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TECHNICAL SPECIFICATION FOR THE PREPARATION OF CONSTRUCTION 

PROJECTS FOR HYDRAULIC STRUCTURES 
 
 

A GENERAL 
 

This Specification sets out the fundamental principles that the Engineer is generally 

required to observe in preparing construction projects for hydraulic structures. 
 

Construction projects for hydraulic structures shall be prepared in accordance with the 

rules of science and engineering, on the basis of all necessary hydraulic, stability, static 

(reinforced concrete) and other calculations and checks, taking into account the relevant laws, 

plans and regulations in force, Turkish Standards, environmental conditions, health rules, 

technical specifications, and the geotechnical survey reports specific to the construction site. 
 

The hydraulic structures covered by this Specification are, in general terms, structures 

built on conventional irrigation and drainage canals that provide conveyance, enable irrigation 

to be performed in a measured and controlled manner, provide crossings over and under canals, 

lift the water taken from low elevations to higher elevations, lower water from higher elevations 

to lower elevations under appropriate hydraulic conditions, store and control water in canals, 

and protect canals from all kinds of controlled and uncontrolled waters. 
 

The Engineer shall prepare soft and hard copies of the calculation reports belonging to 

the projects and submit them to the Administration as an annex to the main project. S/he shall 

also indicate explicitly in the calculation reports the name, author and version of any 

computer software that is utilized in the calculations s/he made for the project design. S/he 

shall ensure that all data used within the software for calculations and the calculation results 

are provided in the calculation report in a clear and understandable manner. S/he shall specify 

in the calculation report the sources of data utilized within the software (survey and 

investigation reports, specifications, data on materials etc.) and the criteria for their selection 

along with references and justifications.  If required by the Administration, the Engineer shall 

provide to the Administration in writing any and all kinds of explicative information 

pertaining to the calculations s/he made and the software which s/he used. In case the 

calculations prepared using software that is found by the Administration to be inadequate, 

inappropriate, or unverifiable, the Engineer shall redo the design calculations using the 

method and/or software approved by the Administration and submit them to the 

Administration. 
 

Hydraulic structure construction projects shall be grouped under two main categories 

with respect to the general criteria governing design and structural characteristics: 
 

A) Construction Projects of Hydraulic Structures Subject to Preliminary Design: Weir 

structures, pumping stations and tunnels 
 

B) Construction Projects of Hydraulic Structures Not Subject to Preliminary Design: 

Conveyance structures, intake structures, flow measurement facilities, control structures, 

canal protection structures, chute structures, energy dissipators, separation structures, road 

crossing structures, culvert transition structures, crossing structures, canalette network 

structures, prefabricated structures, retaining walls, walled canals, horizontal drilling 

applications, social facilities and coastal protection structures. 

B CONSTRUCTION PROJECTS OF HYDRAULIC STRUCTURES SUBJECT TO 

PRELIMINARY DESIGN 
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1 General 
 
 

For weir structures, pumping stations and tunnels, the Engineer shall prepare a 

preliminary design. Together with the Administration, the Engineer shall select the axis 

location for weirs, the site for pumping stations, and the route for tunnels, and shall decide on 

the structure type. A preliminary design shall then be prepared.  Weir and pumping station 

projects to be prepared by the Engineer at the preliminary design stage shall be based on all 

relevant hydrological and hydraulic calculations, and tunnel projects shall be based on 

hydraulic calculations.   While carrying out this work, the Engineer shall take into consideration 

the Planning Report, the Final Design (if available), the EIA Report, the Geotechnical Survey 

Report and the Model Test Report (if available).  After obtaining the Administration’s approval 

for the topographic plan to be taken at the construction site, the Engineer shall position the 

structure on the topographic drawings using the National Coordinate System. Where deemed 

necessary, alternative solutions shall be investigated in terms of technical feasibility, function, 

safety, economic and ecological conditions. In addition, at the preliminary design stage the 

Engineer shall submit to the Administration, together with the preliminary design to be 

prepared, a detailed justification report showing the designs made regarding the structure and 

its site, the information obtained, the design criteria, the alternative studies, an evaluation of 

any prior work (if any), and the selection of the appropriate solution. Following the 

Administration’s approval of the preliminary design, the Engineer shall prepare the 

construction projects. However, in the preparation of the construction projects, the Engineer 

shall perform the stability, static and reinforced concrete calculations and the drawings based 

on those calculations in accordance with the project criteria specified in the “General Technical 

Specification for the Preparation of Construction Projects for Hydraulic Structures,” taking into 

account the proposals and corrections made by the Administration to the preliminary designs 

of these structures. 
 

Except for the exceptional provisions specified under Clause 1.1.7, in hydraulic 

structures falling within the scope of “Construction Projects of Hydraulic Structures Subject to 

Preliminary Design,” the Engineer shall, pursuant to the “Turkish Building Earthquake Code 

(TBDY-2018),” use the “Ultimate Strength Method” given in TS 500 for sizing earthquake-

resistant reinforced concrete elements and for reinforcement design and, where deemed 

necessary by the Administration, use the “Allowable Stresses Method.” 
 

2 Weir Structures 

 
 
 

2.1 General 
 

The Engineer shall prepare a preliminary project design before designing the weir 

structure construction projects. To commence preliminary design work, the Engineer shall 

carry out the necessary preliminary investigations and surveys and, together with the 

Administration, select the weir axis and the location of the intake structure on site. For the 

determination of the type of weir structure, the Engineer shall take into account the natural 

slope of the river, the effect of curvature, the condition of surrounding agricultural lands and 

existing facilities, the type and size of drifting debris, the bearing capacity of the foundation 

soil at the axis location, the bedding width, water quality, preservation of the natural balance 

in the environment, climatic characteristics, earthquake design class, operating conditions, 

harmony with the environment and cost. 
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The Engineer shall prepare the construction projects for fish passage and fish 

migration structures in accordance with the criteria set forth in the guide titled “Fish Passage 

and Fish Migration Structures – Design, sizing and monitoring.” 
 
