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1. INTRODUCTION 

This Specification covers the construction and aesthetic appearance works of rock gravity 

(masonry), concrete gravity and reinforced concrete, piled wall and gabion wall structures to be 

built for the purpose of river improvement/flood control. 

This Specification does not prevent the use of different types of structures other than the 

wall types mentioned above and included within the scope of the DSİ Standard Type Projects of 

Flood Control Walls and Guardrails However, flood control walls to be constructed with different 

structure types shall be implemented provided that the detailed project to be prepared and its 

annexed technical specifications are approved as appropriate by the Administration. 

Flood control walls are among the structure types that can be used in the formation of 

improvement cross-sections to improve rivers according to a plan-profile project to be prepared 

in accordance with technical standards With flood control walls, uniform cross-sections can be 

formed, or they may also be used as riverbank protection structures in certain river cross-sections 

For this reason, flood control walls shall be handled integrally with the River Improvement/Flood 

Control Project and shall be designed by taking into account the river topographic, morphological, 

geological, hydraulic and riverbed stability conditions as well as other environmental conditions 

(urban, historical, ecological, etc.). 

In particular, by ensuring that the interaction of hydraulic, structural and geotechnical 

factors in wall foundations is determined accurately, continuous and periodic riverbed level 

lowering, scouring problems, slope stability and base stability problems shall be identified 

through the necessary calculation and examination (slope stability and base stability 

examinations, scouring calculations, etc.) In this regard, the required wall foundation type, shape 

and dimensions shall be determined together with the riverbank and bed stability measures to be 

taken in the riverbed. 

Implementation projects shall be prepared mainly based on DSİ Technical Specifications, 

in accordance with the relevant laws, plans, regulations, Turkish Standards, scientific and 

technical principles, health rules and all other legislative provisions, by carrying out all necessary 

calculations and examinations such as hydraulic, stability, static, reinforced concrete, etc., based 

on application. 

Some of the important information to be collected is listed below: 

1. Topographic and geological information of the flood plain and banks 

2. River morphology, solid material movements, floating objects, 

3. Floods and inundations that occurred in the past in the area where the wall will be 

constructed or regions affected by floods and inundations, 

4. Findings regarding river flood hydraulics, river bed stability, scouring potential 

problems and measures, information on project-based measures and proposals, 

Information on rural, urban, historical, environmental context and needs, and in this 

regard, information on the required aesthetic and ecological design quality, 

5. Public structures and activities in the region, 

6. Earthquake and hazard assessments, 

7. Requirements arising from existing buildings in the region, 

8. Construction specifications, 

9. Existing drainage systems, 

10. Cadastral and zoning status, land consolidation and/or expropriation status, 

11. Various wall options and conceptual designs to provide the required flood control 

If the wall types included in the DSİ Standard Projects of Flood Control Walls and 

Guardrails and capable of meeting aesthetic needs at different levels are utilized in river 

improvement/flood control projects, 
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the approval of the selected wall types shall be obtained from the Administration. Agreement 

shall be reached with the administration regarding the type, size, location and properties of flood 

walls. 

This Specification shall be used together with the current versions of other technical 

specifications it references. In the event of any discrepancy between this specification and DSİ 

Concrete Works, DSİ Steel Works specifications and other related specifications, the most current 

specification in force shall prevail. 

2. DEFINITIONS 

River: It is the general name of formations such as streams, brooks, and creeks that naturally 

provide the drainage of a basin. 

Masonry Walls for Flood Control: The masonry wall for flood control is a structural element 

created by laying natural stones, concrete blocks or similar other building stones using mortar 

prepared with Cement or another mineral binder. 

Mortar: The mixture prepared for laying masonry, forming joints, and filling joints, consisting 

of one or more inorganic binders, aggregate, and water, and in some cases, with the addition of 

mineral and/or chemical admixtures, is called mortar. 

Concrete gravity retaining wall: These walls are produced from concrete without 

reinforcement. The cross-section of gravity walls is mostly in a trapezoidal shape widening 

towards the base. For ease of concrete casting, the rear surface may sometimes be constructed 

stepwise. 

Construction joint or cold joint: Due to the concrete casting being stopped at the boundaries for 

a sufficiently long period (more than one hour – in concrete with chemical admixtures having set 

retarding properties this period may be 1.5 hours), hardening occurs, and this is called a joint. 

Expansion or contraction joints: Joints that allow the possible displacement of concrete 

structures relative to adjacent structures due to the expansion and/or contraction of the concrete. 

Aggregate: A mass of uncrushed and/or crushed grains of natural, artificial, or both types of 

dense mineral material in various sizes. 

Concrete steel reinforcement: Concrete steel bar is a steel bar of circular cross-section used as 

reinforcement in reinforced concrete structures, with either a plain surface or a ribbed, profiled 

surface. 

Flat surface steel reinforcement: A flat surface steel rod is a circular cross-section concrete steel 

bar with a smooth surface, without ribs or profiles that increase adhesion (bonding) with concrete. 

Ribbed steel reinforcement: Ribbed steel bar is a concrete steel bar with protrusions formed on 

its surface, placed at a certain angle or angles to the bar axis and continuing along the bar, to 

increase adhesion with concrete. 

Glass fiber reinforced polymer bar: A polymer bar that can be used as an alternative to steel 

reinforcement. 
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Rock surface: It defines the level where unweathered, durable rocks are encountered, which 

cannot be drilled with conventional soil boring equipment, having sufficient bearing capacity and 

lateral support for socket lengths of sheet piles. 

Steel core: If necessary, it is a structural steel element placed inside individual tangent piles to 

provide the required resistance against bending moments and axial loads within the tangent piles. 

Patterned formwork: A ty vbpe of paving used to shape concrete and provide aesthetic 

appearances. Patterned formwork can be used for both cast-in-place concrete construction and 

precast concrete construction. With its elastic properties, formwork for curved structural elements 

can be easily made. Patterned textured formworks are suitable for frequent use. When used 

correctly and with special release agents and cements approved by the manufacturer, patterned 

formworks can be used 80 to 100 times without any problems. 

Release agent: A material that facilitates the stripping of patterned formwork, protects it, and 

thus increases its durability. 

Standard patterned formwork liquid: A polyurethane casting composition used in the 

production of shaped and textured formworks. It is a patterned formwork liquid used in concrete 

works or construction sites for making textured formworks and shapes, both for in-situ concrete 

casting and for precast concrete construction. 

3 MATERIAL PROPERTIES 
The construction materials and auxiliary materials required for the construction shall have 

TSE and ISO Certificates. In case of necessity to use materials that do not have an equivalent in 

these standards, materials with international standards may be used provided that the approval of 

the Administration is obtained. 

In order for all materials to be under the guarantee of TSE, they shall bear on them or on 

their packaging the “Turkish Standards Conformity Mark” (lozenge-shaped TSE) in accordance 

with the provision existing in TSE certificates. In the absence of TSE or any other international 

standard for the material to be used, the material shall be accepted with the approval of the 

Administration, and the tests requested by the Administration shall be carried out free of charge 

by the Contractor. In the event that the Contractor uses materials without informing the 

Administration and that are not approved by the Administration, the Contractor shall urgently and 

unconditionally remove such materials without any objection and replace them with suitable 

materials. 

Turkish Standards Conformity Mark (TSE Mark) 
The TSE Mark indicates that the goods or services on which it is affixed or whose packaging bears it, comply with the relevant Turkish Standard and that, in case a problem arises 
concerning the product or service, it is under the guarantee of the Turkish Standards Institute. 

The criteria to be met by the materials suitable for wall types are specified under the title 

of the relevant wall type. 
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4. STONE MASONRY FLOOD CONTROL WALLS 

The natural stones and mortars to be used in the construction of masonry structures for flood 

control with mortar shall be prepared in accordance with the approved project, Standards, Unit 

Price Specifications, Natural Building Materials Study Reports, and Technical Specifications of 

the work, and production shall be carried out by performing Quality Control activities 

accordingly. 

4.1. DEFINITIONS AND LIMITS 

4.1.1. Stones Used in Masonry Walls for Flood Control 

Rubble 

Punch-dressed stone 

Tool Faced Stone 

Cut Stone 

Cast Stone 

4.1.2. Types of Stones to be Used in Masonry Walls 

Course Stone (Riser stone) 

It shall be used for raising the masonry wall. The long side of the stone shall be placed parallel 

to the wall surface. 

Keystone (Binding stone) 
The keystone (transversal binding stone) shall be used to connect the independent stones 

inside the masonry wall to each other. This stone ensures that the load from above is distributed 

proportionally within the wall and that the two faces of the wall are tied together. The long side of 

the stone shall be placed perpendicular to the wall surface. The keystone shall be applied inside the 

wall at equal intervals, not less than 2 pieces/m². The thickness of the keystone shall not be less than 

0.15 m and its length shall not be less than 0.40 m. 

Copestone (Corner stone) 
It shall be used at the corners, beginning and end sections, and edges of openings of the 

masonry wall (Figure-1). 

Figure -1: Stones used in masonry construction 

Copestone 

Riser stone 

Binding 

stone 

Separation of stones 

before placement 

Crowbar 
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4.1.3. Composite Wall 

Composite walls are walls constructed by using two types of building stones for various 

purposes, such as natural ashlar stone and cut stone, or natural ashlar stone and concrete blocks, in 

combination (Figure-2). Figure -2: 

Composite walls can also be formed by using stone and concrete together for aesthetic 

purposes. 

 

Figure -2: Three-dimensional view of composite wall    Figure-3: Joint detail of composite walls 

In composite walls, joints with an average thickness of 2 cm shall be filled with suitable 

mortar material as completely as possible without voids along the entire length of the wall 

between the two wall layers bonded together according to bonding rules, and filling of all vertical 

joints of the completed layer shall be finished before starting the masonry of the next layer. In the 

calculation of the slenderness of composite walls, actual thickness and height values shall be taken 

into account, and these walls shall be arranged in such a way that the slenderness value shall not 

exceed 10. 

4.1.4. Technical Properties of Natural Stones 

In the tests to be applied for determining technical properties, the following criteria shall be 

observed. At least 6 test specimens shall be selected to represent the rock masses to be tested. 

Test specimens may be in the form of cylinders, cubes, or prisms. These specimens shall be 

obtained by diamond saw or core drilling machine. Their apparent volumes calculated by 

geometric measurements shall be at least 25 ml. 

In addition, the surface area/volume ratio of the specimens shall be between 0.08 mm-1 and 

0.20 mm-1. If the surface/volume ratio is suitable, the specimens prepared for determining 

compressive or bending strength may also be used as test specimens. 

The specimens shall be dried at (70 ± 5) °C until constant mass is reached. If the difference 

between two successive weighings at (24 ± 2) hour intervals is not greater than 0.1% of the 

specimen mass, the specimen is considered to have reached constant mass. 

The specimens shall be kept in a desiccator until they reach room temperature. 
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Table 1: Tests to be Performed During the Determination Stage of Rocks to be Used in 

Production (ASTM D 4992 serves as a guide regarding tests to be conducted for rocks.) 

TESTS LIMITS 

True density (g/cm³) (ASTM C 127) ≥ 2.50 

Dry and saturated compressive strength (ASTM D 

4543, D 2938) 

≥ 50MPa (dry strength) (Note:1) 

Petrographic analysis 
 

Los Angeles abrasion loss (%) (ASTM C 535 Maximum 40% at 500 revolutions 

Field drop test (Note:2) 
 

Na2SO4, MgSO4 freeze loss test (%) (ASTM D 

5121, D 5240)  

(Notes:3-4) 

Natural frost test (ASTM D 5312) ≤ 5% 

Water absorption by volume (ASTM C 127)  (Note:5) 

Abrasion loss by friction (TS EN 14157) ≤ 16 cm³/50 cm² 

Wetting and drying test (ASTM D 5313)  (Note:6) 

Table 2: Tests to be Performed During the Production Stage 

TESTS LIMITS 

Dry compressive strength (kg/cm²)  ≥ 500 (dry compressive strength) 

Note 1: The strength loss between dry compressive strength and saturated compressive 

strength shall be maximum 25%. 

Note 2: In the Field Drop Test, no breakage or cracking shall occur in the main dimension 

of the block dropped from a height of 3 m onto a hard surface by the loading vehicle. 

Note 3: If the Na2SO4 freeze loss test exceeds the limits, the natural freeze test shall be 
conducted. 

Note 4: In regions with high freeze-thaw, Na2SO4 ≤ 20%, MgSO4 ≤ 25%. 

In temperate climates, Na2SO4 ≤ 30%, MgSO4 ≤ 38%. 

Note 5: In regions with freeze-thaw, ≤ 2%; in temperate climates, ≤ 4%. 

Note 6: This test shall be carried out for rocks that may be damaged by wetting and drying. 

(Some volcanic and sedimentary origin rocks) 

Note 7: If the strength loss between dry and saturated compressive strength exceeds 25%, 

this material is considered as doubtful material, and the Administration may require or carry out 

additional tests other than these. 
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4.2. SPECIAL PROPERTIES OF STONES TO BE USED IN MASONRY 

CONSTRUCTION 

Considering that the stones to be used in the construction of flood control walls will be in 

contact with water, stones such as andesite, basalt, and Bergama granite, which will not undergo 

significant change upon contact with water, shall be selected. 

The material to be used in production shall be carefully inspected before being used at the 

construction site; stones contaminated with soil, clay, and similar impurities, or mossy stones, 

shall be cleaned before being placed into production, and if necessary, washed. 

The stones shall be homogeneous, hard, dense, vein-free, crack-free, resistant to 

atmospheric effects and freeze-thaw, free from quarry moisture, and shall not disintegrate under 

impact. 

The adhesion of the stone to the mortar shall be complete; stones that show nacreous or 

flaky surfaces when broken shall not be used. 

Collected stones shall not be used in masonry production. However, stones obtained from 

excavation may be used if the necessary tests are carried out within the scope of Natural Building 

Materials Study Specifications and related standards, and if deemed appropriate by the 

Administration. 

During construction, quality control samples shall be taken from the stones used in 

production from time to time, and relevant tests shall be conducted to check the quality of 

production. In these inspections or in inspections to be carried out when deemed necessary by the 

Administration, materials found not to comply with the prescribed conditions shall be removed 

from the site free of charge. 

4.2.1. Rubble 

Rubbles are stones that can be lifted from the quarry as extracted and placed directly into 

masonry production or lowered into place with the help of a hook and crane, and, if necessary, 

trimmed with a pointed hammer for bedding. Rubble types may be rectangular-shaped or mosaic 

bonded. On visible surfaces, the corner angles of stones shall not be less than 60 degrees. 

4.2.2. Punch-dressed Stone 

Stones whose bedding and side surfaces are perpendicular to the visible surface, at least 15 

cm, shaped into rectangular or polygonal surfaces with a chisel or claw. The visible surface edges 

of these stones shall be in the same plane. If required, a finely dressed frame of approximately 2 

cm width around the visible surface may be made with a chisel. 

The protrusion on the visible surfaces of façade stones shall not exceed 3 cm, and no 

recessed parts shall be present at the edges of the stone surfaces. On polygonal surfaces, no corner 

angle shall be less than 60 degrees. For rectangular surface stones, the height shall be at least 20 

cm, the width at least 30 cm, and the depth at least 25 cm. For polygonal stones, the smallest edge 

shall not be less than 15 cm, and the part of the stone entering the wall shall not be less than 25 

cm. No sectional narrowing shall exist up to 15 cm depth in the bedding and side surfaces of these 

stones.  Beyond this, a sectional narrowing not exceeding 2 cm from each edge shall be 

acceptable. 

Additionally, the dimensions of the visible surfaces of each stone may be specified in the 

projects, and the shape may be required according to the principles of punch-dressed stone. 

4.2.3. Tool Faced Stone 

Stones whose visible surfaces are completely, and bedding and side surfaces up to 15 cm 

depth, squared and leveled with a chisel, forming straight and sharp edges, while the remaining 

parts are leveled with a chisel or fine claw. 

On visible surfaces, depressions relative to the plane formed by the edges shall not be 

allowed, but the frame formed by the chisel may either be in the same plane or,  
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On visible surfaces, depressions relative to the plane formed by the edges shall not be allowed, 

but the frame formed by the chisel may either be in the same plane or, if required by the 

Administration, processed with a chisel or fine claw to be up to 2 cm protruding 

parallel to this plane. The minimum dimension of stones shall not be less than 20 cm. 

Additionally, the dimensions of the visible surfaces of each stone may be specified in the 

projects, and the shape may be required according to the principles of ashlar stone. 

4.2.4. Cut Stone 

Stones prepared with all surfaces smooth and geometric, shaped in accordance with the 

approved project and details, particularly for aesthetic and architectural purposes. The edges 

surrounding the visible surfaces of these stones shall consist of straight lines. 

There shall be no sectional narrowing on the bedding and side surfaces of cut stones 

according to the project; all visible surfaces shall be framed with a chisel, and the inside of the 

frame shall be finished smooth with a chisel or fine claw. 

For the internal connection of the cut stone construction, dowel and mortar slots shall be 

prepared in advance, arranged perpendicularly not closer than 10 cm to the edges. 

Necessary measurement shall be taken during transport and placement to prevent damage 

to edges and corners of the stones. 

4.2.5. Cast Stones 
Cast stones refer to materials with stone properties, used in construction for various 

purposes but not naturally occurring. In masonry walls for flood control, cast stones to be used 

particularly for aesthetic purposes shall be subject to necessary investigations and examinations 

at the project stage. In the selection of cast stones to be used in masonry walls for flood control, 

factors such as flood water levels, flow effects, sediment effects (deposition, friction, impact, 

etc.), climate, structural statics and stability conditions, and strength (material strength and its 

effect on the total structural strength) shall be taken into account. Together with these factors, 

detailed project design shall be ensured by conducting necessary studies, tests, examinations, and 

calculations regarding in which parts and under what conditions these building stones will be 

used. 

4.2.6. Masonry Mortar 

The mortar to be used in masonry structures for flood control with mortar shall be prepared 

in the dosage specified in the project and in accordance with the current standards in ready-mix 

concrete/mortar machines or mobile plants. The minimum binder (cement + mineral admixture) 

amount in Cement mortar masonry wall construction shall not be less than 350 kg/m³ for CEM 

32.5 and 310 kg/m³ for CEM 42.5. 

The water required for the mortar of masonry structures for flood control shall comply with 

the relevant Turkish Standard and shall be approved by the Construction Audit Officer. If deemed 

necessary by the Construction Audit Officer, the Contractor shall take samples from the water 

used or proposed to be used for mortar works and have the required tests carried out for its quality. 

Mortar mixing water shall meet the standard values of “Mixing Water for Concrete” specified in 

TS EN 1008. 

At the beginning of the project, the Contractor shall send the sample taken from the water 

intended to be used for mortar to a preferably accredited laboratory approved by the Construction 

Audit Officer, in accordance with TS EN 1008. The analysis results shall be submitted to the 

Construction Audit Officer. The water sample to be sent for analysis shall be taken under the 

supervision of the Construction Audit Officer. 

The sand to be used in masonry production and in joint mortar shall provide the gradation 

used in masonry works specified in Table-3 below. Before entering production, the sand to be 

used shall be subjected to sieve analysis and other tests by the Contractor. Based on the values 

obtained after the tests,  

13 



 

sand materials that meet the limits shall be used. Additionally, during the construction stage, 

samples shall be taken from the sand used in production from time to time for quality control 

purposes, and tests shall be conducted to check the quality of production. 

Table 3: Gradation of Sand to be Used in Masonry Construction and in Joint Mortar 

SIEVE SIZE 

PASSING PERCENTAGE (%) 

CONCRETE 

SAND ACCORDING 

TO ASTM C33 

TYPE OF SAND USED IN 

MASONRY WORKS 

NATURAL SAND CRUSHED SAND 

12,5 MM (1/2ʺ) 
 

……………………………… 

 

……………………………… 

 

……………………………… 

9,5 MM (3/8ʺ) 100 
 

……………………………… 

 

……………………………… 

4,75 MM (no:4) 95-100 100 100 

2,36 MM (no:8) 80-100 95-100 95-100 

1,18 MM 50-85 70-100 70-100 

600 µM (no:30) 25-60 40-75 40-75 

300 µM (no:50) 5.-30 10.-35 20-40 

150 µm 0-10 1. -15 10. -25 

75 µM (no:200) 
…………………………… 

0-5 0-10 

In the determination of fine material in aggregate, according to the Methylene Blue test (TS 

EN 933-9 standard), the Methylene Blue value shall not exceed 2. 

According to the test for determination of the resistance to freezing and thawing of sand in 

concrete aggregates by chemical method (ASTM C88 standard), after 5 cycles, the maximum loss 

shall not exceed 10% when Na₂SO₄ is used, and shall not exceed 15% when MgSO₄ is used. 

For sand to be used in all kinds of mortar production within the scope of masonry 

construction, the test for determination of the potential alkali reactivity of aggregates (TS 13516 

and/or TS 13517 standards) shall be carried out by the Contractor when deemed necessary by the 

Administration. However, if the sand to be used is produced from limestone-origin rock, the 

alkali-silica test will not be required. If necessary, natural and artificial pozzolans shall be used 

in mortar production. 

The sand shall not contain clay, clay lumps, vegetable matter, or harmful substances that 

will adversely affect the structure. The mortar mixture shall be uniform. Care shall be taken to 

avoid segregation during transportation and placement. Always fresh mortar that has not set shall 

be used in the structure, or set retarding admixtures shall be used; otherwise, mortar shall be 

prepared only in sufficient quantity to be consumed within the setting time. 

Mortars shall be prepared with Cement and admixtures at the dosage specified in the project 

or specification. 
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4.3. CONSTRUCTION SPECIFICATIONS 

4.3.1. General Requirements 

In masonry constructions, all façade stones shall be on the same plane or on the surface 

indicated in the project. 

The wall shall be raised by constructing the entire thickness simultaneously. The stones 

shall be thoroughly cleaned before being placed. 

