construction costs and the cost of full 
completion of the works. 

Culverts made of precast concrete elements 

Appropriate monolithic portions of these culverts (realized on the structure) shall 
be concreted and calculated in the manner similar to that used for monolithic 
culverts. 

Precast pipe elements (made of concrete or asbestos cement) shall be laid onto 
the concrete bedding (flume) the quality of which shall comply with Section 7-
00.1.  The pipes shall be jointed to one another in accordance with details shown 
in the design.  They must be furnished with certificate confirming their compliance 
with provisions given in appropriate standards, or these properties must be 
checked on pipe samples taken from the pipe contingent delivered to the site. 

The works will be measured per meter of placed pipes and the payment will be 
made according to contract unit prices which have to include all costs (supply, 
transport, placing, connection and everything else that is needed for completion 
of the works). 

Construction of bridges 

Being the most sensitive and most vulnerable of all transport facilities, bridges will 
have to be realized in accordance with working design in which all solutions and 
details for every type and phase of work, as contained in the final design, will be 
fully elaborated. 

In addition to general provisions, as specified in Section 0 of these General 
Technical Requirements, the final design must also contain a detailed description 
of the structure and its components and devices, detail drawings of the formwork 
and reinforcement with connections and protective layers, while scaffold design 
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and formwork design must also be provided in case of technologically more 
complex structures. 

Quality requirements for materials and works must be specified in accordance 
with provisions contained in Sections 7-00.1 and 7-00.2 of these General 
Technical Requirements and according to actual environment in which the 
structure will be used, particularly if the structure is subjected to any type or class 
of aggressive environment specified in Section 7-00.1 of these General Technical 
Requirements. 

The quality control program for materials, placed products and realized works 
must be elaborated in accordance with the determined and specified quality 
requirements, and the strict application of this program will enable fulfillment of 
specified properties and quality requirements. 

In the working design, a special attention must be paid to: 

• size and character of load and environmental influences to which the 
structure will be subjected, 

• method and technology for the realization of all types and phases of work, 
• accurate dimensions of all structural elements with indication of level for 

individual positions, 
• position and attachment of reinforcement, especially prestressing steel, which 

must be positioned at sufficiently small intervals, 
• phases and methods of concreting, and places and methods for interruption 

and continuation of concreting activity, 
• prestressing phases with prestressing sequence and force values, 
• details relating to anchoring and protection of prestressed cables, 
• phases and method for the grouting of prestressed cables, 
• measures for the protection of steel against corrosion (prior to, during and 

after installation), 
• method for concrete placing and curing, 
• conditions and time for the release of scaffold and removal of formwork, 

The following principal types of work may be differentiated on bridges: 

• preliminary work, 
• earth work, 
• erection of scaffold and formwork (wooden, metal, etc.), 
• assembly of precast elements, 
• stonework, 
• concrete work, 
• metal work (mostly for railings), 
• pavement surfacing (including waterproofing activities), 
• work on expansion joints, 
• finishing and other work. 

Prior to any work, the contractor is required to obtain, for all types of work, 
materials and products, appropriate certificates attesting to their conformity with 
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properties specified in appropriate standards, or shall conduct appropriate testing 
on delivered quantities of materials and products, while the testing for materials 
produced on the site will have to be conducted as defined in Sections 7-00.1 and 
7-00.2 of these General Technical Requirements and as specified in the quality 
control program. 

If the Contractor identifies during realization of the structure that a designed 
feature or construction method must be modified, then the design must be 
extended or modified as appropriate.  This decisions will jointly be made by the 
Designer, Client and Contractor.  All changes and extensions must be registered 
by protocol and included in the working design.  Minor changes may be 
registered in the site diary.   An addendum to the building permit is required for 
major and significant changes that are of consequence to the stability and safety 
of the structure or a significant portion or element thereof. 

The following must be provided in bill of quantities and cost estimates for all types 
of work: detailed description, measurements, quantities and value of individual 
works to be realized, and the total value of work, without completion time. 

7-01.0.2 Accessory concrete structures 

Accessory concrete structures are: 

• drainage and environment protection facilities, 
• facilities that enable operation of roads (toll stations, maintenance depots, 

etc.), 
• road maintenance structures, 
• roadside service facilities (rest areas, filling stations with shops, service 

stations, motels, etc.), 

All accessory concrete structures on roads must be designed and realized as 
specified in Section 7-00 of these General Technical Requirements and in 
accordance with applicable regulations. 

All concrete placed in such structures must be fully compliant with requirements 
given in Section 7-00 of these General Technical Requirements. 

A special attention must be paid to the design and construction of accessory 
concrete structures whose elements, such as drainage elements (New Jersey 
parapets, curbs and gutters) and bottom elements of toll ramps, are directly 
exposed to the aggressive freezing action and deicing salt.  They should be 
designed and realized using concrete with water/cement ratio of less than 0.40, 
resistant to freezing and deicing salt during 50 test cycles, as specified in HRN 
U.M1.055, with a sufficient (separately specified in these requirements) protective 
layer of concrete in case of reinforced elements and, finally, with a reliable wet 
curing during at least 10 days i.e. in the initial phase of hardening. 

To achieve such resistance to freezing and deicing salt, they must be aerated in 
an optimum manner, with the percentage of entrained air adapted to the use of 
maximum aggregate size, or to the quantity of mortar in concrete. 
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7-01.0.3 Concrete pavement 

This Volume IV of General Technical Requirements provides requirements for the 
production of concrete and realization of concrete works.  As to other 
requirements that are not specified in this Volume, the requirements from Volume 
II (for earthwork) and III (for pavement structure) of these General Technical 
Requirements, will be applied as appropriate. 

The concrete pavement structure is composed of slabs of specified dimensions, 
separated from one another with joints, or of continuous reinforced slabs without 
joints, which are laid onto the bedding made of bituminous or cement stabilized 
gravel (or crushed stone). 

7-01.1 PRELIMINARY WORK 

Description of work 

Preliminary works such as clearing brushwood and trees, extraction of roots and 
stumps, and demolition of structures, shall be realized prior to the construction of 
the structure, and the cost of such work shall be included in the price of 
preliminary work on the route and shall not be paid for separately. 

Activities 

All work will be carried out in accordance with the Volume 1 (Section 1) of these 
General Technical Requirements. 

Quality control 

The method to be used in the quality control of works and materials is specified in 
Section 1 of these General Technical Requirements. 

Calculation of work 

The work shall be calculated as specified in Volume I (Section 1) of these 
General Technical Requirements. 

7-01.2 EARTH WORK 

Excavation work for foundations, channels and trenches shall be carried out in 
full accordance with Volume II of these General Technical Requirements. 

The work relating to the realization of artificial islands includes realization 
(backfilling) of the island with all necessary support and excavation for 
foundations of structures in the island, and will be calculated according to a 
separate cost estimate item.   After excavation in the island, lowering of caissons 
and concreting of foundations, the contractor shall remove the remaining portion 
of the island (with curtains and piles, if necessary). 

The excavation in caissons shall be carried out under high air pressure using 
equipment appropriate for caisson work.  The material excavated from the 
caisson shall be discharged through a special opening directly into the river bed.  
The excavation in caisson shall be calculated according to soil category and 
depth of excavation (0-7.5 m, 7.5 - 15 m, 15 - 20 m, 20 - 25 m and 25 - 30 m).  
The depth shall be determined based on the mean water level, which shall be 
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recorded in the site diary.  The lowest level of excavation shall be the tip of the 
cutting blade.  Working conditions shall be checked in accordance with applicable 
safety-at-work regulations, and according to all regulations relating to work at an 
increased air pressure.  The cost of rectifying any deviation of caisson from the 
position specified in the design, shall be borne by the Contractor. 

Wedges next to abutment below transition slabs, shall be backfilled and 
compacted, and the work will be measured and calculated according to 
conditions specified in Volumes II and III of these General Technical 
Requirements. 

The area around pier foundations shall be backfilled with material coming from 
excavation of foundation pit, and this by backfilling and compacting in layers 30 
cm in thickness, which includes removal of excess material.  The quality of such 
backfilling material shall be compliant with requirements given in Volumes II and 
III of these General Technical Requirements. 

Quality control 

The quality of works and materials shall be checked as specified in Volumes II, III 
and IV of these General Technical Requirements. 

Calculation of work 

The work relating to caisson fabrication shall be measured per cubic meter of 
excavated material taking into account the plan projection of caisson, its outside 
edge and depth of excavation.  The calculation shall be made according to 
contract unit prices.  The work covers excavation, removal of excavated material, 
caisson sinking, caisson position rectification, repair in case of damage by 
blasting, support work if required, and any other additional activities. 

The work and unit price of soil excavation behind sheet piles and in cofferdams 
shall include excavation of foundations, transport of excavated material, pumping 
and evacuation of water, and shall be calculated according to a separate pay 
item. 

The work and unit price for the excavation of foundations by open boxes or wells 
comprises excavation and removal of excavated material, pumping and 
evacuation of water, box or well sinking, as well as excavation and all necessary 
support and handling, and shall be calculated according to a separate pay item. 

The backfilling work shall be measured per cubic meter of placed and compacted 
backfill material for foundations, and shall be calculated per contract unit prices. 

Other earthwork shall be calculated and performed in accordance with provisions 
contained in Volume II (Section 2) of these General Technical Requirements. 

7-01.3 REALIZATION OF SHEET PILES, SCAFFOLDS AND FORMWORKS 

7-01.3.1 Timber structures 

Activities 

The work covers realization of timber structures as specified in the design, and 
includes connection elements that are used to link together individual portions of 

 
General Technical Requirements for Road Works 2001 - VOLUME IV Page 104 
 



CONCRETE WORK 
 
 

timber structures.  The type of wood (soft or hard wood), timber quality (class I, II 
or III) and processing method (round, cut or chiseled timber) shall be specified in 
each particular case in technical specifications or in an appropriate pay item. 

Requirements contained in Section 7-00 of these General Technical 
Requirements shall be fully respected during the design and realization of 
scaffolds and formworks.  Full design solutions for the realization of sheet piles, 
scaffolds and formworks - with all details, parts and other materials - shall be 
specified in the final or working design for the structure. 

In case of temporary timber structures, such as bracing and strutting elements for 
excavations, scaffolds and formwork, the work shall also include their 
disassembly and removal, and partial use of other materials, but it should be 
noted that all reusable timber and other materials shall remain property of the 
Contractor. 

In case of pile driving, sheet piling and cofferdam construction, it should be 
specified whether they will remain in the structure, near the structure, or whether 
their removal is required. 

Quality control 

The quality control for works and materials shall be conducted as specified in 
Sections 7-00.1 and 7-00.2 of these General Technical Requirements. 

Calculation of work 

The work relating to permanent timber structures shall be measured per cubic 
meter of timber used, and shall be calculated per contract unit prices which shall 
include all material, work, transport and everything else that is necessary for the 
full completion of the work. 

The work relating to normally used temporary timber structures shall not be 
measured separately.  This work shall be included in the price of the principal pay 
item to which it is related, e.g. excavation of foundations, concreting work for 
elements and structures, etc. 

Complex scaffolds shall be measured separately per cubic meter and shall be 
calculated according to contract unit prices which include everything that is 
needed for the full completion of the work. 

The formwork shall be measured per square meter of surface area and shall be 
calculated according to contract unit prices which include all material, work, 
transport and everything else that is needed for the full completion of the work. 

7-01.3.2 Steel structures 

Activities 

The steel lagging solution shall be specified in the design, and the work will be 
realized by steel lagging which will be disassembled after use and which will 
remain property of the Contractor. 

Steel elements made of rolled sections and steel sheets that are not included in 
the unit price of concrete, e.g. load bearing portions of wooden scaffolds, 
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appropriate steel elements of wells and caissons, etc., shall be realized in 
accordance with solutions presented in the design.  They shall be measured per 
kilogram of steel placed, and the calculation will be made according to contract 
unit prices.  Such steel elements must be coated with the basic and final 
anticorrosive paint. 

Steel formwork that is most often used in the fabrication of larger series of 
prefabricated elements using thermal rapid-hardening processes, shall be 
fabricated based on special workshop drawings in accordance with requirements 
from Section 7-00 of these General Technical Requirements.  The work and 
materials shall not be measured and calculated separately, but shall be contained 
in the price of cubic meter of concrete placed. 

Tubular steel formwork and steel scaffolds made of rolled sections, such as: 

• fixed steel scaffolds, 
• movable steel scaffolds, 
• steel scaffolds for free cantilever concreting, and 
• movable steel scaffold leaning on bridge structure, 

shall be designed and realized in accordance with regulations applicable for steel 
structures. 

Seamless steel pipes that are sometimes used as external lining for concrete 
pendulums and other supports, and as lining and load bearing parts of concrete 
piers, shall be installed in accordance with the design.  The external surface of 
pipes must be coated with the basic and final coat of anticorrosive paint, as 
specified in the design and in accordance with applicable regulations. 

Quality control 

The quality control for works and materials shall be conducted as specified in 
Sections 7-00.1 and 7-00.2 of these General Technical Requirements. 

Calculation of work 

The work shall be measured per square meter of finished cofferdam.  The 
calculation shall be made based on contract unit prices, and shall include 
everything that is needed for the full completion of the work. 

The work relating to all types of steel scaffolding shall normally be measured and 
calculated per cubic meter of concrete placed or element completed, although it 
can also be measured and calculated separately, if agreed between the Client 
and the Contractor, based on contract units and unit prices. 

The pipe installation work shall be measured per kilogram of pipes laid, and the 
calculation with be made according to contract unit prices. 

Other works shall be calculated as specified in other sections of Volumes II and 
III of these General Technical Requirements. 
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7-01.4 CONCRETE WORK 

The concrete work is the work performed with all types of non-reinforced, 
reinforced and prestressed concrete as specified in the standard EN 206. 

The concrete work covers realization of: 

• foundations, 
• piles, 
• piers, 
• walls, 
• vaults, 
• all types of bridge superstructures, 
• pendulum supports, 
• precast and monolithic girders and deck slabs, 
• prestressed structures, 
• precast and monolithic sidewalks, railings and parapets. 

Quality control 

All concrete components, placed concrete (either ready-mixed or produced on 
site), placed steel for concrete reinforcement, high strength wire and cables for 
concrete prestressing and realization of concrete works, must be fully compliant 
with requirements specified in Sections 7-00.1 and 7-00.2 of these General 
Technical Requirements, as well as with requirements given in applicable 
standards and other regulations. 

Prior to the commencement of each concreting activity, the Supervising Engineer 
shall check and confirm that the steel for concrete reinforcement, high strength 
steel wire, prestressing cables and concrete, are compliant with design 
requirements and applicable regulations. 

The Contractor must have at his disposal a detailed concreting plan and the plan 
and program for checking and confirming conformity of concrete with 
requirements given in Sections 7-00.1 and 7-00.2 of these General Technical 
Requirements, as well as with requirements contained in structural design.  The 
concreting plan must contain data about the source of concrete and method of 
concrete delivery, including stand-by capacities, and also information about the 
type and number of concrete placing devices and the placing procedure and, 
finally, data about substances and devices that are needed for the cure and 
protection of concrete. 

7-01.4.1 Concreting of foundations 

The foundation pit must be protected and water, if any, must be evacuated from 
the pit prior to the commencement of foundation concreting activity.  The 
Supervising Engineer (together with geotechnical engineer and designer, if 
necessary) shall check the bearing capacity of foundation soil in order to 
determine whether it is compliant with design assumptions.  The concreting shall 
start immediately after it has been approved by the Supervising Engineer. 
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Concreting under water shall be permitted if it has been planned in the structural 
design and if approved by the Supervising Engineer.  At that, no bleeding of 
concrete shall be permitted and, if the bleeding does occur, the surface layer 
affected by bleeding shall be removed without delay.  The quantity of cement in 
concrete that is placed under water must not be less than 350 kg par cubic meter 
of placed concrete. 

If foundations are concreted with reinforced concrete that will be used in 
exposure classes XD2, XD3, XS2 and XS3, the minimum thickness of the 
protective concrete cover must be 75 mm in exposed zones and 100 mm in 
unexposed zones. 

Calculation of work 

The work shall be measured per cubic meter of placed concrete and the 
calculation with be made according to contract unit prices, which shall include all 
cost of work, materials, transport, final treatment, curing and protection. 

7-01.4.2 Concreting of piles 

The type, shape, dimensions, reinforcing method and concrete class of piles shall 
be specified in the design which has to be compliant with applicable regulations 
for the design and construction of foundations for structures. 

C25/30 shall be the minimum class of concrete for finished piles that are 
concreted outside of the foundation soil and are then driven into it.  Pile driving 
may commence when the concrete of such piles has attained the specified class.  
The first pile that has been driven will be considered as the test pile.  All elements 
needed for checking and confirming compliance with load bearing requirements 
specified in the design (dimensions and position in the foundation pit, hammer 
weight and height of fall, and penetration rate after every 10 blows) shall be 
measured and recorded (in an appropriate protocol) during the driving of such 
test pile.  All these elements must also be recorded, either in protocol or in site 
diary, for the remaining piles. 

All pile driving activities must be realized in accordance with the design by 
specialized contractors having sufficient and documented experience in this type 
of work.  The bearing capacity of piles shall be proven by load testing in cases 
when bridge foundations are supported by a number of such piles in soil of poor 
bearing capacity, and especially when piles take on the load through sheathing.  
Prior to pile concreting, the Supervising Engineer has to check the position of 
reinforcement, and especially the thickness of the protective concrete cover.  In 
the course of concreting, the checking will consist in determining the progress 
rate, any interruptions in concreting, and the quantity of placed concrete which 
will also be the basis for estimating the level to which the borehole has been filled 
with concrete. 

Piles realized in an unacceptable manner, piles exposed to excessive 
deformations, piles deviating from positions specified in the design, or piles 
insufficiently filled with concrete, will have to be replaced with new piles, and the 
cost of such replacement will be borne by the Contractor. 
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Calculation of work 

The work will e measured per meter of realized piles and the calculation with be 
made according to contract unit prices which will cover all work, material used 
and treatment of pile head to enable connection with the head beam or slab. 

7-01.4.3 Concreting of piers, massive walls and vaults made of non-reinforced 
concrete 

These elements will be fabricated in accordance with the dimensions, concrete 
quality and details specified in the structural design, and shall be realized with 
stone revetment or without such revetment.  If used, the stone revetment shall be 
of sound rock, adequately resistant to freezing as determined during at least 100 
cycles by testing conducted in accordance with an applicable standard. 

Piers, walls and vaults without revetment shall be concreted in smooth formwork 
with subsequent surface treatment or without such treatment, while the same 
elements with revetment shall have stone revetment in designed thickness, and 
an architectural treatment of surface will additionally be provided. 

Calculation of work 

The work for such concrete elements shall be measured per cubic meter of 
concrete placed, and the stone revetment of designed thickness shall be 
measured per square mater.  The calculation shall be made in accordance with 
contract unit prices which shall include all work, material, transport and final 
treatment. 