 
The principal weir types commonly used in DSİ applications are as follows: 

a)Boarded Crest Diversion Dams 

b)Gated Weirs 

c)Gated Weirs on Broad Crest 

d)Tyrolean Weirs 

e)Inflatable Rubber Dams 
 

2.2   General Works to be Carried Out in Preparing Weir Preliminary Designs 
 
2.2.1 Geotechnical Investigations 
 

After the weir axis location has been determined on site, the Engineer shall, with the 

Administration’s assent, identify within the area where the structure will be built sufficient 

foundation survey boreholes and, where required, geophysical survey locations in accordance 

with the Geotechnical Investigation Specifications, and shall prepare a Geotechnical Survey 

Report following these studies.   The report shall determine the soil’s bearing capacity, 

permeability coefficient, Lane coefficient, angle of internal friction, cohesion value, natural 

unit weight, and other soil parameters requested by the Administration.  Upon completing the 

soil investigations in full detail, the Engineer shall obtain the approval of the relevant Regional 

Directorate for the report to be drawn up and shall submit it to the Administration for approval.  

After approval of the Geotechnical Survey Report, the Engineer shall evaluate the soil 

conditions and, based on cost comparison studies for alternative solutions, decide on the 

foundation type and, where necessary, on measures to be taken in the foundation soil 

(foundation improvement methods, shoring measures for excavation slope stability, etc.). 
 

2.2.2 Collection of Hydraulic Data 
 

The Administration shall obtain, from hydrometric station records if available, and 

otherwise from the relevant Regional Directorate and the Projects and Construction 

Department, the flood discharges of the river where the structure will be built, with frequencies 

Q2.33, Q5, Q25, Q50 and Q100. For these discharges, a minimum of 35 natural cross sections 

of the river shall be taken at intervals of 20-40 m on the natural riverbed (or, where riverbed 

rehabilitation is in question, on the rehabilitated riverbed) with eight sections being upstream 

of the weir axis, one at the weir axis, and the remaining downstream. In addition, using the as-

built drawings of existing structures (bridges, culverts, etc.) located on the riverbed 

downstream of the axis (within the section where the water-surface profile will be computed), 

the water-surface profile shall be computed with the HEC‑RAS software. The roughness 

coefficient for the riverbed shall be calculated in accordance with DSİ criteria and the relevant 

literature. Where necessary, the amount and type of bedload and suspended load shall be 

determined. The areas to be inundated by the reservoir waters of the weir and the positions of 

surrounding agricultural lands shall also be shown by plotting a “Volume – Area Curve.” 
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2.2.3 Mapping and Topographic Plans 
 

For the site where the structure will be built, the Engineer shall prepare a 1/500 scale 

topographic plan also covering the structure’s surroundings. Where the Administration deems 

it necessary, a smaller-scale topographic plan (e.g. 1/1000) shall also be prepared to include 

500 m upstream and 500 m downstream of the weir axis.  Upon completing the topographic 

plan, the Engineer shall position the structure on the plan, prepare the general layout plan, and 

show on it the access roads, the diversion channel, and the upstream and downstream 

cofferdam embankments. All mapping works shall be carried out in accordance with the provisions 

of the “DSİ General Technical Specification for the Production of Maps and Map Information.” 
 
2.2.4 Diversion Channel and Cofferdam Embankments 
 

As the diversion channel and the upstream and downstream cofferdams are temporary 

structures required to enable a dry environment for the construction works, the Engineer shall 

select them by considering the diversion channel discharge, the size of the structure and the 

construction duration. The Engineer shall investigate whether the water can still enter the weir 

excavation pit despite the presence of upstream and downstream cofferdam embankments and 

whether it can be discharged by pumping. If the results are found to be uneconomical, the 

Engineer shall submit to the Administration the additional measures deemed necessary to be 

taken (sealing measures to be taken around and at the base of the foundation excavation pit) 

with their alternatives along with the relevant cost comparison calculations. 
 
2.2.5 Hydraulic Calculations 
 

From among the various weir types listed below, the Engineer shall select the 

appropriate weir type by taking into account the physical condition of the stream bed, the 

geological structure at the axis location, the positions of surrounding agricultural lands and 

settlements, the earthquake design class of the project area, the chemical and physical 

properties of all types of sediment transported in the bed during floods, the Planning Report, 

the EIA Report and other relevant project criteria, and shall perform the necessary hydraulic 

calculations to determine the dimensions.  In crest calculations, flood discharges with frequencies 

from Q2.33, Q5, Q10, Q25, Q50 and up to Q100 shall be used. The location of the intake structure 

(inlet) shall be determined so as not to fall on the inner curve of the stream. Inlets shall be 

sized in accordance with the initial water levels and capacities of the canals whose plan 

profiles have been approved. 
 

2.2.5.1 Broad-Crested Diversion Weirs 
 

The Engineer shall design broad-crested diversion weirs in narrow and deep riverbeds 

in non-broad valleys; in rivers carrying very large amounts of floating debris (tree roots, logs, 

brushwood, etc.); where the difference between minimum and maximum river discharges is 

small; in rivers not carrying sharp and abrasive bedload; and where operating personnel 

cannot be assigned. 
 

For this type of weir, the Engineer shall determine on the basis of hydraulic 

calculations s/he performs the broad-crested length and height; the number of gravel passes, 

the number of openings, the gate type and dimensions; the type and dimensions of the energy 

dissipator (Type I, Type II, Type III stilling basin, or rounded lip type); the number of intake 

structures (inlets), the number of openings, the gate type and dimensions, the dimensions of 

the intake desilting basin; the dimensions of the fish passage; the gravel pass; the dimensions 

of the guide wall; and the operating platforms for the inlet gates together with the top levels of 

the upstream and downstream walls. 
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In addition, considering the physical condition of the riverbed and the operating conditions of 
the weir, the Engineer shall perform the necessary hydraulic calculations so that the entire Q100 flood 
discharge will be passed (spilled) to the downstream over the boarded crest.  In certain special cases 
(such as a narrow riverbed at the selected axis location; selection of the weir type as “Gated Weir on 
Boarded Crest”; or where the 100-year frequency flood discharge of the river exceeds 500 m³/s) the 
Engineer shall demonstrate by calculation that part of the Q100 flood discharge is conveyed through 
the gravel passes and the remainder is spilled to the downstream over the boarded crest.  
 