In stone walls, to prevent the loads from affecting the structure outside the design conditions 

and to avoid negative effects on the statics and stability of the structure, the wall shall be 

constructed in accordance with the project and dimensions; if vertical, it shall be plumb, and if 

inclined, the slope shall be formed properly. 

In the masonry of the wall, the vertical joints of consecutive rows shall be staggered; in 

cases where this is not possible due to unsuitable stone sizes, it shall not exceed two rows. 

 

The natural stones to be used in mortared masonry works shall be saturated with water to 

the extent that hydration and physical bonding are not prevented by moistening with water. 

Masonry works shall be regularly watered, as in concrete works. Mortared masonry 

construction shall not be carried out at air temperatures below +5 °C where frost is present or 

expected. In compulsory cases, the Contractor may continue production with the permission of 

the Administration by taking necessary protective measures. In this case, protection shall last for 

7 days. 

The foundation bottom elevation of the masonry wall shall be determined by taking into 

account the frost depth given in the “Turkey Frost Index and Frost Penetration Depth Map” for 

the construction site. 
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Figure 4-1 Placement of Joints 

Figure 4-2 Placement of Joints 



 

Before starting the construction of the wall, a wall template shall be made with wooden 

boards or steel profiles to ensure that the cross-section dimensions and elevations of the wall are 

achieved. These templates shall be carefully placed perpendicular to the wall alignment, at the 

beginning of courses in the stone wall or at other necessary intermediate locations, in the 

direction of the wall cross-section. A string shall be stretched between the front faces of the 

templates at each stage of construction. The string alignment shall always be horizontal. The 

front faces of the stones on the wall surfaces shall be tangent to these strings. The front faces of 

the stones shall touch these strings. As the wall rises, the strings shall be raised upwards by 

contacting the surfaces of the templates (forms). 

Mortared masonry construction with cement mortar shall be continuously watered. The 

mortar prepared for use in masonry wall construction shall be consumed without waiting until 

the binder begins to set. From the moment the cement in the prepared mortar comes into contact 

with water, the mortar shall be placed in the wall within a maximum of 90 minutes. Therefore, 

excessive amounts of mortar shall be avoided, and only the amount that can be placed before 

hardening shall be prepared according to the size of the work. 

The excavations for masonry wall constructions shall be carried out according to the 

project. The back surfaces of the walls shall not be filled and covered without being inspected 

by the Administration. 

4.3.2. Rubble Masonry Construction 

To ensure integrity and structural coherence in the construction, the following issues shall 

be particularly observed in wall masonry: 

Unless otherwise specified in the project, construction shall be carried out in courses of 10 

m. The wall thickness shall not be less than 0.50 m. The horizontal and vertical reinforced 

concrete tie beams shown in the project shall be constructed in accordance with their 

specifications. The wall shall be constructed of rubble stones prepared in sizes and weights 

compatible with the wall thicknesses, with Cement mortar. The stones shall be of a weight that 

can be lifted and placed manually by the mason master and his assistant. If the use of heavier 

stones is permitted, the stones shall be lowered into place in the wall using a hook or crane. There 

shall not be more than 15 stones/m² on the visible surfaces of rubble stone walls. 

The wall shall be constructed in horizontal courses (layers). On surfaces not to be plastered, 

wedges shall not be used, and the wall shall be raised by constructing the full thickness 

simultaneously. 

Before starting the placement of each stone course, the top of the lower course shall be 

cleaned of foreign materials, and loose or broken stones shall be removed. 

During masonry, leveling shall be achieved with continuous horizontal joints along the 

entire width and length of the wall. The vertical distance between these horizontal joints shall 

not exceed 1.50 m (unless otherwise specified in the project, for walls higher than 4 m, it shall 

not exceed 2 m). 

The height of the stones shall not be greater than their width and depth, and their length 

shall not exceed 4–5 times their height. The stones shall be placed on their widest face, with their 

long dimension placed transversely to the wall. 

Rubble stones shall be placed on a prepared bed with sufficient mortar, with the wide face 

down, fully in contact with the mortar, and without touching adjacent stones. Mortar shall first 

be placed into the gaps between stones, and binding wedges and fragments shall be placed in 

larger gaps; thus, all stones, wedges, and fragments within the wall shall be surrounded and 

embedded in mortar. 

When continuing over a previously constructed wall, the stones already placed shall not be 

moved. Otherwise, displaced stones shall be removed together with their mortar, cleaned, 

moistened, and then masonry continued over them. 

Two stones placed side by side or on top of each other shall never touch each other directly; 

there shall always be a layer of mortar between them. Only large voids and wide joints between 

the stones shall be filled with mortar. No masonry arrangement shall be used that brings more 

than three joints side by side on the front and back faces of a stone. Large horizontal gaps shall 
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be filled with small solid stone fragments wedged in. No wedges shall be used on the visible faces 

of masonry construction, and they shall not be plastered. 

Since the wall’s strength decreases as the thickness of the joints increases, joint thicknesses 

shall be kept as small as possible. However, when reducing joint thickness, the stones in the wall 

shall not touch each other directly; there shall always be a layer of joint mortar between two 

stones. The joints on the visible wall surface shall not be thicker than 4 cm. Vertical joints shall 

be arranged in a staggered manner both in section and elevation. Lap lengths in joints shall not 

be less than 10 cm. 

During construction, care shall be taken that the joints do not form sloping lines in the wall 

section. Vertical joints of the stones in the wall shall not coincide, and long vertical lines shall not 

be formed. Therefore, the joints between stones shall be constructed in a staggered manner from 

bottom to top. 

In masonry, large stones shall be placed on the front and back faces of the wall, and the 

inner part shall be filled with smaller fragments. 

In foundation walls made of rubble stone, as large stones as possible shall be used; larger 

stones than those used in rubble stone walls shall be reserved for use in the lower part of the wall 

and in the foundation section. 

4.3.3. PUNCH-DRESSED STONE MASONRY CONSTRUCTION 

Punch-dressed stone masonry shall be carried out in accordance with the principles of 

rubble masonry construction. Punch-dressed stone surfaces shall be constructed in courses, either 

mixed with rectangular-faced stones of various sizes or in a mosaic form with multi-edged stones. 

Attention shall be paid to the connections of the punch-dressed stones on the surfaces, and 

the back of a course of stones placed on the surface shall be completed through the entire wall 

thickness before proceeding to the construction of the upper course. 

The width of the joints between the stones shall be uniform across the entire wall face and 

shall not exceed 2 cm. 

After the stones are placed, no correction shall be made with a chisel. 

If the stones are laid in courses, the height difference between successive courses shall not 

exceed 1/5 of the thinner course.  

The distance between the nearest joints of successive courses shall not be less than 10 cm. 

When architectural requirements dictate different shapes for punch-dressed stone courses, 

they shall be constructed in accordance with the project or specification. 

On surfaces constructed with multi-edged stones, the size difference between adjacent 

stones shall not impair the appearance. 

4.3.4. Tool Faced Stone Masonry Construction 

Tool faced stone masonry shall be carried out in accordance with the principles of punch-

dressed stone masonry construction, with wall surfaces constructed in courses or in mixed form 

with rectangular-faced stones of various sizes. 

Attention shall be paid to the connections of tool faced stones on the surfaces, and the back 

of a course of stones placed on the wall surface shall be completed through the entire wall 

thickness before proceeding to the construction of the upper course. 

The width of the joints between the stones shall be uniform across the entire wall surface 

and shall not exceed 1.5 cm. After the stones are placed, no correction shall be made with a chisel. 
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Unless otherwise specified in the architectural project, the height difference between 

successive courses shall not exceed 2 cm, and the difference between the thickest and thinnest 

courses on a surface shall not exceed 4 cm. 

The distance between the nearest vertical joints of successive courses shall not be less than 

10 cm. 

4.3.5. Cut Stone Masonry Construction 

Cut Stone masonry shall be carried out in accordance with the principles of tool faced stone 

masonry, in compliance with the project and details. 

The joint widths between the bed and side faces of the stones shall be uniform and shall 

not exceed 1 cm. The voids between the side faces of the stones placed on mortar at the required 

joint thickness shall be filled appropriately by pouring fluid mortar. 

If no joint thickness is required, the connection of the stones shall be ensured adequately 

with keystones. 

4.3.6. Cast Stone Masonry Construction 

In walls constructed with cast stones, joints shall be made as thin as possible, vertical joints 

shall not exceed 1 cm, and horizontal joints shall not exceed 1.5 cm. 

Both vertical joints of successive courses and vertical joints in the same course shall be 

staggered, with a lap length of not less than 4.5 cm and not less than 40% of the stone height 

(Figure-5). 

 

Figure -5: Stone lap lengths 

Stones of different heights shall not be used in the same course of a wall, and the wall shall 

be completed as far as possible without forming steps. 

Stones placed in walls shall be set with their smallest dimension in the vertical direction. 

During wall construction, care shall be taken to ensure that both vertical and horizontal joints are 

thoroughly filled with mortar. 

When placing cast stones in the wall, a thin layer of mortar shall first be spread, then the 

cast stone shall be placed on this mortar, and struck with the handle of the trowel so that the 

mortar oozes out of the joints. 

4.3.7. Composite Wall Masonry Construction 

In composite walls, one type of stone shall form one face of the wall, and another type 

shall form the other face, and the two layers shall be bonded together according to masonry bond 

rules. 
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The thickness of a composite wall shall not be less than the sum of the minimum thicknesses 

of the individual walls constructed with each type of wall stone, and it shall be determined so that 

the bond rules required to provide proper connection between the two wall layers can be applied 

in accordance with the techniques described for natural and cast stone masonry. 

In composite walls, joints with an average thickness of 2 cm shall be filled as completely 

as possible with one of the mortars specified in the technical specification along the entire wall 

length between the two wall layers bonded together, and the filling of all vertical joints of the 

completed course shall be finished before starting the masonry of the next course. 

4.3.8. Placement Of Culverts 

Culverts may be concrete or reinforced concrete depending on the characteristics and 

importance of the location where they are to be used. Culverts with circular cross-sections or 

basket-handle shapes shall not be used under high embankments unless absolutely necessary, 

since in such cases there is a risk of breaking and cracking, as well as the impossibility of entering 

for cleaning. When placing culverts, care shall be taken that the slope of the culvert conforms to 

the ground slope, and it shall not be less than 2% or more than 15%. If a greater slope is required, 

a special study shall be carried out. 

At the upstream and downstream ends of culverts, protection structures are generally 

constructed to prevent the toe of the fill slope from sliding into the culvert entrance. However, if 

the fill height above the culvert is less than 1.5 m, the protection structure at the downstream end 

shall be omitted, and instead, the culvert length shall be extended outward by a certain amount. 

The dimensions of the protection structure, depending on whether it is concrete, mortared 

masonry, or dry masonry, are given in the following figures and tables. 

Table 4: Dimensions of Cement Mortar Protection Structure 

D A B H 

SINGLE CULVERT DOUBLE CULVERT 

L 
Masonry in 

Protection Structure L’ 
Masonry in 

Protection Structure   

m m m m m m3 m m3 

1.00 0.70 0.85 2.00 3.10 4,185 4.75 5,906 

1.20 0.83 1.00 2.33 3.75 6,936 5.75 9,794 

NOTE: If the ground is massive rock, A value shall be taken as 0.35. 
In this case, the values given in the table are not valid. 

                  SINGLE CULVERT                            SECTION 
 

 

DOUBLE CULVERT 

 

Figure -6: Mortared masonry protection structure 
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The Dry Masonry Protection Structures shown in Figure-7 and whose dimensions are 

specified in Table 5 may only be constructed in temporary works. 

Table 5: Dimensions of Dry Masonry Protection Structures 

D A B H 

SINGLE CULVERT DOUBLE CULVERT 

L 
Masonry in 

Protection Structure L’ 
Masonry in 

Protection Structure   

m m m m m m3 m m3 

1.00 0.70 1.00 2.00 2.65 4,024 4.3 6,048 

1.20 0.83 1.15 2.33 3.15 6,369 5.15 9,656 

NOTE: If the ground is massive rock, A value shall be taken as 0.35. 
In this case, the values given in the table are not valid. 

 

Figure -7: Dry masonry protection structure 

5. CONCRETE GRAVITY AND REINFORCED CONCRETE FLOOD 

CONTROL WALLS 

5.1. DEFINITION AND LIMITS OF CONCRETE GRAVITY FLOOD 

CONTROL WALLS  

Gravity retaining walls are the oldest, the most common, and the simplest type of retaining 

walls to design. The stability of retaining walls of this type is ensured by their own weight and 

thickness. The backfill loads behind the wall are carried by the wall’s own weight. Since they are 

produced sufficiently thick, they do not exhibit a failure mode due to bending. The movement of 

gravity walls can occur in the form of rigid block translation and/or rotation. 

Tensile stresses generally do not occur or occur at low values due to the loads behind the 

wall. 

In these types of walls, depending on the increase in the wall height, the increase in earth 

pressure requires the weight of the wall to be increased as well. However, this increase leads to a 

large amount of material use and a very wide base width. Therefore, such walls are economical 

up to a height of 3 meters. From heights of 4–4.5 meters and above, they are not considered 

suitable from an economic point of view and should only be used after an economic comparison 

is made. 
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5.2. DESCRIPTIONS AND LIMITS OF REINFORCED CONCRETE 

FLOOD CONTROL WALLS 

These are the types of walls formed by the combined resistance of concrete and 

reinforcement against the backfill load and similar loads acting on the wall. 

Cantilever retaining walls constructed as reinforced concrete are the most commonly used 

retaining walls. In cantilever retaining walls, tensile stresses are fully allowed and, since these 

stresses are resisted by the reinforcement, the sections are reduced in size. In this type of wall, the 

resisting force is balanced by the soil weight above the cantilever part. If the resisting forces are 

not sufficient, in order to prevent the soil thrust from sliding the wall forward, passive resistance 

can be increased by constructing a key in the foundation. 

In high retaining walls, more economical retaining walls can be constructed by using 

relieving shelves in the form of horizontal projections from the body. The main principle in this 

type of wall is to reduce the maximum moment at the foundation joint by the counteracting 

moments created by one or two benches of vertical soil load parallel to the base at the back of the 

wall. One or more benches parallel to the base are constructed at the back of the wall. The location, 

number, and width of the benches are determined through various trial calculations. 

With the increase of loads and height, constructing cantilever walls may not be safe and 

economical. In such cases, buttressed retaining walls are preferred. In buttressed walls, the base 

and body elements are the same as in cantilever walls. In addition, wedge-shaped supporting 

elements are placed at regular intervals behind the wall, connecting the body to the foundation. 

These supporting elements are called buttresses. In the literature, buttressed retaining walls are 

also referred to as ribbed retaining walls. 

5.3. SPECIAL PROPERTIES OF MATERIALS TO BE USED IN 

CONCRETE GRAVITY AND REINFORCED CONCRETE WALL 

CONSTRUCTION 

The materials to be used in concrete, cement, aggregate, admixtures, water, and concrete 

steel reinforcement shall comply with the current version of the DSİ Concrete Works Technical 

Specification and DSİ Iron Works Technical Specification. 

5.4. CONSTRUCTION SPECIFICATIONS 

5.4.1. Concrete Pouring 

⋅  During concrete pouring, the surface finishing layer shall be completed within four hours 
after the placement of the concrete. 

⋅  Unless otherwise specified, a 1% slope shall be provided towards the drainage outlets in 
drainage areas, whether or not specified in the project. 

5.4.2. Elimination of Surface Defects 

Concrete that is damaged or defective for any reason shall be removed by the Contractor at 

any time before completion and acceptance of the work, and rebuilt in accordance with the current 

DSİ Concrete Works Technical Specification and the instructions of the Administration. 
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The following shall be considered surface defects: form tie holes, air voids and pockets, 

bug holes greater than 6 mm, honeycombed areas, stone pockets, visible joints, and scratches. 

Any concrete damaged for any reason, showing honeycomb appearance, cracking, or other 

defects, or areas damaged by formwork collapse will be removed and filled with mortar or 

concrete meeting the conditions specified below, according to the project dimensions. 

Elimination of surface defects shall be in accordance with ACI 301, Section 9. When 

epoxy mortar is to be used, ACI 503.4 shall be applied. 

Defects on concrete surfaces with formwork shall be repaired immediately after the 

formwork is removed, missing parts shall be completed, and this process shall be completed 

within 24 hours after the formwork is removed, if possible. 

For repair with epoxy mortar, the concrete shall be dry. On formed concrete surfaces 

defined as F2, F3, and F4 in DSİ Concrete Works Technical Specification, minor imperfections 

shall be smoothed and corrected. 

5.4.3. Repair with Mortar 

This method is used for concrete repairs that are not suitable for the application of a large 

amount of dry mortar, in shallow areas and in damaged areas that are not deeper than the outer 

face of the nearest equipment. The repair shall result in a surface with uniform color and texture, 

similar to adjacent surfaces, and free of contraction cracks. 

The methods for filling holes shall comply with the current DSİ Concrete Works Technical 

Specification. 

Patching mortar shall be made with approximately the same proportions of materials used 

in the concrete, except that coarse aggregate is omitted. Not more than 1 part Portland Cement to 

2.5 parts damp loose sand shall be used. To produce a patch mixture with color matching the 

surrounding concrete when dry, white Portland Cement shall replace part of the normal gray 

Portland Cement. Trial mixes in different proportions shall be prepared in advance to determine 

the required amount. 

After surface water has evaporated from the area to be repaired, a bonding grout shall be 

scrubbed into the surface. When the bond coat loses its sheen, the patching mortar shall be applied. 

The mortar shall be pressed into place and left slightly higher than the surface. It shall be 

left undisturbed for at least 1 hour to allow initial contraction. The repaired area shall be kept 

moist for 7 days. 

Patched surfaces shall be finished neatly to match the texture of the surrounding concrete. 

Surfaces shall be ground or filled to produce aligned and smooth planes. 

Form tie holes shall be patched flush with adjacent surfaces. To completely fill continuous 

holes along walls, a piston-type injection gun or other suitable device shall be used. 

Very large honeycombed areas or stone pockets unsuitable for patching with mortar shall be 

cut out to form a neat surface. The repaired area shall match the texture of adjacent surfaces. 

On surfaces to receive membrane waterproofing, loose material shall be removed and voids 

and cracks shall be filled flush with adjacent surfaces. 
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5.4.4. Concrete Patching 

These repairs shall be carried out in accordance with the current DSİ Concrete Works 

Technical Specification in unreinforced concrete with through voids larger than 1/10 m² in surface 

area and deeper than 10 cm, or with voids of 1/20 m² surface area and deeper than the 

reinforcement depth in reinforced concrete. 

5.4.5. Correction and Finishing of Concrete Surfaces 

5.4.5.1. General Principles 

Concrete surfaces shall be corrected and finished in accordance with the current DSİ 

Concrete Works Technical Specification. 

5.4.5.2. Construction Joints 

Construction, expansion, isolation, and contraction joints shall be placed as specified. 

Construction joints shall function as contraction joints. If additional contraction joints are needed 

to prevent shrinkage cracks, they shall be sawed with the approval of the site inspector. All joints 

shall be straight and aligned. 

Edges of construction and expansion joints shall be neatly finished with a 1 cm radius 

edging tool. 

5.4.5.3. Application of Surface Hardener 

The Non-Metallic Floor Hardener Coating shall be applied as follows: 

1) Unless physical obstacles or area restrictions prevent the use of a mechanical spreader, 

the hardener shall be applied at 5 kg per m² with a mechanical spreader and evenly distributed. 

2) The mixture shall be applied by hand only where a mechanical spreader cannot be used. 

3) At relatively cool temperatures, the surface shall be leveled before the first floating. At 

higher temperatures, leveling is not required. Floating shall be carried out in two perpendicular 

directions. 

4) The first application shall consist of 2/3 of the total, spread evenly after bleed water 

disappears or is removed. Continue leveling to remove moisture from the hardener and embed it 

into the surface. The second application shall be spread perpendicular to the first using a 

mechanical spreader and leveled. 

5) Water shall never be added to the surface. 

6) After the concrete has hardened enough to support foot pressure without a 0.6 cm 

indentation, steel troweling shall be performed. After the desired finish is obtained, the concrete 

shall be cured with a liquid membrane-forming and sealing compound; a second coat shall be 

applied after final cleaning. 

5.4.5.4. Placement of Concrete Reinforcements 

If reinforcement is required based on the wall type, it shall be placed in accordance with the 

current version of the DSİ Iron Works Technical Specification. The reinforcement shall be 

properly bent and cut, placed, tied, anchored, and bent where necessary. The reinforcement 

spacings in the specification and project shall be observed. 
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5.4.6. Anchorage Works 

For the anchorage of stone or concrete facing to be used for aesthetic purposes on the front 

face of the reinforced concrete wall, either mechanical anchorage methods may be used, or certain 

chemicals may be applied to bond the facing to the load-bearing wall surface. The materials used 

here shall be resistant to water. 

5.5. CONTROL AND TEST WORKS 

5.5.1. General 

All quality control activities related to the productions within the scope of the work shall 

be carried out in accordance with the provisions specified in the DSİ Quality Control Technical 

Specification and its annexes, and in compliance with the relevant technical specifications. Within 

this scope, concrete tests shall be carried out under the supervision of the Administration, with all 

transportation, labor, etc. costs borne by the Contractor. 

When requested by the Administration, hardened concrete shall be taken from completed 

structures by the Contractor and tested with core specimens. 

 

A preliminary study will be conducted to determine the following: 

1) Properties of aggregates, 

2) Continuity in concrete, 

3) Selection of cement type and quality, 

4) Selection and dosage of additives, 

5) Ratios of aggregate classes in the mixture, 

6) Cement dosage, 

7) Water/cement ratio, 

8) Slump Test, 

9) Properties of different fresh concrete mixtures. 

Concrete that is determined to be unsuitable in quality control of the poured concrete shall 

be removed from the site by the Contractor. 