7-01.4.4 Other reinforced-concrete elements and structures 

Other reinforced-concrete elements and structures for bridges shall be realized in 
accordance with design solutions and details and, at that, the class of concrete 
and prescribed properties depending on the planned use of the structure, shall be 
specified in drawings and cost estimate for every element, all in accordance with 
Sections 7-00.1 and 7-00.2 of these General Technical Requirements.  At that, a 
special emphasis must be placed on the quality of concrete and the thickness of 
protective layers in case of exposed structures and structures exposed to 
aggressive environment. 

In case of exposure classes XD2, XD3 and XS1 the minimum thickness of the 
protective layer of concrete shall be 50 mm, and in case of exposure classes XS2 
and XS3 such thickness shall be at least 75 mm while the water/cement ratio 
shall be in both cases lower than 0.40. 

Precast elements shall be supplied, assembled and connected (monolithized) in 
accordance with provisions contained in Section 7-00 of these General Technical 
Requirements. 

Exposed concrete surfaces may be naturally smooth, i.e. as revealed after 
formwork stripping, or specially prescribed and treated.  Criteria relating to 
special appearance or treatment of exposed surfaces of concrete, shall be set by 
the Client, Designer and Contractor by means of test sections. 
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Structural parts for which an uniform surface of exposed concrete has been 
prescribed shall be realized using concrete produced with the same cement, 
aggregate and mineral admixtures. 

Calculation of work 

The work shall be measured per cubic meter of placed concrete.  The calculation 
shall be made according to contract unit prices which shall cover all cost of work, 
materials, transport, final treatment, curing and protection. 

7-01.4.5 Shotcrete 

Shotcrete is a kind of concrete that is sprayed in the current of air under pressure 
through special nozzles and is applied to the surface at high speed and energy, 
where its compaction and bonding with the surface takes place. 

When dry process is used, the water under pressure is added to the cement and 
aggregate mix at the nozzle, while in wet process the finished mix (with the 
consistency of 3 to 5 cm per measure of settlement) is supplied to the nozzle. 

The shotcrete application procedure (dry or wet) shall be selected by the 
designer according to the planned use and quality requirements for concrete, 
taking into account placing conditions and cost requirements.  The specified 
quality of concrete must always be the first priority.  The dilemma with the 
selection of the spraying procedure basically arises from the fact that the dry 
process provides better concrete (more compact and harder concrete, with better 
adherence to the surface) but is also characterized by a higher rebound of 
material, especially on vertical surfaces and when applied from underside in an 
upward direction, and also by excessive dust, which is especially disturbing when 
the work is carried out in an enclosed space. 

Preparation of shotcrete mix 

Components similar to those used for other types of concrete meeting similar 
quality requirements and complying with requirements given in Sections 7-00.1. 
and 7-00.2 of these General Technical Requirements, shall be used for the 
preparation of shotcrete mix. 

The shotcrete shall be specified in the design according to EN 206 as designed 
concrete (with properties prescribed according to Section 4 and Subsections 5.3 
to 5.5 of the EN 206) or as prescribed concrete (defined according to its 
composition).  The first method is usually applied for wet procedure and the 
second for dry procedure. 

In the dry procedure, the cement to aggregate ratio shall range, depending on the 
prescribed strength, from 1:6 (for C 25/30) to 1:2 (for C 40/50).  After spraying, 
this ratio is reduced and usually ranges from 1:4 to 1:1.2 because the rebound 
mostly consists of coarser aggregate grains.  For that reason, the use of 
maximum aggregate grain in excess of 16 cm shall be avoided. 

The production of both mix types must be fully compliant with requirements 
contained in Sections 7-00.1 and 7-00.2 of these General Technical 
Requirements.  The checking and confirmation of conformity of mix production 
will be conducted for wet procedure in the manner similar to that used for 

 
General Technical Requirements for Road Works 2001 - VOLUME IV Page 110 
 



CONCRETE WORK 
 
 

ordinary concrete, and for dry procedure on sprayed shotcrete in accordance with 
provisions contained herein. 

At that, the class, i.e. typical compressive strength at 28 days, will be specified in 
case of designed shotcrete and, if necessary, some of the following properties 
will also be defined: 

• minimum cement quantity, 
• maximum water/cement ratio, 
• compressive strength, 
• toughness, 
• early strength, 
• impermeability, 
• water absorption, 
• adherence to the surface. 

The following shall be specified in case of prescribed composition shotcrete: 

• type and quantity of cement, 
• water/cement ratio or consistency, 
• cement to aggregate ratio, 
• type and quantity of fibers, 
• type and quantity of aggregate, 
• type and quantity of chemical admixtures, 
• type and quantity of mineral admixtures. 

In case of dry procedure the water/cement ratio usually ranges from 0.35 to 0.50, 
while it is about 0.45 in case of wet procedure. 

Realization of shotcreting work 

Surface onto which shotcrete will be applied and shotcreting equipment have to 
be prepared in an appropriate manner before the commencement of shotcreting 
operations. 

The following actions are necessary in case of rocky surface: 

• weathered and loose elements shall be removed, 
• the rock will be analyzed to determine whether support work is needed, 
• bearing capacity of the rock will be determined, 
• water will be evacuated by drains or its passage will be blocked, 

The following actions have to be taken on surface of the concrete structure to be 
improved by shotcreting: 

• condition of the structure and its surface will be determined, 
• causes of damage will be identified and, if possible, eliminated, 
• damaged and other weathered parts will be removed, 
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• surface layer of concrete affected by carbonization, chlorides and other 
aggressive substances will be removed. 

The equipment for the shotcrete mix transport and spraying must be properly 
dimensioned (compressor capacity must be at least 10 cubic meters of 
compressed air, with pressure ranging from 2.5 to 3.0 bars, so tat an uniform 
spraying rate can be obtained; the water shall be supplied to the nozzle under 
pressure of about 4.0 bars, always more than the air pressure). 

The surface must be properly wetted and greater cracks and holes must be filled 
prior to the commencement of shotcreting.  The shotcrete shall be sprayed 
starting at the bottom and progressing towards the top. 

 

Figure 7-01.4.5-1  Proper shotcrete spraying sequence 

It should be noted that the basic precondition for good quality shotcreting is 
proper spraying procedure, i.e. proper handling of the jet nozzle which must be 
operated by a properly trained and experienced operator.  This operator will have 
to check the working condition of the equipment, particularly that of pressurized 
pipes and connections, before every shotcreting operation.  The nozzle must be 
held vertical to the surface at an optimum distance (0.6 to 1.2 m) and shall be 
moved in spiral motion as shown in Figure 7-01.4.5-1. 

Surfaces sprayed with shotcrete shall be protected against evaporation using 
procedures similar to those applied for the ordinary concrete (in full accordance 
with requirements given in Section 7-00.2 of these General Technical 
Requirements and as specified in HRN EN 206). 

The rate of rebound given in Table 7-01.4.5-1 may be adopted when designing 
and calculating shotcreting work performed using the dry procedure. 

Table 7-01.4.5-1  Rebound in case of shotcreting according to dry procedure 
 

Surface (spraying direction) Rebound (mass %) 
Floor or floor slab 5-15 
Inclined wall and vertical wall 15-30 
Ceiling 25-50 
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Quality requirements, quality control and conformity criteria 

Shotcrete properties are similar to properties of concrete placed in an usual way, 
and shall therefore be tested and checked using procedures that are the same or 
similar to those used for ordinary concrete. 

On every project where shotcrete is used, the class of shotcrete, layer thickness, 
method used for the preparation of bedding, final treatment, construction joints, 
expansion joints, method of protection, and other (special) properties depending 
on the conditions of use, will be specified - just like for ordinary concrete - in the 
design. 

A significant property of shotcrete is the strength of its bond with the bedding, 
which has to be tested by breaking cube-shaped samples 40 x 40 mm in size or, 
even better (to avoid concentration of stress) cylindrical samples 50 mm in 
diameter.  Three or preferably five breaks shall be made for each testing position, 
and then an average value shall be determined. 

The strength class of shotcrete shall be specified using classes ranging from 
C24/30 to C48/60 as provided for in EN 206 and in Section 7-01 of these General 
Technical Requirements (Table 7-01.4.5-2). 

Table 7-01.4.5-2  Compressive strength classes for shotcrete 
 

Characteristic strength, N/mm2 
Class C24/30 C28/35 C32/40 C36/45 C40/50 C44/45 C48/60 
Cylinder 24 28 32 36 40 44 48 
Cube 30 35 40 45 50 55 60 

The compressive strength of shotcrete with the aggregate grain size of up to 16 
mm shall be tested using samples 50 mm in diameter.  Compressive strength 
values for shotcrete, as determined on such samples 100 mm in height, and 
corresponding to characteristic strength classes given in Table 7-01.4.5-2, are 
presented in Table 7-01.4.5-3.  They were calculated using a 0.85 compressive 
strength reduction factor for reducing the drilled sample to a standard sample. 

Table 7-01.4.5-3  Prescribed compressive strength values for shotcrete 
 

Minimum compressive strength, N/mm2 
Class C24/30 C28/35 C32/40 C36/45 C40/50 C44/45 C48/60 
Cylinder 20,5 24 27 30,5 34 37,5 41 

The compressive strength of thicker shotcrete linings with a maximum aggregate 
grain size in excess of 16 mm shall be tested on bigger samples and then the 
compressive strength value shall be converted into strength values for cylinders 
50 mm in diameter and 100 mm in height.  Test results for samples with the 
height to diameter ratio other than 2.0 shall be converted to an equivalent 
cylinder strength using values given in Table 7-01.4.5-4. 
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Table 7-01.4.5-4 Factors used for converting compressive strength of cylinders 
into equivalent strength values for cubes or cylinders 

 
Height to diameter ratio Cube factor Cylinder factor 

2,00 1,15 1,00 
1,75 1,12 0,97 
1,50 1,10 0,95 
1,25 1,07 0,93 
1,10 1,03 0,89 
1,00 1,00 0,87 
0,75 0,88 0,76 

Samples are either cut from the finished lining or from a slab specially prepared 
to test shotcrete properties under conditions similar to actual shotcreting, all in 
accordance with HRN EN 4012. 

Three cylinders are drilled and tested per one test position and then an average 
value is determined.  This value is taken as one test result.  The number of such 
samples and conformity criteria are determined in accordance with Section 8.2.1 
of the EN 206.  The lowest result must not amount to less than 75 percent of the 
value specified according to classes given in Table 7-01.4.5-3. 

The compressive strength of shotcrete is specified, if necessary, in the design 
and tested by splitting samples taken, as in the preceding case, from the finished 
lining or from test slabs.  The number of such samples and conformity criteria are 
determined in accordance with Section 8.2.2 of the EN 206. 

In case of thicker linings, samples should preferably be taken from the finished 
lining, while samples will be taken from test slabs only exceptionally and then 
from lining of smaller thickness. 
A neutral certified institution shall participate in the programming and planning 
quality control measures and in conformity verification for shotcrete. 

Depending on the conditions of use, the testing of other shotcrete properties may 
also be specified in the design.  These properties will be tested and checked in 
the manner similar to that used for ordinary concrete. 

Calculation of work 

The shotcreting work shall be measured per square meter of finished lining of 
specified thickness, and the calculation shall be made according to contract 
prices which shall include all work and material for mix production, transport, 
placing, protection and everything else that is needed for the full completion of 
the work. 

7-01.4.6 Fiber reinforced concrete 

The addition of fibers, added as a partial or full replacement of traditional 
reinforcement, results in the increase of: 

• compressive strength (mainly the total compressive strength, while initial 
cracking is delayed), 

• resistance to cracking (shrinkage cracking in particular) and rigidity of 
concrete after cracking, 
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• resistance to impact, wear and dynamic load. 

In practice, it is frequently referred to as micro-reinforced concrete, although the 
length of fibers is measured in millimeters or centimeters rather than in microns. 

Fibers are usually made of: 

• non-alkali glass, 
• steel, 
• polypropylene, 
• asbestos, 
• material of vegetal origin. 

Steel and polypropylene fibers are nowadays increasingly used in engineering 
practice, particularly as a component of various types of shotcrete lining. 

When designing and using fiber reinforced concrete, we should bear in mind that 
the improvement of above mentioned properties of concrete is proportional to the 
percentage by volume of fibers as related to the volume of concrete and the fiber 
length to diameter ratio (l/d), but it should also be noted that longer fibers reduce 
workability of concrete and make it more difficult to place. 

Fibers should be preferred in the realization of: 

• thin-walled elements that are difficult to realize by traditional reinforcement 
(pipes, screed, decorative elements, etc.), 

• surfaces exposed to heavy traffic and intense flow, 
• structures subjected to high temperature and thermal shocks, 
• tunnel lining, 
• concrete surface repair. 

Criteria for the production, installation, quality control and conformity checking of 
fiber reinforced concrete are the same as those that are used for the ordinary 
concrete. 

Calculation of work 

The fiber reinforced concrete work shall be measured and calculated in the 
manner similar to that used for the ordinary concrete or shotcrete. 

7-01.4.7 High performance concrete and very high performance concrete 

High performance concrete is the concrete characterized by high density and 
impermeability and hence by high strength and durability.  It is nowadays used for 
the construction of high-building elements subjected to high compressive forces 
and for the realization of structures situated in aggressive environment, such as 
bridges subjected to aggressive action of chlorides. 

 
General Technical Requirements for Road Works 2001 - VOLUME IV Page 115 
 

It is obtained by reducing a part of water above chemical requirement for cement 
hydration, i.e. by reducing water which is added to concrete to attain an 
appropriate workability, and by increasing the density and homogeneity of 
hardened cement stone, particularly its link with aggregate grains, as it is the 
weakest link in the concrete structure.  The first is obtained by adding 



CONCRETE WORK 
 
 

superplasticizers, and the second by adding very fine reactive powders (such as 
silica fume, etc.). 

The term high performance concrete currently denotes the concrete whose 
compressive strength varies around 100 N/mm2, and the very high performance 
concrete is the concrete with the concrete strength of about 200 N/mm2.  The first 
is nowadays in normal use, while the second one is currently at the stage of 
intensive research and experimental use. 

The first is produced with materials of normal but more uniform quality and with 
somewhat higher cement content, but its water/cement ratio is significantly lower 
when compared to ordinary concrete.  The second uses a considerably higher 
(almost double) quantity of cement, and does not contain coarse aggregate 
fractions.  In addition, t is subjected to thermal treatment after partial hardening. 

The use of high performance concrete is advisable in case of reinforced and 
prestressed parts of concrete structures that are in immediate contact with 
chlorides, although such use should in every case be preceded by a detailed 
theoretical and practical analysis of applicability of such concrete. 

At that, methods normally used for the production, placing, checking and quality 
control of concrete shall be applied. 

Calculation of work 

The work shall be measured per cubic meter of placed concrete and the 
calculation shall be made according to contract unit prices, which shall include all 
cost of work, materials, transport, final treatment, curing and protection. 

7-01.5 CONCRETE REINFORCING STEEL 

Fabrication 

The method of bending, cutting and installation of reinforcing steel is specified in 
Section 7-00.2 of these General Technical Requirements. 

Quality control 

The method for determining and checking quality of steel used in concrete 
reinforcement is specified in Section 7-00.2 of these General Technical 
Requirements.  Prior to any concreting activity, the Supervising Engineer shall 
check and confirm that the reinforcing steel and concrete are compliant with 
requirements specified in the design and contained in applicable regulations. 

All materials and reinforcing steel shall be fully compliant with requirements given 
in Section 7-00.2 of these General Technical Requirements and with provisions 
contained in applicable standards and other regulations. 

Calculation of work 

The work shall be calculated per kilogram of placed reinforcement.  The unit price 
shall cover supply of steel, inspection, cleaning and sorting prior to fabrication, 
bending, cutting and supply to the site, and placing in the final position. 
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The price also includes all accessory material that is used during installation of 
reinforcement.  The quantity of reinforcement must correspond to that indicated in 
the bill of quantities, unless otherwise specified by the Supervising Engineer.  
This work may be included in the price of finished concrete, if such an 
arrangement is reached with the Contractor. 

7-01.6 PRESTRESSING 

Activities 

The methodology used for prestressing, anchoring and for performing other 
prestressing activities is specified in Section 7-00.2 of these General Technical 
Requirements. 

Quality control 

The methodology for determining and checking quality of prestressing steel, 
anchoring and tying elements, and other materials that are used in prestressed 
structures, is specified in Section 7-00.2 of these General Technical 
Requirements. Prior to any concreting and prestressing activity, the Supervising 
Engineer shall check and confirm that all relevant materials and equipment are 
compliant with requirements specified in the design and contained in applicable 
regulations. 

Any concrete class inferior to C30/37 shall not be used in prestressed portions of 
reinforced-concrete structures.  Requirements specified in Section 7-00 of these 
General Technical Requirements and those contained in the design must strictly 
be respected during realization of reinforced concrete structures.  This 
particularly applies to the application of force and to the protection of prestressed 
cables. 

The protection (grouting) of prestressed cables shall be performed immediately 
after prestressing.  The concrete used for prestressed elements, of class not 
inferior to C40/50, does not need to be aerated when subjected to freezing if it is 
not directly exposed to seawater chlorides or deicing salt. 

Calculation of work 

The work shall be calculated per kilogram of steel placed.  The unit price covers 
supply of steel, inspection, cleaning and sorting prior to fabrication, cutting and 
supply to the site, and placing to the final position, as well as all necessary 
anchoring and tying material as needed for the full completion of the work. 

The price also includes all accessory material that is used during installation of 
reinforcement.  The quantity of reinforcement must correspond to that indicated in 
the design, unless otherwise specified by the Supervising Engineer.  This work 
may be included in the price of finished concrete, if such an arrangement is 
reached with the Contractor. 

7-01.7 BEARINGS AND EXPANSION JOINTS 

The way in which longitudinal elements of the bridge superstructure lean onto 
pier heads shall be solved in full detail in the design and, at that, preference shall 
be given to elastomeric and combined steel/elastomer bearings based on 
synthetic caoutchouc (neoprene or teflon).  The need and possibilities for 
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assuming vertical load, displacement and turning forces, shall be determined in 
the design and the conformity to properties specified in the design shall be 
confirmed on the selected type of bearing by the testing to be conducted by a 
properly certified institution. 

The position, shape, dimensions and type of expansion joints that are to be used 
as a means to eliminate influences such as shrinkage and creep of concrete, 
uneven settlement of individual parts of the structure, elastic deformation due to 
load, and influence of temperature on the structure, shall be presented in full 
detail in the design and illustrated in the drawings. 

Calculation of work 

The work related to bearings shall be measured per unit of installed bearings and 
the calculation will be made according to contract unit prices. 

The work related to expansion joints shall be measured per meter of installed 
expansion joints and the calculation shall be made according to contract unit 
prices. 