 

2.2.5.2 Gated Weirs 
 

The Engineer shall prefer gated weirs in wide and broad riverbeds and where the 

amount of bedload transported is large, so that surplus waters not needed can be conveyed to 

the downstream together with the bedload without causing an upstream rise at the axis. 
 

For this type of weir, on the basis of hydraulic calculations s/he performs, the 

Engineer shall determine the gate type (flat or radial), number and spacing; the number of 

gravel passes and the spacing of the intermediate piers; the number of openings, the gate type 

and dimensions; the type and dimensions of the stilling basin (Type I, Type II or Type III); 

the number of intake structures (inlets), the number of openings, the gate type and 

dimensions; the dimensions of the inlet desilting basin; and the operating platforms for the 

weir gravel-pass and intake gates together with the top levels of the upstream and downstream 

walls. 
 
2.2.5.3 Gated Weirs on Broad Crest 
 

To protect low-lying agricultural lands upstream of the axis from floods, or, where a 

hydropower plant is located upstream, the Engineer shall prefer semi-mobile flow raising 

structures (gated weirs on broad crest) to maintain the tailwater level.  In this case, the height 

of the weir shall be determined at the minimum level required to meet the need. Regulation of 

the waters above the crest level shall be provided by gates to be designed in sufficient number 

and dimensions. 
 

For this type of weir, on the basis of hydraulic calculations s/he performs, the Engineer 

shall determine the broad crest length and height and the type and number of gates to be 

installed on it; the spacing of intermediate piers; the number of gravel passes; the number of 

openings, the gate type and dimensions; the type and dimensions of the energy dissipator (Type 

I, Type II, Type III stilling basin or rounded lip type); the number of intake structures (inlets), 

the number of openings, the gate type and dimensions; the dimensions of the intake desilting 

basin; the dimensions of the fish passage; the operating platforms for the weir gravel-pass and 

intake gates; and the top levels of the upstream and downstream walls of the weir. 
 

2.2.5.4 Tyrolean Weirs 
 

The Engineer shall prefer Tyrolean weirs in steep gradient (j ≥ 0.05 m/m) wild creeks 

and mountain streams that are exposed to large floodwaters in winter but whose discharges 

decline considerably and even dry up in summer and in streams with severe erosion carrying 

coarse-grained sediment; and in stream sections where the weir height is reduced. 
 

For this type of weir, on the basis of hydraulic calculations s/he performs, the Engineer 

shall determine the crest length; the type and dimensions of grating; the dimensions of the 

collection channel; the dimensions of the stilling basin, gravel pass and flushing channel; the 

inlet structure; the desilting basin and bottom outlet together with the emergency side 

spillways; and the top levels of the upstream and downstream walls. 
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2.2.5.5 Inflatable Rubber Dams 
 

The Engineer may prefer inflatable rubber-dam weirs in wide and broad riverbeds; on 

rivers exposed to large flood discharges; where the difference between minimum and 

maximum discharges is large; in rivers carrying high amounts of sediment and bedload; and at 

locations near river mouths where the natural conditions of the channel must be preserved and 

manual and/or automatic operation must be provided. 
 

For this type of weir, on the basis of hydraulic calculations s/he performs, the 

Engineer shall determine the inflatable dam crest span, height and number of intermediate 

piers; the anchorage system (single- or double-anchored); the number of gravel passes; the 

number of openings; the dimensions of the stilling basin; the inlet structure and desilting 

basin dimensions; the dimensions of the fish passage; and the top levels of the control room 

and of the upstream and downstream walls of the intermediate piers. 
 

2.2.6 Upstream and Downstream Retaining Walls 
 

Based on the stability analyses (such as sliding, overturning, and buoyancy) to be 

carried out under hydraulic, static, and dynamic loads, the Engineer shall select the most 

economical wall type (a mass concrete wall, a reinforced-concrete cantilever wall etc.) 

according to the cost comparison calculations. 
 
 

2.2. 7   Drawings to be Prepared During the Preliminary Project Design Stage 
 

Based on the topographic plans drawn in accordance with the “DSİ General Technical 

Specification for the Production of Maps and Map Information” and on the hydrological and 

hydraulic calculations, the Engineer shall submit within the scope of the preliminary design 

the drawings listed below for approval: 
 

1.   Location of the Weir on the Map of Türkiye (1/3,000,000)  

2.   Topographic plan of the weir site (1/500, 1/200) 

3.   General layout plan of the weir site (1/1000, 1/500) 

4.   Weir axis location, weir reservoir area and locations of natural river cross sections on 

the general layout plan (1/1000, 1/500) 

5.   Natural river cross sections (1/100) 

6.   HEC-RAS water surface profile graph 

7.   Weir layout plan (1/500, 1/200) 

8.   Longitudinal and cross sections of the weir (1/100, 1/50)  

9.   Longitudinal and cross sections of the inlet structure (1/50) 

10. Plan and profile of the diversion channel and cofferdam embankments (1/500, 1/200, 1/100) 

11. Cross sections of cofferdam embankments (1/20) 

12. Plan and profile of access roads to the weir (1/500, 1/100) 
 
 
 
 
2.3   General Works to be Carried Out in Preparing Weir Construction Projects 
 

After the approval of the preliminary design, the Engineer shall prepare the 

construction projects by taking into account the corrections and suggestions made by the 

Administration. In the preparation of the construction drawings, the Engineer shall perform 

the stability and structural calculations, including reinforced concrete design, based on the 
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data determined in the preliminary design. Based on the results of these calculations, the 

following construction projects shall be submitted to the Administration for approval. 

Likewise, projects which have been prepared during the preliminary project stage but not 

listed here below shall also be submitted again for the approval of the Administration during 

the construction project stage. 
 