5.5.2. Consistency 

The consistency determined for a specific structural component in preliminary tests shall 

be maintained until that component is completed. Concrete shall be workable under all conditions 

and shall flow without sticking to the reinforcing steel, ensuring that each aggregate particle is 

adequately covered with mortar. The water content will be determined in accordance with the mix 

ratio calculations and shall not be altered without the approval of the Authority. While adhering 

to the mix ratio calculations and remaining within the specified consistency limits, care shall be 

taken to produce concrete with as low a consistency (dry) as possible, depending on the 

effectiveness of the compaction equipment used. However, in cases where concrete must pass 

through very narrow gaps to wrap around and fill the spaces between profile bars, the water-

cement ratio may be deviated from the specified consistency limits with the approval of the 

Authority, provided that the water-cement ratio remains constant. 

5.5.3. Trial Mixes 

Shall be carried out in accordance with the current version of the DSİ Concrete Works 

Specification. 
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5.5.4. Strength Tests  
Shall be carried out in accordance with the current version of the DSİ Concrete Works 

Specification. 

5.5.5. Inspection of Concrete Quality 

5.5.5.1. Testing of Hardened Concrete 

Shall be carried out in accordance with the current version of the DSİ Concrete Works 

Specification. 

5.5.6. Concrete Protection, Curing, and Moisture 

5.5.6.1. Protection 

The Contractor shall protect all concrete construction from any damage until final 

acceptance. Exposed concrete surfaces shall be protected from sunlight for at least the first three 

days. Such protection shall be applied immediately after concrete placement on surfaces without 

formwork and immediately after formwork removal on surfaces with formwork. When concrete 

is exposed to freezing, it shall be kept at a temperature of at least 10 °C for at least 72 hours after 

placement until it has completely hardened. Concrete shall be deemed to be exposed to freezing 

when the wet-bulb temperature at the construction site falls to 0°C.Concrete shall be protected 

against freezing in a manner deemed appropriate by the Administration for at least two weeks 

after placement. Where artificial heating is used, special measures shall be taken to prevent the 

concrete from drying out. 

5.5.6.2. Moisture 

Concrete that does not contain waste materials such as pozzolans shall be kept permanently 

moist for at least two weeks after being placed. Pozzolanic concrete shall be kept moist for at 

least 21 days. All construction joints shall be kept permanently moist until concrete is placed onto 

these surfaces, regardless of the time period. If the placement of concrete against or over the 

construction joints is delayed, wetting shall be suspended after the concrete has set, and resumed 

three days before the placement of concrete. 

If the defective areas of the concrete have not been repaired by excavating them before the 

above-mentioned watering is completed, then these voids shall be kept permanently moist for at 

least four hours After the depressions on the concrete surface are filled with mortar in accordance 

with the conditions of this paragraph, the repaired surface shall be covered with wet wire 

mesh/burlap and watering shall be resumed as soon as this part hardens. During the setting of the 

concrete, no part of the concrete shall be allowed to dry out, and these surfaces shall be kept 

permanently moist by sprinkling or spraying water or by a method approved by the 

Administration. Surfaces that will remain permanently exposed shall be watered in a manner that 

prevents the formation of stains. 

On surfaces where no formwork is used, and provided that the Administration is satisfied 

that the Contractor has protected the concrete from drying out for a period of two weeks, the 

concrete may be covered with a layer of wet sand of a specified thickness and quality to keep it 

moist. However, prior to final acceptance of the work, the Contractor must remove and clean such 

sand in the manner recommended by the Administration. The Contractor may not claim any 

additional payment for these works. The water to be used for curing the concrete shall have the 

same quality as the water used in mixing the concrete. During the setting period, instead of 

watering the concrete mentioned above, the Contractor may cover the concrete surfaces with a 

moisture-retaining substance (curing compound) with the legal authorization of the 

Administration. 
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The Contractor shall take measures to protect the concrete construction against any damage. 

Concrete shall be protected from freezing, rain, wind, and vibrations for at least 7 days from the 

date of placement. 

5.5.7. Curing Works 

Concrete shall be cured by continuous wetting to keep it moist unless the surface is covered. 

Curing of concrete made with normal Portland cement shall continue for at least 7 days. The 

curing period for concrete made with mineral additive cement shall be 14 days. 

Curing of channel lining concrete shall be carried out with a curing compound that forms a 

film layer, if deemed necessary by the Administration. The suitability and quantity of the curing 

compound shall be determined based on the test results to be carried out at the DSİ Technical 

Research and Quality Control Department Laboratory. 

The following points shall be observed during the application of concrete curing 

compound in the field: 

1. One liter of curing compound shall normally cover 4 to 5 square meters of surface. This 

amount shall be adjusted according to the smoothness of the concrete surface. The 

curing compound used shall comply with the manufacturer's recommended value and 

shall be checked in advance in the laboratory. 

2. The curing compound shall be sprayed onto the concrete surface using a sprayer at an 

appropriate height and at a right angle. No brushes shall be used for this work. 

3. The coating process shall be carried out as follows: Spraying shall be performed in a 

back-and-forth direction until half of the desired coating thickness is achieved, and the 

next layer shall be applied at a right angle to the previous layer. The spraying process 

shall be carried out under constant pressure to obtain a homogeneous coating layer. The 

curing compound shall adhere to the wet concrete surface and, when dry, the coating 

layer shall remain flexible and crack-free. No pinholes shall form on the coating. 

4. The coating work shall begin after concrete placement, without any curing, and when 

there is no free water remaining on the concrete surface (this condition may be reached 

within 1 to 4 hours depending on air temperature and humidity). The coated layer shall 

remain in place for at least 28 days. If any damage occurs during this period, it shall be 

repaired immediately using the same curing compound. 

5. Curing compounds shall be used in their natural state and shall not be diluted. When 

sprayed at the recommended thickness on a vertical surface, it shall not run. 

5.5.7.1. Curing Standards 

The curing of concrete shall comply with the applicable conditions of ACI 308, however, the 

curing period shall be 14 days. Curing shall not be performed with soil, sand, sawdust, straw, or 

hay. 

Concrete shall be cured with waterproof sheet materials, wet burlap, or curing compounds. 

Curing components that may be harmful as filler material or surface coating in the bond 

between the components forming the concrete shall not be used. 

5.5.7.2. Moist Curing 

While curing vertical surfaces, the forms shall always be kept wet and retained in place as 

long as possible. After removal of the forms, the concrete shall be continuously kept moist for 

days by spraying fog mist or by other wetting methods. 
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Unprotected surfaces shall be covered with sheet materials or kept continuously moist with 

burlap. 

Horizontal surfaces shall be cured and protected for at least 14 days by covering with 

waterproof sheet material or wet burlap and keeping them continuously moist. 

Each slab placed in layers shall also be moistened with fog sprays after the surface finishing 

works are completed. No slab shall be allowed to remain without moisture until the final works 

are completed. 

6. PILED FLOOD CONTROL WALLS 

Tangent pile retaining walls are walls formed by placing cast-in-place reinforced concrete 

piles or driven piles tangent to each other in the same plane. 

6.1. TECHNICAL SPECIFICATIONS 

In environments where the retained soil height is high but soil properties are insufficient, a 

wall is first formed with cast-in-place reinforced concrete piles. Excavation follows this. 

According to the California Department of Transportation (CALTRANS), the economic height 

for this type of wall is generally up to 6 meters. Pile diameters are selected between 45 cm – 80 

cm depending on the magnitude of earth pressure. When piles need to be constructed excessively 

long to the point of being uneconomical, they can be supported with one or more rows of anchors 

applied with or without concrete beams. In such walls, the economical pile depth is more than 5 

m. Compared to conventional retaining walls, their faster construction and the fact that they do 

not disturb the ground profile during construction are reasons for preference. They can be of the 

driven pile type, as well as cast-in-place pile type used for this purpose. 

There are different application types: 

⋅  Spaced piles 

⋅  Tangent piles 

⋅  Injection tangent piles 

⋅  Overlay (intercepting) piles 

⋅  Anchored piles 

In practice, TS 3168–EN 1536 Special Geotechnical Applications – Bored Piles (Cast-in-

Place Reinforced Concrete Piles) and relevant standards shall be applied. 

Anchored walls in the retaining structure can be used together with bored piles or mini piles. 

6.2. DEFINITIONS AND LIMITS 

6.2.1. Shoring Pile Retaining Wall 

It is a wall system consisting of shoring piles placed in pre-drilled holes and encased in 

concrete. In an anchored retaining structure with bored piles, the vertical elements are formed by 

bored piles, while depending on soil and groundwater conditions, surrounding loads, deformation 

criteria, etc., the structure is supported horizontally with a variable number and size of lateral 

beams and pre-stress anchors. 

After the bored piles are constructed as vertical elements at the beginning of the shoring 

system construction, excavation is carried out step by step, and beams and anchors are constructed 

at the levels specified in the project. Guide walls may be used initially to ensure the correct 

placement of bored piles. 
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Bored piles can be constructed using machines and equipment of different capacities and 

sizes. Depending on soil conditions, pile length, and the capacity of the equipment used, drilling 

can be carried out using a casing pipe or bentonite mud. 

Bored piles are constructed in the sequence of: 

⋅  drilling, 
⋅  placement of reinforcement, and 
⋅  concrete pouring. 

After the reinforcement is placed, concreting is carried out from the bottom of the pile to 

the surface using tremie pipes. 

Typically, the bored pile diameters used in shoring systems are between 65 cm and 150 cm, 

constructed with standard drilling equipment. 

After the construction of the vertical bored pile elements is completed, the bored piles are 

connected to each other at the top level with a capping beam. The dimensions of the capping beam 

may vary depending on project requirements and the bored pile diameter used. Before the 

construction of the capping beam, the pile caps are broken and cleaned according to the project 

elevation, and the reinforcement of the bored piles is arranged to be tied with the reinforcement 

of the capping beam. 

After the completion of the capping beam, excavation is carried out in stages, and pre-

stress anchors and the lateral beams to which they will be connected are constructed, thereby 

forming the shoring system downward in parallel with the excavation. 

In cases where pre-stress anchors cannot be applied due to environmental conditions, the 

vertical bored pile elements can also be supported by struts or beams resting on the lateral beams 

in the excavation, constructed step by step. 

6.2.2. Mini Pile 

In a retaining structure with anchored mini piles, the only difference from a shoring 

system with anchored bored piles is that the vertical elements consist of smaller-diameter mini 

piles, while depending on soil conditions, surrounding loads, deformation criteria, etc., the 

structure is supported horizontally with a variable number and size of lateral beams and pre-stress 

anchors. 

Mini piles are typically vertical elements with diameters between 25 cm and 40 cm. After 

the mini piles are constructed as vertical elements at the beginning of the shoring system, 

excavation is carried out step by step, and beams and anchors are constructed at the levels 

specified in the project. Guide walls may be used initially to ensure the correct placement of mini 

piles when necessary. 

Mini piles can be constructed using machines and equipment of different capacities and 

sizes. However, where soil conditions are suitable, they are generally constructed with standard 

anchorage drilling machines. 

Mini piles are constructed in the sequence of: 

• drilling, 
• placement of reinforcement, and 
• concrete pouring. 

28 



 

After the reinforcement is placed, concreting is carried out from the bottom of the pile to 

the surface using tremie pipes with special concrete prepared according to aggregate granulation. 

After the construction of the vertical mini pile elements is completed, the mini piles are 

connected to each other at the top level with a capping beam. The dimensions of the capping beam 

may vary depending on project requirements and the diameter of the mini piles used. Before the 

construction of the capping beam, the mini pile caps are broken and cleaned according to the 

project elevation, and the reinforcement of the mini piles is arranged to be tied with the 

reinforcement of the capping beam. 

After the completion of the capping beam, excavation is carried out in stages, and pre-stress 

anchors and the lateral beams to which they will be connected are constructed, thereby forming 

the shoring system downward in parallel with the excavation. 

In cases where pre-stress anchors cannot be applied due to environmental conditions, the 

vertical mini pile elements can also be supported by struts or beams resting on the lateral beams 

in the excavation, constructed step by step. 

6.2.3. Socketing into Rock 

Shoring piles shall be extended to the minimum length shown in the plans. Where rock 

socketing is required, shoring piles shall be socketed into sound rock to the minimum length 

shown in the plans unless otherwise specified by the project manager. 

6.2.4. Crushed stone 

In the case of mini piles constructed with injection, the crushed stone to be used in 

production shall be round or angular, ~5–15 mm (No. 2) in diameter, and clean. 

6.3. SPECIAL PROPERTIES OF MATERIALS TO BE USED IN PILED 

WALL CONSTRUCTION 

Concrete, cement, aggregate, admixtures, water, and concrete steel reinforcement shall 

comply with the current version of the DSİ Concrete Works Technical Specification and the 

DSİ Iron Works Technical Specification. 

If steel piles are to be used for shoring, they shall be steel elements meeting the following 

requirements: 

1) Steel sheet piles shall be coated with a coal tar epoxy. Nelson studs shall not be coated. 

2) Coal Tar Epoxy: Coal tar epoxy hardened with polyamide, Dupont Corlar HP CTE, shall 

be applied with a dry film thickness of 0.2 mm per coat. 

3) Coal tar epoxy coating products shall have at least the following properties: 

4) Minimum volume resistivity 10¹⁰ ohm-centimeters. 

5) The thickness recommended by the manufacturer for the specified system shall not be                                                               

less than 0.4 mm. 

6) It shall form a chemical or mechanical bond with the metal. Pressure-sensitive or non-

adhering systems shall not be accepted. 

7) It shall be proven that it can provide performance for at least five years for the intended 

service. 

8) It shall have the mechanical properties to withstand the soil stress it may be exposed to 

during transportation, installation, and throughout the design life of the system. 
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6.4. CONSTRUCTION SPECIFICATIONS 

6.4.1. Bored Pile Works 

The drilling of cast-in-place reinforced concrete piles with diameters Ø65–150 cm shall be 

carried out with drilling machines with high drilling capacity, equipped with self-advancing 

casing and telescopic towers. 

The drilling equipment to be used shall be approved by the Administration. 

The socket length in rock shall be applied in accordance with the project, ensuring that it can 

carry the loads defined by standards. If soil conditions different from those envisaged in the 

project are encountered, a record showing the change in soil shall be prepared. 

Drilling shall continue until the depth specified in the project is reached. 

6.4.1.1. For Piles 

Casing pipes shall be used in the following cases: 

⋅  If there is groundwater or artesian condition and a risk of concrete being washed out, 

⋅  If piles are to be constructed in soft soils with risk of collapse, 

⋅  If soil properties and self-supporting ability require casing, 

⋅  The decision for casing pipe operation shall be made by the Administration. 

6.4.1.2. Installing and Withdrawal of Casing Pipes into the Ground 

Even when drilling is above the groundwater table, the lower end of the casing pipe shall 

always remain below the drilling level. 

Temporary casing pipes shall be withdrawn before the placed concrete loses its 

workability, however, fresh concrete shall continue to be added while withdrawing the casing 

pipe to avoid necking between the concrete and the pipe. At all times, approximately 2 m of 

fresh concrete shall be maintained inside the pipe. However, in casing pipe operations, it shall 

never be allowed to fill the borehole entirely with concrete and then withdraw the casing pipes, 

due to the risk of necking. 

6.4.1.3. Drilling in Wet Soils 

Drilling Under Groundwater 

While drilling below the groundwater level, the water level inside the borehole shall 

always be kept high so that the pressure of the excavated soil is balanced by the water pressure 

maintained above the groundwater level. Especially in fine sandy and silty soils, when the 

drilling tools are outside the borehole, the water level inside the borehole shall be kept about 2 

m above the groundwater level, and this difference shall be maintained throughout the drilling 

operation. 

Drilling Under Pressurized Water Level 
When it is expected to penetrate a pressurized groundwater layer during drilling, the 

casing pipe shall be filled with water of sufficient pressure to balance the highest artesian 

pressure before reaching this layer. If there is any doubt about the existence of artesian pressure,  
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drilling shall be carried out with a high water column. If artesian water is at shallow depths, that 

section may be passed with casing pipe. Drilling with bentonite may also be applied. 

6.4.1.4. Use of Bentonite Mud 

⋅  Where specifically stated in the technical specification and where casing pipe is insufficient, 
natural or synthetic bentonite slurry shall be used to ensure borehole stability. 

⋅  Bentonite mud shall be maintained at a level sufficient to prevent collapse of borehole walls 
during drilling and concreting. 

⋅  Bentonite powder shall be thoroughly mixed with water and allowed to rest for 12 hours. ⋅  
The amount of bentonite powder in the slurry shall be sufficient to ensure borehole wall 
stability (5% by weight). ⋅  If deemed necessary, additives may also be used with the approval 
of the Administration. 

⋅  Measurements shall be taken to prevent the spread of bentonite and the slurry produced during 
the operation throughout the site. 

⋅  Bentonite mud that will not be reused shall be removed from the site. 

6.4.1.5. Preparation of Reinforcement Cage and Placement into Boreholes 

⋅  Production and tensile test certificates shall be obtained from the reinforcement manufacturer. 

⋅  The reinforcement shall be prepared close to the borehole and in a way that it will not fall 
apart during lifting. 

⋅  To prevent contamination of the reinforcement cage, the reinforcement assembly area and 
drilling area shall be kept clean. 

⋅  For reinforcement cages longer than 12 m, binding wire shall be used for connections; if the 
cage is too heavy and long, connections shall be made by welding  

or, if necessary, by clamp connection elements. 

⋅  The prepared reinforcement cage shall be slowly lifted and transported using concrete Spacer 
blocks and a service crane, and lowered into the boreholes. 

⋅  The reinforcement lowered into the borehole shall protrude sufficiently for starter bars 
required for the superstructure. 

6.4.1.6. Concreting of Piles 

⋅  Concrete shall be supplied from batching plants capable of providing the required amount 
and quality of concrete continuously. 

⋅  After the completion of drilling and placement of reinforcement, concreting shall be carried 
out without delay. 

⋅  If immediate concreting is not possible and swelling occurs at the pile base during the elapsed 
time, causing the reinforcement cage to be pushed upward,  

the reinforcement shall be removed, the pile borehole re-reamed and cleaned, and then 

concreting shall be performed. If there is a risk of swelling, the borehole may be drilled deeper 

by the amount of the swelling depth. 

⋅  Following the placement of the reinforcement cage into the boreholes, a 20 cm diameter 
funnel and concreting pipe shall be lowered into the borehole with the service crane. If there 
is no groundwater, concreting shall be carried out with the aid of a 3 m pipe to prevent 
segregation of the concrete by hitting the reinforcement. 
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The concreting pipe shall meet the following conditions: 

The pipe walls shall be clean and strong enough to withstand bending and buckling. 

The joints shall be watertight and thick-threaded couplings shall be used. 

Before concreting begins, the tremie pipe shall be lifted about 1 m above the borehole base. 

 

⋅  When concreting with a tremie pipe, the concrete at the borehole top shall have a high slump 
(16–18 cm for admixture concrete) and the initial set time shall be at least 3 hours. 

⋅  Concreting shall be carried out continuously by concrete pump or direct discharge. The 
pouring rate shall be at least 15 m³/hour. At lower rates, concrete will accumulate in the pipe; 
therefore, care shall be taken to keep the concrete flow rate constant. 

⋅  To prevent groundwater or bentonite mud from mixing with concrete, the concreting pipe 
shall always remain at least 1 m embedded in the concrete. 

⋅  As the concrete level rises inside the borehole, the concreting pipe shall be shortened in 
sections, and concreting shall continue until clean concrete comes out of the borehole top. 

⋅  After concreting is completed, the pile cap shall be leveled to the design elevation while the 
concrete is still fresh. 

6.4.1.7. Placement of Steel Core 
The following conditions apply for pile types with steel core: 

No more than one splice shall be used within the casing of the steel core. If splicing is 

required, the splice shall be located in the middle half of the pile, and the splice heights of adjacent 

piles shall be staggered by not less than 2 m. Splice joints shall be made with full penetration 

welds that maintain the full strength of the welded pile section. During welding, a calibration 

device shall be used to keep the piles straight. 

6.4.1.8. Placement of Concrete Lining 

Steel sheet piles and concrete lining shall be placed immediately after the previously drilled 

hole has been inspected by the project manager. 

Concrete lining shall be carried out in accordance with the following conditions: 

1) Concrete shall be placed into the driest possible excavations. All applicable methods 

shall be used to create a dry excavation area before and during concrete pouring. 

2) In excavations, concrete shall be placed by free-fall methods. Concrete shall be 

placed homogeneously around the steel sheet pile. Concrete shall be poured 

continuously from the bottom upwards. 

3) If water accumulates in the previously drilled holes after cleaning and inspection, it 

shall be removed by approved methods before concreting, or alternatively, concrete 

shall be placed at the bottom of the borehole below the accumulated water using 

tremie methods. 

4) Tangent pile excavations shall be considered "wet" when the inflow rate exceeds 

0.6 cm vertical rise per minute in the hole, and concreting shall then be carried out 

using the tremie method. 

5) Except for concreting by tremie method, the total height of water at the bottom of 

the excavation at the time of concrete placement shall not exceed 5 cm. 

6.4.1.9. Cast-in-Place Surface Concrete 

During or after the excavation in front of the shoring pile retaining wall, Nelson studs 

shall be fixed to the exposed edges of the shoring piles according to the spacing shown in the 

plans. The surface of the pile edges fixed with studs shall be stripped of lining in a zone 1.2 m  
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wide, extending from 0.6 m above the upper stud to 0.6 m below the lower stud. 

6.4.2. Mini Pile Works 

6.4.2.1. Introduction 

This construction method covers the selection of machinery, equipment, and materials 

required for mini pile production, as well as preparation, application, and control methods. 

In injection mini pile production, the “DIN 4128 Small Diameter Injection Piles (Cast-in-

Place Concrete Piles and Composite Piles)” standard shall be applied. 

6.4.2.2. Preparation of the Worksite 

The Contractor shall continuously maintain the construction site and roads, ensuring that 

heavy machinery such as drilling rigs, crawler cranes, concrete mixers, and concrete pumps can 

operate without sinking into the ground. The fills shall be made of material that will not hinder 

drilling work. 