7-01.8 EVACUATION OF WATER FROM PAVEMENT AND SIDEWALK 

The evacuation of water from pavement and sidewalk shall be fully solved in the 
design and this solution must include all necessary grades, lines and details 
showing position and passage of drain through pavement structure, positions, 
types and diameters of intercepting pipes and their connections to the drains.  
Drain outlets shall be designed and realized in such a way that rainwater, 
especially melted snow combined with deicing salt, does not splash and 
endanger durability of individual parts of the structure (even when carried by 
wind). 

Calculation of work 

The work shall be measured per unit of installed drain and the calculation shall be 
made per contract unit prices which shall include all the work, material, additional 
intercepting equipment, transport and final treatment. 

7-01.9 WATERPROOFING 

Description 

This section of General Technical Requirements covers realization of 
waterproofing, based on bituminous products, as applied or concrete road 
facilities. 

The waterproofing is conducted to prevent corrosive action of water and that of 
aggressive substances dissolved in water. 

The complete waterproofing system is formed of: 

• foundation layer, 
• sealing layer and 
• protective layer. 
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The foundation layer is used for establishing contact between the concrete 
bedding and the sealing layer and for filling pores in the concrete bedding.  It is 
made of the two-component epoxy resin or of a cold bituminous coating. 

The sealing layer prevents penetration of aggressive substances into the 
concrete bedding, and is made of bituminous strips or mastic asphalt. 

The protective layer protects the sealing layer against mechanical and other 
damage, and is made of poured or rolled asphalt, depending on the way in which 
the sealing layer is realized. 

General principles for the installation of waterproofing 

In general, the waterproofing will have to be installed when weather conditions 
are favorable, i.e. when prescribed limit values for temperature and air humidity 
can reasonably be respected.  The waterproofing work must therefore be 
scheduled in such a way that it is realized during a favorable time of the year. 

If it is indispensable to realize waterproofing under unfavorable weather 
conditions, then special protection measures must be taken so that the 
waterproofing can be realized in accordance with requirements (e.g. by covering 
a part of the structure on which waterproofing is to be realized). 

As a rule, the concrete slab must be at least 21 days old prior to the start of the 
waterproofing work. 

The contractor has to announce on time the bedding work, and to provide, also in 
due course, the plan for the realization of every next stage of the work. 

All stages of the work, from bedding preparation to the realization of the 
protective layer, must be performed continuously, and in shortest possible time. 

The work process shall be organized in such a way that a continuous drainage of 
every realized surface is ensured. 

The surface of the concrete slab must be even, clean and dry, without any loose 
or poorly bonded material or dust. 

Oil stains and other substances that are difficult to remove shall be eliminated by 
sanding or water jet under pressure. 

Deviations from the prescribed evenness, as measured by straightedge 3 m in 
length, must not exceed: 

• 30 mm for the segment 3 m in length, 
• 15 mm for the segment 2 m in length, 
• 10 mm for the segment 1 m in length. 

Prior to the start of waterproofing work, the Contractor is required to make a 
topographic survey of the concrete slab surface, measure longitudinal and 
transverse evenness, and submit the measured and treated data to the 
Supervising Engineer at least seven days prior to the start of the waterproofing 
work. 

 
General Technical Requirements for Road Works 2001 - VOLUME IV Page 119 
 



CONCRETE WORK 
 
 

If necessary, the Supervising Engineer shall submit to the Contractor an order to 
repair the concrete bedding in order to make the concrete surface compliant with 
evenness requirements. 

The mean breaking strength of the repaired concrete bedding must be at least 
1.5 N/mm2, and any individual results must not be less than 1.0 N/mm2.  The 
breaking strength shall be tested in accordance with ZTV-SIB 90, Anhang 2. 

The Contractor is required to ask for the Supervising Engineer's approval for the 
repair method proposed by the Contractor and for the type of material to be used 
in the repair. 

The following two types of waterproofing are considered in these General 
Technical Requirements: 

• waterproofing with bituminous strips (glued waterproofing) and 
• waterproofing with mastic asphalt (non-glued waterproofing). 

Waterproofing materials 

Glass wool 

The quality of glass wool must be compliant with requirements specified in DIN 
52141 and DIN 52142. 

Bituminous coating 

Table 7-01.9-1  Quality requirements for the basic bituminous coating 
 

Property Unit of 
measure Requirement Test method 

Bitumen content %(m/m) 30 to 50 DIN 53215 
Softening point of extruded 
bitumen: 
- oxidized bitumen 
- road-construction bitumen 

°C 

 
 

80 to 125 
54 to 72 

HRN EN 1427 

Penetration of extruded bitumen: 1/10 mm 10 to 45 HRN EN 1426 
Max, breaking point according to 
Fraass: 
- oxidized bitumen 
- road-construction bitumen 

°C 

 
- 10 
- 2 HRN EN 12593 

Abel-Pensky flash point, 
minimum 

°C 21 DIN 51755 

Flowout time s 15 do 80 HRN EN ISO 2431 
Maximum drying time h 3 DIN 53150 
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Table 7.01.9-2  Quality requirements for joint sealing bituminous compound 
 

Property Unit of measure Requirement Test method 
Minimum softening point °C 85 HRN EN 1427 
Maximum stability to sedimentation 
in hot state 

%(m/m) 3 DIN 1996-16 

Cone penetration at 25 °C 1/10 mm 40 to 90 prEN 13880-2 
Heat stability: 

- Max. variation of cone 
penetration value 

% 25 prEN 13880-4 

Flow length, 60 °C /5 hours,  
maximum 

mm 5 TL BitFug 82 
Anhang 4 

Resistance to overheating: 
- maximum variation in PK value 
- maximum length of flow 

 
°C 
mm 

 
10 
5 

TL BitFug 82 
Anhang 2 

Testing acc. to Hermanu, (drop 
height 500 cm at –20 °C) - 

without 
damage for 3 
out of 4 balls 

DIN 1996 Teil 18 

Maximum stability of form when 
subjected to heat deformation value 6,5 DIN 1996 Teil 17 

Minimum elasticity and adhesion 
according to Rabe mm 5 TL BitFug 82 

Anhang 6 

Mastic asphalt 

Mastic asphalt is the mix composed of rock flour, sand of carbonate origin with 2 
mm maximum grain size, and bitumen, in which the part of bituminous mortar is 
higher than the available space in the maximum-density rock skeleton. 

The natural and crushed sand must be compliant with quality requirements 
presented in Volume 3 (Section 6-00.2.4) of these General Technical 
Requirements. 

The following sand classes are used in mastic asphalt production: 

• DP02-8 
• DP02 
• PP01 
• PP02 

Rock flour must be compliant with quality requirements given in Section 6-00.2.5.  
Rock flour class KB-I will be used. 

The road construction bitumen BIT 60 or BIT 45 according to HRN U.M3.010, or 
bitumen 50/70 or 35/50 according to EN 12591, shall be used in the preparation 
of mastic asphalt.  This bitumen must be compliant with quality requirements 
given in Volume III (Section 6-00.2.6) of these General Technical Requirements. 

The polymer modified bitumen type PmB 50/70-65 or PmB 30/50-58, compliant 
with quality requirements given in Volume III (Section 6-00.2.7) of these General 
Technical Requirements, may also be used in the mastic asphalt preparation 
when mastic asphalt is used as sealing coat in the waterproofing courses of deck 
slabs on road bridges and viaducts. 

In addition to synthetic polymers, an appropriate quantity of natural asphalt (to be 
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determined by prior laboratory testing) can also be used to improve properties of 
the road construction bitumen. 

Mastic asphalt composition 

Table 7-01.9-3 Grading of rock aggregate used in mastic asphalt 
 

Square sieve aperture, mm % passing (m/m) 
0,09 30 to 45 
0,25 40 to 65 
0,71 60 to 90 
2,0 90 to 100 
4,0 100 

The bitumen content in mastic asphalt usually ranges from 13 to 16 % (m/m). 
On individual projects, the percentage of bitumen in mastic asphalt is established 
based on the initial job-mix formula and confirmed job-mix formula of the asphalt 
mix. 

Mastic asphalt properties 

The asphalt mix of the mastic asphalt is tested by determining the softening point 
according to Wilhelm which must be situated in the range from 90 to 140° C. 

Properties of the extruded binder as related to the type of bitumen used may be 
changed to the next bitumen type, which is determined by testing penetration at 
25°C, softening point according to PK, and breaking point according to Fraass. 

Epoxy resin 

The epoxy resin must not contain solvents and fillers, it must be of low viscosity, 
resistant to high temperatures and compliant with requirements contained in 
Table 7-01.9-4. 

Table 7-01.9-4  Quality requirements for epoxy resin 
 

Property Unit of 
measure Requirement* Test method 

Maximum viscosity at 12°C mPa s 4000 EN ISO 3219 
Maximum remainder after ignition % (m/m) 1 EN ISO 

3451-1 

Minimum mixing and treatment time min 10 TP-BEL-EP  
Section 3.2.3  

Hardening: 
- minimum hardness after 7 days,  
- maximum hardening time at normal 

climate 
- hardening time at 12°C and 85% of 

relative air humidity, maximum 

 
- 
 

h 
 

h 

 
60 
 

18 
 

40 

TP-BEL-EP  
Section 3.2.4  

Minimum content of non-volatile 
substances % (m/m) 98 TP-BEL-EP  

Section 3.2.6  
Maximum water absorption in hardened 
state, Section 3.2.8 % (m/m) 2,5 TP-BEL-EP  

Section 3.2.8  
* as related to component mix 
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In addition to requirements specified in Table 7-01.9-4, the reactive epoxy resin 
must be resistant to moisture as specified in TP-BEL-EP (Section 3.2.5), and also 
to high temperatures as specified in TP-BEL-EP (Section 3.3.3). 

The usability of reactive epoxy resin in case of "green" concrete is proved by 
testing according to TP-BEL-EP (Section 3.4). 

For product identification purposes, the manufacturer is required to submit the 
following information about properties of each component contained in the 
reactive epoxy resin: 

• density determined according to EN ISO 2811-1, 
• infrared spectral analysis according to DIN 51451, 
• thermogravimetric analysis according to TP-BEL-EP, Section 3.1.4. 

In addition, the manufacturer or the supplier must provide all relevant information 
related to use (mark of the product, number of contingent and date of production, 
proportion of individual components, required quantity of material, treatment time, 
minimum allowable waiting time for bituminous strip placing). 

Sand for spreading 

Sand for spreading and treatment with epoxy resin must be quartz sand the 
quality of which must be compliant with requirements given in Table 7-01.9-5. 

The sand sampling will be carried out according to HRN B.B0.001 or EN 932-1, 
and the sample will be prepared for testing according to EN 932-2. 

Table 7-01.9-5  Quality requirements for quartz sand 
 

Property Unit of 
measure Requirement Test method 

Grading 0,1/0,8 mm:  
- max. content of grains < 0,063 mm 
- max. undersize 
- max oversize 

 
%(m/m) 
%(m/m) 
%(m/m) 

 
0.5 
5 

10 
Grading 0,5/1,2 mm:  
- max. content of grains < 0,063 mm 
- max. undersize 
- max oversize 

 
%(m/m) 
%(m/m) 
%(m/m) 

 
0.3 
5 

10 

HRN 
B.B8.029 or 

EN 933-1 

Bituminous sealing compound 

Properties of oxidized bitumen, i.e. of bitumen compound that is used for gluing 
bituminous strips according to hot process, must be compliant with requirements 
specified in Table 7-01.9-6. 
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Table 7-01.9-6  Quality requirements for bituminous sealing compound 
 

Property Unit of 
measure Requirement Test method 

Filler content %(m/m) 0 DIN 1996,T6 
Maximum ash content %(m/m) 1 DIN 52005 
Bitumen mass softening point, 
minimum °C 90 HRN EN 1427 

Breaking point acc. to Fraass, 
maximum 

°C - 10 HRN EN 12593 

Penetration 1/10 mm 20 to 30 HRN EN 1426 
Shear strength at 50°C, minimum N/mm2 0,07 RVS 15.361 

The bituminous sealing compound shall be heated in boilers with indirect heating 
only. 

Instructions given by the bitumen compound manufacturer with respect to the 
optimum and maximum allowable heating temperatures must be respected. 

Bituminous strips 

Elastomeric or plastomeric polymer-based bituminous strips, with either polyester 
felt  or glass fiber insert, shall be used for the preparation of sealing layers. 

These bituminous strips shall be placed in the sealing layer either by welding or 
gluing. 

The top side of the polymer-based bituminous strip for welding is covered with 
talc or with fine mineral chips, and the bottom side with talc or foil. 

In case of bituminous strips for gluing, the top and bottom sides are covered with 
talc or fine mineral chips. 

The bituminous strip must be homogeneous, of uniform thickness, without 
wrinkles and free of any sign of damage. 

Properties of polymer-based bituminous strips for welding, with a polyester felt 
insert, must be compliant with quality requirements specified in Table 7-01.9-7 
and Table 7-01.9-8. 
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Table 7-01.9-7 General quality requirements for polymer-based bituminous 
strips for welding with a polyester-felt insert 

 

Property Unit of 
measure Requirement Test method 

Surface weight of the polyester felt insert, 
minimum g/m2 175 (250)* DIN 18192** 

Filler content in bitumen mass, maximum %(m/m) 40 TP-BEL-B Teil 1, 
Section 3.8 

Thickness of bitumen mass layer above 
insert mm < 0,5  

(0,5 do 1,3)* 
TP-BEL-B Teil 1, 

Section 3.4 
Maximum tensile force (longitudinal, 

transverse, diagonal), at least N 550 TP-BEL-B Teil 1, 
Section 3.17 

Elongation at maximum tensile force 
(longitudinal, transverse, diagonal), at least % 30 TP-BEL-B Teil 1, 

Section 3.17 
Impermeability (2 bara/24 h) - water 

impermeable 
DIN 52123 

Behavior after immersion in water: 
- change in volume, maximum 
- change in mass, maximum 

 
%(V/V) 
%(m/m) 

 
5 
5 

TP-BEL-B Teil 1, 
Section 3.19 

Behavior at low temperatures  
(0 °C, r=35 mm,5s) - without cracks 

at bending DIN 52123 

Resistance to high temperatures - determined TP-BEL-B Teil 1, 
Section 3.20 

Bitumen mass softening point: 
- elastomeric, minimum 
- plastomeric, minimum 

°C 
 

120 
150 

HRN EN 1427 

Bending resistance °C -10 TP-BEL-B Teil 1, 
Section 3.25 

Shear strength at 50°C, minimum N/mm2 0,1 RVS 15.361 
* when protective layer is made of rolled asphalt. 
**  refers to originally used insert 

Table 7-01.9-8 Quality requirements for polymer-based bituminous strips for 
welding with a polyester-felt insert, as related to nominal 
thickness 

 
Requirement Property Unit of 

measure 4 mm 5 mm 
Test method 

Strip thickness, at no point 
less than mm 3,6 4,5 HRN EN 1849-1 

Minimum thickness of 
bitumen layer below insert mm 1,8 3,0 TP-BEL-B Teil 1, 

Section 3.13 
Bitumen content, minimum g/m2 3200 4200 DIN 52123 

Table 7-01.9-9 shows quality requirements for bituminous strips with glass fiber 
inserts, as related to placing method, welding or gluing. 
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Table 7-01.9-9 Quality requirements for bituminous strips with glass fiber 
inserts, as related to placing method 

 
Requirement Property Unit of 

measure Gluing Welding 
Test method 

Strip thickness, at no point less 
than mm 3,0 3,6 HRN EN 1849-1 

Bitumen content, minimum g/m2 2000 3200 DIN 52123 
Surface mass of glass fiber 
insert, minimum g/m2 150 do 250 DIN 18191* 

Thickness of bitumen mass 
below insert, minimum mm 1,8 TP-BEL-B Teil 1, 

Section 3.13 
Maximum tensile force 
(longitudinal and transverse), at 
least 

N 700 DIN 52123 

Elongation at maximum tensile 
force (longitudinal and 
transverse), at least 

% 2 DIN 52123 

Impermeability (1 bar/24 h) - water impermeable DIN 52123 
Behavior after immersion in 
water: 
- change in volume, maximum 
- change in mass, maximum 

 

%(V/V) 
%(m/m) 

 
 

5 
5 

TP-BEL-B Teil 1, 
Section 3.19 

Behavior at low temperatures  
(0 °C, r=35 mm,5s) - Without cracks at 

bending DIN 52123 

Resistance at high temperatures 
(2 h at 70 °C) - no leakage DIN 52123 

Bitumen mass softening point: 
- elastomeric, minimum 
- plastomeric, minimum 

°C 
 
 

120 
150 

HRN EN 1427 

Shear strength at 50°C, 
minimum N/mm2 0,1 RVS 15.361 

* refers to originally used insert 

In addition to data shown in Tables 7-01.9-7, 7-01.9-8 and 7-01.9-9, the 
manufacturer or supplier must provide at least the following information: 

• designation of the product, 
• number of contingent and date of production, 
• total mass of bituminous strip per unit area, 
• total bitumen content per unit area, 
• type of polymer, 
• type of filler in bitumen mass, 
• mass per unit area of raw, non-impregnated insert, 
• maximum tensile force of insert, 
• elongation of insert at maximum tensile force, 
• width and length of bituminous strip. 
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7-01.9.1 Single-layered waterproofing with bituminous strips 

Description 

The single-layered waterproofing system with bituminous strips consists of: 

• foundation layer made of two-component reactive epoxy resin without 
solvents and fillers, treated with quartz sand, 

• sealing layer made of one elastomeric or plastomeric bituminous strip welded 
directly onto the foundation layer, and 

• protective layer made of poured or rolled asphalt. 

All layers must be fully glued to one another and to the concrete bedding. 

This single-layered waterproofing system is used as protection for road bridges 
and viaducts on roads of every category of traffic load. 

The protective layer is made of poured asphalt LA 8 or TLA 11 and the layer 
ranges from 25 to 40 mm in thickness. 

On structures of more than 50 m in span, the protective layer can be made of 
asphaltic concrete AB8 and asphaltic concrete AB11, and also of split mastic 
asphalt SMA8 and SMA11, ranging from 25 to 40 mm in thickness. 

Quality requirements for materials 

The epoxy resin must not contain solvents and fillers, it must be of low viscosity, 
resistant to high temperatures and compliant with requirements contained in 
Table 7-01.9-4. 

The quartz sand must comply with quality requirements specified in Table 7-01.9-
5. 

The bituminous strip is elastomeric or plastomeric with high-positioned polyester-
felt insert.  It is 5 mm in nominal thickness, and it must be compliant with quality 
requirements specified in Tables 7-01.9-7 and 7-01.9-8. 

The bituminous joint sealing compound must comply with requirements specified 
in Table 7-01.9-2. 

The protective layer for structures up to 50 m in span shall be made of poured 
asphalt LA 8 or TLA 11, which must be fully compliant with requirements given in 
Volume 3 (Section 6-07.3) of these General Technical Requirements. 