1 General layout plan of the weir site (1/500, 1/200) 

2 General layout plan of the broad crest (if any), gravel pass, stilling basin, service bridge, 

operating platform, upstream blanket and downstream riprap (joints to be shown on this 

plan)  (1/100, 1/50) 

3  General layout plan of the intake structure (inlet), desilting basin and flushing channel 

(1/100, 1/50) 

4 Fish passage plan (if any) (1/100, 1/50) 

5 Cross section of the broad crest (if any) and the stilling basin (1/100, 1/50)  

6 Longitudinal section of the gravel pass (1/100, 1/50) 

7 Longitudinal section of the intake structure (inlet) and desilting basin (1/100, 1/50) 

8  Cross sections of the intake structure (inlet) entrance, desilting basin and transition 

structure (1/100, 1/50) 

9 Gravel pass cross-sections (1/100, 1/50) 

10  Details of the intake structure (inlet) and gravel pass side and intermediate 

piers (1/50, 1/20) 

11  Cross section of the guide wall (1/50) 

12  Details of gravel-pass gate and stop-log grooves (1/20) 

13  Reinforced concrete details of the gravel-pass submerged orifice wall (1/20) 

14  Details of intake structure (inlet) gate and stop-log grooves (1/20) 

15  Plan, section and reinforced concrete details of the intake structure (1/20) 

16  Plan, section and reinforced concrete details of the service bridge (1/20) 

17  Plan, section and reinforced concrete details of intermediate 

bridge piers (1/20) 

18  Details of bridge supports, expansion and construction joints (1/20) 

19  Details of bridge guardrails and gargoyles (deck drainage spouts) (1/20) 

20  Plan, section and reinforced-concrete details of the intake structure (inlet) 

operating platform (1/20) 

21 Cross section of the intake structure (inlet) flushing channel (1/20) 

22  Filter details (if any) (1/20) 

23  Sealing gasket detail (1/1, 1/2)  

24  Cross and longitudinal sections of the fish passage (1/20) 

25  Cross sections of the upstream and downstream approach walls, the stilling basin 

walls, and the intake desilting basin walls (1/20) 

 

 

 

 

 

 

 

 

 

 

 

26  Plan and profile of upstream and downstream approach embankments on right and 

left banks (1/500, 1/100)  

27  Cross sections of the approach embankments (1/20) 

28  Details of bank protection structures (if any) (1/20) 

29  Details of metalwork for the gates and gate lifting gear of the gravel pass, intake 
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structure and flushing channel, and related electromechanical equipment (1/20, 1/10, 

1/5) 

30  Foundation excavation plan and sections (1/500, 1/200, 1/100) 

31  Point details for other works deemed necessary by the Administration (1/20, 1/10, 1/5, 1/2, 

1/1) 
 

In addition, the Engineer shall show the placement and layout of reinforcement in 

sections of reinforced concrete elements and shall compile reinforcement quantity tables.   

The Engineer shall submit the weir construction projects prepared as described above to the 

Administration for approval together with the technical report, the calculations (hydraulic, 

stability, static and reinforced concrete) and the “Operation and Maintenance Instructions.” 
 

In the preparation of the weir construction projects, the Engineer shall comply with the 

“Special Technical Specification for Weir Construction Projects” (if any) and the project 

criteria specified therein. 
 

After approval of the construction projects, the Engineer shall prepare the bills of 

quantities for the work and prepare the tender documents and the “Special Technical 

Specification” serving as basis for construction. 
 
 

3 Pumping Stations 

 
 

In the design of pumping stations, the Engineer shall make use of the “Pump Station 

Project Design Technical Specifications”. 
 
 

4 Tunnels 

 
 
 

4.1 General 
 

The Engineer shall prepare a preliminary project design before designing the tunnel 

construction projects. The tunnel route shall be selected together with the Administration. After 

the route has been determined, the following studies shall be carried out for the preliminary 

design. 
 

Before geotechnical investigations are carried out in the tunnel and before the tunnel 

preliminary design is submitted for approval, the Engineer shall, following approval of the 

application-based general layout plans, obtain the Administration’s approval and decide on 

the tunnel excavation method. 
 

 
 
 
 
 
 
 
 
 
4.1.1 Tunnel Excavation Methods 
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By evaluating factors such as tunnel length, geological structure and approaching 

means, the Engineer shall perform the necessary technical and economical comparison 

calculations and submit the economical tunneling method to the Administration for approval. 

The tunnel-excavation method shall be decided jointly with the Administration. The method 

may be selected from the methods listed below; alternatively, based on research on the subject, 

any new technological development proposed by the Engineer may be submitted to the 

Administration for approval. 
 

4.1.2 Principal Tunnel Excavation Methods 
 

a)  Conventional tunneling method (drilling-and-blasting) 

b)  Tunnel excavation machine (Roadheader) 

c)  Tunnel Boring Machine (TBM) 

d)  Tunnel Jacking Method (Pipe-Jacking) 

e)  New Austrian Tunneling Method (NATM) 
 
 

4.2 Work to be Carried Out in Preparing Tunnel Preliminary Designs 
 
4.2.1 Geotechnical Investigations 
 

By reviewing the Planning Report, the Engineer shall, together with the Administration, 

decide whether the available geological information is sufficient for tunnel design. If the 

existing geotechnical studies are found to be insufficient, additional boreholes in sufficient 

number shall be drilled along the determined tunnel route to depths below the tunnel base.  

Based on the technical information obtained from all geotechnical investigations along the 

tunnel route, the Engineer shall prepare the “Geotechnical Survey Report for the Application 

Stage.”  This report to be prepared by the Engineer shall cover the following: 
 

a) Possible soil/rock classes to be encountered during tunnel construction and the 

approximate lengths of these classes along the tunnel route 

b) For the ground/rock classes: natural unit weight (γz), saturated unit weight (γd), angle 

of internal friction (φ), cohesion (c), allowable stress, bearing capacity values 

c) Earthquake Design Class, soil reaction coefficients, spring constants (k), design 

spectral acceleration coefficient (g), and local soil/rock classes 

d) Terzaghi, RMR, RQD and Q values; Poisson’s ratio (ν); Modulus of Elasticity (E); the 

distance of the tunnel route to any fault line; earthquake magnitude (Mw) (from the 

Seismic Risk Analysis Report); peak ground acceleration (PGA) (g) (from the Seismic 

Risk Analysis Report) 

e) Support measures to be taken while passing through the soil/rock classes to be 

encountered (rock bolts, wire mesh, shotcrete, steel sets, forepoling, etc.). For tall 

vertical structures such as shafts and surge shafts (if any), determination of soil support 

methods shall likewise be made. 