Proper surface drainage shall be provided at the work site to keep the platform dry. 

Excavated material and groundwater shall be continuously removed from the site to prevent 

deterioration of the work area. 

6.4.2.3. Soil Information 

Application projects and jet grouting improvement method shall be determined according 

to the report prepared in compliance with the “DSİ Geological and Geotechnical Investigation 

Specification.” If necessary, trial columns shall be carried out, and the design shall be made 

according to the information obtained on soil conditions. 

6.4.2.4. Environmental Information 

Application projects and jet grouting improvement method shall be determined according 

to the report prepared in compliance with the “DSİ Geological and Geotechnical Investigation 

Specification.” If necessary, trial columns shall be carried out, and the design shall be made 

according to the information obtained on soil conditions. 

6.4.2.5. Setting Out and Construction Tolerances of Piles 

The setting out of piles on the ground shall be carried out by the survey team. 

The setting out and vertical deviation of the piles shall not exceed tolerance limits. 

The construction sequence of the piles shall be arranged in such a way that the piles already 

constructed are displaced minimally in horizontal and vertical directions. 

Drilling shall not be carried out within a distance of 3 diameters in weak soil and 1 diameter 

in firm soil where casing alone is sufficient, around a pile until at least 24 hours have elapsed 

since its completion; thus, production shall be carried out in an alternating sequence. 
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6.4.2.6. Drilling Works 

1) The drilling of piles with diameters Ø15–35 cm shall be carried out  

with drilling machines equipped with telescopic towers and high drilling capacity. 

2) For the socket length in rock, the socket length capable of carrying the loads specified 

in the project in accordance with standards shall be checked and applied. If soil 

conditions different from those envisaged in the project are encountered, either 

weaker or harder, a bore hole log showing the variation of soil types with depth shall 

be completed, and necessary corrections shall be made. 

3) Drilling shall continue until the required project depth is reached. 

4) Drilling may be carried out with auger or rock drill and rod element. 

5) The verticality of the drilling shall be measured in the first two rods, and the deviation 

from vertical along the pile length shall not exceed 2% of the total pile length. Unless 

necessary, water shall not be used during drilling. 

6) The material removed from the borehole shall be disposed of away from the borehole 

mouth, and the mouths of ungrouted boreholes shall be kept closed. When working 

below the groundwater table, in case of risk of collapse, cement grouting shall be 

carried out first, or casing pipe shall be used if necessary. 

7) The drilling method, the machines and equipment to be used, and the type and 

quantity of materials shall vary depending on soil and rock properties. The reduction 

in the power of the drilling machine caused by drilling with drilling fluid in cohesive 

soils shall be taken into account. 

8) After collecting and evaluating such necessary technical information, one of the 

following drilling methods shall be selected: 

⋅  Drilling with auger (air may be required). 

⋅  Drilling with rock bit (air or water required). 

⋅  Drilling with top hammer (air required). 

⋅  Drilling with down the hole hammer (air or foam required).  [This method is used in 
rock drilling.] 

⋅  Drilling with Odex (applicable in overloaded soils.  Versions of top hammer and 
DTH hammer are available). 

⋅  Drilling with casing pipe (In this system, the casing pipe not only prevents possible 
collapse of the borehole walls but also facilitates the advance of the drill/auger bit.  
The rotation direction of the casing pipe is opposite to the rotation direction of the 
rotary drill bit). 

 

6.4.2.7. Construction of Piles by Injection 

If concreting conditions for piles cannot be achieved (such as deep boreholes, groundwater 

conditions, and borehole collapse), pile construction may be carried out by injection application. 

In this case, cement, crushed stone, and clean water shall be used in production. The injection mix 

ratio shall be ~0.50. (50 kg water / 100 kg cement) 

The machinery and equipment to be used in injection works shall consist of a pressure 

injection pump, mixer, resting tank, and injection hoses. A 20/4-6 PE hose shall be tied along the 
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reinforcement cage prepared in accordance with the project, reaching down to the bottom of the 

reinforcement. In the PE hose, 3–5 holes shall be drilled at 50 cm intervals near the borehole 

bottom and temporarily sealed with tape. 

Immediately after the completion of drilling, the reinforcement cage shall be placed into 

the borehole, and the borehole shall be filled with crushed stone up to the top. The prepared 

injection mixture in the injection station shall be delivered into the borehole continuously through 

the PE hose connected to the reinforcement. Injection feeding shall continue until clean injection 

mixture flows out from the borehole mouth. 

If, 1–2 hours after the first injection, a drop in the injection level at the borehole mouth is 

observed, a second injection process shall be carried out through the same PE hose. 

6.4.2.8. Machinery and Equipment 

Drilling machine: A machine with the capacity to drill to the depth specified in the application 

project by one of the above-mentioned methods. 

Injection set: A set consisting of a mixer and resting tanks preparing the water-Cement mixture 

and a pump capable of delivering the injection mixture into the borehole under pressure. 

6.5. CONTROL AND TEST WORKS 

6.5.1. General 

All quality control activities related to the productions within the scope of work shall be 

carried out in accordance with the provisions specified in the DSİ Quality Control Technical 

Specification and its annexes, and in compliance with the relevant technical specifications. Within 

this scope, concrete tests shall be carried out under the supervision of the Administration, with all 

transportation, labor, etc. costs borne by the Contractor. 

When requested by the Administration, hardened concrete shall be taken from completed 

structures by the Contractor and tested with core specimens. 

A preliminary study will be conducted to determine the following: 

1) Properties of aggregates, 

2) Continuity in concrete, 

3) Selection of cement type and quality, 

4) Selection and dosage of additives, 

5) Ratios of aggregate classes in the mixture, 

6) Cement dosage, 

7) Water/cement ratio, 

8) Slump test, 

9) Properties of different fresh concrete mixtures. 

Concrete that is determined to be unsuitable in quality control of the poured concrete shall 

be removed from the site by the Contractor. 

In addition, the following issues shall be observed in the control of concrete steel: 

1) Bars with a nominal diameter greater than 12 mm shall not be used in coil form, they 

shall be used as straight bars. 

2) Tags to be attached to the bundles of concrete steel bars shall contain the following 

information, written legibly and in a manner that will not be erased or damaged under 

open-air storage conditions: 

3) The trade name of the company, abbreviation, address, or registered trademark if any 

4) The mark and number of this standard (in the form of TS 708) 

5) Symbols indicating the class, type, and nominal diameter, the approximate mass of 
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the bar in the bundle, coil, or package (in kilograms) 

6.5.2. Quality Control of Bored Piles 

1) Since the pile height is partially estimated with drawings based on exploratory drilling 

data at the design stage, the actual final pile top elevation shall be determined by the 

Administration according to the excavation conditions. 

2) All cuts shall be perpendicular to the pile axis. 

3) If present in the project, the cut portions of steel sheet piles shall be removed and 

properly disposed of by the Contractor. 

4) Applications outside the project and contract shall not be allowed without the 

approval of the Administration. 

6.5.3. Reconstruction or Extension of Shoring Piles 

If it is determined that the depth specified in the project for pile installation must be 

increased in order to obtain a sufficient foundation for the piles, and if the installed pile length is 

insufficient for the deepened borehole, the extension of shoring piles may be permitted by the 

Administration. 

1) The extension length shall reach the base of the pre-drilled hole of the shoring piles. 

2) Extensions shall have the same cross-sectional size and weight as the shoring pile to 

be connected. 

3) Splicing details shall be as shown in the plans. 

4) The splice joints shall be made to provide adequate strength at the welded pile joints. 

A reliable calibration method shall be used to keep the piles straight during welding. 

5) The coating of the pile splice shall be repaired in accordance with the procedures 

recommended by the coating manufacturer. 

6.5.4. Tolerances 

Tolerances shall be as follows: 

1) Maximum deviation allowed from the designated location: 5 cm 

2) Pile alignment: For tangent piles, verticality (for vertical piles) or the required base 

plumbness shall not exceed 1:80. 

3) Cutting elevation: +/- 5 cm 

4) Diameter: Minus zero, plus 15 cm in any direction. 

6.5.5. Quality of Bentonite 

The quality, viscosity, and the following parameters of bentonite mud shall be controlled. 

- Unused bentonite mud: The density of freshly mixed bentonite mud shall be measured 

daily. Measurements shall be made with a precision of 0.01 kg/l. The density of freshly mixed 

bentonite mud shall not exceed 1.08 kg/l. 

- Bentonite pumped into the pile borehole: Quality control tests shall be carried out on 

samples taken from the bentonite mud filled into the borehole. The bentonite discharged from the 

borehole shall be settled in two ponds or purified by passing through a sand separator. 
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6.5.6. Record Keeping, Reporting 

For each pile in bored pile construction, the following information shall be recorded in 

accordance with TS 3168 Standard. A DAILY WORK REPORT FOR BORED PILE SITE shall 

be filled. 

During the installation of each tangent pile, the following data shall be kept on an approved 

form: 

1) Soil layers and elevations encountered, and any other special information, in the 

remarks section. 

2) Weathered rock and sound rock elevations. 

3) Groundwater level during excavation. 

4) Concrete data including design mix, placed volume, and placement method, etc. 

5) Concrete pouring start and finish time, quantity of concrete. 

6) Description of reinforcement used. 

7) If applicable, the size and splice locations of the steel core. 

8) Drilling start and finish time. 

9) Pile number, location, final top and bottom elevations of steel tangent pile and cast-

in-place concrete lining. 

10) Pile borehole depth and base elevation, depth of casing pipe if applied. 

11) Final position of the pile axis and deviation from the design location. 

6.5.7. Quality Control of Mini Piles 

Each production shall be checked according to the production quality control form (check 

list). If no nonconformities are found, an approval mark shall be placed in the “Quality Control” 

column of the “daily site work report / bored pile site daily work report / jet grouting site daily 

work report … etc.” where the daily production is recorded. If nonconformities are identified, the 

number in the production quality control form shall be written in the quality control column. If 

there are many nonconformities indicated, the daily production form and the production quality 

control form shall be filed together. 

The instruction given by the Administration for the elimination of the nonconformity shall 

be carried out immediately by the Contractor. 

6.5.8. Displacement Measurement 

The measurement of horizontal and vertical displacements that may occur on different faces 

of the shoring system and surrounding structures can be carried out by two different methods. 

6.5.8.1. Optical Measurement 

1) It is carried out for depths where the final excavation depth is 8 < h < 12 m. 

However, if the distance (d) of adjacent buildings to the shoring line is less than or 

equal to half of the shoring depth (h), the requirement for depth greater than 8.0 m 

is not necessary. 

2) Optical measurements are taken following excavation stages. However, the interval 

between readings shall not exceed 15 days. Displacement measurement is carried 

out from benchmark points marked before excavation using digital optical 

measuring instruments. Displacement measurement continues during excavation 

and until the basement construction reaches half of the excavation depth. 

3) Optical measurement points are shown in the project as at least one on each façade  

with a maximum spacing of 30 m. 
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4) Reading intervals may be changed by the Administration depending on the 

evaluation of the results. 

 

 

Figure -8: Schematic of optical reading depths 

6.5.8.2. Inclinometer Reading 

The inclinometer device is an instrument used to measure vertical deviations from the axes 

of boreholes opened on site. The measured deviations can be expressed using trigonometric 

functions. Successive measurements allow determination of unstable slopes, depth, and lateral 

movement rates. 

For depths where the final excavation depth is greater than 12 m or by decision of the 

Administration, inclinometer measurements shall be carried out by the Contractor. Inclinometer 

points shall be determined by the Contractor on walls longer than 30 m, with at least two points. 

Inclinometer measurements shall be taken once every 15 days. Measurement intervals may be 

changed by the Administration depending on the evaluation of the results. 

Device Specifications 

Among many types of inclinometers available, the most commonly used type is the “Probe 

Type Inclinometer.” This type consists of a sensor lowered into the borehole within a flexible 

casing, connected by a cable to a control box. The casings generally require flexible circular tubes 

with 4 grooves placed at 90° intervals inside. The electrical output from the probe is connected to 

the control box and the measurements are converted into visual data and graphic forms. 

Method of Installation 

Installation 

- The inclinometer casing shall be installed into a nearly vertical borehole intersecting the 

zone where movement is expected. 

- The borehole shall extend 4.5 m beyond the zone where movement is expected within 

the stable zone (soil or rock medium). At the bottoms of boreholes where sedimentary deposition 

may occur, 1.5 m losses are acceptable. 

- The casing shall be held within sand backfill or weak cement grout. 
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Specifications of Inclinometer Casing 

- Inclinometer casings shall be plastic and 3.0 m in length. 

- The guide shall be rotated to the right and left during installation to ensure the grooves 

remain vertically aligned from bottom to top. 

Observations 

- Based on the initial position of the inclinometer casing at the time of installation, the 

accuracy of the casing’s initial position shall be verified by at least two sets of measurements 

before calculating all displacements. 

- When the initial measurements are taken, the top of the casing shall be directed to a point 

on the ground surface outside the movement zone. 

- The frequency of measurements depends on various factors, the most important being 

the rate of movement. 

Procedure for Using Biaxial Probe Inclinometer 

- The general procedure is to lower the inclinometer to the bottom of the borehole and start 

the readings. Each time, it shall be ensured that the inclinometer is lowered to the same depth as 

in the first reading. Measurements are taken at specified intervals as the inclinometer is raised to 

the top of the borehole. Then the inclinometer is removed, rotated 180° so that the probe aligns 

with the opposite groove, and lowered to the bottom of the borehole again. Readings are then 

taken in the same way up to the top. This procedure is repeated to take two readings in the + and 

– directions for one pair of opposite grooves. 

- The totals of each set of readings are compared, and the arithmetic mean of all sets along 

the length of the casing is calculated to create a profile. If changes are greater than those specified 

by the manufacturer, the inclinometer shall be lowered again to that depth and additional readings 

taken. Care shall be taken to ensure that repeated readings are taken at the same depths. 

Maintenance 

- Maintenance of inclinometers is very limited. 

The “O” ring connection in probe-type inclinometers shall be replaced when necessary. 

Electrical connections shall be kept clean and dry. 

For sensors using batteries, the battery and charging shall be checked when required. 

Measurements to be taken during the use of inclinometers and other maintenance operations 

shall be in accordance with the manufacturer’s instructions. 

6.5.9. Pile Loading Test 

The pile loading test shall be carried out by the Contractor under the following conditions. 

 

Method of Axial Static Compression Loading Test 

Pile loading tests shall be performed on bored piles in accordance with TS 3168 and TS 

3167, as specified in the technical construction method. After the pile to be tested is selected, 

tension piles or anchors to be placed around it shall be constructed. For cast-in-place piles, the 

concrete shall be at least 7 days old, and the concrete strength shall have reached at least twice 

the maximum stress that will occur during the test. 
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Reaction System 

The loads shall be transferred to the test pile through tension piles or anchors. Four piles 

around the test pile or eight anchors in pairs shall be used as tension elements, and the required 

reaction force shall be provided through these elements. Steel test beams shall be used in the 

connections of the tension elements. 

Equipment to be Used for Load Application 

Equipment capable of transmitting the load axially to the center of the pile shall be used to 

prevent eccentric loading. In addition, a hinge shall be used to minimize eccentricity. 

A steel plate shall be placed on top of the pile cap, and a hydraulic jack shall be placed in 

the center of the plate. During the test, a hydraulic pump capable of providing the constant 

pressure required to apply the desired 

Loading Program 

If no failure occurs, the pile shall be loaded up to a maximum of 175% of the design load. 

Load increments shall be based on 25% of the design load. At each load increment, it shall be 

waited until the settlement rate drops below 0.25 mm/hour; if this condition is not met, the 

maximum waiting time shall be 2 hours. If no failure occurs, a maximum load shall be maintained 

for 12 hours, and at the end of 12 hours, if the settlement rate during the last hour is below 0.25 

mm/hour, unloading shall begin. Unloading shall be carried out with the same load increments. 

If failure occurs, settlements up to 15% of the pile diameter shall be allowed at the load increment 

where the failure occurred, after which unloading shall begin. 

Equipment for Measuring Displacements 

To measure the displacements of the test pile accurately, independent reference beams shall 

be installed at distances unaffected by the movements of the pile (2.4 m). One end of the reference 

beams shall be fixed, while the other end shall be constructed as a movable support to allow 

movements due to temperature changes. 

On the reference beams, dial gauges with 0.01 mm sensitivity shall be installed for 

measuring the settlements of the test pile. Four dial gauges shall be placed on four sides of the 

pile cap, readings shall be taken regularly from all four gauges during the test, and the average of 

the measurements from the four gauges shall be used in the calculation of pile settlements. 

Safety Measures 

All operations related to the pile loading test shall be carried out very carefully so as not to 

threaten the health of people in the vicinity in any way. In addition, compliance with the following 

rules is extremely important for general safety: 

⋅  The entire working platform shall be cleared of any materials that may trip people, 
and of snow, ice, oil, and similar substances that may cause slipping. 

⋅  All tools used shall be made of quality materials, sharp edges shall be avoided, and 
tools with flat surfaces and rounded edges shall be used as much as possible. 

⋅  Full contact between the hydraulic jack and the plate shall be ensured, and eccentric 
loading shall be avoided. 
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⋅  Loads shall not be moved over people, shall not be swung quickly, and no one shall 
stand under the loads. 

Test Execution 

⋅  Pile Loading Test shall be carried out once for foundation piles with lengths 
greater than 10.00 m. 

⋅  If a safety factor greater than 2.5 is used in pile bearing capacity calculations, 
a loading test may not be required. 

⋅  Number of tests may be changed as required by Special Technical 
Specifications. 

6.5.10. Pile Integrity Test 

1) In the Sonic Integrity Test, the pile cap is struck with a small hand hammer, and the 

movement at the pile cap is recorded with an accelerometer. (The impact effect can 

also be recorded using an instrumented hammer.) 

2) As a quality assurance measure on any construction site, the Sonic Integrity Test (SIT) 

is a simple application that reveals existing damage or major discontinuities in the 

pile. 

3) The Sonic Integrity Test identifies piles that require detailed investigation and is 

particularly useful in revealing existing integrity problems. However, the Sonic 

Integrity Test shall not be used to estimate bearing capacity. 

4) Compared with time-consuming and costly methods such as core drilling, excavation 

investigation, and loading tests, SIT provides quick and inexpensive results. Pile 

response can be immediately displayed on the screen, printed, or stored on a hard disk 

for detailed analysis. 

5) Since 1968, many tests performed worldwide with SIT have revealed defects in piles. 

Due to defects identified in the upper parts of piles, piles are excavated for more 

detailed examination or core samples are taken by drilling. 

6) To obtain good results with SIT: the pile cap shall be clean, easily accessible, and 

located far enough from noise and moving water. Cast-in-place piles shall be at least 

5 days old, and their reinforcement and concrete shall be made of known materials. 

SIT is generally not suitable for precast jointed piles or piles with permanent casing. 

  

Figure -9: SIT test 

7) The Sonic Integrity Test shall be applied on 5% of the total number of foundation 

piles with lengths greater than 10.00 m, selected randomly. In particular, when there 

are many uncertainties in groundwater levels, soil conditions, etc., and in the number 

specified in the application project by the Administration, it shall be applied 

regardless of the above total length. 
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8) This number may be changed as required by Special Technical Specifications. 

 

6.5.11. Anchorage 

The Administration shall carry out a suitability test at every stage and for every 100 anchors 

to check the design loads. 

In welded soil nail productions, the Administration shall control the welding works by 

performing a tensile test on every 500 nails. 

6.5.12. Mini-Micro Pile 

For the quality control of the concrete or injection mixture used in mini & micro pile 

productions, 2 groups of 3 cylinder specimens shall be produced for every 7 working days. 

Compression tests shall be applied on these specimens, and thus material quality control shall be 

ensured. 

6.5.13. Record Keeping, Reporting 

1) The daily site work report shall include the pile size, location, number, and length. 

2) If requested by the Administration, for each pile in production, the following information 

(Mini Pile Production Report) shall be recorded in accordance with DIN 4128 standard: 

1) Pile location, number, and top elevation, 

2) Pile drilling depth and base elevation, 

3) Soil layers and elevations passed through, 

4) Water/cement ratio used, quantity and quality of concrete/cement, 

5) Description of reinforcement used, 

6) Depth of casing pipe if applied, and any other special information in the remarks 

section. 

6.5.14. Manufacturing Quality Control Testing Plan 

For quality control after manufacturing, the following methods shall be applied: 

Table 6: Manufacturing Quality Control Methods and Frequencies 

MANUFACTURING SUBJECT FREQUENCY 

Bored Pile 
Pile Integrity 

Pile Loading 

5 units / 100 units if L > 10,000 m 

1 unit if L > 10,000 m 

Jet grouting 
Jg Tension 

Core Specimen 

1 unit if L > 10,000 m 

3 units / 1000 units (at the beginning of 

work) 

Mini Pile 
Pile Integrity 

Pile Loading 

1/100 units 

1 unit if L > 10,000 m 

Anchorage 
Stressing 

Suitability 

1/1 units 

1/100 units 

In this table, L represents the pile length. 
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7. GABION FLOOD CONTROL WALL CONSTRUCTIONS 

7.1. General 

This section covers gabion construction for works such as protection of shoring and 

retaining structures, road embankments, and hydraulic structures against river effects, river bed 

regulation, flood protection, and protection against rockfalls in rock cuttings, in locations shown 

in the projects or specified by the Administration. This work includes the installation of wire cages 

made of hexagonal double auger woven meshes, their filling with suitable river stones or rock 

blocks, and their placement. 

Gabion walls may be preferred in rivers without coarse sediment (such as rock blocks), if 

found economical compared to other types of walls, by performing slope mass stability and river 

bed stability analyses considering slope and drag forces. The Contractor shall supply and place 

the gabions at the locations shown in the projects or specified by the Administration. 

Gabion mesh openings and wire thicknesses are manufactured in different types depending 

on the place of use. The wire meshes are generally hexagonal, and the wires are coated with 

galvanization, galfan or organic coating (PVC, PE, or similar) to prevent rusting and decay. 