On structures of more than 50 m in span, the protective layer shall be made of 
asphaltic concrete AB8 and asphaltic concrete AB11, and also of split mastic 
asphalt SMA8 and SMA11, ranging from 30 to 40 mm in thickness. 

The grain size distribution of asphaltic concrete shall be compliant with Volume 3 
(Section 6-03.3.1) of these General Technical Requirements, but the bitumen 
content must be adjusted in such a way that the voids content of the standard 
test specimen according to Marshall is situated within 3.5 to 4.5 % (V/V). 

The grain size distribution for the split mastic asphalt must be compliant with 
Volume III (Section 6-04.3.1) of these General Technical Requirements, but the 
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content of bitumen and other additions must be adjusted in such a way that the 
voids content of the standard test specimen according to Marshall is situated 
within 2.0 to 4.0 % (V/V). 

The compaction level of the finished protective layer must not be below 98 
percent, and the voids content shall be up to 6.5 percent (V/V) in case of 
asphaltic concrete, or 6.0 percent (V/V) in case of split mastic asphalt. 

Activities 

Preparation of the bedding 

The concrete bedding must be stable, its inclination must be uniform and 
compliant with the design, it must not present sharp edges and funnel-shaped 
depressions, it must be of specified evenness and, finally, it must be clean and 
dry at the time the foundation layer is placed. 

The depth of texture or roughness of the concrete slab shall range from 0.5 mm 
to 1.5 mm, as determined by sanding procedure conducted according to HRN 
U.C4.018. 

Foundation layer 

As a rule, the foundation layer is placed onto the concrete slab when the concrete 
has attained the age of no less that 21 days.  However, in some special cases 
the foundation layer may be placed onto the concrete slab after seven days 
provided that the reactive epoxy resin has been proven compatible with "green" 
concrete in accordance with TP-BEL-EP (Section 3.4). 

Before the foundation layer is placed, local irregularities must be eliminated in the 
area of up to 500 cm2, down to 5 mm in depth (which may locally be exceeded) 
with epoxy mortar to which quartz sand up to 2 mm in size has been added (1:3 
to 1:4).  The epoxy mortar is applied to the already hardened basic coating, or 
even better onto the freshly placed basic epoxy coating.  The epoxy mortar layer 
must be covered with dry quartz sand ranging from 0.1 to 0.8 mm in size. Loose 
sand grains remaining after the full hardening of epoxy mortar must be removed. 

The texture of treated foundation layer must not exceed 1 mm in depth. 

The work with reactive epoxy resin must not be performed during any kind of 
precipitation, when dew is being formed, at misty weather, and when the relative 
humidity of air is above 75 percent. 

The temperature of surface onto which the epoxy resin is applied must not be 
lower than 8°C or higher than 40°C. 

As a rule, the moisture of concrete slab must not be higher than 4 percent (m/m). 

The temperature at the surface of the concrete slab must be at least 3 K above 
the dew point. 

The foundation layer must not be applied during sudden increase in the bedding 
temperature. 
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Individual components of the reactive resin must be lightly mixed in original tanks 
and then properly harmonized by mixing in a separate tank.  Components coming 
from different contingents may be mixed together only if such mixing is approved 
by the Supervising Engineer. 

The foundation layer is made by coating the concrete slab with the prepared 
epoxy resin in the quantity varying from 300 to 500 g/m2 until saturation point is 
reached.  The epoxy resin must be uniformly spread with appropriate rollers, so 
that no clusters of material are formed.  The fresh basic coating shall be covered 
with dry quartz sand of appropriate grading (0.1/0.8 mm, 0.5/1.2 mm, etc.) in the 
quantity varying from 500 to 800 g/m2.  Excessive covering with quartz sand 
should be avoided.  Any loose sand remaining after hardening of epoxy resin 
shall be removed. 

Roughness depth of the basic coating realized in the above described manner 
shall be no less than 0.5 mm. 
If the roughness of the concrete slab is excessive after the foundation layer is 
placed, then the surface shall be smoothened by adding additional 600 g/m2 of 
epoxy resin which is then covered with quartz sand 0.5/1.2 mm in size.  Any 
loose sand remaining after epoxy resin hardening shall be removed. 
The mean strength at the contact between the foundation layer and the concrete 
bedding shall be no less than 1.5 N/mm2, and individual results shall not be lower 
than 1.0 N/mm2. 

Treated concrete surfaces shall be protected against damage, moisture and 
harmful temperatures, until a sufficient strength of the coating is achieved. 
The sealing layer formed of bituminous strip shall be realized within five days 
following completion of the foundation layer. 

Sealing layer 

The sealing layer is applied onto a dry and fully hardened foundation layer. 

The bituminous strip for the preparation of the sealing layer has to be fully 
unrolled, accurately placed in its position, and then firmly rolled onto the hard 
roller at least 80 mm in diameter.  The bituminous strip prepared in such a way is 
welded with a number of burners which ensure that the strip is uniformly heated 
along its entire width.  An uniform layer of bituminous mass must flow from the 
bituminous strip which has been uniformly unrolled.  At that, care should be taken 
to avoid any unnecessary overheating of the foundation layer and to prevent 
ignition of the bituminous mass of the sealing strip.  The use of individual burners 
may be allowed only in case of repair or when smaller surfaces are treated. 

In the course of welding, the bituminous strip shall be lightly and uniformly 
pressed onto the surface, and any excess of the bituminous mass has to be 
removed. 

Bituminous strips may be placed either parallel to or perpendicular with the axis 
of the structure, starting from lower point and progressing towards the higher 
point. 

Longitudinal edges of the strip must overlap by at least 8 cm, and the transverse 
by 10 cm.  Transverse joints must be spaced at no less than 50 cm intervals. 

The sealing layer must completely adhere to the foundation layer. 
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An average strength of the bond must be at least 0.8 N/mm2, while strength at 
individual points most not be less than 0.4 N/mm2. 

Prior to the placing of the protective waterproofing layer, the sealing layer must 
thoroughly be examined and any damage noted during such examination must 
be repaired.  If local occurrence of bubbles is noted on the sealing layer, such 
bubbles shall be cut, glued once again and a new strip shall be welded over the 
repaired zone. 

No motor vehicle shall be allowed to pass over the sealing layer. 

The sealing layer may be left unprotected for no more than five days. 

Protective layer 

The protective layer is made of poured asphalt and it must be at least 25 mm in 
thickness at every point.  If the protective layer thickness in excess of 40 mm is 
specified at some points, then the realization will start with the leveling layer 
which will be covered with the protective layer up to the design thickness. 

The protective layer is in most cases placed with wheeled pavers in order to 
avoid damage to sealing layer.  At that, care must be taken not to overheat this 
sealing layer.  The speed of paver must not be less than 2 m/min and the 
temperature of the poured asphalt must not exceed 240°C. 

The poured asphalt may also be placed manually provided that the placing is 
continuous i.e. without cold joints. 

While still hot, the surface of the poured asphalt must be covered with stone 
chippings 2/4 or 4/8 mm in size, in the quantity of about 3-5 kg/m2, which have 
previously been enveloped with about 1 percent of oxidized bitumen. 

The bonding strength at the contact between the protective layer and the sealing 
layer must amount to about 1 N/mm2, and individual values must not be lower 
than 0.7 N/mm2. 
The maximum unevenness of the completed protective layer, as measured with 
straightedge 4 m in length, must not exceed 6 mm. 
During realization of the protective layer, drainage channels shall be realized in 
the axis of water inlets and around them, and also next to expansion joints, in 
order to evacuate water accumulated on the sealing layer. 

During realization of the protective layer, appropriate joints 20 mm in width must 
be left next to curbs and expansion joints.  These joints must be coated with the 
coat of bitumen before the wearing course is placed, and filled with a bituminous 
joint-sealing compound. 

The joint-sealing compound shall be indirectly heated in boilers equipped with 
devices for continuous mixing and temperature control.  Repeated heating of the 
compound shall not be allowed.  Manufacturer's instructions as to heating of the 
joint-sealing compound must fully be respected. 

The protective layer of rolled asphalt shall be placed continuously with wheeled 
paver in order to avoid any damage to the sealing layer, and care mast be taken 
not to overheat this sealing layer.  For that reason, the paver is not allowed to 
stop and wait for the asphalt mix delivery and unloading.  The driving speed of 
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the paver must not be less than 2 m/min and the temperature of the asphalt mix 
must not exceed 160°C. 

A poured asphalt strip must be realized next to curbs and expansion joints.  
Contacts between the poured asphalt joint and curb, expansion joints and rolled 
asphalt must properly be sealed.  An average bonding strength at the contact 
between the protective layer and the bedding must be no less than 1 N/mm2, and 
individual values must not be lower than 0.7 N/mm2. 

The maximum unevenness of the completed protective layer, as measured with 
the straightedge 4 m in length, must not exceed 6 mm. 

During realization of the protective layer, a bituminous sealing strip must be 
placed next to curbs so that a good contact can be achieved between the 
protective layer and the concrete curb. 

Vehicles shall not be allowed to pass over the protective layer, except for site 
vehicles which shall be allowed such passage but only in exceptional cases. 

Quality control 

Prior to commencement of the waterproofing work, the Contractor is required to 
obtain evidence about acceptability of all materials, and shall submit such 
evidence for the approval of the Supervising Engineer at least 20 days before the 
commencement of the work. 

Activities due to take place before commencement of the work and relating to the 
preliminary acceptability testing for materials, preliminary job-mix formula and 
confirmed job-mix formula, shall be carried out in accordance with Volume III 
(Section 6-00.4.1) of these General Technical Requirements. 

Control tests 

Control tests for materials and realization of the single-layer waterproofing, shall 
be performed by the Contractor in accordance with Table 7-01.9-10.  The 
Contractor is required to submit control test results to the Supervising Engineer 
within 24 hours following completion of the tests. 

Samples shall be taken at the location of the works. 

The control tests for components of poured asphalt shall be conducted as 
specified in Volume III (Section 6-00.4.2.1) of these General Technical 
Requirements. 

The composition and physico-mechanical properties of poured asphalt shall be 
checked by testing: 

• bitumen content HRN U.M8.105 or EN12697-1 
• grading of the extruded aggregate mix HRN U.M8.102 or EN 12697-20 
• compression depth HRN U.M8.104 or EN 12697-20 
• increase in compression depth HRN U.M8.104 or EN 12697-20 

The following control tests shall be made with respect to the poured asphalt 
placing procedure: 
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• temperature of poured asphalt, 
• placed layer thickness, 
• placed layer homogeneity. 

The composition, physico-mechanical properties of either asphaltic concrete mix 
or split mastic asphalt mix, as well as properties of the protective layer, shall be 
tested in accordance with Volume III (Section 6-00.4.2.1) of these General 
Technical Requirements. 

Audit tests 

The audit testing for materials used in the realization of the waterproofing work 
shall be conducted in accordance with Table 7-01.9-10. 

Test samples of materials shall be taken at the place of production or installation. 

The composition and physico-mechanical properties of poured asphalt shall be 
checked by testing: 

• bitumen content HRN U.M8.105 or EN12697-1 
• grading of the extruded aggregate mix HRN U.M8.102 or EN 12697-20 
• compression depth HRN U.M8.104 or EN 12697-20 
• increase in compression depth HRN U.M8.104 or EN 12697-20 
• softening point of separated bitumen HRN EN 1427 
• penetration of separated bitumen HRN EN 1426 
• breaking points of separated bitumen 

according to Fraass HRN EN 12593 

The following audit tests are made during placing: 

• temperature of asphalt mix, 
• layer thickness, and 
• layer homogeneity. 

The composition, physico-mechanical properties of either asphaltic concrete mix 
or split mastic asphalt mix, as well as properties of the completed protective 
layer, shall be tested in accordance with Volume III (Section 6-00.4.2.1) of these 
General Technical Requirements. 
 
Table 7-01.9-10  The type and frequency of tests for completed waterproofing 

and its components 
 

Property Control test Audit test 
Stored materials   
Bituminous coating, full 
testing according to 
Table 7-01.9-1 

- for every 2 t 

Bituminous sealing 
mass, full testing as per 
Table 7-01.9-6 

- for every 10 t 
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Table 7-01.9-10 (continued) 
 

Property Control test Audit test 
Bituminous strip, full 
testing according to 
Tables 7-01.9-7, 7-01.9-
8 and 7-01.9-9 

- 5000 sq.m., or for every 
contingent 

Epoxy resin, full testing 
according to Table 7-
01.9-4 

- for every 2 t 

Spreading sand, 
according to Table 7-
01.9.5 

- for every 5 t 

Materials during 
realization of works   

Bedding surface: 
- inspection of condition 
- evenness 
- roughness depth 

250 sq.m. 
250 sq.m. 
250 sq.m. 

once a day 
 

once a day 

Foundation layer: 
- bedding temperature 

and moisture 
- properties of epoxy 

resin 
- quantity of epoxy resin 
- quantity of cover 
- adhesive strength 

 
 

250 sq.m. 
 

250 sq.m. 
250 sq.m. 
250 sq.m. 
250 sq.m. 

 
 

3 times a day 
 

1 time a day 
1 time a day 
1 time a day 
1000 sq.m. 

Sealing layer: 
- properties of 

bituminous strip (total 
thickness and 
thickness under insert) 

- properties of 
bituminous sealing 
compound 

- quantity of sealing 
compound 

- adhesive strength 
- layer checking and 

inspection, elimination 
of bubbles 

- mastic asphalt 
(composition) 
(properties) 

 
 
 
 

250 sq.m. 
 
 

2000 sq.m. 
 

2000 sq.m. 
1000 sq.m. 

 
 

entire surface 
 

every two boilers 
every boiler 

 
 
 
 

every contingent 
 
 

every contingent 
 

1 x per structure 
3 x per structure 

 
 

30% of the surface 
 

every four boilers 
every two boilers 

Protective layer: 
- rolled asphalt 

properties, 
- layer thickness, 
- layer compaction 
- layer thickness 
- poured asphalt 

(composition) 
 (properties) 

 
 

1 x structure/1000 sq.m. 
1000 sq.m. 
100 sq.m. 

1000 sq.m. 
 

every two boilers 
every boiler 

 
 

1 x structure/2000 sq.m. 
2000 sq.m. 

- 
2000 sq.m. 

 
every four boilers 
every two boilers 
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Quality evaluation 

The single-layered waterproofing is evaluated and approved by the Supervising 
Engineer based on results obtained during control and audit testing as performed 
on the completed foundation layer, sealing layer and protective layer. 

The foundation layer may be approved if epoxy resin properties are compliant 
with requirements specified in Table 7-01.9-4, and if the strength of the bond with 
concrete bedding complies with specified values. 

The sealing layer made of the polymer-based bituminous strip with a polyester 
felt insert, may be approved if properties of the bituminous strip are compliant 
with requirements specified in Tables 7-01.9-7 and 7-01.9-8, and if the strength of 
the bond with foundation layer is in accordance with the specified value. 

The quality of the protective layer made of poured asphalt shall be evaluated in 
accordance with Volume III (Section 6-07.6) of these General Technical 
Requirements. 

The protective asphaltic-concrete layer may be accepted if the composition of the 
asphalt mix is compliant with requirements given in Volume III (Tables 6-03-5 and 
6-00-21) of these General Technical Requirements, and if physico-mechanical 
properties are in accordance with Volume III (Table 6-03-7) of these General 
Technical Requirements.  The voids content in the asphalt mix must be situated 
within 3.5 and 4.5 percent (V/V). 

The compaction level must be at least 98 percent, and the content of voids in the 
completed layer shall not exceed 6.5 percent (V/V). 

The protective layer made of split mastic asphalt may be accepted if the 
composition of the asphalt mix is compliant with requirements given in Volume III 
(Tables 6-04-5 and 6-00-22) of these General Technical Requirements.  The 
voids content in the asphalt mix must be situated within 2 and 4 percent (V/V). 

The compaction level must be at least 98 percent, and the content of voids in the 
completed layer shall not exceed 6.0 percent (V/V). 

All cases of non compliance with the above requirements shall be remedied by 
the Contractor at his own expense, including also all additional testing and 
measurements as required to establish whether rectification or repair is 
necessary. 

Calculation of work 

The quantity of work shall be measured per square meter of really placed top 
layer and single-layered waterproofing, which includes preparation of the bedding 
and placing of the foundation layer, sealing layer and protective layer. 

Works related to the sealing of joints shall be calculated separately per linear 
meter.  The price includes all costs relating to the supply of material, production 
and placing of asphalt mix, transport, equipment and everything else that is 
needed for realization of the work. 
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7-01.9.2 Double-layered waterproofing with bituminous strips 

The double-layered waterproofing system is composed of: 

• foundation layer made of two-component epoxy resin without solvents and 
fillers, treated with quartz sand, or the basic bituminous coating 

• sealing layer made of one elastomeric or plastomeric bituminous strip glued 
or welded onto the foundation layer, and an another elastomeric or 
plastomeric bituminous strip welded onto the first bituminous strip, and 

• protective layer made of rolled asphalt. 

All layers must be fully glued to one another and to the concrete bedding. 

The protective layer is made of the asphaltic concrete AB8 and asphaltic 
concrete AB11, and of split mastic asphalt SMA8 and SMA11, varying from 25 to 
40 mm in thickness. 

The double-layered waterproofing system is used as protection on road bridges 
and viaducts on roads of every category of traffic load. 

Quality requirements for materials 

The epoxy resin must not contain solvents and fillers, it must be of low viscosity, 
resistant to high temperatures and compliant with quality requirements contained 
in Table 7-01.9-4. 

The quartz sand must comply with quality requirements specified in Table 7-01.9-
5. 

Properties of the bituminous coating must be compliant with requirements given 
in Table 7-01.9-1. 

The bituminous joint sealing compound must comply with requirements specified 
in Table 7-01.9-2. 

The first bituminous strip is elastomeric or plastomeric with the glass fiber insert 
3.5 mm in nominal thickness when it is glued, or 4 mm in nominal thickness when 
it is welded.  It must comply with quality requirements specified in Table 7-01.9-9. 

The second bituminous strip is elastomeric or plastomeric with the polyester felt 
insert 4 mm in nominal thickness.  It must comply with quality requirements 
specified in Tables 7-01.9-7 and 7-01.9-8. 

The grain size distribution of asphaltic concrete shall be compliant with Volume 3 
(Section 6-03.3.1) of these General Technical Requirements, but the bitumen 
content must be adjusted in such a way that the voids content of the standard 
test specimen according to Marshall is situated within 3.5 to 4.5 % (V/V). 

The grain size distribution for the split mastic asphalt must be compliant with 
Volume III (Section 6-04.3.1) of these General Technical Requirements, but the 
content of bitumen and other additions must be adjusted in such a way that the 
voids content of the standard test specimen according to Marshall is situated 
within 2.0 to 4.0 % (V/V). 
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The compaction level of the finished protective layer must not be below 98 
percent, and the voids content shall be up to 6.5 percent (V/V) in case of 
asphaltic concrete, or 6.0 percent (V/V) in case of split mastic asphalt. 