f) The need for probe drilling in advance to examine soil conditions ahead during TBM 

advance 

g) Slope gradients, heights and berm widths (to be given separately for supported 

and unsupported conditions as a result of slope stability analyses) 

h) The approximate quantity of explosives (dynamite, detonators, fuse, etc.) to be used 

per cubic meter of tunnel excavation in the excavation works while passing through 

the expected soil/rock classes, and the determination of the blasting scheme. In 

addition, where tunneling without blasting is required due to the characteristics of the 

route or geological conditions, the quantity and length of such excavation shall be 

determined. 

i) The groundwater table likely to be encountered during tunnel construction; whether the 
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tunnel is to be excavated below or above the groundwater table (GWT); if below the 

GWT, the geological and hydrogeological problems likely to be encountered (e.g., the 

quantity of water expected during tunnel excavation) 

j) Landslide areas and active fault lines likely to be encountered during construction and 

the measures to be taken while passing through them 

k) Determination of the grouting methods (annular, contact, consolidation) to be applied 

in the tunnel 

l) In tunnels planned to be excavated by TBM, where a natural gas reserve field is located 

within a distance that could affect the tunnel, the positions on 1/25,000, 1/50,000, etc. 

maps of any operated natural gas wells, etc., shall be indicated, and an assessment shall 

be made as to whether this situation could affect gas conditions in the tunnel 
 
 

4.2.2 Mapping and Topographic Plans 
 

The Engineer shall prepare a 1/1000 strip map of the tunnel route in accordance with 

the provisions of the “DSİ General Technical Specification for the Production of Maps and 

Map Information.”  On this map, the Engineer shall show the tunnel route, borehole locations, 

portal excavations at tunnel entrances and exits, transformer, fan, maneuver and passing bays, 

tunnel access roads, and any approach tunnels, if present. 
 
 

4.2.3  Investigations for the Approach Tunnel 
 

By considering tunnel length, topographic conditions and the economics of the work 

(the amount of increased payment according to tunnel length), the Engineer shall carry out the 

necessary investigations and studies as to whether one or more approach tunnels should be 

excavated. Where it is technically and economically feasible to excavate one or more 

approach tunnels, the decision to do so shall be taken together with the Administration 
 
4.2.4 Hydraulic Calculations 
 

Taking into account the Geotechnical Survey Report, field studies to be carried out on 

site, the flow rate in the tunnel, the length and gradient of the tunnel, the intake type, operating 

conditions and similar factors, the Engineer shall, based on hydraulic calculations, review the 

diameter and type of the tunnel given in the plan-profile drawings.  In addition, the necessary 

hydraulic calculations shall be made for the surge shaft (if any). 
 

In the design of tunnels that receive water from dam and pond reservoirs, the dead 

storage and minimum and maximum water levels of the water source shall be taken into 

consideration. 
 
 
 
 
 
 
 
 
4.2.5   Project Criteria at the Preliminary-Design Stage 
 

By reviewing the “Geotechnical Survey Report for the Application Stage,” the land 

surveys and the technical literature on the subject, the Engineer shall determine the 

following project criteria: 
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a) Adoption of load assumptions for the tunnel shoring system and for the concrete lining 

b) Determination of the method and equipment required for the tunnel ventilation system 

c) Where the tunnel is to be excavated below the groundwater table or where trapped 

(reservoir) waters are present along the tunnel route, identification of the drainage 

system to be applied to discharge such waters from the tunnel 

d) Determination of the spacing of crossovers, maneuver, fan and transformer bays on the 

basis of the features, length and diameter of the tunnel; the presence or absence of any 

approach tunnel; the size, maneuverability and speed of the equipment to be used in 

tunneling (TBM, concrete pump, mixer, loader, truck, shotcrete machine, etc.); the 

capacity of the ventilation system; and the requirement to ensure optimum air 

circulation 

e) Alternative studies of measures proposed for passing through any fault lines likely to be 

encountered during tunnel construction, and the preparation of cost estimates for such 

studies 
 

4.2.6   Drawings to be Prepared During the Preliminary Project Design Stage 
 

Based on the topographic surveys carried out for the tunnel, the hydraulic calculations 

and the Geotechnical Survey Report, the Engineer shall prepare, within the scope of the 

preliminary design, the drawings listed below and submit them to the Administration for 

approval: 

a) General layout plan of the tunnel (1/1000) 

b) General layout plans of tunnel entrance and exit (1/1000) 

c) Tunnel longitudinal profile (1/1000) 

d) Tunnel’s typical cross section (1/25) 

e) Geological map of the tunnel (1/1000) 

f) Sections of borehole logs (1/50) 

g) Excavation plans for tunnel entrance and exit portals (1/200, 1/100) 

h) Cross sections of tunnel entrances and exits (1/100) 

i) Tunnel excavation support systems (1/50) 

j) Plans and sections of stability measures to be taken on slopes and berms at tunnel 

entrances and exits (if any) (1/100, 1/50) 

k) Plans and sections of tunnel and portal structures at the exit (1/50) 

l) Plan, profile and cross sections of the tunnel access road (horizontal 1/2000, vertical 

1/100) 

m) Longitudinal section of approach tunnel, if any (1/1000) 

n) Cross section of approach tunnel, if any (1/25) 

o) Plans and sections of the tunnel intake structure (if any) (1/100) 

p) Plans and sections of tunnel shaft structures (if any) (1/1000) 

q) Tunnel shaft support systems (if any) (1/50, 1/25, 1/5) 

r) Plans and sections of surge shaft (if any) (1/100) 

s) Surge shaft support systems (if any) (1/50, 1/25, 1/5) 

t) Drawings of manholes at tunnel entrances/exits (for pressurized tunnels) (if any) (1/50, 

1/25) 
 
 

4.3  General Works to be Carried Out in Preparing Tunnel Construction Projects 
 

After the approval of the preliminary design, the Engineer shall prepare the 

construction projects by taking into account the corrections and suggestions made by the 

Administration.  During the preparation of the construction projects, the Engineer shall, based 

on the matters determined in the preliminary design, perform the static and reinforced 

concrete calculations. The minimum concrete wall thickness shall be taken as t=0.25 m for 
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TBM tunnels and t=0.30 m for conventional tunnels, and double reinforcement shall be 

placed in the section.  Based on the results of the static and reinforced concrete calculations, 

the Engineer shall prepare the following construction projects and submit them to the 

Administration for approval.  Likewise, projects which have been prepared during the 

preliminary project stage but not listed here below shall also be submitted again for the 

approval of the Administration during the construction project stage. 
 