The typical box gabion dimensions used in retaining walls are 1 m or 0.5 m in height × 1 

m in depth, and 1.5 – 4 m in length. The capacity of box gabions may vary between 1 m³ and 4 

m³. In gabions longer than 2 m, porous wire mesh diaphragms are added at every 1 m to prevent 

the stones inside from moving and to maintain the structural form. 

For preventing heel excavation of retaining walls, mattress gabions can be used under the 

wall as footing construction. Mattress gabions are gabions less than 0.5 m in height and used to 

cover large surface areas. 

Since gabion walls are flexible systems, no breaking or cracking occurs in the wall due to 

differential settlements. These types of walls are used in marine constructions and for erosion 

control in the protection of the bed and slopes of water canals. 

The main types of gabions used for these works are: 

1) Box/Basket gabions 

2) Mattress gabions 

3) Sack gabions 

4) Tail gabions 

 

7.2. DEFINITIONS AND LIMITS 

The dimensions of the gabions to be used shall be shown in the project or specified by the 

Administration. 

7.2.1. Hexagonal Mesh Wire nets 

Hexagonal Mesh Opening 
The distance (M) between the right sides of two double-twisted edges (TS EN 10223-3:2013) 

(See Figure 10). 
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Figure -10: Mesh opening of wire net 

Double Auger Hexagonal Steel Wire Mesh 
The form given by twisting two steel wires around each other more than 180° in one direction 

twice. 

Definition of Mesh Type of Steel Wire Net 
Description of the type of hexagonal mesh. 

E.g: 8 × 10 mesh type or 6 × 8 mesh type, etc. 

7.2.2. Box/Basket Gabions 

The technical properties of the materials belonging to gabions and the principles of application 

are specified below, and box gabion is shown in Figure-11. 

 

A B 

Figure -11: Box/Basket gabions 

(a) Without diaphragm and (b) With diaphragm 

(1: cover panel, 2: diaphragm, 3: side panel, H: height, L: length, W: width) 

Diaphragms are intermediate panels used to form partitions inside the gabion box. They shall 

have the same properties as the other wire mesh forming the gabion box. 

The dimensions of box gabions, number of diaphragms, and tolerance values, including 

those with organic coating (PVC, PE, etc.), are specified in Table-7. Gabions of different sizes 

may be produced according to project requirements (e.g., gabions covering large areas for deep-

sea outfalls). 
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Table 7: Box Gabion Dimensions, Number of Diaphragms, and Tolerance Values 

Length (m) Width (m) Height (m) Diaphragm (pcs) 

1.5 1.0 1.0 - 

2.0 1.0 0.5-1.0 1 

3.0 1.0 0.5-1.0 2 

4.0 1.0 0.5-1.0 3 

Product dimension tolerances shall be as follows: 

- For gabions and soil-reinforced units for retaining structures: length, width, and height 

(diameter for gabion bags) ± 5%. 

- For wire mesh rolls: width ± M, length 0/+1 m. 

By placing filled cage boxes side by side and on top of each other, it is possible to construct 

retaining walls of various shapes and desired sizes. The economic height limit for the use of this 

type of gabion is 7–8 meters. The front and/or back faces of the wall may be stepped. 

For gabions with mesh opening 60 × 80 mm, the minimum size of the stones to be used for 

filling shall be 100 mm, and the maximum size shall be 150 mm. For gabions with mesh opening 

80 × 100 mm, the minimum size of the stones shall be 125 mm, and the maximum size shall be 

250 mm. 

7.2.3. Gabion Mattresses 

Specially manufactured rectangular mesh cages produced for surface covering, with a 

height less than 0.5 m and covering a wide surface area. In mattress gabions, unlike box gabions, 

diaphragms are formed by folding the base every 1 m. Diaphragms are not added as separate pieces 

(See Figure 12). 

 

Figure -12: Gabion mattress diaphragm 

The mesh openings are hexagonal, as in box gabions. Gabion mattress is shown in         

Figure 13. 
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Figure -13: Gabion mattresses 

(1: cover, 2: diaphragm, H: height, L: length, W: width) 

The dimensions and number of diaphragms of gabion mattresses are presented in Table 8. 

Table 8: Gabion Mattress Dimensions, Number of Diaphragms, and Tolerance Values 

Length (m) Width (m) Height (m) 
Number of 

Diaphragms 

  

Mesh Type 60x80 
 

3 2 0,17 -0,23 0,30 1 

4 2 0.17 .0.23 0.30 3 

5 2 0.17 .0.23 0.30 -1 

6 2 0.17 .0.23 0.30 5 

3 3 0.17 .0.23 0.30 2 

4 3 0.17 -0.23 0.30 3 

5 3 0.17 .0.23 0.30 4 

6 3 0.17 .0.23 0.30 5 

Product tolerances shall be as follows: 

- For mattresses: length and width ± 5%, thickness ± 2.5 cm. 

- For wire mesh rolls: width ± M, length 0/+1 m. 
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For gabion mattresses, the wire mesh opening shall be produced as 60 × 80 mm, and 

depending on the mesh opening, the minimum size of the stones shall be 100 mm and the 

maximum size shall be 150 mm. 

7.2.4. Tail Gabions 

Tail gabions are preferred in retaining structures with front faces similar to box gabions 

and steel wire mesh tails extending backward. Tail gabions are modular structures manufactured 

with double auger hexagonal mesh made of Galfan-coated wires with organic coating, having 

8x10 mesh openings, and produced in accordance with TS EN 10223-3:2013 standard (See Figure 

14). (Figure 14). 

 

Figure -14: Tail gabions 

In this type of gabion, the back of the walls is filled with suitable backfill material, and the tails 

of the gabions extend into this backfill to resist the loads acting on the wall. In such systems, 

where the backfill acts together with the wall, there is no need for cross-sections widening 

downward as in gravity walls, and the amount of stone filling material required is reduced. If the 

gabion tails are insufficient to resist the loads acting on the wall, the tails can be supported with 

geogrid materials to construct higher walls. 

7.2.5. Sack/Cylinder Shaped Gabions 

These are special gabions manufactured in sack or cylinder shapes. They are used for 

riverbank protection in dock and marina construction and along riverbanks. They are also suitable 

for emergency use during floods and flash floods. They are generally produced with a diameter 

of 0.65 m and lengths of 2 m, 3 m, 4 m, and 5 m (See Figure 15). 

 

Figure -15: Sack/Cylinder gabions 
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7.3. SPECIAL PROPERTIES OF MATERIALS TO BE USED IN GABION 

FLOOD CONTROLL WALL CONSTRUCTION 

7.3.1. Requirements for the Components of Gabions 

For the production of a gabion unit, steel wire elements of different diameters and 

properties are used for different purposes. These wires are: 

• Mesh wires (weaving wires) 
• Edge wires 
• Lacing wires or lacing rings 
• Stiffening wires 

The wires shall have minimum diameters specified in Turkish Standards and/or 

internationally approved standards accepted by the Administration (TS EN 10218, TS EN 10223-

3:2013, TS EN 10244, TS EN 10245, etc.) or an equivalent approved by the Administration, with 

appropriate coating properties, depending on the mesh opening and product type. 

The diameters, qualities, and properties of the steel wires to be used in the manufacture of 

gabion cages are specified below. 

7.3.1.1. Mesh Wire 

The double auger wire mesh forming the main structure of the gabions shall be 

manufactured from heavily galvanized mild steel wires with hexagonal openings, in accordance 

with the provisions specified in TS EN 10223-3:2013 standard. The wire diameters and tolerance 

values to be used in gabions, depending on mesh sizes and product type, are given in Table 9. 

Table 9: Mesh Opening Sizes, Wire Diameter, Tolerances, and Applications  (TS EN 

10223-3:2013, Table 2) 

Mesh short 
notation 

Mesh size M 
Mesh size 
tolerance 

Wire  
diameter d Product type 

 

(mm) (mm) (mm) 
 

5x7 50 -0/+6 2.0 Wire mesh roll 

6X8 60 0-+8 2.0A 

Wire mesh roll; Mattress 

2.2 3 

2.4 Wire mesh roll 

2.7 Wire mesh roll; Gabions 

8x10 80 -0/+10 2.2 
Soil reinforcement units for retaining 

structuresb 

2.4 - 

2,7 a 

Soil reinforcement units for retaining 
structuresb  

Gabions; 
Wire mesh roll 

3.0 
3.4 
3.9 

Wire mesh roll; Gabions 

10X12 100 -4/+12 
2.7 

Wire mesh roll 
3.0 

a Plastic-coated or uncoated. 
b For soil-reinforced products, plastic-coated. 
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7.3.1.2. Edge (Frame) Wire 

Along the edge of gabions, at the border of the mesh (See Figure 16), stiffening wires of 

diameters shown in Table 10 or thicker shall be used. 

All external edges of finished products shall be made of the same wire quality but of larger 

diameter, mechanically attached to the mesh during the production process. The strength of the 

connection between the mesh weaving and the edge stiffening wire shall not be less than the 

tensile strength of the mesh connection. 

 

Figure -16: Gabion mattresses (1. edge stiffening wire – 2. edge wire) 

Table 10: Edge Stiffening Wire and Edge Wire Diameters According to Mesh Wire 

Diameter (TS EN 10223-3:2013, Table 3) 

Mesh wire diameter (mm) 
Edge stiffening wire and edge wire diameters 

(mm) 

2.0 2.4 

2.2 2.7 

2.4 3.0 

27 3.4 

3.0 3.9 

3.4 4.4 

3.9 4.9 

7.3.1.3. Lacing Wires 

For gabions and mattresses, lacing wires are used for assembly, joining empty gabions, closing, 

or securing stone-filled units, and also as stiffeners to prevent surface deformation, instead of 

spirals or rings. They are zinc or zinc-aluminum alloy, or organically coated, stainless steel wires 

(See Figure 17). 

The lacing wire shall have the same properties (tensile strength and coating) as the wire 

used in double auger mesh products and shall be at least 2.2 mm in diameter. 
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Figure -17: Lacing wires 

7.3.1.4. Lacing Ring 

Lacing rings are C-shaped rings made of high-strength zinc or zinc-aluminum alloy coated steel 

wire or stainless steel wire, used for assembling empty gabions by joining, closing, or securing 

stone-filled units  (See Figure 18). 

 

Figure -18: Lacing ring, lacing spacing, and pneumatic gun 

Lacing rings shall be produced from zinc or zinc-aluminum alloy coated wire. The wire diameter 

shall be 3 mm, and the coating mass of the coating material shall be at least 255 g/m². The 

minimum tensile strength of the lacing ring shall be 175 kg/mm² (1720 MPa) for zinc and zinc-

aluminum alloy coated wire, and 158 kg/mm² (1550 MPa) for stainless steel wire. The tensile-

separation strength of the lacing ring shall be at least 2.0 kN. 

7.3.1.5. Stiffener 

Inside the gabion basket, stiffeners are used as diagonal ties between corners, serving as support. 

They shall be zinc or Galfan coated or organically coated steel wires, with corrosion protection 

equivalent to the organic coated or stainless steel mesh wire of the gabion. Since stiffeners are 

generally used every 30 cm of height,  they are only used in box/basket gabions. Their use in 

gabion mattresses is not required. 
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7.3.2. Requirements for Steel Wires 

The tensile strength of steel wire shall be between at least 350 N/mm² (35.7 kg/mm²) and 500 

N/mm² (51 kg/mm²), in accordance with EN 10218-1 and EN 10218-2, with elongation at break 

of at least 8% over a measuring length of 250 mm, and the wire shall be drawn from rod in 

accordance with EN ISO 16120-1 and EN ISO 16120-2. 

7.3.3. Coating Requirements 

 

For corrosion protection, the steel wire shall be coated with 

zinc or zinc alloy (according to TS EN 10244).  In case 

environmental conditions are conducive to rapid corrosion, in 

addition to metallic coating, plastic coating shall be applied 

(according to TS EN 10245). 

The coating types of gabions to be used in the project shall be 

selected depending on environmental factors, as presented in 

TS EN 10223-3:2013 and specified in Table 11 below. 

Table 11: Wire Coating Requirements According to Environmental Effects (TS EN 10223-3:2013, Table A.1) 

Environmental Level a (in 
accordance with EN ISO 

9223:2012, Table 1) 

Plastic coating 
material 

Coating Class b (EN 

10244-2) 

Accepted service 
life of the product 

(years) 

Low aggressive: (C2) Dry 

conditions 

Temperate zone, atmospheric 
environment with low pollution, e.g., 
rural areas, small towns (at 100 m 
altitude above sea level). Dry or cold 
zone, short-term humid 
atmospheric environment, e.g., 
deserts, polar regions. 

- Zinc A 25 

- Zn95%/Al5% alloy A > 50 

 

Zn90%/AI10% alloy A > 120 

Moderately aggressive: (C3) Dry 

conditions 

Temperate zone, atmospheric 

environment with medium pollution 

or slightly chlorinated, e.g., urban 

areas, coastal regions with low 

chloride deposition, subtropical and 

tropical regions with low-polluted 

atmosphere. 

- Zinc A 10 

- 
Zn95%/Al5% alloy 

A 25 

- 
Zn90%/AI10% alloy 

A > 50 

Polyvinyl chloride 

(PVC) 
Zn95%/Al5% alloy 

A 

> 120 

Polyamide (PA6) E 

Polyvinyl chloride 
(PVC) 

Zn90%/AI10% alloy 

A 

> 120 

Polyamide (PA6) E 
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Steel Wire 

or 



 

Environmental Level a (in 

accordance with EN ISO 

9223:2012, Table 1) 

Plastic coating 

material 

Coating Class b (EN 

10244-2) 

Accepted service 

life of the product 

(years) 

Highly aggressive: (C4) Humid 
conditions 

Temperate zone, atmospheric 

environment with high pollution or 

significant chloride effect, e.g., 

polluted urban areas, industrial 

zones, coastal regions, exposure to 

de-icing salts, subtropical and 

tropical regions, industrial 

atmosphere of medium pollution, 

coastal areas, harbor positions 

along the shoreline. 

- Zn95%/Al5% alloy A 10 

- Zn90%/AI10% alloy A 25 

Polyvinyl chloride 

(PVC) 

Zn95%/Al5% alloy 

A 

120 

Polyamide (PA6) E 

Polyvinyl chloride 

(PVC) 

Zn90%/AI10% alloy 

A 

> 120 

Polyamide (PA6) E 

Very highly aggressive: (C5) Humid 

conditions 

Temperate and subtropical zone, 

atmospheric environment with very 

high pollution and/or significant 

chloride effect; e.g., industrial zones, 

harbor positions along the shoreline. 

Subtropical and tropical zone 

(mostly humid), atmospheric 

environment with very high SO₂  

pollution (more than 250 μg/m³), 

together with strong chloride effect, 

e.g., extreme industrial zones, 

coastal areas, near-sea regions, 

exposure to occasional salt spray. 

Polyvinyl chloride 

(PVC) 

Zn95%/Al5% alloy 

A 

120 

Polyamide (PA6) E 

Polyvinyl chloride 

(PVC) 

Zn90%/AI10% alloy 

A 

> 120 

Polyamide (PA6) E 

Extremely aggressive: (CX) 

Subtropical and tropical zone 

(mostly humid), atmospheric 

environment with very high SO₂  

pollution (more than 250 μg/m³), 

together with strong chloride 

effect, e.g., extreme industrial 

zones, coastal areas, near-sea 

regions, exposure to occasional 

salt spray. 

Polyvinyl chloride 

(PVC) 

Zn90%/AI10% alloy 

A 

> 120 

Polyester (P)  

Polyamide (PA6) 
E 
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7.3.3.1. Metallic Coatings 

The wires used in gabion production are divided into two main groups for corrosion 

protection as Galfan and galvanized coating. Before mesh production, the metallic coated wire 

shall meet the minimum requirements of coating mass, adhesion property, and, where specified, 

coating homogeneity as defined in TS EN 10244-2. Table 12 specifies the minimum coating 

masses and tolerance values to be used for galvanized coating depending on wire diameters, and 

Table 13 specifies them for Galfan coating. 

Table 12: Required Coating Masses for Zn Coating (TS EN 10244, Table 1) 

Diameter d 
mm 

Classesa 

A 
g/m2 

AB 
g/m2 

B 
g/m2 

C 
g/m2 

D 
g/m2 

Ax3b 

g/m2 

0,15 ≤ d < 0.20 - - 15 - 10 - 

0,20 ≤ d < 0.25 30 20 20 20 15 - 

0,25 ≤ d < 0.32 45 30 30 25 15 - 

0,32 ≤ d < 0.40 60 30 30 25 15 - 
0,40 ≤ d < 0.50 85 55 40 30 15 - 

0,50 ≤ d < 0.60 100 70 50 35 20 - 
0,60 ≤ d < 0.70 115 80 60 40 20 - 

0,70 ≤ d < 0.80 130 90 60 45 20 - 

0,80 ≤ d < 0.90 145 100 70 50 20 - 

0,90 ≤ d < 1.00 155 10 70 55 25 - 

1,00 ≤ d < 1.20 165 115 80 60 25 - 

1,20 ≤ d < 1.40 180 125 90 65 25 540 

1,40 ≤ d < 1.65 195 135 100 70 30 585 

1,65 ≤ d < 1.85 205 145 100 75 30 615 

1,85 ≤ d < 2.15 215 155 115 80 40 645 

2,15 ≤ d < 2.50 230 170 125 85 45 690 

2,50 ≤ d < 2.80 245 185 125 95 45 735 

2,80 ≤ d < 3.20 255 195 135 100 50 765 

3,20 ≤ d < 3.80 265 210 135 105 60 795 

3,80 < d < 4.40 275 220 135 110 60 825 

4,40 ≤ d < 5.20 280 220 150 110 70 840 

5,20 ≤ d < 8.20 290 - - 110 80 870 
8,20 ≤ d <10,00 300 - - 110 80 900 

a Designation starting with A refers to coatings with thick coatings (generally final coating). Designation 
ending with B generally refers, though not always, to classes where zinc coating is applied and then 
drawing is carried out. Classes C and D are the Standard classes for low-mass coatings, usually applied 
by hot-dip galvanizing and in some cases by other methods, followed by wiping. 

b Ax3 refers to coatings requiring 3 times more mass than class A. Larger multiples of class A are possible, 
and these classes can similarly be designated, for example, as Ax4. 
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Table 13: Required Coating Masses for Zn95Al5 Coating (TS EN 10244, Table 2) 

Diameter 

mm 

Coating massa 

g/m² 

A EU B Eb 

0.20 ≤ d < 0.25 - 20 20 
 

0.25 ≤ d < 0.40 - 30 30 
 

0.40 ≤ d < 0.50 85 55 40 
 

0.50 ≤ d < 0.60 100 70 50 
 

0.60 ≤ d < 0.70 115 80 60 40 

0.70 ≤ d < 0.80 130 90 60 
 

0.80 ≤ d < 0.90 145 100 70 
 

0.90 ≤ d < 1.00 155 110 70 
 

1.00 ≤ d < 1.20 165 115 80 
 

1.20 ≤ d < 1.40 180 125 90 
 

1.40 ≤ d < 1.65 195 135 100 
 

1.65 ≤ d < 1.85 205 145 100 
 

1.85 ≤ d < 2.15 215 155 115 
 

2.15 ≤ d < 2.50 230 170 125 
 

2.50 ≤ d < 2.80 245 185 125 
 

2.80 ≤ d < 3.20 255 195 135 60 

3.20 ≤ d < 3.80 265 210 135 
 

3.80 ≤ d < 4.40 275 220 135 
 

4.40 ≤ d < 5.20 280 220 150 
 

5.20 ≤ d < 8.20 290 - - 
 

8.20 ≤ d < 10.00 300 - - 
 

a Designation starting with A refers to coatings with thick coatings (generally final 

coating). Designation ending with B generally refers, though not always, to 

classes where zinc coating is applied and then drawing is carried out. 

 b The corrosion resistance of class E shall be at least equal to that of a zinc coating 

of class B in Table 1. 

When samples are taken from manufactured meshes, the minimum coating mass shall be reduced 

by 5% from that specified in TS EN 10244-2, and the specified dipping time shall be reduced by 

half a minute. 

Adhesion of the Coating to the Steel Wire 

During the test performed in accordance with EN 10218-1, when subjected to the wrapping test 

conditions for adhesion, the coating shall adhere to the steel. When the coating is simply rubbed 

with a bare hand, it shall not crack or separate to the extent that coating particles are detached. 

Small zinc particles formed as a result of mechanical polishing of the zinc or zinc alloy coating 

surface and detached or broken off during the test shall not be considered grounds for rejection. 

The wrapping test is defined in ISO 7802:2013, and the specific requirements for wires are 

defined in EN 10244-1:2009. 

7.3.3.2. Organic (Plastic) Coatings: 

Where galvanized or Galfan-coated mild steel wire is additionally coated with an organic 

coating, the coating properties shall comply with TS EN 10245 standards and the relevant sections 

depending on the coating type. 

- PART 1: General rules 

- PART 2: PVC-coated wire 

- PART 3: PE-coated wire 

- PART 4: Polyester-coated wire 

- PART 5: Polyamide-coated wire 

-  
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Polyvinyl Chloride (PVC) Coating 

The coating applied on wire and wire products with an organic coating material mainly consisting 

of vinyl chloride homopolymer or copolymer obtained by various polymerization processes. 

The organic coating material shall be applied in granule form by extrusion or in powder form by 

fluidized riverbed or powder spraying methods. 

Table 14: Requirements and Test Methods for PVC Coating Material 

Properties Requirements Methods 

Density ≤1.5 g/m3 EN ISO 1183 Parts 1-3 

Hardness (Shore D) Min. 38 D scale EN ISO 868 

Tensile strength Min. 17 MPa EN ISO 527 (all parts) 

Elongation Min. > 200% EN ISO 527 (all parts) 

The diameters of the uncoated wire and the PVC-coated wire shall comply with the 

principles specified in TS EN 10245-2 as given in Table 15. 