Activities 

Preparation of the bedding 

The bedding shall be prepared as described in Section 7.01.9.1 for the single-
layer waterproofing system. 

Foundation layer 

The foundation layer shall be made of two-component reactive epoxy resin, 
without solvents, in the manner similar to that used for the single-layer 
waterproofing system (Section 7-01.9.1). 

As an alternative, the foundation layer shall be made of bituminous coating.  This 
alternative is used when the first strip of the sealing layer is glued onto the 
concrete bedding. 

Immediately prior to the application of bituminous coating, the prepared surface 
of the concrete slab shall be cleaned by air under pressure in order to remove 
any dust particles. 

The temperature of the surface layer of concrete shall not be below 5°C. 

The moisture of the concrete shall be less than 4 percent (m/m). 

The bituminous coating shall be applied in uniform thickness, using an 
appropriate implement, along the entire surface and the quantity of coating 
applied shall range from 150 to 350 g/m2. 

Sealing layer 

Prior to placing, the sealing strip shall be fully unrolled and accurately place in its 
position, and then tightly rolled onto the hard roller at least 80 mm in diameter.  
The bituminous strip prepared in such a way shall be welded or glued. 

The hot bituminous mass for gluing shall be poured onto the fully dried 
bituminous coating, and the bituminous strip shall be pressed onto this mass in 
such a way that all air accumulated under the strip is removed.  The bituminous 
mass pressed out in the process shall be smoothened, and the surplus shall be 
removed. 

The bituminous mass for gluing shall be indirectly heated in boilers equipped with 
devices for continuous mixing and temperature control.  Repeated heating of the 
compound shall not be allowed.  Manufacturer's instructions as to heating of the 
bituminous mass must fully be respected. 

In case when the first strip is welded, the foundation layer shall be made of 
reactive resin.  The bituminous strip shall be welded with a number of burners 
which ensure that the strip is uniformly heated along its entire width.  An uniform 
layer of bituminous mass must flow from the bituminous strip which has been 
uniformly unrolled.  At that, care should be taken to avoid any unnecessary 
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overheating of the foundation layer and to prevent ignition of the bituminous mass 
of the sealing strip.  The use of individual burners may be allowed only in case of 
repair or when smaller surfaces are treated. 

In the course of welding, the bituminous strip shall be lightly and uniformly 
pressed onto the surface, and any excess of the bituminous mass has to be 
removed. 

Bituminous strips may be placed either parallel to or perpendicular with the axis 
of the structure, starting from lower point and progressing towards the higher 
point. 

Longitudinal edges of the strip must overlap by at least 8 cm, and the transverse 
by 10 cm.  Transverse joints must be spaced at no less than 50 cm intervals. 

The sealing layer must completely adhere to the foundation layer. 

An average strength of the bond must be at least 0.8 N/mm2, while strength at 
individual points most not be less than 0.4 N/mm2. 

Prior to the placing of the second bituminous strip, the first layer must thoroughly 
be examined and any damage noted during such examination must be repaired.   

The second bituminous strip of the sealing layer shall be welded onto the first 
strip in the way similar to that described for the single-layer waterproofing 
(Section 7-01.9.1). 

Longitudinal and transverse joints must be placed at least 30 cm away from joints 
in the first layer. 

During realization of the sealing layer, a special attention must be paid to zones 
where openings are situated (water inlets, etc.). 

No motor vehicle shall be allowed to pass over the sealing layer. 

The sealing layer may be left unprotected for no more than five days. 

Protective layer 

Before the protective layer is placed, the sealing layer must thoroughly be 
examined and all damage must be repaired.  If local damage such as bubbles is 
noted in the sealing layer, the bubbles shall be cut, sealed once again and a new 
bituminous strip shall be welded above the repaired zone. 

The protective layer of rolled asphalt shall be placed continuously with wheeled 
paver in order to avoid any damage to the sealing layer, and care mast be taken 
not to overheat this sealing layer.  For that reason, the paver is not allowed to 
stop and wait for the asphalt mix delivery and unloading.  The driving speed of 
the paver must not be less than 2 m/min and the temperature of the asphalt mix 
must not exceed 160°C. 

A poured asphalt strip must be realized next to curbs and expansion joints.  
Contacts between the poured asphalt joint and curb, expansion joints and rolled 
asphalt must properly be sealed. 
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An average bonding strength at the contact between the protective layer and the 
bedding must be no less than 1 N/mm2, and individual values must not be lower 
than 0.7 N/mm2. 

The maximum unevenness of the completed protective layer, as measured with 
the straightedge 4 m in length, must not exceed 6 mm. 

During realization of the protective layer, a bituminous sealing strip must be 
placed next to curbs so that a good contact can be achieved between the 
protective layer and the concrete curb. 

Vehicles shall not be allowed to pass over the protective layer, except for site 
vehicles which shall be allowed such passage but only in exceptional cases. 

Quality control 

Prior to commencement of the waterproofing work, the Contractor is required to 
obtain evidence about acceptability of all materials, and shall submit such 
evidence for the approval of the Supervising Engineer at least 20 days before the 
commencement of the work. 

Activities due to take place before commencement of the work and relating to the 
preliminary acceptability testing for materials, preliminary job-mix formula and 
confirmed job-mix formula, shall be carried out in accordance with Volume III 
(Section 6-00.4.1) of these General Technical Requirements. 

Control tests 

Control tests for materials and realization of the single-layer waterproofing, shall 
be performed by the Contractor in accordance with Table 7-01.9-10.  The 
Contractor is required to submit control test results to the Supervising Engineer 
within 24 hours following completion of the tests. 

Samples shall be taken at the location of the works. 

The control tests for components of poured asphalt shall be conducted as 
specified in Volume III (Section 6-00.4.2.1) of these General Technical 
Requirements. 

The composition and physico-mechanical properties of the asphaltic concrete mix 
or split mastic asphalt mix, and the completed protective layer, shall be tested in 
accordance with Volume IIII (Section 6-00.4.2.1) of these General Technical 
Requirements. 

Audit tests 

The audit testing for materials used in the realization of the two-layered 
waterproofing work shall be conducted in accordance with Table 7-01.9-10. 

Test samples of materials shall be taken at the place of production or installation. 

The composition and physico-mechanical properties of the asphaltic concrete mix 
or split mastic asphalt mix, and the completed protective layer, shall be tested in 
accordance with Volume IIII (Section 6-00.4.2.1) of these General Technical 
Requirements. 
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Quality evaluation 

The two-layered waterproofing is evaluated and approved by the Supervising 
Engineer based on results obtained during control and audit testing as performed 
on the completed foundation layer, sealing layer and protective layer. 

The foundation layer may be approved if epoxy resin properties are compliant 
with requirements specified in Table 7-01.9-4, and if the strength of the bond with 
concrete bedding complies with specified values. 

The foundation layer may be approved if properties of the bituminous coating 
comply with requirements given in Table 7-01.9-1. 

The first part of the sealing layer made of polymer-based bituminous strip with 
glass fiber insert may be approved if properties of the bituminous strip comply 
with requirements specified in Table 7-01.9-9, and if the strength of bond with the 
foundation layer is compliant with the prescribed value. 

The second part of the sealing layer made of polymer-based bituminous strip with 
polyester felt insert may be approved if properties of the bituminous strip comply 
with requirements specified in Tables 7-01.9-7 and 7-01.9-8, and if the strength of 
bond with the first sealing layer is compliant with the prescribed value. 

The protective asphaltic-concrete layer may be accepted if the composition of the 
asphalt mix is compliant with requirements given in Volume III (Tables 6-03-5 and 
6-00-21) of these General Technical Requirements, and if physico-mechanical 
properties are in accordance with Volume III (Table 6-03-7) of these General 
Technical Requirements.  The voids content in the asphalt mix must be situated 
within 3.5 and 4.5 percent (V/V). 

The compaction level must be at least 98 percent, and the content of voids in the 
completed layer shall not exceed 6.5 percent (V/V). 

The protective layer made of split mastic asphalt may be accepted if the 
composition of the asphalt mix is compliant with requirements given in Volume III 
(Tables 6-04-5 and 6-00-22) of these General Technical Requirements.  The 
voids content in the asphalt mix must be situated within 2 and 4 percent (V/V). 

The compaction level must be at least 98 percent, and the content of voids in the 
completed layer shall not exceed 6.0 percent (V/V). 

All cases of non compliance with the above requirements shall be remedied by 
the Contractor at his own expense, including also all additional testing and 
measurements as required to establish whether rectification or repair is 
necessary. 

Calculation of work 

The quantity of work shall be measured per square meter of really placed and 
installed two-layered waterproofing, which includes preparation of the bedding 
and placing of the foundation layer, sealing layer and protective layer. 

Works related to the sealing of joints shall be calculated separately per linear 
meter.  The price includes all costs relating to the supply of material, production 
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and placing of asphalt mix, transport, equipment and everything else that is 
needed for realization of the work. 

7-01.9.3 Waterproofing with mastic asphalt 

Description 

The waterproofing based on mastic asphalt shall be applied for structures on 
roads with medium to light traffic load, and on pedestrian ways. 

The waterproofing based on mastic asphalt or non-glued waterproofing is 
characterized by the fact that the sealing layer (made of mastic asphalt) is 
separated from the concrete slab by the glass wool layer, which acts as vapor 
barrier or a pressure equalizing layer. 

The sealing layer made of mastic asphalt shall be realized as a layer ranging 
from 8 to 10 mm in thickness. 

The protective layer shall be made of poured asphalt LA 8 or TLA 11 ranging 
from 25 to 40 mm in thickness. 

Quality requirements for materials 

The glass wool must have the surface mass of at least 50 g/m2 and must comply 
with requirements specified in the standards DIN 52141 and DIN 52142. 

Properties of the bituminous coating must be compliant with requirements given 
in Table 7-01.9-1. 

The bituminous mass for joint sealing must be in accordance with requirements 
given in Table 7-01.9-2. 

The quality of mastic asphalt must be compliant with requirements specified in 
Section 7-01.9. 

Poured asphalt used as protective layer must fully be compliant with 
requirements given in Volume III (Section 6-07.3) of these General Technical 
Requirements. 

Activities 

The concrete bedding must be stable, compliant with lines and grades specified 
in the design, and clean and dry at the time the sealing layer is placed. 

Prior to the realization of the sealing layer, the Contractor is required to make a 
topographic survey of the concrete slab surface, measure longitudinal and 
transverse evenness, and submit the measured and treated data to the 
Supervising Engineer at least seven days prior to the start of the waterproofing 
work. 

The mastic asphalt is produced in boilers specially designed for poured asphalt 
production, and the components are directly added to the mix.  That is why the 
moisture of aggregate must be taken into account when proportioning the binder. 

The mastic asphalt shall be produced at temperature of no more than 220° C. 
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The mastic asphalt shall be placed manually.  It is placed onto the glass wool 
which has been tailored and spread in such a way that the zone of concrete (20 
cm in width) next to curbs and expansion joints is not covered.  This zone is 
coated with bituminous coating proportioned at 150 to 300 g/m2, and hence the 
bond is established between the mastic asphalt and the concrete bedding. 

The mastic asphalt must not easily break during its spreading. 

The completed mastic asphalt layer must be evenly spread, flat, homogenous 
and without uncovered spots, which is checked by visual inspection. 

In case the waterproofing is first realized under pedestrian ways, it must be 
protected against soiling and mechanical damage immediately after completion, 
in order to obtain a good quality bond with the waterproofing on the pavement, 
which will be realized at a later time. 

No transport shall be operated on the mastic asphalt layer prior to realization of 
the protective waterproofing layer. 

The thickness of the protective layer shall be no less than 25 mm at every point.  
If the protective layer must locally be placed in thickness exceeding 40 mm, then 
the work must commence by realizing the leveling layer after which the protective 
layer will be placed in thickness as specified in the design. 

The protective layer is in most cases placed with wheeled pavers in order to 
avoid damage to sealing layer.  At that, care must be taken not to overheat this 
sealing layer.  The speed of paver must not be less than 2 m/min and the 
temperature of the poured asphalt must not exceed 240°C. 

The poured asphalt may also be placed manually provided that the placing is 
continuous i.e. without cold joints. 

While still hot, the surface of the poured asphalt must be covered with stone 
chippings 2/4 or 4/8 mm in size, in the quantity of about 3-5 kg/m2, which have 
previously been enveloped with about 1 percent of oxidized bitumen. 

The maximum unevenness of the completed protective layer, as measured with 
straightedge 4 m in length, must not exceed 6 mm. 

During realization of the protective layer, drainage channels shall be realized in 
the axis of water inlets and around them, and also next to expansion joints, in 
order to evacuate water accumulated on the sealing layer. 

The quality of poured asphalt must be compliant with Volume III (Section 6-07.3) 
of these General Technical Requirements. 

During realization of the protective layer, appropriate joints 20 mm in width must 
be left next to curbs and expansion joints.  These joints must be coated with the 
coat of bitumen before the wearing course is placed, and filled with a bituminous 
joint-sealing compound. 

On pedestrian ways where the waterproofing layer is covered with concrete, the 
protective layer may be realized by adding an another mastic asphalt layer 
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Quality control 

Activities due to take place before commencement of asphalt work and relating to 
the preliminary acceptability testing for materials, preliminary job-mix formula and 
confirmed job-mix formula, shall be carried out in accordance with Volume III 
(Section 6-00.4.1) of these General Technical Requirements. 

Control tests 

Control tests for components used in the preparation of mastic asphalt and 
poured asphalt shall be conducted by the Contractor in accordance with Volume 
III (Section 6-00.4.2.1) of these General Technical Requirements. The Contractor 
is required to submit control test results to the Supervising Engineer within 24 
hours following completion of the tests. 

Mastic asphalt and poured asphalt samples needed in control testing shall be 
taken at the place of production or at the location where asphalt is placed.  The 
composition and physico-mechanical properties shall be tested in the scope of 
control tests. 

The composition of mastic asphalt and poured asphalt shall be checked by 
testing at least one sample per every two boilers of mastic asphalt or poured 
asphalt.  The following shall be tested: 

• bitumen content HRN U.M8.105 or EN 12697-1 
• grading of extruded stone mix HRN U.M8.102 or EN 12697-2 

Physico-mechanical properties of mastic asphalt and poured asphalt shall be 
checked by testing at least one sample from every boiler.  The following shall be 
tested: 

• mastic asphalt softening point HRN U.M3.095 
• depth to which the poured 

asphalt is pressed HRN U.M8.104 or EN 12697-20 
• increase in depth to which 

poured asphalt is pressed HRN U.M8.104 or EN 12697-20 

The following is checked in the scope of control tests performed during placing of 
mastic asphalt and poured asphalt: 

• application of bitumen coat, 
• glass wool placing, 
• temperature of mastic asphalt and poured asphalt, 
• thickness of placed layers, 
• homogeneity of layers. 

Audit tests 

Mastic asphalt and poured asphalt samples needed in control testing shall be 
taken at the place of production or at the location where asphalt is placed.  The 
composition and physico-mechanical properties shall be tested in the scope of 
audit tests. 
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The composition of mastic asphalt and poured asphalt shall be checked by 
testing at least one sample per every four boilers of mastic asphalt or poured 
asphalt.  The following shall be tested: 

• bitumen content HRN U.M8.105 or EN 12697-1 
• grading of extruded stone mix HRN U.M8.102 or EN 12697-2 

Physico-mechanical properties of mastic asphalt and poured asphalt shall be 
checked by testing at least one sample per every two boilers.  The following shall 
be tested: 

• mastic asphalt softening point HRN U.M3.095 
• depth to which the poured 

asphalt is pressed HRN U.M8.104 or EN 12697-20 
• increase in depth to which 

poured asphalt is pressed HRN U.M8.104 or EN 12697-20 
• softening point of separated 

bitumen HRN EN 1427 
• penetration of separated bitumen HRN EN 1426 
• breaking point according to 

Fraass for separated bitumen HRN EN 12593 

The following is tested during placing: 

• temperature of asphalt mix, 
• thickness of layers, 
• homogeneity of layers 

Quality evaluation 

The non-glued waterproofing is evaluated and accepted by the Supervising 
Engineer based on results obtained during control and audit testing as performed 
on the sealing layer made of mastic asphalt and protective layer made of poured 
asphalt. 

The proportion of bitumen in the mastic asphalt, as determined on asphalt mix 
samples in the scope of control and audit testing, must be compliant with 
requirements given in Table 7-01.9-11. 

Table 7-01.9-11 Allowable deviation of the mean bitumen content determined 
during the asphalt mix control and audit testing from the 
content specified in the initial job mix formula for mastic 
asphalt, depending on the number of samples tested 

 
Number of samples tested 

Property 
1 2 3 to 4 5 to 8 9 to 19 ≥ 20 

Allowable deviation, % (m/m) ± 0.50 ± 0.45 ± 0.40 ± 0.35 ± 0.30 ± 0.25

The stone aggregate grading, determined on asphalt mix samples in the course 
of control and audit testing, must be compliant with requirements given in table 7-
01.9.3. 
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Physico-mechanical properties of the asphalt mix must comply with the following 
requirements: 

• softening point according to Wilhelm must be situated within the range from 
90 to 140°C. 

• properties of the separated binder may be modified, depending on the type of 
bitumen used, for no more than two types, which is determined by testing 
penetration at 25°C, softening point according to PK and breaking point 
according to Fraass. 

The quality of the finished protective layer shall be evaluated in accordance with 
Volume III (Section 6-07.6) of these General Technical Requirements. 

All deficiencies determined with respect to these requirements shall be removed 
by the Contractor at his own expense, and the Contractor will also bear the cost 
of all additional testing and measurements that have to be performed to 
determine whether the repair or rectification is necessary. 

Calculation of work 

The quantity of work shall be measured per square meter of top surface of duly 
placed waterproofing, which includes preparation of the bedding, placing of glass 
wool and mastic asphalt, and construction of protective layer made of poured 
asphalt. 

Works related to the sealing of joints shall be calculated separately per linear 
meter.  The price includes all costs relating to the supply of material, production 
and placing of asphalt mix, transport, equipment and everything else that is 
needed for realization of the work. 

7-01.10 RAILINGS 

Bridge railings shall be realized as a protection for pedestrian and vehicles, and 
shall be placed in accordance with requirements relating to the safety of 
pedestrians and vehicles on bridges. 

The type and position of railing within the cross section of the bridge, the height 
and material used, dimensions of individual elements, and the way in which 
railing posts are installed, shall be specified in the design. 

Welds on the metal railing structure shall be continuous. 

Prefabricated parts of railings must be straightened in the vertical and horizontal 
planes, and shall be placed in their position as specified in the design. 

On bridges in curves, the railing must be bent according to the curve followed by 
the bridge, rather than in polygonal manner. 