1 Tunnel excavation cross sections for soil/rock classes likely to be encountered (1/20)  

2 Steel support (shoring) projects for soil/rock classes likely to be encountered (1/20) 

3 Tunnel concrete cross sections for soil/rock classes likely to be encountered (1/20) 

4 Cross-section details showing safety measures (shotcrete, wire mesh, rock bolts, etc.) 

to be taken for soil/rock classes likely to be encountered (1/20, 1/10, 1/5) 

5 Shoring connection details (1/20, 1/10, 1/5) 

5 Details of connections of shoring posts to the tunnel base (1/20, 1/10, 1/5) 

7 Reinforced concrete formwork drawings, reinforcement detailing and reinforcement 

quantity tables for soil/rock classes likely to be encountered (1/50, 1/20) 

8 Gasket detail in the tunnel (if any) (1/2, 1/1) 

9  Display of the bays to be used in the tunnel (passing, maneuver, transformer, 

drainage,  etc.) on the tunnel longitudinal profile (1/5000, 1/1000) 

10  Plans, sections and details of passing bays (1/20, 1/10) 11  Plans, sections and details 

of maneuver bays (1/20, 1/10) 

12  Plans, sections and details of transformer bays (1/20, 1/10) 

13  Plans, sections and details of drainage channel (1/20, 1/10) 

14  Plans, sections and details of ventilation duct (1/20, 1/10) 

15  Reinforced concrete drawings, reinforcement detailing and reinforcement quantity 

tables for the entrance portal structure (1/50, 1/20) 

16  Reinforced concrete drawings, reinforcement detailing and reinforcement quantity 

tables for the exit portal structure (1/50, 1/20) 

17  Plans and sections of the transition structure at the tunnel entrance (1/50, 1/20) 

18  Plans and sections of the transition structure at the tunnel exit (1/50, 1/20) 

19  Grating details for the intake structure and the surge shaft, if any (1/50, 1/20)  

20  Grating drawings for the intake structure and the surge shaft, if any (1/50, 1/20) 

21  Details of gate and grating grooves, if any (1/20, 1/10, 1/5) 

22  Projects for the gate shaft (stop-log and service gate), if any (1/50, 1/20) 

23  Details of the gate shaft (cofferdam and service gate), if any (1/50, 1/20) 

24  Projects and details of the portal crane for the gate shaft, if any (1/50, 1/20) 

25  Reinforcement plan and sections of the intake structure, if any (1/50) 

26  Plans, sections and details of the shaft structure at the tunnel entrance, if any (1/50, 

1/20) (1/50, 1/20) 

27  Details of tunnel shaft support, if any (1/50, 1/20, 1/5) 

28  Reinforced concrete drawings, reinforcement detailing and reinforcement quantity 

tables of the shaft structure at the tunnel entrance, if any (1/50, 1/20) 

29  Plans, sections and details of the surge shaft, if any (1/100) (1/50, 1/20) 

30  Details of surge shaft support, if any (1/50, 1/20, 1/5) 

31  Drainage project for discharge of water within the tunnel, if any (1/100, 1/50) 

32  Contact grouting project, if any (1/5000, 1/1000) 

33 Contact grouting details, if any (1/50, 1/20, 1/10) 

34  Consolidation grouting project, if any (1/5000, 1/1000) 

35  Consolidation grouting details, if any (1/50, 1/20, 1/10) 

36  Point-detail drawings for other works deemed necessary by the Administration (1/20, 

1/10, 1/5, 1/2, 1/1) 

37  TBM tunnel geometric design (1/20) 

38  TBM tunnel segment joint details (1/10, 1/5, 1/1)  

39  TBM tunnel connection details (1/10, 1/5, 1/1) 
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40  TBM tunnel key-segment position (1/40) 

41  TBM tunnel key-segment geometric layouts (1/10, 1/5)  

42  TBM tunnel segment geometric layouts (1/10, 1/5) 

43  TBM tunnel segment reinforcement details (1/10) 

44  Reinforcement plan and sections of the gate shaft, if any (1/50)  

45  Reinforcement plan and sections of the surge shaft, if any (1/50) 

46  Plan and longitudinal profile of steel lining at tunnel entrance and exit, if any (1/250) 

47  Details of steel lining at tunnel entrance and exit, if any (1/50) 

48  Grouting details for the steel lining at tunnel entrance and exit (1/10, 1/5) 
 

In addition, after completion of the final concrete lining of the tunnel, taking into 

account geological conditions (the “Tunnel Mapping” studies to be prepared during tunnel 

excavation), the Engineer shall, in line with the Administration’s approval, also prepare the 

calculations and drawings for contact grouting and, where deemed necessary by the 

Administration, for consolidation grouting. The Engineer shall submit the tunnel construction 

projects s/he prepares, together with the technical report, the calculations (hydraulic, stability, 

static and reinforced concrete) and the “Operation and Maintenance Instructions,” to the 

Administration for approval. 
 

In preparation of the tunnel construction projects, the Engineer shall comply with the 

“Special Technical Specification for Tunnel Construction Projects” (if any) and the project 

criteria specified therein. 
 

After approval of the construction projects, the Engineer shall prepare the bills of 

quantities for the work and prepare the tender documents and the “Special Technical 

Specification” serving as basis for construction. 
 