Table 15: Wire Diameters When Steel Wire is Coated with Organic Material (PVC) 

Bare metallic wire diameter a 

 d  

mm 

Organic coated wire diameter b 

D 

mm 

2.0 2.50 

2.2 2.90 

2.4 3.10 

2.7 3.40 

3.0 3.70 

3.4 4.20 

a According to EN 10218-2:2012 
b For extrusion coatings, the diameter tolerance, minimum coating thickness, and 

minimum concentricity shall comply with EN 10218-2. Thicker coatings may be applied 

depending on the project requirements. 

Polyethylene (PE) Coating 
Polyethylene coating is the coating applied on steel wire or wire products, consisting of a 

polymer-based compound with a minimum of 85% ethylene material content. Polyethylene 

coatings shall be applied in accordance with the principles of TS EN 10245-3. 

PE coatings are divided into three different classes according to their densities. The coating 

classes and their tensile strengths depending on classification are given in Table 16. 

Table 16 specifies PE coating classes, densities, and tensile strengths (TS EN 10245-3). 
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Table 16: Coating Classes and Tensile Strengths 

Type No. Classification Type Abb. 
Density Tensile Strength 

g/cm3 MPa 

Type 1: Low density LDPE 0.910 – 0.925 8.5 

Type 2: Medium density MDPE 0.926 – 0.940 11 

Type 3: High density HDPE 0.941 – 0.965 17 

The minimum PE coating thickness shall be applied in accordance with TS EN 10245-2 

and as given in Table 15. 

For all other issues regarding test methods and requirements not specified herein, TS EN 

10245-2 shall be the basis for PVC coatings, and TS EN 10245-3 shall be the basis for 

polyethylene coatings. 

7.3.4. Properties of Rocks Used in Gabion Filling 

The rocks used in the filling of gabions shall be natural, hard, sound, resistant to weathering, 

of low porosity, and clean. The rocks to be used in gabions shall have the properties specified in 

Table 17. 

Table 17: Physical and Mechanical Properties of Rocks to be Used in Gabion Construction 

Test Specification Limits Test Standard 

1. Apparent density (kgm’) > 220 
TS699 

and TS EN 1936 

2. Water absorption by mass (%) < 2.0 TS EN 13755 

3. Resistance to fragmentation by Los Angeles method 

in coarse aggregate ( %) 
< 35 TS EN 1097-2 

4. Freeze-thaw resistance test (natural freeze, 25 

cycles) 
Visual Inspection 

Final mass loss (%) 

(no cracks, spalling, or disintegration)  

<7 
TS699 

5. Resistance to salt crystallization (%) (with 

Na₂SO₄·10H₂O) 
7 

TS 699 

and EN 12370 

6. Magnesium sulfate test (%) (with MgSO₄) < 10 TS EN 1367-2 

7. Abrasion resistance  
with wide disc < 17 mm 

TS EN 14157 
Böhme abrasion test < 16.000 mm3 / 5.000 mn2 

Note-1: The Magnesium Sulfate Test shall be carried out as an alternative to the Freeze-Thaw 

Resistance Test in cases where the Freeze-Thaw Resistance Test cannot be performed. 

Note-2: Tuff, marl, serpentine, and schist shall not be used as stone filling material. 

The filling material shall consist of coarse stones or rock pieces that are hard, sound, and 

resistant to abrasion. The stones or rock pieces shall be free from cracks and joints and shall not 

contain other defects that reduce their resistance to erosion and dissolution. The stones or rock 

pieces shall have a proper grain size distribution, with sizes ranging between 100 mm and 150 

mm for gabion mattresses, and between 125 mm and 250 mm for box gabions. Flat rock pieces 

shall not be used. 
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7.4. CONSTRUCTION SPECIFICATIONS 

7.4.1. General 

The installation, interconnection, and filling of gabions shall be carried out as shown in the 

projects and as described below. 

1) The foundation surfaces on which the gabions will be placed shall be as level and 

accurate as possible, with protrusions shaved and depressions filled with small 

rock pieces. Gabions to be placed at the slope toes shall be installed in foundation 

ditches excavated to the depth specified in the projects. 

2) Gabions shall be stabilized in place by connecting the boxes (baskets) or mattresses 

together. For gabions placed on slopes, if the slope gradients are between 3v/2h 

and 1v/1h, anchorage shall be required. Anchorage depths and the number per unit 

area shall be calculated taking into account the slope angle, gabion type, soil type, 

and friction coefficient parameters. Anchorage bars shall be securely connected to 

the gabions. Gabion boxes (baskets) shall be tied internally with stiffeners to 

prevent rotation and torsion. 

3) After several gabions have been placed close together, they shall be continuously 

tied together along their height from the corners, and their interiors shall be filled 

with designated large stone and rock pieces. The visible front face stones shall be 

stacked by hand. After filling, the gabion basket cover shall be placed and securely 

tied along the entire perimeter. 

Additional gabions to be placed on or next to the already installed gabions shall be securely 

and continuously tied along the entire contact edge to the existing gabions before being filled. 

7.4.2. Box/Basket Gabions 

At the gabion installation site, the foundation base shall first be prepared. Where indicated 

in the project, geotextile may be laid on the gabion foundation base for filtration purposes. Gabion 

boxes/baskets shall be installed on this foundation. 

Units delivered in folded bundles shall be unpacked from their bales and assembled. Gabion 

boxes/baskets shall be assembled in accordance with the manufacturer’s instructions. The lacing 

wire procedure shall be carried out by cutting lacing wire to sufficient length and twisting it once 

and/or twice around the mesh. In the lacing process performed by threading the wire single or 

double through each cell, each threaded wire shall be tightened, and at the end, the wire shall be 

twisted around the mesh so that it does not loosen, and fixed by twisting. The lacing process shall 

be continuous, uninterrupted, and performed as shown in Figure 15, with a double twist in every 

two meshes. During lacing, the wire shall be tightly wound, and double twist intervals shall not 

exceed 20 cm. 

Instead of lacing wires, heavy galvanized or Galfan-coated rings with a minimum thickness 

of 3 mm and a tensile strength of 175 kg/mm² may be used. For galvanized gabions, galvanized 

lacing rings shall be used, and for Galfan or PVC-coated gabions, heavy Galfan-coated rings shall 

be used (See Figure 19). 
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Figure -19: Connecting gabions with lacing wire and lacing rings 

The filling of gabion elements shall be carried out in layers of 300 mm for 1 m high gabion units 

and in layers of 250 mm for 0.5 m high gabion units. The height of each compacted fill layer shall 

not exceed 300 mm for each element (See Figure 20). 

The filling of gabion elements shall be carried out in layers of 300 mm for 1 m high gabion units 

and in layers of 250 mm for 0.5 m high gabion units. The height of each compacted fill layer shall 

not exceed 300 mm for each element (See Figure 20). 

 

Figure -20: Gabion wall application detail 
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The filling stones to be placed inside the gabion cells shall comply with the stone properties 

specified in the Highways Technical Specification (2013). For the stones to be used during filling, 

sizes of 125 – 250 mm in diameter are recommended. Up to 5% of stones larger or smaller than 

the recommended sizes may be used in the fill as needed, but shall not be placed on the visible 

gabion faces. 

After a stone fill layer is placed inside the gabion cell, manual adjustment shall be carried out to 

minimize voids within the fill, increase stone density, and ensure proper appearance of gabion 

faces. During filling of 1 m high gabions, stiffeners or cross ties shall be placed as intermediate 

ties connecting the front and rear faces. In gabion units to be constructed at retaining structure 

boundaries, stiffeners shall be placed perpendicular to the side faces as shown in Figure 20. In 

cases where more than one vertical row of gabions is constructed, the gabion cells shall be filled 

with approximately 25 – 40 mm of extra fill material to prevent deformations due to natural 

settlements. Additionally, during stone filling, wooden or other material templates shall be used, 

and external tension shall be applied to ensure that the boxes remain straight. These templates 

shall be removed after stone filling is completed. 

7.4.3. Gabion Mattresses 

Gabion mattress baskets are delivered to the worksite in folded bales. The folded baskets 

shall be carefully opened, and panels and diaphragms shall be raised vertically and joined at the 

edges to form gabion mattresses. Gabion mattresses shall be assembled in accordance with the 

manufacturer’s instructions. The lacing process shall be continuous, uninterrupted, and carried 

out as specified in Figure 21, with a double twist in every two meshes. During lacing, the wire 

shall be tightly wound. Instead of lacing wires, lacing rings may also be used. 

 

Figure -21: Placement of stones and gradual installation of internal stiffeners 

The filling of gabion mattress elements shall be carried out with stones of sizes that allow 

placement in at least 2 layers depending on the unit height (See Figure 22). 
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Figure -22: Gabion mattress application detail 

The filling stones to be placed inside gabion mattress cells shall comply with the above-mentioned 

stone properties; they shall be hard, durable, as rounded as possible, and capable of resisting water 

throughout the design life of the structure. 

After a stone fill layer is placed inside the gabion mattress cell, manual adjustment shall be carried 

out to minimize voids within the fill, increase stone density, and ensure proper appearance of 

gabion mattress faces. In slope protection applications, the filling shall be carried out starting 

from the toe of the slope. Filling shall be carried out unit by unit; however, before filling, several 

units shall be pre-connected and ready. The upper edges of diaphragms shall be visible and 

accessible during filling for lacing operations. 

After filling is completed, the lid shall be placed on the unit, and the unit side panels shall be 

tightened and connected to each other with appropriate methods. The lids shall be carefully 

attached to the side panels at the ends of the gabion mattress unit. The lids of adjacent units can 

be closed in a single operation. For this purpose, double twisted wire mesh rolls with the width 

of the gabion mattress units to be closed shall be used. 

7.5. CONTROL AND TEST WORKS 

7.5.1. Controls 

When forming the visible faces of gabion cages, only stones of appropriate size shall be 

used. To prevent deformation and bulging, gabions shall be supported with wooden formwork 

during filling, the filling sequence shall be observed, stiffener wires shall be tied, and stones shall 

be placed with minimal voids. During and after application, it shall be checked whether the edge 

wires are locked, whether the lacing wires or lacing rings are tied at proper intervals, and whether 

the stone sizes are appropriate (not small enough to pass through the meshes). 
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7.5.2. Tests 

The manufacturer shall be responsible for quality control of the product by applying statistical 

methods and analyzing the results. 

7.5.2.1. Longitudinal Tensile Strength Test Procedure 

The longitudinal tensile strength test method presented in TS EN 10223-3:2013 shall be used so 

that the tests can be performed on conventional tensile machines. The objective is to establish a 

standard local test facility to perform the test. 

7.5.2.2. Mesh Made of Metallic Coated Wire 

The coating applied to the wire shall be sufficiently uniform, distributed as homogeneously as 

industrial technology allows, and shall not show discontinuities such as uncoated areas or slag 

contamination. During the test performed in accordance with EN 10218-1, when subjected to the 

wrapping test conditions for adhesion, the coating shall adhere to the steel. On steel wire mesh 

exposed to the Neutral Salt Spray Test (ISO 9227) for 1000 hours, the occurrence of dark brown 

rust (DBR) shall not exceed 5%. Metallic coatings shall be tested in accordance with EN 10244-

1 and EN 10244-2. 

7.5.2.3. Mesh Made of Metallic Extrusion Organic Coated Wire 

Organic coatings shall be tested in accordance with EN 10245-1, EN 10245-2, EN 10245-

3, and EN 10245-5. The tests for this type of coatings are given in Table 18. 

Table 18: Performance requirements and test methods for organically coated wire 

Properties Requirements Test method 

Color stability QUV (A): 2500hr., 𝚫E: 5 Xenon arc; EN ISO 4892-2 

Artificial weathering Shall be agreed between parties Xenon arc; EN ISO 4892-2 

- Color: Gray – RAL 7037 

- UV Resistance: According to ISO 4892-2, the product exposed to UV radiation for 4,000 

hours shall not show a loss of more than 25% in tensile strength and elongation at break. 

- Chemical Resistance: The polymer shall be resistant to chemical substances in soil and 

water. 

- Accelerated Aging Test due to Abrasion: On steel wire mesh exposed to Neutral Salt 

Spray Test (ISO 9227) for 6000 hours, the rate of DBR (Dark Brown Rust) (oxidation) 

shall not exceed 5%. 

8. DRAINAGE 

When designing the drainage system of a flood control wall, it shall be ensured that it does 
not create negative effects on the drainage systems of nearby structures. 
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Flood control design shall be made to remove both flood water and normal rainfall from 

the structure, minimizing potential erosion, scouring and water pocket formation. 

To improve drainage and minimize turbulence of floodwaters, the surface may be shaped 

with contour lines. 

Drainage systems are a series of pipes that collect internal drainage and direct it towards 

the discharge area. Generally, drainage is constructed underground and operates by gravity. 

However, when slope and inclination make gravity discharge impossible, pumping shall be 

provided. 
In case of water presence behind the wall, a drainage system shall be installed at the 

foundation level in accordance with the project to ensure discharge. Where this is not possible, 

weep holes shall be installed on the wall surface according to the project. To prevent clogging of 

weep holes, the ends of weep hole pipes within the soil shall be wrapped with geotextile and 

granulometric gravel material. If the flood wall also contributes to urban aesthetics, the use of 

weep holes shall be avoided, and a drainage system behind the wall shall be used instead. Where 

a city stormwater network exists, drainage design shall also consider stormwater discharge. 

 

Figure -23: An example drainage detail 

9. JOINT WORKS 

After constructing the rubble masonry wall for flood control with mortar, recessed grooved 

joints shall be made on the front face of the wall using mortar with 450 kg/m³ binder (cement + 

additive) in the joints. 

In all wall types, joint surfaces shall be scraped and cleaned up to a depth of 3–5 cm, and 

before starting joint work, the joint gaps shall be moistened with a brush. A fine joint mortar, with 

low water content, shall be filled into the gaps, compacted firmly, and all mortar residues shall be 

cleaned. When the mortar has absorbed sufficient water and gained hardness, the joint, left 

recessed by about 1 cm from the sharp edges of the façade stones, shall be pressed along its length 

with a round steel bar bent into a hook shape at the end, while the mortar is still not fully hardened, 

thus compacting the joint. This operation shall be repeated several times until the joint mortar has 

hardened completely without cracking. After the joints are completed, mortar burrs remaining on 

stone surfaces shall be cleaned. 

Construction joints, unless otherwise shown in the projects or ordered by the 

Administration, shall be approximately horizontal. Where necessary, joints shall be shaped with 

formwork or by other methods to ensure good bonding with the subsequent layer. However, 

unless otherwise shown in the drawings, no recessed or projecting locking devices are required 

in construction joints. 

The intersections of construction joints with the visible surfaces of the concrete, i.e., the 

visible joint surfaces, shall be in vertical or horizontal lines. 
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10. COPING WORKS 

Coping shall be constructed in accordance with the project, either as cast-in-place or 

precast. It may be made of natural or cast stone. 

After the flood control wall is built, coping shall be constructed on top with sufficient 

thickness and in accordance with the details specified in the project, taking into account the 

guardrail to be installed above. Unless otherwise specified in the project, mortar with 450 kg/m³ 

binder used in joints shall also be used in coping. Coping shall be sloped on both sides as foreseen 

in the project, and drips shall be formed on the underside of both sides to direct snow and 

rainwater away from the wall surfaces. Provided it is specified in the project, coping made of cut 

natural stones or clinker bricks may also be used. 

Coping to be used on masonry walls shall be cast in place from concrete. To ensure the 

stability of guardrails on masonry walls, an additional concrete shear key shall be constructed 

beneath the coping. The area of the concrete shear key shall vary depending on the shear force 

transferred from the guardrail to the coping, and the required concrete areas shall be applied as 

specified in the standard project drawings. In cases where guardrail stability is ensured without 

the shear key, the use of a concrete shear key shall not be required. 

 

Figure -24: Detail of coping and concrete shear key 

11. AESTHETIC APPEARANCE WORKS 

11.1. AESTHETIC APPEARANCE OF MASONRY WALLS 

In the masonry wall for flood control, in addition to the physical durability of the materials 

and components used, aesthetic interaction shall also be taken into account. Aesthetic appearance 

shall be achieved either by surface claddings or by the elements located in the load-bearing body 

of the masonry wall. If surface cladding materials are to be used for aesthetic purposes, in addition 

to their aesthetic potential, their physical performance, durability, and applicability shall also be 

considered in material selection. If no cladding material is to be used on the wall, the aesthetic 

possibilities of load-bearing masonry elements such as natural stone (rubble, punch-dressed stone, 

tool faced stone, cut stone), cast stone, or concrete blocks shall be utilized. Attention shall be paid 

to the use of the masonry bond, variety of color and texture, the use of special components, and 

formal articulation as foreseen in the project. 
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Table 19: Masonry Wall Bond and Cladding Materials That May Be Used for Aesthetic Purposes 

CLADDING TYPE CLADDING APPLICATION METHOD 

Liquid or paste Plaster, paint, whitewash, etc. Spreading, spraying, etc. 

Plate, slab and panel claddings 
Stone block, fiber concrete, 

composite panel, etc. 

Masonry, adhesion, fixing with 

fasteners (hanging, nailing, 

riveting), etc. 

Load-bearing masonry wall 

claddings 

Load-bearing masonry body 

components (stone block, 

concrete block, cast stone, etc.) 

Masonry with various 

techniques 

Note: The building elements in the table shall be designed and applied taking into account 

whether they are in contact with water or not. 

Manufacturing shall be carried out in accordance with the provisions specified in Section 4 

for natural and cast stones. Additionally, andesite stones may also be fixed by interlocking 

methods. 

11.2. AESTHETIC APPEARANCE OF CONCRETE GRAVITY, 

REINFORCED CONCRETE AND PILED WALLS 

In the flood control wall, in addition to the physical durability of the materials and 

components used, aesthetic interaction shall also be taken into account. Aesthetic appearance shall 

be achieved either by surface claddings or by the elements located in the load-bearing body of the 

concrete wall. 

Surface claddings may be made of natural or cast stones, concrete blocks, and other building 

stones, or by patterned formwork. In addition, composite wall claddings in which stones and 

concrete are used together for aesthetic appearance also exist. 

If surface cladding materials are to be used for aesthetic purposes, in addition to their 

aesthetic potential, their physical performance, durability, and applicability shall also be considered 

in material selection. 

11.2.1. Stone Facing: 

The wall surface may be faced with one type or multiple types of adhered stones. The stones 

to be used in flood wall surface cladding shall be selected from water-resistant stones such as 

andesite, basalt, and Bergama granite. Attention shall also be paid to ensure that the chemicals used 

in the adhesive mortar are composed of materials not affected by water. 

11.2.2. Installation Methods 

11.2.2.1. Adhesive Method 

In this method, generally special material of natural stone adhesive or specially prepared 

cement-based mortar with 400 dosage shall be used. The gaps between the adhered natural stones 

shall then be filled after installation with special materials to prevent water permeability. 
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Natural stone adhesives shall be chosen among types resistant to solvent, alkali, and 

solution, not showing physical changes such as separation, cracking, softening, bending, 

discoloration under -200°C to +100°C, and not affected by vibrations. 

These adhesives shall be applied on surfaces with a spatula or trowel, and on large surfaces 

with a squeegee. Before application, surfaces shall be cleaned of any rust, dust, and dirt. 

11.2.2.2. Mechanical Installation Method 

Rails, anchor pins, specially shaped clamps, and dowels are used for mechanical 

installation. The materials used in mechanical installation shall be made of stainless material. For 

the proper and safe installation of natural stone panels, each 1 m² stone panel shall be anchored 

at a minimum of 4 points. If stone panels are larger than 1 m², a minimum of 2 additional anchors 

shall be used for every additional 0.75 m². 

The mechanical system allows gaps between the cladding material and the façade, thus 

minimizing the effects of dynamic impacts such as seismic activity, temperature differences, and 

wall settlement. 

In mortared installation, if the thickness of natural and cast stones is more than 2 cm, a 

clamp bar shall be used. One end of the clamp bar shall be placed into a recess opened in the wall, 

and the other end into a recess opened in the natural or cast stone. 

 

Figure -25: Example of installation detail 

Different sizes and types of metal fastening components shall be used for fixing panels to 

the wall. These components shall be made of stainless steel. Natural and cast panels shall be hung 

on the walls with these components. The gap between the wall and the stone shall be filled with 

mortar of 350 dosage. 

 

Figure-26.Example of metal fastening components 
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11.2.2.3. Interlocking Method 

The installation of stones such as andesite may also be carried out by fixing with the 

interlocking method, in accordance with the project. 

11.2.3. Patterned Formwork 

11.2.3.1. General 

By means of formworks, concrete walls, reinforced concrete walls, and precast concrete 

panels can be given the desired texture. Various formwork liner materials are used to create rough 

or voided textures on concrete surfaces. Pre-designed reliefs or various patterns on exposed 

concrete surfaces are obtained by applying them onto the formwork material or by using additional 

elements together with the formwork. 

The formwork materials used may be rubber-based, polyurethane-based, polyester, steel 

formwork, etc. The patterned formwork material and its properties shall be specified in the project. 

The elements to be placed inside the formwork may include various canvases or resins, synthetic 

resins, plastics mixed with glass fiber, wood, rubber, and polyurethane foam sheets. It is possible 

to shape concrete with different formwork methods. Among the most commonly applied 

formworks are sheet metal formworks, polyester-based textured formworks, and polyurethane-

based textured formworks. 

In this specification, the technical data for polyurethane-based patterned formworks 

included in the DSİ Control Walls and Flood Control Walls and Guardrails Standard Projects are 

given in Section 11.2.3.3. and 11.2.3.4., Tables 20, 21, 22, and 23. If the use of a patterned 

formwork made of a material different from polyurethane-based is foreseen in the project, these 

materials may be used after obtaining permission from the Administration for the conformity of 

the technical data to be prepared within the framework of the information specified in the above 

tables. 