If the railing is placed after realization of pedestrian ways, the posts shall be 
anchored into the holes left to this effect, and the concrete used shall have the 
quality and resistance to freezing and deicing salt similar to other concrete used 
for pedestrian ways and other elements that are directly affected by salt. 

Prior to concreting of posts, the Supervising Engineer shall check the manner in 
which the railing has been placed, and shall inter alia check whether the hole has 
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been properly cleaned and whether the anticorrosive protection of railing posts in 
contact with surface layer of concrete has been properly realized, as such railing 
elements are the first ones to be affected by corrosion. 

The metal railing must fully and properly be protected against corrosion, in full 
compliance with requirements given in Section 7-01.12 of these General 
Technical Requirements. 

Calculation of work 

The work shall be measured per meter of railing placed and the calculation shall 
be made according to contract unit prices which shall include all material, work, 
transport and everything else that is needed for orderly completion of the work. 

7-01.11 FINISHING AND OTHER WORK ON BRIDGES 

7-01.11.1 Lighting 

Urban and suburban bridges and bridges at junctions, especially at split-level 
junctions, shall be lighted so that the pavement can be clearly visible. 

Lighting poles shall be spaced at 20 to 40 m intervals.  As a rule, this spacing 
must be equal to three lighting pole heights.  The type of lighting bodies, their 
shape, dimensions, arrangement in longitudinal and transverse direction, as well 
as their strength, shall be specified in the design. 

Electric cables for the supply of electricity to lighting poles fixed to the bridge 
structure shall be placed in footway openings.  Lighting poles shall be realized in 
accordance with regulations applicable for load bearing steel structures, and shall 
be painted and protected against corrosion in accordance with requirements 
specified in Section 7-01.12 of these General Technical Requirements. 

Calculation of work 

The work shall be measured per unit of lighting body installed, and the calculation 
shall be made according to contract unit prices. 

7-01.11.2 Portals or sign posts 

Sign posts shall be installed and fixed to positions specified in the design, i.e. in 
accordance with requirements and detail drawings contained in the design.  
These posts must be compliant with regulations applicable to load bearing steel 
structures.  They shall be protected against corrosion in accordance with 
requirements specified in Section 7-01.12 of these General Technical 
Requirements. 

Calculation of work 

The work shall be measured per unit of sign post placed and the calculation shall 
be made according to contract unit prices. 
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7-01.11.3 Protective nets and plates 

Persons passing across the bridge shall be protected from accidental touching of 
electricity lines or from similar type of danger by special steel nets or plates 
placed next to bridge parapet. 

The solution and quality of such protection shall be specified in the design.  The 
work will be measured per unit placed and the calculation will be made according 
to contract unit prices. 

Calculation of work 

The work will be measured per unit of protective nets and plates placed, and the 
calculation will be made in accordance with contract unit prices. 

7-01.11.4 Protection of exposed bridge surfaces above railway lines 

Bridge superstructure surfaces above railway lines shall be protected by special 
plates or coatings as specified in solutions and requirements contained in the 
design. 

Calculation of work 

The work shall be measured per unit of protective element placed or per square 
meter of protected surface, and the calculation shall be made according to 
contract unit prices. 

7-01.11.5 Protection of bridge surfaces in contact with water or at intersection with a 
roadway 

The method to be used for protection of individual bridge elements (mainly piers) 
against impact generated by passing vessels, ice, etc. shall be determined and 
specified in the design. 

Calculation of work 

The work shall be measured per unit of placed elements and the calculation shall 
be made according to contract unit prices. 

7-01.11.6 Openings for power lines and utilities 

Various types of power lines and other utilities that have to be carried via the 
bridge (telephone lines, electricity lines, power and other liens) shall be, 
whenever possible, placed in the elevated footway.  In case of greater profiles, 
special positions, as well as fastening and protection methods, shall be provided 
for in the design.  Any such openings shall be realized in such a way to enable 
efficient maintenance of these lines and services (repair or replacement). 

Calculation of work 

The work shall be measured and calculated as specified in the cost estimate 
contained in the design. 
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7-01.11.7 Bridge inscription 

The Contractor is required to install, at his own expense and in accordance with 
the design, a plate i.e. an inscription with the year of construction and possibly 
some other text or data, as determined by the Client and bridge designer. 

Calculation of work 

The work shall be measured and calculated per unit of plate element having 
dimensions as specified in the design. 

7-01.11.8 Bridge load testing 

The load bearing capacity of all road bridges measuring at least 15 m in span 
shall be tested in accordance with HRN U.M1.046.   The load testing is 
performed to check behavior of bridges when subjected to static and dynamic 
load in order to determine: 

• compliance with design requirements, 
• compliance of realized work with quality requirements specified in the design, 
• capacity of bridge to assume load specified in the design. 

The position and size of load shall be as specified in the design.  As a rule, the 
way in which load is applied during testing must correspond to the manner in 
which the load (static or dynamic) is applied during the bridge use.  The testing 
program shall be prepared by the organization that will conduct the testing, in 
conjunction with the Designer, Contractor and Supervising Engineer. 

The bridge load testing must be checked by specialized institutions properly 
qualified to perform this work. 

The load testing may start only after evidence has been furnished about quality of 
placed material and concrete, as specified in these General Technical 
Requirements and in applicable regulations. 

The bridge load testing report must contain an opinion about the behavior and 
acceptability of the structure.  If the load testing results are negative, the 
Contractor will be required to repair the structure at his own expense.  After such 
repair, the structure will once again be subjected to load testing. 

The price of bridge load testing shall include erection of accessory scaffolds and 
platforms, labor as needed during the testing, loading equipment, all cost of 
measurement and use of measuring materials and instruments, and 
establishment of an appropriate report. 

The bridge testing will be paid for as specified in the contract concluded for the 
realization of the structure. 

7-01.12 PROTECTION OF STEEL ELEMENTS AGAINST CORROSION 

All steel elements on roads and road structures such as: 

• railings, 
• protective nets, 
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• traffic barriers, 
• sign posts, and 
• lighting poles 

shall be protected against corrosion. 

A separate design solution shall be prepared for the anticorrosive protection of 
steel parts taking at that into account the level of corrosion load, i.e. the class of 
corrosion climate in which the structure is situated, as well as applicable 
regulations.  The following shall be specified in such design solution: 

• the way in which steel surface shall be prepared for anticorrosive protection, 
• selection, properties, and quality requirements for the protection, 
• selection of an appropriate contractor, 
• realization procedure, and 
• maintenance of anticorrosive protection. 

The acceptability and thickness of protective coating on the support, screws, nuts 
and facing plates, and the quality of reflecting foils, shall be specified for anchor 
plates and screws of traffic barriers and traffic signs. 

Systems, properties and quality requirements 

The following types of protection shall be differentiated for the design and use: 

• coats and seals, 
• metallic protection, 
• inorganic protection. 

Technical requirements for anticorrosive protection shall be specified in the 
design for every portion of the steel structure. 

Coats and seals 

The following inorganic protective coating systems may be differentiated based 
on their properties and durability: 

• chlorine rubber system, 
• epoxy resin system, 
• polyurethane system, 
• bituminous system, and 
• combined systems. 

The chlorine rubber coating is a good quality protection consisting of two basic 
and two cover coats ranging from 25 to 35 microns in thickness, or of a basic 
intermediate coat and final coat.  The intermediate coat is thicker and the total 
thickness of this type of protection amounts to 160 microns. 

A high quality protection of structures not exposed to prolonged influence of sun 
rays is obtained by means of epoxy coats applied in three layers ranging from 
120 to 180 microns in total thickness.  The time interval between application of 
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individual layers may be no more than 24 to 72 hours.  This protection can not be 
applied at temperatures of less than 10°C. 

A high quality protection of structures exposed to sun rays is obtained by means 
of polyurethane coatings.  This type of coating is applied in 3 to 4 layers ranging 
from 140 to 210 microns in total thickness.  The combination of epoxy and 
polyurethane coats is in many case quite possible (and desirable). 

Bituminous coats in two layers are used in the protection of railing posts that are 
placed into concrete and, in that case, they are applied up to approximately 10 
cm above the concrete.  In the protection of lighting poles they are applied up to 1 
m in height. 

Combined systems used for the protection of steel elements against corrosion 
are applied in accordance with special requirements given in the design. 

Metallic protection 

The corrosion protection with metal is usually performed by galvanizing or 
metallization. 

The hot galvanizing process is usually applied in case of elements that can be 
submerged into an appropriate melted zinc bath.  The galvanizing must be 
uniform, without accumulation of zinc foam.  At that, no surface shall be left 
untreated.  The zinc layer thickness shall be defined as specified in EN ISO 1461. 

In aggressive environment, the protection by galvanizing may additionally be 
improved by organic coatings (duplex systems). 

The metallization is the process of spraying the steel element with melted metal 
(zinc, aluminum, lead) using special spraying guns.  The minimum thickness of 
such protection shall be specified in the design based on the type of structure 
and conditions in which it will be used, but always in accordance with applicable 
regulations.  This protection will be applied onto the steel element surface that 
has been properly cleaned by sanding no later than 4 hours after such 
preparation). 

This protection shall not be applied during rain or in misty weather, or when 
relative humidity of air is higher than 80 percent.  If necessary, this type of 
protection by metals may additionally be improved with organic coatings. 

Inorganic protection 

The repair of hot-galvanized or metalized surfaces damaged during assembly, 
shall be carried out by applying zinc-based coats (from 97.5% to 99.5% of zinc).  
The damaged spot must properly be cleaned and a smooth transition must be 
made at the edges.  This preparation is followed by application of two coats of 
zinc-based coating. 

Surfaces metalized with aluminum shall be repaired with an aluminum-based 
paste. 
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Realization of anticorrosive protection 

The anticorrosive protection substance must not be applied: 

• onto a moist surface, 
• when the relative humidity of air is above 80 %, 
• at air temperatures below +5°C and above +40°C, 
• onto a dirty surface. 

During the anticorrosive protection activities, the following data shall be entered 
in the log book: 

• air temperature and condition of the surface to be treated, 
• air humidity, 
• wind type and speed, 
• surface preparation level for each coat, 
• thickness of individual coats, 
• adhesion of individual coats, 
• audit testing of samples to determine properties of materials, 
• packing number and date of production for every material, 
• conformity certificate for each material and for the entire protection system. 

Qualified personnel, highly experienced in this field, shall be responsible for the 
overall control and keeping records about the supply and reception of individual 
materials and realization of anticorrosive protection.  This must be performed in 
close cooperation with an institution authorized for the testing and confirming 
compliance of materials and work relating to anticorrosive protection of metal 
structures.  If the Contractor does not have a properly trained personnel and an 
appropriate equipment, then an authorized institution shall be entrusted with the 
overall control of such materials and works. 

Surface preparation 

The procedure for preparing surface of elements to be protected against 
corrosion shall be conducted in accordance with applicable regulations as 
specified in the design. 

The surface of new steel elements shall be prepared using one or several of the 
following procedures: 

• degreasing, 
• mechanical cleaning (manual or by machine using rotating brushes), 
• sanding or pelleting, 
• brazing (by oxyacetylene), 
• chemical treatment. 

The cleaned surface should be dusted either by vacuum cleaner or by jet of dry 
air.  The quality level of cleaned surface shall be specified by the Designer, 
depending on the conditions of use and the protection system selected. 
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The surface of steel elements whose anticorrosive protection is damaged or 
degraded, shall be prepared using one or several of the following procedures: 

• mechanical cleaning (manual or by machine using rotating brushes), 
• sanding or pelleting, 
• brazing (manual or mechanical when more than 20% of the surface is 

affected by corrosion), 
• chemical treatment. 

For elements on which damage to anticorrosive protection is of local character, 
the cleaning shall be performed on the affected surfaces only. 

Old anticorrosive coatings that have lost their elasticity and gloss may be 
activated by roughening them with sandpaper in two perpendicular directions and 
by sanding or chemical activation, and then by adding new anticorrosive coats. 

Realization of protective coats 

The prime coat is usually applied already in the Contractor's workshop (during 
preparation of steel elements). 

Each coat may be applied only after the preceding coat has fully "dried", i.e. until 
its thickness has been checked and until it has been inspected and approved by 
the Supervising Engineer. 

Coats applied after the prime coat (except the final coat) may also be applied in 
the factory (workshop) if this has been approved by the Designer and the 
Supervising Engineer.  Protective coats must be dry (hard) during transport. 

The drying time of individual coats and application time for next coats is normally 
specified by the protective coating manufacturer.  These and other 
manufacturer's instructions must strictly be respected. 

In case the prime coat and final coats are not produced by the same 
manufacturer, the compatibility of these coats will have to be tested and proven 
prior to their use. 

The following minimum thicknesses (in microns) shall be applied for anticorrosive 
protection of various steel elements: 

Pedestrian railings: 

coated surfaces 120 
galvanized surfaces EN ISO 1461 

Protective nets on overpasses: 

coated sheet metal and angle sections 120 
coated nets 60 
galvanized sheet metals and angle sections EN ISO 1461 
galvanized nets EN ISO 1461 
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Traffic signs 

galvanized posts EN ISO 1461 
galvanized portals EN ISO 1461 

Steel barriers 

galvanized envelope EN ISO 1461 
galvanized posts EN ISO 1461 
galvanized spacers EN ISO 1461 

Safety fences 

galvanized posts EN ISO 1461 
galvanized nets EN ISO 1461 

Lighting poles 

coated envelope 120 
coated bottom part of the envelope 
(up to 1 m in height) 160-240 
galvanized envelope EN ISO 1461 

Load bearing steel structures of toll booths 120 

Other equipment specified in the design (galvanized according to 
EN ISO 1461) 

Galvanized nets for the protection of slopes and 
cuttings EN ISO 1461 

Control testing and determination of compliance 

Quality of corrosion protection work and materials used in corrosion protection 
shall be checked in the scope of control tests performed by the Contractor and 
also in the scope of checking compliance of realized work with requirements 
specified in the design and applicable regulations.  This compliance checking is 
performed by an authorized institution. 

Control of work 

The corrosion protection activities shall be performed by qualified and experience 
staff employed by the Contractor according to the program to be jointly defined by 
the Designer, Supervising Engineer and Contractor, in accordance with 
applicable regulations and provisions contained in the design. 

This control will be performed for all anticorrosive protection types and systems.  
Supplied materials will be checked in order to determine whether they are 
accompanied with a valid conformity certificate and to check their compliance 
with declared properties.  The realization of work shall be checked based on the 
type of protection system and based on the type of element which is to be 
protected. 

In case of organic coatings, the following shall be checked: 

• appearance of every individual layer, its dryness and errors, 
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• thickness of every layer, 
• adhesion of every layer according to HRN H.C8.059. 

Samples of materials used in organic coatings shall be taken in accordance with 
HRN H.C8.032 and tested, when necessary, in accordance with HRN H.C8.050. 

In case of hot galvanizing, the following shall be checked: 

• appearance and errors in galvanizing, 
• adhesion with standard hammer according to ASTM 123, 
• layer thickness according to HRN C.A6.030, 
• mass of zinc layer according to HRN C.A6.021 and HRN C.A6.010. 

In case of anticorrosive protection by metallization, the following shall be 
checked: 

• appearance and errors, 
• thickness of protective layer, 
• adhesion according to HRN H.C8.059. 

The quality of material for protection by metallization shall be checked, as 
necessary according to HRN C.C1.020 for zinc coating and according to HRN 
C.C1.100 for aluminum coating. 
The following frequency criteria, developed for individual elements, shall be used 
for testing the appearance, thickness and adhesion of individual layers: 

Elements of pedestrian railings: 

prime coat, once per every 5 m 
finishing coat, 3 times per every  3 m 
metal coat, 3 times per every  5 m 
for structures up to 20 m in 
length, 3 times per at least  8 positions 

Elements of protective nets on overpasses 

prime coat, 3 times per every 2 to 5 m 
finishing coat, 3 times per every 2 to 5 m 

Elements of protective nets 

organic coating, 3 times per every  5 m 
metal coating, 3 times per every 5 to 10 m 

Safety fences 

posts, 3 times per every 5 to 10 posts 
nets and fastening wires, once par every 10 to 25 m 

Lighting poles 

organic coats, 12 measurements per every pole 
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metal coats 10 measurements per every pole 

Sign posts and plates 

prime coat, 3 times per every 10 units 
finishing coat, 3 times per every 6 units 
metal coat, 3 times per every 6 units 

Sign portals 

Prime coat, 3 times per each portal 
finishing coat, 6 times per each portal 
metal coat, 6 times per each portal 

Load bearing steel structures 

toll booths, 5 times per 1 square meter 

Conformity verification 

Verification of conformity, performed by a neutral authorized institution, shall 
consist of: 

• verification of procedures and results obtained during control testing, 
• evaluation of control testing deficiencies, 
• visual inspection of errors on the protective coating, as per HRN C.T7.302, 
• coat thickness inspection, 
• coat adhesion inspection, 
• inspection of basic properties of components, 
• final evaluation of quality of protective coating. 

Evaluations of inspections and test results, and the final quality evaluation 
relating to the finished protective coating, are given in the report submitted by the 
authorized institution as a proof or either conformity or non-conformity of used 
materials used and protection placed. 

In case of non-conformity, the authorized institution shall give its 
recommendations for the rectification of deficiencies, and the manner and the 
cost thereof shall be agreed between the Client and the Contractor. 

Calculation of work 

Completed work shall be measured per meter or square meter of completed 
protection, or per kilogram of weight of protected elements, and the calculation 
shall be made according to contract unit prices. 

Unit prices include all work, material, transport and everything else that is needed 
for the full completion of works. 
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7-02 CONCRETE PAVEMENT 

7-02.0 GENERAL 

This portion of General Technical Requirements contains basic quality 
requirements for concrete, information about basic structural elements of 
concrete pavement structures, and criteria for the realization of such structures 
on the prepared load bearing course.  Requirements not presented in this Section 
are contained in Volume II of these General Technical Requirements (for 
earthwork), Volume III of these General Technical Requirements  (for pavement 
structure), and in Volume IV (Sections 7-00.1 and 7-00.2) of these General 
Technical Requirements (for production of concrete and realization of concrete 
works). 

The concrete pavement structure is either composed of slabs of specified 
dimensions, separated from one another with joints, or of continuous reinforced 
slab without joints, which are placed onto the load bearing surface made of gravel 
(or crushed stone) stabilized with bitumen or cement. 

7-02.1 CONCRETE FOR CONCRETE PAVEMENT 

7-02.1.1 Materials 

Aggregate used in the fabrication of concrete must comply with requirements for 
the first quality class aggregate as specified in EN 12620.  The maximum grain 
size must not exceed 1/3 of the layer thickness.  Fine aggregate fractions (0-4 
mm and 4-8 mm) must contain at least 1/3 of quartz grains, and no more than 1/4 
of calcium carbonate grains (to ensure sufficient micro-roughness and resistance 
to pavement smoothening), and no more than 50 percent of crushed grains shall 
be contained in coarse-grained fractions. 