 
C   CONSTRUCTION PROJECTS FOR HYDRAULIC STRUCTURES NOT SUBJECT TO 

PRELIMINARY DESIGN 
 
 

1 GENERAL 
 

For these structures, the Engineer shall not prepare a preliminary design.  With the 

assent of the Administration, the Engineer shall prepare the construction projects on the basis 

of all necessary hydrological, hydraulic, stability, static and reinforced concrete calculations, 

taking into account the Planning Report, the Final Project Design (if any), the EIA Report, the 

Geotechnical Survey Report and the Model Test Report (if any).   For the application of the 

construction on the site, compliance with the topographic map, the National Coordinate 

System and the topographic plan shall be ensured.  Where deemed necessary, the Engineer 

shall submit to the Administration for approval the alternative solution proposals, together 

with cost comparison calculations made by considering technical feasibility, functionality, 

safety and economic parameters. In addition, at the stage of preparing the construction 

projects, the Engineer shall submit to the Administration, together with the project, a detailed 

justification report showing the designs made regarding the structure and its site, the 

information obtained, the project design criteria, the alternative studies, an evaluation of any 

prior work (if any), and the selection of the appropriate solution. 
 

In hydraulic structures within the scope of “Construction Projects for Hydraulic 

Structures Not Subject to Preliminary Design,” except for structures buried in the ground such 

as siphons, galleries, etc., the Engineer shall, pursuant to the “Turkish Building Earthquake 

Code (TBDY-2018),” use the “Ultimate Strength Method” given in TS 500 for sizing 

earthquake-resistant reinforced concrete elements and for reinforcement calculation in all 
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earthquake prone zones. 
 

While preparing the “Construction Projects for Hydraulic Structures Not Subject to 

Preliminary Design,” the Engineer shall comply with the “Special Technical Specification” (if 

any) and the project criteria specified therein. 
 

After approval of the construction projects, the Engineer shall prepare the bills of 

quantities for the work and prepare the tender documents and the “Special Technical 

Specification” serving as basis for construction. 
 
 

2 CONVEYANCE STRUCTURES 
 

2.1 General 

 
 

Where the irrigation canal alignment is interrupted due to terrain conditions such as 

wide dry stream or river beds, deep valleys, tributary streams carrying sediment, flood plains, 

cols, hills or mountains, or due to settlement areas; or where following the natural alignment 

of the canal would be uneconomical, the Engineer shall, after evaluating the cost comparison 

calculations by considering conveyance structures such as siphons, galleries, aqueducts and 

tunnels, as well as canal-on-fill alternatives, determine the most appropriate alternative solution 

together with the Administration. The conveyance structure thus determined shall be designed 

in accordance with hydraulic, stability, static and reinforced-concrete design criteria and 

submitted to the Administration for approval. 
 
 

2.2 Siphons 

 

2.2.1 Route Selection 
 

For the determination of the routes of siphon structures that convey water across wide 

riverbeds to the opposite bank, the Engineer shall produce a 1/500 strip topographic plan of 

the siphon location.  Avoiding crested and sagged profiles (crests requiring air valves) and 

horizontal curves in the siphon profile, the Engineer shall select the route so as to reach the 

opposite bank by the shortest path. Along the route, the Engineer shall also examine the 

geological structure of the soil, the slope gradients and stability, siphon drainage conditions, 

whether the route passes through settlement or protected areas, the groundwater table level, 

the stability of the minimum 1.00 m thick fill to be formed above the siphon on hillsides, 

measures to be taken against the erosive action of the stream at the thalweg, measures to 

avoid horizontal curves, and alternative routes to avoid excessive excavation. The Engineer 

shall determine the type of siphon structure on the basis of cost comparison calculations to be 

made for various alternative pipe types by considering matters such as siphon discharge, 

gradient, length, head loss, geological features of the route (rocky, peaty, swampy-mire, 

landslide, fill, etc.), the condition of the river crossed (e.g., whether there is a permanent 

presence of water in the bed), the presence or absence of sulfate effect along the route, and 

internal hydrostatic pressure and external static load impacts. Alternative siphon types shall 

be selected from among reinforced concrete, steel, PE 100, steel-lined concrete, etc. Taking 

into account the depth at which the siphon will be designed along the route, the Engineer shall 

determine the soil type and ground parameters from trial pits or boreholes. 
 
 

2.2.2 Hydraulic Calculations 
 

The Engineer shall determine the required hydraulic section in siphons by considering 
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flow rate, velocity, hydraulic gradient and head loss factors. As a first approach, the water 

velocity inside the siphon shall be selected as at least 1.5 times the canal velocity, provided 

that the maximum velocity does not exceed 3 m/s. Taking the selected velocity into account, 

the Engineer shall determine the internal dimensions of the siphon type section (circular, 

square, rectangular, etc.). The number of barrels (one or more) of the siphon structure shall be 

selected by taking into account the internal cross-sectional area of the siphon, its type, the 

largest pipe diameter that can be produced or constructed in the market, and technical and 

economic feasibility. 
 

The Engineer shall calculate head losses in siphons by considering the previously 

selected siphon length and type, the type section and number of barrels, the flow rate and the 

roughness coefficient. The Engineer shall determine the total head loss along the siphon by 

calculating separately the inlet and outlet transition losses, inlet grating loss, bend losses and 

friction loss in the siphon pipe. If the calculated head loss does not exceed the head loss 

determined in the approved plan-profile or the threshold conditions envisaged due to the 

nature of the project (operational flexibility criteria, the permissible water rise at the siphon’s 

upstream caused by settled bedload), the selected hydraulic section shall be accepted; 

otherwise, section calculations shall be repeated in accordance with the said criteria. 
 

At siphon inlets, a free-flow check shall be carried out for half discharge. As a result of 

this check, the Engineer shall demonstrate that the water depth in front of the siphon inlet 

opening is sufficient, that the minimum submergence condition is satisfied, and that air entry 

into the siphon is prevented. 
 

In regulated canals, the crest levels of siphon inlet and outlet structures shall be determined by 

giving adequate free board with respect to the Q0 static water level. While determining the hydraulic 

section of siphons on regulated canals, the section shall be selected so as not to cause an 

upstream rise. 
 