By variations in embossed textures, color and surface irregularities that cannot generally be 

prevented by plain concrete use can be balanced by patterned formwork application. Regions 

where smooth-surfaced concrete is widely used can be designed to appear smooth by proper use 

of patterned formwork. It allows project-specific correct choices to be made with a wide selection 

ranging from soft, natural-looking timber grains to natural and abstract motifs, and from distinctly 

brush-stroked concrete to artistically designed reliefs. 

In the production, transportation, and installation of precast reinforced concrete and 

prestressed concrete load-bearing systems and façade panels, TS-500 and TS-3233 and related 

standards shall be complied with. 

11.2.3.2. Spacers, Dimensional Tolerances 

Spacers shall comply with the latest current version of the DSİ Concrete Works 

Specification and TS EN 1992-1-1, Part 4. 

Spacer criteria shall be provided even at the lowest point of formworks with curved 

coverings. 

11.2.3.3. Cement 

As a general rule, cements conforming to Turkish Standards shall be used. In special cases, 

high-strength or special-performance cements shall be employed. In the production of pre-stressed 

concrete elements, cement of a minimum grade of PÇ 325 which conforms to TS 19 and TS 3646 

shall be used. 

The data given in the tables below may vary depending on the manufacturer. Product-

specific data shall be obtained from the manufacturer, and for the conformity and acceptance of 

these data, approval shall be obtained from the Administration. 
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Table 20: Technical Data of Polyurethane-Based Patterned Formwork Cement 

Pot life (working time): The time from the start 

of cement application until it becomes matte 

enough to be unchangeable 

Approx. +10°C to +30°C. 30 to 40 minutes At 

ambient temperature +18°C 

Curing time 24 hours 

Moisture 
Sensitive during processing 

Not sensitive when cured 

Sensitivity to freezing 
Storage shall not be below 0°C 

Processing shall be done above +10°C 

Shelf life (unopened barrel and stored in dry 

rooms) 
9 months (+18°C) 

Temperature resistance +100°C 

11.2.3.4. Polyurethane-Based Patterned Formwork Liquid 

The surface of the patterned formwork shall be cleaned of dirt and completely dry. A 

thin layer of release agent shall then be applied and repeated if necessary. 

The formwork surface and its reverse side shall be dry and grease-free when bonding 

to wooden or steel support material. 

Below, Table 21 provides the technical data for standard patterned formwork liquid, 

Table 22 for formwork release agents, and Table 23 for paraffin-based formwork release agents. 

Table 21: Technical Data for Polyurethane-Based Patterned Formwork Liquid 

Mixing ratio A:B (by weight) 100:5 

Processing temperature Above +15°C 

Pot life (working time) Approx. 1–2 hours 

Stripping After approx. 12–15 hours 

Service time Approx. 48 hours after stripping 

Density Approx. 1.23 g/cm² 

Shore hardness A according to DIN 53 

505 

40-50 

Contraction after curing Approx. 0.5% 

Moisture Not sensitive 

Hardens when processed 

Freezing Not sensitive 

Hardens when processed 

Sealed cylinder shelf life Max. 1 year 

67 



 

Table 22: Technical Data for Polyurethane-Based Formwork Release Agent *, 

Coverage 

30-40 g/m² depending on texture depth 

Density (+15°C) 0.88 g/ml 

Viscosity (+20°C) 16 mm²/s 

Flash point +134°C 

Water solubility Shall not be diluted 

Storage –20 to +30°C 

Expiration date 36 months if stored sealed in cylinder 

Table 23: Technical Data for Paraffin-Based Formwork Release Agent for Polyurethane-Based Formworks 

Coverage 

40-60 g/m² depending on texture depth 

Density (+15°C) 0,79 g/ml 

Viscosity (+20°C) 13 mm²/s 

Flash point +58°C 

Water solubility Shall not be diluted 

Storage –20 to +30°C 

Expiration date 36 months if stored sealed in cylinder 

11.2.3.5. Working with Formwork Moulds 

The transport packaging shall be selected according to the requirements of the patterned 

formwork. The transport packaging shall be selected according to the requirements of the patterned 

formwork. The transport packaging protects the patterned formworks. 

Patterned formworks shall be delivered as rolls or flat, depending on the texture design and 

depth. Rolled mats shall be unrolled and laid flat. If rolled patterned formworks are stored outdoors 

and exposed to weather, they shall be covered with air- and light-tight tarpaulins to protect the 

formworks against mechanical damage, dirt, big temperature changes, direct sunlight, rain and 

frost (snow and ice), aggressive chemicals (solid, liquid, and gas), and the risk of evaporation of 

the release agent at ≥50°C. 

Patterned formworks shall be cut to the required size using a cutting knife or a circular saw 

with a hard metal disc. 

For large concrete surfaces, it may be necessary to combine several patterned formworks. 

Optimum uniformity is achieved by joining two patterned formworks at the beginning and end of 

a pattern. For some patterned formwork designs, the use of a contraction joint may be required. 

Manufacturers provide a special cement product designed specifically for patterned 

formworks. Like all cements, it shall be applied on a dry, clean surface free from dust and grease. 

The underside of patterned formworks shall be dry, clean, and ready before cement 

application. Any excess release agent on patterned formwork elements shall be removed with an 

absorbent cloth before surface cementing. It shall also be ensured that the formwork surface is 

roughened for cementing. 

Patterned formworks cemented with cement shall be removed manually. During 

dismantling of patterned formworks, sufficient spare or additional formworks shall be available 

since they may be damaged. 
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Patterned formwork cement is used to bond patterned formworks to wooden formworks, 

synthetically coated formwork linings, and steel formworks. The formwork surface and the reverse 

side of the formwork shall be dry and free of grease. 

It shall not be applied when the humidity level is high. Cement is delivered in containers 

containing base and hardener components. The application temperature shall be at least +10°C, 

and application shall not be carried out at temperatures above +30°C. 

The surface shall be dry, clean, and free of oil and grease. Steel formworks shall be 

sandblasted, and wooden formworks shall have sufficient load-bearing capacity. Plastic-coated 

large-area formworks and multilayer boards shall be pressed under the wooden backing. Contact 

with moisture shall be avoided. “Base Compound A” shall be thoroughly mixed. “Hardener B” 

shall be added and mixed homogeneously together. The mixture shall then be poured into another 

container and mixed thoroughly. The mixture attains load-bearing capacity after a minimum of 24 

hours. Tools shall be cleaned with thinner. 

When cast-in-place concrete formworks are used, cementing of the entire surface of the 

formworks is recommended. If patterned formworks are to be bonded to a separate formwork 

piece, cleaning of the base formwork is not necessary. 

After cement application, the patterned formwork sheets shall be butted together along their 

longitudinal edges, the formwork roll shall be unrolled, and pressed so that no air bubbles remain. 

The backing shall be loosely fastened at the corners. 

In steel formworks, G-clamps may be required. It shall be ensured that the entire surface is 

pressed adequately. 

11.2.3.6. Concrete Casting and Stripping 

Before applying the reinforcement to the patterned formworks, a suitable release agent shall 

be selected according to local conditions: 

• A special formwork release agent for “normal” conditions 

• A paraffin-containing release agent for “adverse”/severe weather condition (e.g., 

excessive heat, long waiting times, rain, wind/sand) 

Textured formworks shall be dust-free and dry before the release agent is applied to ensure 

firm adherence of the release agent to the formwork surface. The release agent shall be applied 

evenly everywhere, especially on deep textures. Wet or damp surfaces prevent proper bonding of 

the release agent and the formwork. In bad weather conditions (rain, snow), if loss of release agent 

occurs, it shall be reapplied. Application of the patterned formwork release agent approved by the 

Administration shall be repeated before each concreting operation. 

If cement mortars spill on stripped wall surfaces, they shall be immediately rinsed with 

water. Otherwise, cement slurry generally causes dark stains on unplastered exposed concrete. 

When heating the tilting table and formworks, the temperature shall not exceed +80°C. 

Stripping of the formwork does not cause any problem when a special formwork release 

agent is used. Since a vacuum effect occurs between the formwork and the hardened concrete, the 

formworks cannot be displaced by applying force. If the adjustment board is loosely applied, it can 

be easily removed manually from the corners or edges. 

In corner panels and curves, the formwork can be stripped without any problem, provided 

there is no rigid joint over the corner. In the case of cemented adjustment boards, the precast 

element shall be lifted from one edge. 

The notes in the safety data sheets shall be complied with. 
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11.2.3.7. Stocking of Precast Elements 

1) The name (or emblem) of the producing company and date of production must be 

marked on the elements which leave the production hall in a clearly legible manner, 

and if confusion may occur, information concerning the element’s place in the 

construction should be provided, with elements of the same dimensions and different 

reinforcement and/or concrete types or spacers being differentiated with the relevant 

markings. 

2) After the necessary mending and touch-up works, the elements which leave the 

production hall shall be stacked in the storage site with wooden sleepers or wedges 

being inserted at suitable places. Stacking may not be done directly on the ground for 

any reason whatsoever. 

3) Patterned formwork adjustment molds shall be stored flat. Although they are flexible, 

patterned textured formworks are not highly sensitive to excessive mechanical stress. 

4) Patterned formworks shall not be folded or bent. Patterned formworks shall be placed 

flat in a dry room. They shall be stored in a place not affected by UV rays. 

11.2.3.8. Transportation of Precast Elements 

1) Precast elements shall be shipped with transports which suit their dimensions and 

weight. (Trucks, trailers, utility vehicles etc.) 

2) Elements belonging to the load-bearing system must be placed over wooden sleepers 

or wedges and supported in accordance with the type, dimensions and post-assembly 

operational conditions of the element. 

3) Precast elements may be stacked over one another in a specific number of rows by 

taking into account the road conditions, vehicle capacity and type and dimensions of 

the element. Wedges or sleepers must be placed in between these elements. These 

shall be positioned in the same vertical alignment. 

4) Precast elements shall be secured to the vehicle bed with wooden wedges and battens 

and, if necessary, fastened to the bed with steel cables. 

11.2.3.9. Installation of Precast Elements 

1) Assembly work shall be performed by experienced workers under the supervision of 

a responsible engineer or an assembly technician as may be necessitated by the scope 

of the work. 

2) During precast the assembly of precast elements, all details prescribed under the 

project design shall be adhered to. If the applied system involves welded joints, the 

weld sizes shall also be separately verified for conformity with the project design. 

3) The cast-in-place node concretes poured at the construction site shall also have the 

properties set down in the relevant project design, with sufficient compacting and 

placement of the cast concrete being ensured. In cases where adhesion enhancing and 

plasticizing additives are used, their compliance with the requirements set out in the 

specifications shall be sought. Surface defects that may occur during shipping and 

assembly shall be repaired with a high-bond mortar. 

4) Appropriate electrodes shall be used in welding work for load-bearing system joints. 

5)  Precast elements shall be protected against excessive shock and vibration during 

assembly or stacking. 

6) Elements which are significantly damaged shall not be allowed to be assembled. 

7) During assembly, it must be ensured that the elements maintain their positions and do 

not topple, even during very short intervals when they remain temporarily 

unconnected. 
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12. GUARDRAIL WORKS 

The types of guardrails to be used in the projects are: 

1) Wrought iron guardrail, 
2) Laser-cut iron guardrail, 
3) Aluminum guardrail, 
4) Stainless steel guardrail, 
5) Polyethylene guardrail, 
6) Iron guardrail, and 
7) Tempered glass guardrail. 

12.1. MATERIAL PROPERTIES 

In the manufacture of wrought iron guardrails, wrought iron of the quality required by the 
Administration shall be used. The technical properties of the wrought iron to be used shall 
comply with the DSİ Iron Works Technical Specification. 

Unless otherwise stated in the contract, steel guardrail elements (including connection 
elements) shall be manufactured from steel of S235 JR quality as specified in TS EN 10027-1 
standard. Properties such as tensile strength, yield strength, yield point, and elongation at break 
shall comply with the criteria specified in TS EN 10025-2 standard. 

All steel elements constituting a guardrail system, after completion of all processes such as 
cutting, drilling, forming, welding, etc., shall be hot-dip galvanized. Before galvanizing, there 
shall be no burrs, trimmings, protrusions, sharp edges and corners on the processed surfaces of 
the guardrail elements; rust shall be removed, and edges and holes shall be free of undulation and 
burrs. No mechanical work shall be performed on guardrail elements after galvanizing. During 
galvanizing, the aluminum ratio in the bath shall not exceed 0.01%. During galvanizing, the bath 
temperature shall be maintained between 455–465°C. To determine the quality of galvanizing, 
each sample taken shall be subjected to the following tests specified in standards: 

a. TS EN ISO 1460, “Metallic Coatings – Hot-Dip Galvanized Coatings on Iron-Based 
Materials – Gravimetric Determination of the Mass per Unit Area” for zinc coating 
weight test. 

b. Defects after galvanizing shall not be corrected by retouching. However, in cases where 
white or dark corrosion products – primary zinc oxide – occur during storage under 
humid conditions after galvanizing, the minimum coating thickness shall also be 
ensured. In this respect, TS EN ISO 1461 standard shall be applied. 

c. According to TS EN ISO 1461, the coating thickness of the galvanized material shall 
be measured by the magnetic method in accordance with TS 2311 EN ISO 2178, as 
specified in article 6.2 Thickness of TS EN ISO 1461 standard. 

d. It shall be carried out on the ungalvanized raw material required by TS EN 10025-2. In 
the strength class of S235 JR steel, the minimum yield strength shall be 235 N/mm², 
tensile strength shall be between 360–510 N/mm², and elongation value shall be 
minimum 24%. 

Polyethylene guardrails are guardrails made of polyethylene (I668 Eltex) raw material. 

They shall be resistant to sun and climatic conditions. If metal feet are to be used, they shall be 

galvanized as specified in TS 822 EN 10142 against corrosion and shall be covered with a 

plastic cap containing electrostatic powder coating on top. 
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The connection parts of glass guardrails shall be covered with waterproof caps using special 

gaskets. 

The mechanical properties of F22 tempered aluminum profiles frequently produced from 

AlMgSi 0.5 alloy are as specified in DIN 1748 Teil 1 (TS 996) Standard, as given in the following 

table: 

Table 24: Aluminum Technical Properties 

Density 2,7 gr / cm³ 

Modulus of elasticity 7000 Kg / mm² 

Melting point 600 - 650 c 

Coefficient of expansion 23 * 10 – 6 m / C 

Tensile strength 215 N / mm² 

Yield strength 160 N / mm² 

Elongation at break % (A5) 12 

Elongation at break % (A10) 10 

Hardness (Brinell) 70 

The aluminum profiles to be used in joinery shall have the “TSE QUALITY 

CERTIFICATE,” and the facilities where they are produced shall have the “TSE PRODUCTION 

COMPETENCE CERTIFICATE” and the “ISO 9002” quality assurance certificate for 

production and facility. The standards to be complied with regarding dimensional tolerances in 

the design and production of profiles are: DIN 1748 and DIN 17615 standards. 

12.2. GEOMETRIC DETAILS 

According to AASHTO LRFD, the height of a pedestrian guardrail shall be at least 1070 

mm from the walking level. 

Guardrail bars may consist of horizontal and/or vertical elements. The spacing between 

elements shall be selected so as not to allow a circular object with a diameter of 150 mm to pass 

through. When both horizontal and vertical elements are used, the 150 mm limit shall apply to 

the lower 685 mm portion of the guardrail, and the spacing in the upper portion shall be selected 

so as not to allow a circular object with a diameter of 200 mm to pass through. It shall be ensured 

that the end or edge of the guardrail provides the necessary safety for pedestrians. 

The spacing requirements mentioned are not applicable to chain fences or prefabricated 

metal fence guardrails and posts. For chain fences and prefabricated metal fences, it shall be 

ensured that the spacing is less than 50 mm. 

Pedestrian guardrails, guardrail posts, the design of foundations, bolt design, and base plate 

design shall comply with AASHTO LRFD Section 13.8, “Pedestrian Railings,” and other relevant 

sections. 

To prevent torsion in the longitudinal guardrail bars, each element shall be provided with a 

displacement capacity of one centimeter. 

The longitudinal guardrail bars shall be securely connected to the intermediate walls, and a 

cavity shall be left inside the intermediate walls into which the bars can fit, in order to prevent 

torsion of the bars. Within the cavity, polyurethane foam shall be injected between the wall and 

the bar, so that transverse movement is restricted while longitudinal movement is allowed. 
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Figure -27: Guardrail Assembly Detail 

The longitudinal guardrail bars shall extend into the intermediate walls and posts by an 

amount equal to the larger of their cross-sectional dimensions, and a clearance of 2 centimeters 

shall be left in the cavities for elongation of the bars. 

Figure -28: Guardrail bar elongation clearances 

12.3. APPLICATION DETAILS 

1) The Contractor shall carry out the manufacturing in accordance with the drawings         

approved by the Administration.     

2) Based on the drawings, the desired patterns and motifs shall be created with solid 

section bars forged to the specified thickness and properties. 

3) The supply of all materials to be used in production and assembly and their 

transportation to the site shall be the responsibility of the Contractor. 

4) Materials that are not solid, or are bent, twisted, damaged, broken, and that contain 

deficiencies and defects in terms of joints, dimensions, and textures shall not be 

accepted. Such materials shall not be applied on site. 

5) After the materials are manufactured and before assembly begins, they shall be 

scraped, cleaned of burrs and dirt, and coated with two layers of anti-rust primer to 

form the first protective layer. 

6) According to the sample production specified in the project and approved by the site, 

motifs shall be prepared and assembled using the appropriate technique. 
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7)  Vertical bars shall be manufactured at appropriate intervals according to the project. 

8) All welding points shall be made properly, and the joints shall be ground so as not to 

be visible, and made ready for painting. 

9) The completed productions shall be fixed by anchorage according to their places in 

the project. The anchorage points shall be covered with rosettes approved in the 

sample production. 

10) During assembly, the anchorage apparatuses to be used shall be mounted with an 

appropriate anchorage method into the holes drilled at the distances shown in the 

project along the wall edges before starting the assembly. 

11) During anchorage operations, the elements shall be fixed in a way that does not 

damage the exterior façade, jambs, or existing coating. 

12) Connection elements shall be isolated with anti-rust primer. 

13) The Contractor is obliged to check the suitability, dimensions, and sub-manufacturing 

of the production to be assembled for its intended place. 

14) The Contractor is obliged to notify the Administration in writing within a sufficient 

period of time of any problems that may exist at the assembly location (such as 

dimensional errors, defective workmanship in walls, insulation, and precast 

production that may hinder assembly). 

15) If not notified to the Administration in writing before assembly, it shall be deemed 

that the infrastructure of the places is proper and that there is no problem for assembly. 

16) The productions found defective and not accepted by the Administration shall be 

repaired by the Contractor in accordance with the manufacturer’s recommendations, 

or the irreparable parts shall be re-made. 

17) The Contractor shall keep the working area clean and tidy. 

18) Construction debris shall be cleaned daily at the end of the work. 

19) Productions under construction shall be protected, and any damages shall be corrected 

with the approval of the Administration, and the application area shall be delivered 

without damage. 

20) The completed productions shall be protected by the Contractor until the provisional 

acceptance is made, by taking the necessary measures. 

12.4. PAINTING AND COATING DETAILS 

12.4.1. Iron and Steel Guardrails 

To make metal guardrails resistant to environmental factors and corrosion, they shall be 

properly painted or coated. The following points shall be observed during coatings: 

1) The cleanliness of the surface shall be ensured. Since applying paint on an oily 

and dirty surface causes the paint not to adhere, to blister, and to peel off, if the 

application surface is oily or dusty, it shall be cleaned and wiped. For cleaning metal 

surfaces, depending on the nature of the work and the surface, one of the methods 

such as wiping with solvent, cleaning with emulsions, cleaning with alkali, cleaning 

with steam, cleaning with wire brush, acid bath, sandblasting, burning, etc. may be 

used. 

2) If there is a layer on the surface that cannot be removed by cleaning (rust, dirt, 

adhered foreign substances, etc.), the surface shall be scraped with a spatula and 

sanded with sandpaper. Sandpapers are numbered according to grain size and are 

available on the market as 40-60-80-…-280-320-...-800-1000. The lower the 

number value, the coarser the sandpaper; the higher the number, the finer the  
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sandpaper. As fine a sandpaper as possible shall be used to prevent the surface layer 

from being scored. Preferably, cleaning shall be done with a grinding machine and 

flap discs attached to it. 

3) If there are deep cracks and fractures on the surface, after painting, the surface 

shall be filled with steel putty and sanded to achieve a smooth finish. 

4) If the metal has not been previously painted and the first painting is being done, 

after cleaning, a primer or anti-rust coat shall be applied before painting. Some 

primers contain both primer and anti-rust properties. If the material already has a 

paint layer, there is no need to apply primer. Applying primer as the first layer makes 

the topcoat smoother and extends the paint’s lifetime. After sufficient thinning (such 

as adding thinner to make the paint more fluid), primer shall be applied to the surface 

with a brush or spray gun. After waiting 10–15 minutes for the primer to dry, the 

topcoat painting process shall be started. In factory painting, instead of primer, a 

cathodic electro-deposition coating process is applied. It is more durable and more 

covering than primer. 

5) First, the paint shall be selected according to the place and purpose of use of the 

product to be painted. Depending on its composition, the durability, drying time, 

and application thickness of the paint vary. These paints may be Cellulosic, 

Synthetic (oil-based), Water-based, or Spray paints. The selected paint shall be 

thinned with a suitable thinner (such as water or thinner). Painting can be done with 

a small brush or roller. If a large area is to be painted, spraying with a paint gun will 

speed up the process. The paint shall be allowed to dry for a period according to its 

properties for complete curing. During this time, the painted area must not be 

touched. The brushes or spray gun used shall be cleaned immediately before drying. 

The cleaning process shall be carried out with the same material used for thinning 

the paint (thinner, water, etc.). 

12.4.2. Aluminum Guardrails 

The surface preparation and coloring of aluminum guardrails shall be carried out in the 

following ways: ELOXAL or powder coating. 