The cement shall be Portland cement class 32.5 or 42.5 with hydraulic additions 
or without such additions, as specified in EN 197, and complying with the 
following additional requirements: 

• water requirement for standard consistency, no more than 27 percent, 
• at temperature of 20°C the setting starts after 2 hours, 
• at temperature of 30°C the setting starts after 1 hour, 
• grinding fineness according to Blaine, max. 3500 cm2/g, 
• bending tensile strength after 28 days, minimum 6 N/mm2. 

7-02.1.2 Concrete 

The concrete used in concrete pavements shall be compliant with requirements 
contained in EN 206 and requirements given in Section 7-00 of these General 
Technical Requirements, and must also comply with additional strength and 
durability requirements as provided herein. 

The bending compressive strength and the bending tensile strength must be 
specified in the design based on the typical 5 percent fractile strength as provided 
in Table 7-02.1.2-1. 
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Table 7-02.1.2-1  Typical minimum concrete strength after 28 days 
 

Estimated traffic load Compressive strength 
N/mm2 

Bending tensile strength 
mm2 

very high 35/45 5.0 
high 30/37 4.5 
other 25/30 4.0 

In addition, when placed in aggressive environment belonging to class XF1 
according to Section 7-00.1.1 of these General Technical Requirements, the 
concrete must be resistant to freezing during 100 cycles when tested  according 
to U.M1.016, and in aggressive environment class XF3 it must be resistant to 200 
freezing cycles, while the concrete in aggressive environment class XF2 and XF4 
must withstand 50 cycles of exposure to freezing and deicing salt according to 
HRN U.M1.055. 

The above resistance values must be proven by preliminary (initial) testing and, 
during production of concrete, these values shall be checked at least 2 to 4 times 
a year, depending on the quantity of produced concrete, which has to be set in 
the quality control plan for a particular concrete pavement section. 

7-02.2 CONCRETE PAVEMENT DIMENSIONING 

The concrete pavement thickness shall be determined in the design in such a 
way that the pavement is able to withstand the traffic load and to transfer it onto 
the subgrade without harming the embankment and the foundation soil.  The 
thickness of the non-reinforced concrete pavement must not be less than: 

• 20 cm on roads with very high traffic load, 
• 18 cm on roads with high traffic load, 
• 16 cm on roads with other traffic load values. 

The concrete pavement must be realized in such a way that it provides a 
continuous protection for the underlying courses, embankment and foundation 
soil, against weather influences. 

For structural reasons, the concrete slab thickness must be uniform along the 
entire cross sectional width.  It can be realized in either one or two layers.  If it is 
realized in two layers, the layers are usually designed in such a way that they 
differ in quality and concrete composition.  The top layer must not be less than 5 
cm in thickness. 

Layers situated under the concrete pavement shall be dimensioned as specified 
in appropriate Sections of Volume I of these General Technical Requirements 
using: 

• cement or bitumen bound material for very high or high traffic load, 
• bound and/or mechanically stabilized material for moderate traffic load, 
• mechanically stabilized material for other types of traffic load. 

7-02.3 JOINTS 
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temperature changes.  If the concrete pavement width is greater than 7.5 m, then 
it must be separated, up to that width, with longitudinal joints. 

Nonreinforced concrete pavement must be separated along the length into slabs 
no more than 6 m, or 25 times its thickness, in length. 

Apparent joints ensure that the concrete pavement will crack at controlled points 
and that such cracking will not negatively influence its behavior during use.  
These joints are cut from the top side of the slab down to at least 25 to 30 
percent of the slab thickness. 

Compression joints (usually longitudinal) separate concrete pavement along the 
entire thickness and are also cut from the top side downwards. 

Running joints fully separate concrete pavement slabs and are usually realized 
only at points where the concrete pavement is separated from other structures. 

The spacing and treatment of joints shall be determined in the concrete 
pavement design. 

7-02.4 SHEAR CONNECTORS AND ANCHORS 

In case of transverse joints, the transfer of load, the same vertical positioning and 
joint behavior of concrete slabs in the zones of expansion joints is ensured by 
shear connectors, while displacement of longitudinal joints is prevented with 
anchors. 

The number, size and positioning of shear connectors and anchors shall be 
specified in the concrete pavement design. 

Shear connectors are usually made of smooth concrete reinforcement.(round 
steel bars).  They are spaced at 30 cm intervals in the center of the cross section.  
The half length of shear connector +3 cm is coated with bitumen or some other 
synthetic material which prevents concrete and shear connectors from adhering 
to one another.  They are placed in such a way that the coated half of the shear 
connection is alternately in one and the other slab. 

Anchors are usually made of deformed reinforcement (rebars) and are not 
coated. 

7-02.5 REINFORCEMENT 

If the concrete pavement has to be reinforced either because the underlying soil 
is weak and nonhomogeneous, or because the slab length exceeds 25 slab 
thicknesses, or if such decision is made for any other reason, the reinforcement 
method, compliant with EN 10080, shall be specified in the concrete pavement 
design.  The reinforcement may be either single (in top third of the cross section) 
or double (in the top and bottom zones).  For normal reinforcement, the steel 
fabric must be placed in such a way that the top reinforcement is 7 cm below the 
concrete surface and the bottom one 3 cm above the bottom edge of the slab.  
The diameter of wires of which the steel fabric is formed must be smaller than 5 
mm.  The spacing between longitudinal bars must not be greater than 15 cm and, 
in case of transverse bars, such spacing should not exceed 30 cm. 
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If the design calls for realization of the reinforced concrete pavement of 
continuous type, the reinforcement shall be dimensioned in the design in such a 
way that the local appearance of shrinkage cracks is limited to very fine cracks 
spaced at small intervals, which do not affect durability of the pavement structure 
nor do they influence quality of driving on concrete pavement.  The reinforcement 
shall be deformed reinforcement (rebars) complying with EN 10080. 

7-02.6 CONSTRUCTION 

The concrete pavement shall be realized in accordance with applicable 
regulations and these General Technical Requirements by a team of qualified 
and experienced workers headed by a highly skilled foreman.  An appropriate 
and efficient high-frequency paving equipment has to be equipped with tools 
suitable for every stage of work, from spreading and compaction to final 
treatment, protection and cutting of expansion joints.  Individual phases of final 
treatment shall be planned in an optimum manner and realized within the 
scheduled deadlines. 

Excessively long transport of concrete from the batching plant to the location 
where the concrete will be placed, should be avoided.  Allowable waiting time of 
concrete (time from production to placing) shall be determined in advance by 
experiment, taking into account concrete temperature, ambient temperature, and 
the type of cement and chemical admixtures used. 

If the top portion of transverse joints is made by cutting joints in the hardened 
concrete, then an optimum time for such cutting shall be determined by 
experiment, depending on actual on-site conditions.  The cutting shall normally 
be performed as soon as practicable, i.e. as soon as the concrete has sufficiently 
hardened, so as not to damage the edges.  In general, this could be performed 
between 12 and 20 hours after concrete placing, at air temperature of about 
15°C, or between 8 to 14 hours after placing at air temperature of about 30°C. 

The freshly placed concrete shall be protected against evaporation as soon as 
the concrete surface allows such protection.  The concrete shall be protected for 
at least 14 days after placing.  The protection of concrete against direct influence 
of sun and wind, and against low temperatures, shall commence immediately 
after concrete placing. 

In the beginning of cure, the concrete shall be covered, as soon as allowed by 
the concrete surface, by moisture-preserving material, and such material shall be 
kept in place throughout the curing time. 

Chemical substances applied in the protection of concrete shall be tested prior to 
use, and their efficiency shall be proven in actual on-site conditions.  The 
moisture of concrete shall be checked with isotopes throughout the curing time.  
If it is determined that the efficiency of the substance used is not appropriate, 
then a suitable wet curing procedure shall immediately be initiated. 

Chemical substances shall be finely dispersed and uniformly applied onto the 
concrete surface.  They should be of light color so as not to absorb the sun heat.  
They should in no event be harmful to concrete. 

The evenness of pavement surface in longitudinal direction shall continuously be 
measured on individual lanes by the goniometer or straightedge 4 m in length.  
When straightedge is used, every next measurement shall overlap with the 
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preceding one by 2 m.  One lane is deemed to be the width between two 
longitudinal connections.  During acceptance of marginal strips, the evenness is 
measured at the distance of approximately one meter from the right edge of the 
marginal strip in the direction of driving, and for driving lanes the evenness is 
measured in the center of the lane, in longitudinal direction.  The evenness of 
concrete pavement shall be within tolerances specified in Table 7-02.6-1. 

Table 7-02.6-1  Evenness tolerances for concrete pavement 
 

Allowable deviations (tolerances) 
Traffic load forecast evenness 

mm 
height 
mm 

straight line 
mm 

Very high, high and moderate 4 ± 20 30 

High 6 ± 40 50 

Other 6 ± 40 100 

Unless otherwise specified in the design, an uneven surface is the surface 
defined in the transverse direction by lane width, and in longitudinal direction by 
length on which the unevenness higher than allowed has been observed, as 
increased by 3 m on both sides. 

If the distance between two adjacent zones not complying with evenness 
tolerances is less than 6 m, then the length of the noncompliant uneven surface 
shall be calculated continuously.  Deviations form design levels and lines shall be 
measured by topographic instruments along the center of individual lanes at 
every 15 m.  The zone covered by one measurement is defined by the width of 
the lane and half distance to neighboring measurements counted from both sides 
of the spot on which the measurement is made. 

The allowable evenness tolerance shall in no case result in noticeable 
unevenness nor in improper evacuation of water from the pavement. 

Prior to realization of road marking, the chemical protection shall be fully removed 
from concrete surface.  If chemical protection of pavement surface is also applied 
for the protection of concrete at joints cut into concrete pavement, then such 
protection should be selected in such a way that it does not negatively affect 
adhesion properties of the joint sealing compound. 

Already in early period of cure, the placed concrete shall be protected against 
mechanical damage and, in that respect, separate treatment will be applied for 
edges and joints.  Lighter vehicles shall be allowed to pass over concrete 
pavement when at least 70 percent of strength has been reached for the required 
class of concrete, while heavy vehicle traffic (full load) shall be allowed only after 
full strength has been reached for the required class of concrete. 

No load shall be imposed on the completed pavement surface unless approved 
by the Supervising Engineer. 

The salt used for concrete pavement maintenance in winter conditions shall be 
applied only after it has been firmly established that the concrete has reached an 
appropriate resistance to such highly aggressive action.  To be on the side of 
safety, salt shall be used not earlier that 90 days after concrete placing.  Until that 
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time, the concrete pavement surface shall be maintained by snow clearing and by 
spreading an appropriate sprinkling material. 

7-02.7 INSPECTION AND DETERMINATION OF CONFORMITY OF COMPLETED 
WORK 

The quality of concrete placed in concrete pavement is confirmed by conformity 
certificate issued for the produced concrete (in full compliance with specifications 
given in Section 7-00.1 of these General Technical Requirements) and by testing 
compressive strength and resistance to freezing action and deicing salt, using 
samples drilled from the finished pavement. 

Samples used in the testing are extracted from concrete 60 days after concrete 
has been placed.  Samples 15 cm in diameter are drilled all the way through the 
pavement structure and are subjected, after extraction, to the following 
measurements and testing: 

• thickness of the pavement slab, 
• density of concrete, 
• compressive strength of concrete, 
• resistance of surface layer of concrete to freezing and deicing salt. 

At least one sample is drilled per each 250 m of realized zone delimited by two 
longitudinal joints.  The resistance to freezing and deicing salt is tested at the top 
portion of the sample, while compressive strength is tested at the internal portion 
of sample, 15 cm in height. 

The testing shall be performed in accordance with Croatian standards specified in 
Section 7-04 of these General Technical Requirements.  The results must be 
compliant with requirements at 28 days, as specified in this Volume of General 
Technical Requirements. 

These tests shall be performed at the request and at the expense of the 
Contractor by a neutral authorized institution. 

7-02.8 CALCULATION OF WORK 

The quantity of concrete pavement shall be determined in accordance with the 
design and according to actually completed surfaces in square meters, and the 
calculation shall be made according to contract unit prices which have to cover all 
cost of supply of components and placed materials, concrete production, 
concreting, cure and protection, fabrication and filling of joints, and everything 
else that is needed for the full completion of work in accordance with the design 
and these General Technical Requirements.  Layers under the concrete 
pavement shall be measured and calculated as specified in Volume I of these 
General Technical Requirements. 

7-03 MAINTENANCE AND REPAIR OF CONCRETE STRUCTURES 

7-03.1 GENERAL 

Concrete and reinforced-concrete structures shall be maintained according to 
safety and functionality criteria specified in the design. Appropriate protection 
measures shall be taken in case of any damage, and such protection shall also 
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include repair and reconstruction work, should that be required in keeping with 
stability and safety criteria. 

7-03.2 MONITORING AND REGISTERING CONDITION OF CONCRETE 
STRUCTURES 

The maintenance program for concrete and reinforced-concrete structures shall 
be specified in the design.  According to this program, regular inspections should 
be carried out after no more that: 

• 1 year for concrete pavement surfaces and elements in the immediate contact 
with deicing salt, 

• 2 years for bridges, 
• 3 years for roadside ancillaries, 
• after every natural disaster, and after exceptionally high waters in case of 

structures in contact with water. 

Detailed visual inspection is used as a means to identify, classify and register (in 
an appropriate structure condition record) all visible deficiencies, especially those 
affecting stability, safety and functionality of the structure (deformations, cracks, 
peeling, etc.). 

If such deficiencies are revealed through visual inspection, or if they were noted 
before but are now, according to inspection results, more pronounced, then the 
deflection of principal load bearing elements has to be checked. 

The program of obligatory maintenance of concrete structures, based on stability, 
safety and functionality criteria specified in the design, shall define principal load 
bearing elements of the structure, measuring devices to be installed in such 
elements, and shall also contain the zero deflection readout so that it can be 
compared, if necessary, with any subsequent measurements undertaken to 
check condition of the structure. 

In the course of checking concrete structures that are exposed, at the time of 
their use, to exposure classes XD2 and XD3, XS2 and XS3, and XA2 and XA3, it 
will also be necessary to check condition of the protective layer of concrete with 
respect to penetration of aggressive substances from the immediate 
surroundings, as well as the condition of the reinforcement (active or passive 
corrosive action). 

Depending on the type and sensitivity of structures, the structural design or the 
owner's bylaws shall specify the way in which the structure shall be inspected, 
the way in which deficiencies will be identified, registered and evaluated and, 
hence the way in which present condition shall be evaluated and future measures 
for correct maintenance planned.  The identification, determination and repair of 
damage shall be carried out systematically, thoroughly and in a highly 
professional manner. 

In general terms, causes of damage to concrete placed during construction of 
transportation facilities may be: 

• physical, 
• chemical, 
• biological. 
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These causes are quite numerous and often related to one another, so that it is in 
many cases quite difficult to discern in which way and to what proportion a 
particular cause participates in the degradation and destruction of concrete. 

Most frequent physical and physico-chemical causes of damage to concrete and 
reinforcing steel used in transportation facilities are: 

• freezing and thawing, 
• freezing and thawing with simultaneous action of deicing salt, 
• corrosion of reinforcement due to carbonation of surface layer of concrete or 

penetration of chlorides into that layer. 

Generally, chemical corrosion comes in greatest variety of forms and causes.  
The most frequent causes of chemical corrosion are: 

• dissolution of lime components in soft water, 
• destruction of individual components of concrete by acidity of water or soil, 
• sulfate corrosion, 
• corrosion of harmful organic additions in industrial waste water. 

The biological corrosion of concrete is caused by various bioorganisms (some 
types of marine sponges and bivalves, certain alga and moss varieties in moist 
soil, and microorganisms in waste water generated by various food-processing 
industries). 

The most dangerous and frequent damage to structural concrete is concrete 
peeling due to freezing and deicing salt, and corrosion of reinforcing steel 
stimulated and accelerated by the presence of marine chlorides or deicing salt. 

Causes of damage shall be identified through collection of data about the history 
of realization and use of the structure, especially through analysis of conditions of 
use and aggressive ambient actions, and through analysis of the condition of 
concrete affected by corrosion.  These activities shall be performed by 
experienced experts from an authorized institution, duly registered for the control 
and certification of quality of concrete components and concrete.  This complex 
procedure aimed at identifying irregularities and estimating condition of concrete 
and reinforcement on transportation facilities, must generally be divided into 
stages with activities as presented in Figure 7-03.3-1.  The analysis of concrete 
and reinforcing steel condition, and the repair proposal, shall be harmonized with 
the type (and cause) of damage. 

7-03.3 OPTIMUM REPAIR CONDITIONS 

Concrete repair and protection activities shall be designed and realized in such a 
way that the structure can be used for no less that 50 years after completion of 
repair.  For repaired portions, such additional useful life should be 75 years. 

7-03.3.1 Preparation of bedding 

Damaged and degraded portions of concrete shall be removed down to layers of 
sufficient soundness and strength, the quality of which shall be determined, 
depending on the designed quality of concrete, type of structure, conditions of 
use, and expected repair method, by testing: 
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• breaking strength, 
• cracking geometry, 
• pH value, 
• carbonization depth, 
• concentration of aggressive substances from the environment 
• condition of reinforcing steel. 

Criteria for quality of concrete bedding are presented, for individual types of 
damage and repair procedures, in separate requirements relating to the repair of 
typical damage. 

DESIGN  
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Figure 7-03.3-1 Basic stages for the determining condition and designing repair of 
deficiencies (damage) 
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Before realization of the selected repair or protection method, it is necessary to 
remove from the concrete surface all portions not compliant with quality 
requirements specified in the design, all loose and cracked coarse aggregate 
grains present on the sound surface of concrete, all cracked parts of cement 
aggregate that may have been damaged during other procedures for the 
preparation of surface for the repair work and, generally, the entire surface layer 
of cement aggregate 3 to 5 mm in thickness, as it is always affected by the 
highest level of damage. 

The method proposed for the preparation and cleaning of the surface (sanding or 
pressurized water jet) shall be harmonized with the planned repair method and 
adjusted in such a way that its significant parameters (type of abrasive material, 
nozzle position, pressure, and duration of treatment) bring about prescribed 
results (removal of surface layer of concrete to the required depth, and removal 
of all concrete not compliant with quality requirements). 

The level of moisture in the surface layer of concrete must be determined and 
harmonized with tolerances required for the proposed and selected concrete 
repair or concrete protection technology (by shotcrete, polymer-based cement or 
polymer-based mortar, impregnation, etc.). 

Exposed surfaces of reinforcing steel, anchors, installations and similar materials 
shall be properly cleaned and adequately fastened and prepared for the correct 
application of repair material and for reliable establishment of prescribed 
connection among such materials.  Any dirt or surface corrosion film shall be 
removed from the exposed reinforcing steel by sanding,  in order to bring the 
reinforcing steel to the condition specified in the design (most often Sa 2 and 1/2 
according to Swedish standard SIS 055900).  Surfaces of reinforcing steel 
affected by the so called exfoliation corrosion which weakens its cross section by 
more than 5 percent, shall be replaced with sound bars, but in such a way that 
the welded joint is realized at least 25 mm after the ends of the corroded 
reinforcement zone (in sound zones of reinforcing bars).  If the reinforcing steel is 
already affected by corrosion or if it has been laid in concrete saturated with 
aggressive substances that will enhance the corrosion process, then it should be 
completely exposed and cleaned from old concrete to 1.5 cm behind the 
reinforcement. 

7-03.3.2 Principal repair procedures 

Gunite and concrete 

In general terms, the concrete must be repaired with gunite or shotcrete in case 
of extensive local damage or in case of large-scale reconstruction of the 
protective layer of concrete.  If a structural element is strengthened so that best 
possible mechanical properties of shotcrete or concrete are obtained (adhesion, 
strength and elasticity modulus), i.e. properties corresponding as close as 
possible to properties of the surrounding concrete, then the dry procedure of 
application shall be preferred.  On the other hand, preference shall be given to 
wet procedure when the concrete is to fulfill the protective function only.  In this 
case the mix prepared in advance (for greater accuracy) shall be used and the 
concrete may be aerated to make it resistant to freezing action and chloride 
penetration. 

As a rule, the minimum compressive strength of gunite applied by dry procedures 
is 40 N/mm2, and 35 N/mm2 for gunite applied by wet procedure. 
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If repair is made in greater thickness, the gunite shall be applied in two layers 
(the basic layer with greater maximum grain size and the final layer with a finer 
sand fraction).  The basic layer shall be applied at one time in the thickness 
depending on the zone treated and as specified in solution presented in the 
design.  After application, the gunite surface shall be carefully leveled by cutting 
and, before it has hardened, the final layer improved with additions to increase its 
adhesion and impermeability (silica fume, polymer emulsions, etc.) shall be 
added.  It is highly desirable to reinforce it with polypropylene fibers to prevent 
occurrence of shrinkage cracks. 

Dry gunite components shall be proportioned by weight, and an optimum 
moisture content may vary from 2 to 5 percent.  The dry mix shall be placed 
within 90 minutes in case the outside temperature is below 25 °C, and within 60 
minutes if the outside temperature is higher.  During transport, the gunite mix 
shall be protected against direct insolation, wind and precipitation. 

The shotcreting and the protection of shotcreted areas shall be performed as 
specified in Section 7-01.4.5 of these General Technical Requirements. 

Specific quality requirements, control tests and conformity checking for gunite 
and concrete shall be specified, depending on concrete use, in the repair design, 
according to Sections 7-00.1, 7-00.2 and 7-01.4.5 of these General Technical 
Requirements. 

Completed repair works shall be measured per square meter of realized surface 
in specified thickness, and the calculation shall be made according to contract 
unit prices which shall include all material, bedding preparation, repair and 
protection activities, transport and everything else that is needed for full 
completion of the work. 

Polymer-cement systems 

Polymer cements (in which cement is used as the basic binder and polymer 
additions serve for improving adhesion, impermeability and toughness properties) 
are the most widely used, most varied and most frequently applied systems for 
the repair and protection of concrete.  They are realized in several layers or 
stages, depending on technologies offered by system suppliers. 

The entire protective layer of concrete is usually realized, both locally and on 
greater surfaces, using a basic layer made of polymer-cement mortar or 
microconcrete with the maximum aggregate grain size adjusted to the protective 
layer thickness.  However, the maximum grain must not exceed 1/3 of the layer 
thickness. 

Fine binding mortars, with a finer gradation of sand and an increased content of 
polymer additions, is normally recommended as a means to improve the link 
between the protective mortar and the concrete bedding.  In this respect, it is 
much more efficient to improve the mortar with silica fume (5 to 10 percent of the 
cement weight) as it greatly homogenizes and strengthens the transition zone.  
The binding mortar must carefully be rubbed into all surface pores of concrete 
and the next layer must be applied before the cement in the binding layer starts 
to set. 

The thickness of final polymer-cement coats that are used for improving 
impermeability of the protection system, shall be 5 mm, with 2 mm maximum 
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sand grain size.  In aggressive environments, preference should be given to 
permanently-plastic polymer coats at least 1 mm in thickness, as that are able to 
seal cracks up to 1 mm in width. 

Completed protection, i.e. the entire system and every one of its stages, shall be 
treated no less than 7 days by wet curing or by efficient chemical substances in 
order to prevent evaporation of moisture. 

The quality and conformity of materials, works and polymer-cement systems, 
shall be checked by verifying compliance of declared properties with those 
specified in the design, by checking basic parameters of the system and 
properties of individual components, and by verifying compliance of realized 
works with requirements given in the design. 

Completed work shall be measured per square meter of repair and protection of 
concrete, and the calculation shall be made according to contract unit prices 
which shall include all material, work, transport and everything else that is 
needed for full completion of the work. 

Polymer systems 

Polymer protection systems (based on various polymer resins) are usually found 
in many forms and varieties which can not be accurately described or specified in 
the scope of these General Technical Requirements.  They are used and applied 
on concrete as colored coatings in thin films, or as polymer mortars 5 cm in 
thickness to which sand is added as filler. 

These systems should be preferred to others in case concrete is used in a highly 
aggressive environment.  It should however be noted that polymer binders 
without solvents should be used in aggressive environment where concrete is 
affected by chlorides because, after evaporation, solvents leave behind a porous 
layer quite permeable to chlorides. 

Just like polymer-cement systems, polymer systems shall be applied in three 
coats, namely: 

• penetration coat (binder), 
• prime coat, and 
• finishing coat. 

The proposed system must fully be adapted to the structural element and to 
conditions in which it will be used, i.e. to the: 

• actual condition of concrete, 
• temperature variations (daily and annual), 
• concrete and ambient moisture, 
• period and intensity of insolation, 
• intensity and variation of freezing and thawing, 
• chemical action of the environment, 
• abrasive and cavitation-forming action of water. 
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and absorption value).  In case of system containing organic solvents the surface 
moisture shall not be above 4 percent, while in case of systems based on water 
solutions and emulsions, the only requirements is to remove free water from the 
surface. 

The completed coating shall be cured and protected as indicated in 
manufacturer's specifications. 

The penetration coat should generally penetrate as much as 3 to 5 cm into the 
concrete. 

Activities such as quality control, checking compliance with manufacturer's 
specifications, verifying conformity with applicable standards and design 
requirements, and measuring and calculation of work, shall generally be 
conducted in the manner similar to that used for polymer-cement systems. 

Impregnation 

Here the term impregnation denotes technology for improving quality (density and 
impermeability) of surface layers of concrete by penetration of hydrophobic fluids, 
such as silicones, silanes, siloxanes, monomeric systems of silicone resins or 
monomeric systems of methyl methacrylate resins, into the structure of the 
concrete.  As these systems are still being tested and are more or less at the 
stage of experimental use, care should be taken in the specification and use of 
such systems.  This is especially valid for the first group (silicone, silane and 
siloxane) which is rinsable, while the last two are for the time being applied only 
on well dried horizontal surfaces.  It should be noted, however, that many recent 
professional and research papers recommend the silane or siloxane-based 
impregnation of concrete as the most efficient and the most durable protection 
against chemical and physico-chemical corrosion of concrete. 

The acceptability of such products, still tested in practice, has to be analyzed with 
great care and their use should in every particular case be adapted to actual 
conditions.  The preliminary and control checking should be undertaken to 
confirm their compliance with declared properties and design requirements. 

7-03.3.3 Special requirements for the repair of typical damage 

Corrosion of reinforcing steel 

The corrosion of reinforcing steel is the most frequent, the most complex and the 
most dangerous form of reinforced-concrete corrosion.  In order to solve such a 
problem, it is first necessary to establish: 

• pH value, 
• carbonization depth, 
• depth of penetration of aggressive substances which stimulate corrosion of 

reinforcing steel, and actual condition of the reinforcing steel. 

The repair consists in replacement of the concrete layer that has been 
carbonized or polluted with aggressive substances (the concentration of which is 
higher than allowed).  The replacement layer shall be dimensioned (with respect 
to thickness and impermeability) in keeping with durability requirements. 
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Cracking 

Separate solutions should be provided in case of damage by cracking, regardless 
of whether it occurs in aggressive or non-aggressive environment.  It is first of all 
necessary to determine the cause of cracking, which may be: 

• plastic and early shrinkage of concrete, 
• shrinkage of concrete by drying and carbonization (subsequent action), 
• temperature gradients in the course of hardening, 
• temperature variations during use, 
• static load, 
• dynamic load. 

After that, the geometry of the crack shall be determined (depth, length and width 
of the crack) and the repair solution shall be devised taking into account the crack 
width and aggressiveness of the environment.  In chemically aggressive 
environment, all cracks more than 0.1 mm in width shall be repaired, while in 
environment where corrosion is stimulated by chlorides all cracks (even those 
less than 0.1 mm in width) shall be treated, i.e. coated with durable plastic 
polymer-cement coating or impregnated with silanes.  Cracks more than 0.3 m in 
width shall be repaired in all conditions and on all structures. 

Cracks that "do not work" should be repaired by grouting them with epoxy resin, 
while cracks that "work" (expansion cracks that are subject to variable load, etc.) 
should be repaired with durable plastic putty.  In highly sensitive situations, 
cracks must also be grouted (with rigid or permanently plastic substances) and 
their surface should be treated with putty. 

Damage of concrete by freezing action 

The concrete severely affected by freezing shall be replaced with new concrete, 
and the concrete affected by surface peeling shall be removed down to hard and 
sound layers, meeting to following requirements: 

• breaking resistance in excess of 1.5 N/mm2, 
• resistance to freezing after exposure to at least 50 freeze-thaw cycles 

(according to HRN U.M1.016) if not saturated with moisture after repair, 
• resistance to at least 100 freeze-thaw cycles if saturated with moisture after 

repair. 

The protection system selected must in any case properly adhere to the 
underlying concrete, i.e. the adhesion should be at least 1.5 N/mm2, and must 
withstand at least 100 freeze-thaw cycles. 

Damage of concrete by freezing and deicing salt 

Damaged surface layer of concrete shall be removed down to the level meeting 
resistance criteria as specified in the preceding case. 

The protection system used must be made hydrophobic and shall be resistant to 
freezing and deicing salt when subjected to at least 50 cycles of freezing and 
deicing salt, in accordance with HRN U M1.055. 
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Abrasive damage to concrete 

In general terms, abrasive damage to concrete is a surface occurrence only.  The 
abrasive action mostly affects and removes the surface layer of concrete, while 
underlying layers are not affected (until reached by erosion). 

Repair systems must be applied onto the properly prepared natural and roughly 
leveled surface of the remaining concrete.  The edges must be cut transversely to 
the direction of abrasive action down to the depth appropriate for the type and 
thickness of the repair system applied, i.e. appropriate for its application and for 
the surface leveling to the prescribed evenness and smoothness values. 

The repair system used must be resistant to the specified type and strength of 
erosive action, as evidenced by an appropriate document.  In most cases, it 
consists of the fiber-reinforced fine-grained and highly adhesive concrete of high 
quality, which is obtained by fiber reinforcement and by adding superplasticizers 
and silica fume. 

Corrosion of concrete 

The problems of determining condition of concrete affected by corrosion and 
finding solution to such damage are everything but simple.  It is first of all 
necessary to define the type of aggressiveness, the way in which the corrosion 
progresses, the level of penetration (concentration) of aggressive substances by 
depth, and the physico-mechanical condition of concrete itself (for concrete 
affected by corrosion as well as for the unaffected concrete). 

The degraded portion of concrete shall be removed to the level at which the 
concentration of aggressive substances is acceptable (allowable), i.e. to the level 
where physico-mechanical condition of concrete is compliant with the repair 
design. 

The repair system, most often based on polymers or polymer-cement, must be 
proven to be resistant to the identified type of chemical aggressive action, it must 
be sufficiently impermeable, mechanically hard and, finally, it must properly 
adhere to the underlying concrete. 

7-04 STANDARDS AND TECHNICAL REGULATIONS 

An overview of general and special regulations applied in the field of road and 
motorway construction is given in Volume I of these General Technical 
Requirements.  The following standards, as referred to in appropriate sections of 
the present Volume of the General Technical Requirements, are therefore related 
only to concrete structures and construction with concrete. 

ENV 1992. Eurocode 2 - Design of concrete structures. 
ENV 1994 Eurocode 4 - Design of composite steel and concrete 

structures. 
ENV 1998 Eurocode 8 - Design provisions for earthquake resistance 

of structures. 
EN 206 Concrete - performance, production, placing and 

compliance criteria. 
ENV 13670 Execution of concrete structures. 
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HRN EN 1504 Products and systems for the protection and repair of 
concrete structures. 

EN 196 Methods of testing cement - Chemical analysis of cement. 
EN 197 Cement - Composition, specifications and conformity 

criteria for common cements. 
EN 12620 Aggregates for concrete 
EN 13055 Lightweight aggregates 
EN 933 Tests for geometrical properties of aggregates 
EN 1097 Tests for mechanical and physical properties of aggregates 
HRN EN 1008 Mixing water for concrete 
EN 10080 Steel for the reinforcement of concrete 
EN 10138 Steel for the prestressing of concrete 
EN 523 Steel strip sheathes for prestressing tendons 
HRN EN 934 Admixtures for concrete, mortar and grout 
HRN EN 450 Fly ash for concrete 
HRN EN 13263 Silica fume for concrete 
HRN EN 446 Grout for prestressing tendons - Grouting procedures 
HRN EN 447 Grout for prestressing tendons - Specification for common 

grout 
ENV 13670 Execution of concrete structures 
HRN EN 12350 Testing fresh concrete. 
HRN EN 12390 Testing hardened concrete 
HRN U.M1.016 Concrete - Testing resistance of concrete to freezing. 
HRN U.M1.055 Concrete - Testing resistance of concrete surface to frost 

and deicing salt. 
HRN U.M1.048 Subsequent determination of compressive strength for 

placed concrete. 
DIN 18191:1980 Woven glass fabric as inlay bituminous sheeting 
DIN 18192:1985 Bonded polyester fleece used as an inlay for bitumen and 

polymer bitumen sheeting: concept, designation, 
requirements, testing. 

DIN 1996-16:1975 Testing of bituminous materials for road building and 
related purposes; Determination of segregation tendency. 

DIN 51451:1988 Testing of petroleum products and related products: 
analysis by infrared spectrometry: general working 
principles. 

DIN 51755:1974 Testing of mineral oils and other combustible liquids; 
Determination of flash point by the closed tester according 
to Abel-Pensky. 

DIN 52005:1980 Testing of bituminous binders; determination of ash. 
DIN 52123:1985 Testing of bitumen and polymer bitumen sheeting and felts. 
DIN 52141:1980 Glass fiber fleece as layer for roof and water-proof 

sheeting; definition, designation, requirements. 
DIN 52142:1978 Glass fiber mat as carrier material for roll roofing and 

waterproofing; test procedures. 
DIN 53150:1995 Paints and varnishes - Determination of the drying stage of 

coatings. 
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DIN 53215:1998 Bitumen and bituminous binders - Determination of the 
non-volatile matter content of bituminous coating materials. 

EN 932-1:1996 Tests for general properties of aggregates - Part I: Methods 
for sampling. 

EN 932-2:1999 Tests for general properties of aggregates - Part 2: 
Methods for reducing laboratory samples. 

EN 933-1:1997 Tests for geometrical properties of aggregates - Part 1: 
Determination of particle size distribution - Sieving method. 

EN ISO 2811-1:2001 Paints and varnishes - Determination of density - Part 1: 
Pyknometer method. 

EN ISO 3219:1994 Plastics - Polymers/resins in the liquid state or as 
emulsions or dispersions - Determination of viscosity using 
a rotational viscometer with defined shear rate. 

EN ISO 3451-1:1997 Plastics - Determination of ash - Part I: General methods. 
HRN B.B0.001:1984 Natural stone.  Sampling of stones and stone aggregates. 
HRN B.B8.029:1982 Stone aggregate.  Determination of grading by dry sieving 

method. 
HRN EN 1849-1:2002 Flexible sheets for waterproofing - Determination of length, 

width and straightness.  Part 1: Bitumen sheets for roof 
waterproofing. 

HRN EN ISO 2431:1999 Paints and varnishes - Determination of flow time by 
use of flow cups. 

HRN U.M3.095:1964 Joint sealing compounds for pavements. 
prEN 13880-2:2000 Hot applied joint sealants - Tests methods - Part 2: 

Determination of cone penetration at 25° C. 
prEN 13880-4:2000 Hot applied joint sealants - Tests methods - Part 4: 

Determination of heat resistance - Change in penetration 
value. 

RVS 15.361:1978 Brückenabdichtungen, Abdichtunge mit 
bitumenbeschichten Bahnen Teil B: Prüfbestimmungen 

TL BitFug 82 Technische Lieferbedingungen für bituminöse 
Fugenvergussmassen, VGS Verlag GmbH, Köln, 1982. 

TP-BEL-B Teil 1:1999 Technische Prüfvorschriften für Brückenbeläge auf Beton 
mit Dichtungsschicht aus einer Bitumen-Schweissbahn 
nach ZTV-BEL-B TEil 1, FGSV, Köln 

TP-BEL-EP:1999 Technische Prüfvorschriften für Reaktionsharze für 
Grundierungen, Versiegelungen und Kratzspachtelungen 
unter Asphaltbelägen auf Beton, FGSV, Köln. 

ZTV-SIB-90 Zusätzliche Technische Vertragsbedingungen und 
Richtlinien für Schutz und Instandsetzung von 
Betonbauteilen. 

EN ISO 1461 Hot dip galvanized coatings on fabricated iron and steel 
articles - Specifications and test methods. 

ASTM 123 Standard specification for zinc (hot dip galvanized.  
Coatings on iron and steel products. 

HRN C.A6.021 Testing zinc mass on galvanized steel and iron articles. 
HRN C.A6.030 Non-magnetic coatings on magnetic substrates.  

Measurement of coating thickness.  Magnetic method. 
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HRN C.020 Testing uniformity of zinc coating by copper sulfate, on iron 
and steel articles. 

HRN C.C1.100 Metallurgical aluminum.  Chemical composition. 
HRN C.T7.302 Increments of corrosion development on surfaces 

protected with coating substances. 
HRN H.C8.030 Paints, varnishes, similar products and their raw materials.  

Taking samples of raw materials for paints and varnishes. 
HRN H.C8.050 Test methods based on coated substances for railway 

vehicles and steel structures. 
HRN H.C8.059 Paints and varnishes - Determining adhesion level of 

coatings (film cutting method). 
 
 
 