A. ELOXAL (Electrolytic Oxidation of Aluminum) 

Thanks to anodic oxidation (eloxal), the oxide layer provided on the aluminum surface 

ensures high resistance against corrosive wear as well as a permanent decorative appearance. All 

anodic oxidation (eloxal) processes shall comply with TS 4922, BS 1615, DIN 17611 standards. 

In addition, the Manufacturer shall have the “European Anodisers Association / EURAS 

QUALANOD” quality certificate. 

1) Surface Preparation: All profiles to be anodically oxidized shall be subjected to 

mechanical and chemical processes. In addition to eliminating surface defects such 

as streaks formed during and after extrusion, the following processes shall be carried 

out depending on the desired decorative surface (matte – glossy – decorative) 

appearance: 

⋅ Sanding 

⋅ Polishing 

⋅ Satin finishing 
⋅ Manual buffing 
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2) Eloxal Process: Before the eloxal process with direct current sulfuric acid (GS) 

method, degreasing, etching, and neutralization processes with controlled 

parameters shall be applied. Degreasing ensures surface cleaning of the profiles. 

Etching and caustic treatment are applied in alkaline and acidic baths to remove dirt 

and oil not cleaned during degreasing, to mattify the surface if necessary, or to 

remove the existing oxide layer. Neutralization cleans the reaction residue formed 

in the caustic process. The thickness of the eloxal layer shall be 18–20 microns in 

accordance with TS 4922 standard. 

3) Coloring: In addition to the silvery white color of aluminum, profiles prepared in 

various colors are used in architecture and decoration. In general, the coloring of 

anodized aluminum is done by two methods. 

4) Immersion and coloring: The coloring bath is an aqueous solution of a specially 

composed dye. With this method, yellow and black coloring is achieved. The special 

yellow dye used in yellow coloring shall comply with DIN 50018 standard. 

5) Electrolytic coloring: In this method, the coloring bath is an aqueous solution of 

some metal salts, and since coloring is done by electrolysis, it has electrodes. The 

profile is placed in the bath and an alternating current is passed between the profile 

and the electrodes. The metal ions in the solution move and penetrate into the 

anodized layer. There are many methods for electrolytic coloring. 

6) Sealing: The anodic oxide layer shall be sealed in boiling water baths at 96–100 °C 

with deionized, specially additive-treated water, which increases resistance against 

physical and chemical wear, ensuring the durability of the color and oxide layer. 

The quality values obtained at the end of this process shall comply with “ISO 2931” (TS 

3180), “ISO 2143” (TS 1382), and “ISO 3210” (TS 2676) standards. 

B. POWDER COATING 

1) Powder coating is a painting process performed by charging the powder paint with static 

electricity to adhere to the metal surface and curing it. Before electrostatic powder coating 

of aluminum materials, the following pre-treatments shall be applied: 

⋅ Degreasing 

⋅ Washing 

⋅ Caustic treatment 

⋅ Washing (2 times) 

⋅ Acid cleaning (Neutralization) 

⋅ Washing 

⋅ Chromating 

⋅ Washing 

⋅ Drying 

2) The bars entering the painting cabin with the help of conveyors shall come out of the cabin 

painted. Points to be considered during painting are: paint quantity and density, paint film 

thickness, gun-profile distance, etc. 
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3) When hanging the materials to be coated, the contact points shall be minimized and 

located on the invisible surfaces of the material in its usage area. 

4) The electrostatic paint to be used for coating in exterior applications shall only be 

“polyester.” Other quality paints such as epoxy, epoxy polyester, polyurethane, etc. are 

suitable only for interior use and shall not be used on guardrails. The paint color shall 

comply with international RAL standards, and its quality shall comply with “Qualicoat” 

standards. 

5) The coating shall be carried out in accordance with technical requirements and shall be of 

a quality that can meet the following standards: 

Table 25: Aluminum Powder Coating Technical Properties 

Thickness 70 - 80 micron 

Adhesion DIN 53151 

Flexibility DIN 53152 

Deformation DIN 53156 

Hardness BS 3900 E2 

Surface appearance 

In visual inspection, there shall be no uncoated 

area, scratch, roughness, blister, stain, peeling, 

etc. defects on the surface. 

12.5. MAINTENANCE AND REPAIR 

Since wrought iron products are affected by weather conditions, swelling and rusting occur 

in their paint over time, therefore, wrought iron guardrails shall be repaired or maintained at least 

once a year. The swollen and rusted areas shall be sanded and painted with anti-rust paint, and 

then painted in the desired permanent color. If wrought iron products are not maintained for a 

long time and are exposed to excessive rust and decay, in such cases the wrought iron product 

shall be dismantled and sanded with a high-tech sandblasting technique, called “sandblasting,” 

which is used to remove paint, rust, and decay on wrought iron products. When sanding is carried 

out with the sandblasting technique, the lifetime of the iron is extended by 30%. Since wrought 

iron products are used for security purposes, corroded and excessively rusted products shall be 

immediately replaced with new ones. 

13. INSPECTION AND ACCEPTANCE WORKS 

Inspection and control works of the project shall be carried out in accordance with the 

provisions specified in the specifications of the productions, in compliance with the current DSİ 

Quality Control Technical Specification, the contract of the work, and its annexes. 

14. REREFENCED STANDARDS AND/OR DOCUMENTS 

In this technical specification, references are made to other standards and/or documents. 

These references are indicated at the appropriate places in the text and listed below. For dated 

references, only the edition cited applies. For undated documents, the latest edition of the 

referenced document (including all amendments) shall apply. 

77 



 

Table 26: References and Standards 

Standard 

Number 
Turkish Name English Name 

TS EN 1008 Beton Karma Suyu Numune Alma, 

Deneyler ve Beton Endüstrisindeki 

İşlemlerden Geri Kazanılan Su Dahil, 

Suyun , Beton Karma Suyu Olarak 

Uygunluğunun Tayini Kuralları 

Mixing Water for Concrete -

Specifications for Sampling, Testing 

and Assessing the Suitability of Water, 

Including Water Recovered from 

Processes in the Concrete Industry, as 

Mixing Water for Concrete 

ASTM C33 Beton Agrega Standardı Standard Specification for Concrete 

Aggregates 

TS EN 933-9 

Agregaların Geometrik Özellikleri İçin 

Deneyler – Bölüm 9 : İnce Tanelerin 

Tayini- Metilen Mavisi Deneyi 

Tests for Geometrical Properties of 

Aggregates- Part 9 : Assessment of 

Fines – Methylene Blue Test 

ASTM C88 Sodium Sulfate ya da Magnesium 

Sulfate Kullanarak Agrega Sağlamlık 

Testi 

Standard Test Method for Soundness of 

Aggregates by Use of Sodium Sulfate 

or Magnesium Sulfate 

TS 13516 Agregaların potansiyel alkali 

reaktivitesinin tayini ( harç çubuğu 

yöntemi ) 

Standard Test Method for Potential 

Alkali Reactivity of Aggregates ( 

Mortar Bar Method ) 

TS13517 

TS 13517 

Bağlayıcı Malzemeler ve Agrega 

Karışımlarının Potansiyel Alkali Silika 

Reaktivitesinin Tayini ( Hızlandırılmış 

Harç Çubuğu Yöntemi ) 

Yöntemi ) 

Standard Test Method for Determining 

the Potential Alkali Silica Reactivity of 

Combinations of Cementitious 

Materials and Aggregate (Accelerated 

Mortar Bar Method)   
 

DSİ Beton İşleri Teknik Şartnamesi DSİ Technical Specifications for 

Concrete Works 
 

DSİ Demir İşleri Teknik Şartnamesi DSİ Technical Specifications for Iron 

Works 
TS 705 Fabrika Tuğlaları-Duvarlar İçin Dolu 

Ve Düşey Delikli 

Solid Bricks and Vertically Perforated 

Bricks 

TS 808 Kireç Kumtaşı (Duvarlar İçin) Sandlime-Bricks 

ASTM D4992 Erozyon Kontrolünde Kullanılacak 

Kayaların Değerlendirilmesine İlişkin 

Standart Uygulama 

Standard Practice for Evaluation of 

Rock to be Used for Erosion Control 

ASTM C127 Bağıl Yoğunluk için Standart Test 

Yöntemi (Özgül Ağırlık) ve Kaba 

Agreganın Absorbe Edilmesi 

Standard Test Method for Relative 

Density (Specific Gravity) and 

Absorption of Coarse Aggregate 

ASTM D4543 Kaya Çekirdeğinin Silindirik Test 

Örnekleri Olarak Hazırlanması ve 

Boyut ve Şekil Toleranslarına 

Uygunluğun Doğrulanması İçin 

Standart Uygulamalar 

Standard Practices for Preparing Rock 

Core as Cylindrical Test Specimens and 

Verifying 

Conformance to Dimensional and 

Shape Tolerances 

ASTM D2938 Bozulmamış Kaya Çekirdek 

Örneklerinin Serbest Basınç Dayanımı 

için Standart Test Yöntemi 

Standard Test Method for 

Unconfined Compressive Strength of 

Intact Rock Core Specimens 

ASTM C535 Los Angeles Makinesi ile Büyük 

Boyutlu Kaba Agrega Degradasyonu 

Direnci için Aşınma ve Darbe ile 

Standart Test Yöntemi 

Standard Test Method for Resistance to 

Degradation of Large-Size Coarse 

Aggregate by Abrasion and Impact in 

the Los Angeles Machine 
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ASTM D5121 Dayanıklılık Testi için Kaya 

Levhaların Hazırlanması için 

Standart Uygulama 

Standard Practice for Preparation of 

Rock Slabs for Durability Testing 

ASTM D5240 Sodyum Sülfat veya Magnezyum Sülfat 

Kullanımı ile Riprap Sesini 

Değerlendirmek İçin Kaya Levhalarının 

Test Edilmesine 

Yönelik Standart Test Yöntemi 

Standard Test Method for Testing Rock 

Slabs to Evaluate Soundness of 

Riprap by Use of Sodium Sulfate or 

Magnesium Sulfate 

ASTM D5312 Erozyon Kontrolü İçin Donma ve 

Çözülme Koşullarında Kaya 

Dayanıklılığının Değerlendirilmesine 

Yönelik Standart Test Yöntemi 

Standard Test Method For Evaluation 

Of Durability Of Rock For Erosion 

Control Under Freezing And Thawing 

Conditions 

ASTM C127 Bağıl Yoğunluk (Özgül Ağırlık) ve 

Kaba   Agrega   Absorpsiyonu   için 

Standart Test Yöntemi 

Standard Test Method For Relative 

Density (Specific Gravity)

 And Absorption Of Coarse 

Aggregate TS EN 14157 

TS EN 14157 

TS EN 14157 

Doğal Taşlar - Aşınma Direncinin 

Tayini 

Natural Stones - Determination Of 

Abrasion Resistance 

ASTM D5313 Islatma   ve   Kurutma   Koşullarında 

Erozyon Kontrolü İçin

 Kaya Dayanıklılığı  

Değerlendirilmesi  İçin Standart Test 

Yöntemi 

Standard Test Method For 

Evaluation  Of  Durability  Of  Rock For 

Erosion Control Under Wetting And 

Drying Conditions 

TS 825 Binalarda Isı Yalıtım Kuralları Thermal Insulation Requirements for 

Buildings 

ACI 301 Yapısal Beton Standardı 

Specifications for Structural Concrete 

ACI 503.4 Epoksi Harçlı Betonun Onarımı Repairing Concrete with Epoxy 

Mortars 

TS EN 12390-2 

TS EN 12390-2 

Beton - Sertleşmiş Beton Deneyleri -

Bölüm   2: Dayanım   Deneylerinde 

Kullanılacak  Deney  Numunelerinin 

Hazırlanması Ve Küre Tabi 

Tutulması 

Testing Hardened Concrete - Part 2: 

Making And  Curing Specimens  for 

Strength Tests 

ASTM C31 Beton   Test   Örneklerinin   Sahada 

Yapılması ve Kürlenmesi

 için Standart Uygulama 

Standard  Practice  for  Making  and 

Curing Concrete Test Specimens in the 

Field 

TS EN 12390-3 Beton - Sertleşmiş Beton Deneyleri -

Bölüm 3: Deney Numunelerinde Basınç 

Dayanımının Tayini 

Testing Hardened Concrete - Part 3: 

Compressive Strength Of

 Test Specimens 

ASTM C39 Silindirik Beton Numunelerin Basınç 

Dayanımı İçin Standart Test Yöntemi 
Standard Test Method For 

Compressive Strength Of Cylindrical 

Concrete Speciımens 

TS 3260 Beton Yüzey Sertliği Yolu İle Yaklaşık 

Beton Dayanımının Tayini Kuralı 

Determination Of Compressive Strength 

Of Concrete By Surface Hardness 

Method 

ASTM C42 Beton Karot Numuneler ve Kesilmiş 

Kirişlerler  için  Tespit  ve  Test  için 

Standart Test Yöntemi 

Standard Test Method For Obtaining 

And Testing Drilled Cores And 

Sawed Beams of Concrete 

TS EN 12350-2 Beton - Taze Beton Deneyleri -Bölüm 2: 

Çökme (Slamp) Deneyi 

Testing Fresh Concrete - Part 2: Slump 

Test 

ASTM C143 Hidrolik Çimento Betonunun Çökmesi 

(Slamp) için Standart Test Yöntemi 

Yöntemi 

Standard Test Method for Slump Of 

Hydraulic Cement Concrete 
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TS EN 12350-7 Beton - Taze Beton Deneyleri -Bölüm 

7: Hava Muhtevasının Tayini - Basınç 

Yöntemleri 

Testing Fresh Concrete - Part 7: Air 

Content - Pressure Methods 

ASTM C231 Basınç   Yöntemiyle   Taze   Karışık 

Betonun  Hava  İçeriği  İçin  Standart 

Test Yöntemi 

Standard   Test   Method   For   Air 

Content Of Freshly Mixed Concrete By 

The Pressure Method 

ASTM C138 Betonun Birim Ağırlığı, Akması ve 

Hava İçeriği (Gravimetrik) için 

Standart Test Yöntemi 

Standard   Test   Method   For   Unit 

Weight,   Yield,   And   Air   Content 

(Gravimetric) Of Concrete 

ASTM C1064 Yeni   karılmış   Portland   Çimento 

Betonu  Sıcaklığı  İçin  Standart  Test 

Yöntemi 

Standard Test Method For 

Temperature Of Freshly Mixed Portland 

Cement Concrete 

ACI 308 Kür Betonu için Standart Uygulama Standard Practıce For Curing 

Concrete 

TS 708 Beton Çelik Çubukları Steel Bars for Concrete 

TS 3168 

EN 1536 
Özel Jeoteknik Uygulamalar Delme 

(Fore)-  Kazıklar-  (Yerinde  Dökme 

Betonarme Kazıklar) 

Execution  Of  Special  Geotechnical 

Work- Bored Piles 

TS 3167 Kazık Temellerin Hesap Ve 

Düzenlenmesinde Genel Kurallar 

Design  And  Construction  Methods Of 

Pile Foundations 

TS 3168 Delme Kazıklar-Tasarım, Yapım Ve 

Uygulama Kuralları 

Bored Piles Of Conventional Type; 

Construction Procedure, Design And 

Permissible Load 

DIN 4128 Küçük  Çaplı  Enjeksiyon  Kazıkları 

(Yerinde  Dökme  Beton  Kazık  ve 

Kompozit Kazıklar); İnşaat 

Prosedürü,  Tasarım ve  İzin  Verilen 

Yükleme 

Small Diameter Injection

 Piles (Cast-In-Place  Concrete  

Piles  And Composite Piles);      

Construction Procedure,  Design  And  

Permissible Loading 

TS EN 10218-1 Çelik tel ve tel mamuller- Genel-Bölüm 

1: Deney metotları 

Steel wire and wire products -General - 

Part 1: Test methods 

TS EN 10223-

3:2013 

Çitler İçin Çelik Teller Ve Tel 

Mamuller-Bölüm 3:

 Construction 

İnşaat Mühendisliği  Amaçları  İçin  

Altıgen Çelik Tel Örgüler 

Steel Wire And Wire Products For 

Fencing   And   Netting   -   Part   3: 

Hexagonal Steel Wire Mesh Products 

For Civil Engineering Purposes 

TS EN 10244-2 Çelik  Tel  ve  Tel  Mamuller-  Çelik Tel

 Üzerine Demir Dışı Metal 

Kaplamalar-  Bölüm  2: Çinko  Veya 

Çinko Alaşımlı Kaplamalar 

Steel Wire And Wire Products-Non-

Ferrous Metallic Contings On Steel 

Wire-Part   2:Zinc   Or   Zinc   Alloy 

Contings On Steel Wire 

TS EN 10245-2 

TS EN 10245-2 

Çelik Tel Ve Tel Mamuller-Çelik Tel 

Üzerine Organik Kaplamalar-Bölüm 2: 

Pvc Kaplanmış Tel 

Steel Wire And Wire Products -Organic 

Coatings On Steel Wire -Part 2:Pvc 

Finished Wire 

TS EN 10245-3 Çelik Tel Ve Tel Mamuller-Çelik Tel 

Üzerine Organik Kaplamalar-Bölüm 2: 

PART 2 PE Kaplanmış Tel 

Steel  Wire  And  Wire  Products  -

Organic  Coatings  On  Steel  Wire  -Part 

2:PE Finished Wire 

TS 699 Tabii   Yapı   Taşları-Muayene   Ve 

Deney Metotları 

Methods of Testing for Natural 

Building Stones 

TS EN 1936 

Doğal Taşlar- Deney Metotları-Gerçek 

Yoğunluk, Görünür Yoğunluk, Toplam 

Ve Açık Gözeneklilik Tayini 

Natural Stone Test Methods -

Determination Of Real Density And 

Apparent Density, And Of Total And 

Open Porosity 

TS EN 13755 

Doğal Taşlar - Deney Yöntemleri -

Atmosfer Basıncında Su Emme Tayini 

Natural Stone Test Methods -

Determination Of Water Absorption At 

Atmospheric Pressure 
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TS EN 1097-2 Agregaların   Mekanik   Ve   Fiziksel 

Özellikleri İçin Deneyler - Bölüm 2 : 

Parçalanma  Direncinin  Tayini  İçin 

Yöntemler 

Tests For Mechanical And Physical 

Properties Of Aggregates - Part 2: 

Methods For The Determination Of 

Resistance To Fragmentation 

TS EN 12370 

TS EN 12370 

Doğal Taşlar - Deney Metotları - Tuz 

Kristallenmesine Direncin Tayini 
Natural Stone Test Methods-

Determination Of Resistance To Salt 

Crystallisation 

TS EN 1367-2 Agregaların   Termal   Ve   Bozunma 

Özellikleri  İçin  Deneyler  Bölüm  2: 

Magnezyum Sülfat Deneyi 

Tests For Thermal And Weathering 

Properties  Of  Aggregates  -  Part  2: 

Magnesium Sulfate Test 

TS EN 14157 Doğal Taşlar - Aşınma Direncinin 

Tayini 

Natural Stones - Determination Of 

Abrasion Resistance 

TS 500 Betonarme Yapıların 

Tasarım ve Yapım Kuralları 
Requirements for Design and 

Construction 

Of Reinforced Concrete Structures 

TS 3233 Öngerilmeli Beton Yapıların Hesap Ve 

Yapım Kuralları 

Building Code Requrements For 

Prestressed Concrete 

TS 19 Portland Çimentoları Portland Cements 

TS 3646 Çimento-Erken Dayanımı Yüksek High Early Strength Cement 

DIN 1748-1 Dövme Alüminyum ve Alüminyum 

Ekstrüzyonlu Kesitler; Özellikleri 
Wrought Aluminium And 

Aluminium Extruded Sections; 

Properties 

AASHTO LRFD AASHTO  YDKM  Köprü  Tasarım 

Şartnamesi 

AASHTO   LRFD   Bridge   Design 

Specifications 

TS 4922 Metalik Malzemelerin Yüzey İşlemi-

Alüminyum Ve Biçimlenebilir 

Alüminyum Alaşımlarının Anodik 

Oksidasyonu (Eloksal), Teknik 

Özellikler 

Anodic Oxidation Coatings On 

Aluminium And Wrought 

Aluminium Alloys 

BSI - BS 1615 Alüminyum ve Alaşımları Üzerinde 

Anodik Oksidasyon Kaplaması 

Belirtme Yöntemleri 

Methods For Specifying Anodic 

Oxidation Coating On Aluminium And 

Its Alloys 

DIN 17611 Alüminyum ve Dövme Alüminyum 

Alaşımlarının   Anodize   Ürünleri   -

Teknik Teslim Şartları 

Anodızed Products Of Aluminium And 

Wrought Aluminium Alloys -Technical 

Conditions Of Delivery 

DIN 50018 Sülfür Dioksitin Varlığında Doymuş 

Bir Atmosferde Test 

Testing In A Saturated Atmosphere In 

The Presence Of Sulfur Dioxide 

DIN 53151 Boyalar, Vernikler Ve Benzer Kaplama 

Malzemeleri; Çapraz Kesim Testi 

Paints, Varnishes And Similar Coating 

Materials; Cross-Cut Test 

DIN 53152 Boyalar Ve Vernikler; Silindirik 

Mandrel Yöntemi ile Kaplamalar 

Üzerinde Viraj Testi 

Paints And Varnishes; Bend Test On 

Coatings; Method Using Cylindrical 

Mandrel 

BS 3900-E2 Boyalar için Test Yöntemleri. Çizik 

testi 

Methods of Test for Paints. Scratch test 

FEMA P-259 Floodprone Konut Yapılarının 

Güçlendirilmesi Mühendislik İlkeleri 

ve Uygulamaları 

Engineering Principles and Practices of 

Retrofitting Floodprone 

Residential Structures 

CALTRANS Köprü Tasarım Şartnamesi - Bölüm 5 

İstinat Duvarları 

Bridge Design Specifications-Section 5 

Retaining Walls 
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