2.2.3 Static Calculations 
 

The Engineer shall calculate maximum internal forces in siphons separately for testing 

condition, operating condition and out-of-operation condition. The section required as per 

static calculations shall be determined by considering the pipe self-weight, the weight of soil 

fill above, the weight of water inside, the internal hydrostatic pressure, surcharge or traffic 

load (if any), and the stress distribution to form in the soil depending on the soil’s Modulus of 

Elasticity at the pipe bearing and the bedding angle.  The Engineer shall consider that along 

the siphon route the top of the siphon pipe will be covered with a minimum of 1 m thick fill 

material (soil, sand-gravel, crushed stone, etc.), that the fill material may be in dry, wet or 

submerged (saturated) condition, and that where fill height is great (H ≥ 6.00 m) and the fill 

above the siphon has been compacted in accordance with the specification, the arching effect 

shall be taken into account; that the internal hydrostatic pressure will be taken as the 

difference between the pipe axis elevation and the piezometric head; that in siphons passing 

through deep valleys the internal hydrostatic pressure will be highest near the thalweg and 

lower on hillsides; and therefore that it would be uneconomical to design the entire siphon 

pipe for the maximum internal hydrostatic pressure along the route; instead, the siphon line 

shall be divided into sections by internal hydrostatic pressure and each section shall be 

designed for the internal hydrostatic pressure determined for that section together with 

external static and dynamic loads. For the test condition, the Engineer shall perform the 

required static calculations for the siphons by taking 1.25 times the maximum hydrostatic 

pressure when determining the internal forces. In addition, in static calculations for siphons, 

the Engineer shall consider the previously determined siphon type, section, number of barrels, 

the technical characteristics of the pipe material and special pieces, the manufacturer’s 

criteria, and other technical matters. 
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Where the internal hydrostatic pressure at the pipe axis is less than 4 atm, the functional 

and economical pipe type shall be determined among alternatives such as reinforced concrete, 

steel, PE 100, etc., as a result of cost comparison calculations to be made by considering 

operating conditions, standard pipe diameters and wall thicknesses, the geological composition 

of the soil, and other technical factors.    
 

Where the internal hydrostatic pressure at the pipe axis is equal to or greater than 4 atm, 

pipe types such as steel-lined reinforced concrete, steel and PE 100 shall be compared in terms 

of cost, feasibility, safety and economy (considering operating conditions, standard pipe 

diameters and wall thicknesses, the geological composition of the soil and other technical 

factors), and the appropriate siphon type shall thus be selected.  In steel-lined reinforced 

concrete siphons, the lengths of blocks shall be selected by considering concrete casting 

capacity and standard rebar lengths. 
 

2.2.4 Reinforced Concrete Siphons 
 

In reinforced concrete siphons, the Engineer shall perform static/reinforced concrete 

calculations by considering a concrete class of C25/30 WR (minimum of 300 dosage) and a 

reinforcing steel class of B420C (ribbed rebar). In order to ensure watertightness at the 

transverse joints between blocks, A-type PVC waterstop shall be used in accordance with the 

relevant standard. The Engineer shall strictly avoid any design providing longitudinal (cold) 

joints in the siphon section. Due to varying internal hydrostatic pressures along the siphon 

route, sections with different wall thicknesses shall be determined as a result of static 

calculations.   Reinforced concrete siphons with two or more barrels shall be designed with 

joints to ensure independent operation of the barrels. 
 

Provided that the soil characteristics around the siphon are fully defined, the Engineer 

may also use software packages such as SAP2000, or the “Beggs Deformeter Stress Analysis 

of Single-Barrel Conduits” tables, for static calculations of siphons.  Where the internal 

hydrostatic pressure is less than 10.00 m (H < 10.00 m) and the internal diameter is less than 

1.00 m (D < 1.00 m), the Engineer may, with the Administration’s assent, take the concrete 

wall thickness as t = 0.20 m and place double reinforcement in the section.  However, where 

the internal hydrostatic pressure is equal to or greater than 10.00 m (H ≥ 10.00 m) and the 

internal diameter is equal to or greater than 1.00 m (D ≥ 1.00 m), the minimum concrete wall 

thickness shall be taken as t = 0.25 m and double reinforcement shall be placed in the section.  

In order to maintain the spacing and concrete cover between reinforcement bars, “hairpin” 

and “chair” rebars shall be placed in the section.  The Engineer shall examine the loading 

cases producing maximum internal forces (testing condition, empty-under-test condition and 

operating condition).  After determining the maximum internal forces, the Engineer shall 

determine the shear, compressive and tensile stresses corresponding to the selected wall 

thickness and shall show that these values do not exceed the allowable stresses.   With the 

reinforced concrete siphon filled with water, the Engineer shall show by calculation that the 

stress transmitted from the siphon to the soil does not exceed the allowable bearing stress of 

the soil.  Otherwise, the Engineer shall select an appropriate and economical soil 

improvement method for the ground on which the siphon will be settled and increase the 

bearing capacity of the ground. 
 

2.2.5 Steel Lined Reinforced Concrete Siphons 
 

In steel-lined reinforced concrete siphons, the steel lining shall be designed in 

accordance with the internal hydrostatic pressure, and the concrete lining shall be designed by 

considering external static and dynamic loads. While determining the concrete and steel wall 

thicknesses separately by performing the necessary structural calculations, it shall be shown 

that the calculated section stresses do not exceed the allowable stresses. 
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For the reinforced concrete siphon under filled condition, the Engineer shall show by 

calculation that the stress transmitted from the siphon to the soil does not exceed the allowable 

bearing stress of the soil. Otherwise, the Engineer shall select an appropriate and economical 

soil improvement method for the ground on which the siphon will be settled and increase the 

bearing capacity of the ground. 
 

2.2.6 Steel Siphons 
 

In steel siphons, on the basis of the tangential tensile (hoop) stress arising from internal 

hydrostatic pressure, the Engineer shall calculate the minimum wall thickness of the steel pipe 

by also considering the weld factor, corrosion allowance, and transportation and assembly 

conditions. 
 

Static calculations for steel siphons shall be performed separately for the testing 

condition, operating condition and out-of-operation condition, taking into account the 

calculation principles specified below. 
 

For the operating condition in steel siphons, it shall be shown that the allowable tangential 

tensile (hoop) stress used in determining the wall thickness is equal to or less than 50% of the 

characteristic yield strength (fyk) of the steel. For the testing condition, it shall be shown that the 

allowable tangential tensile (hoop) stress is equal to or less than 75% of the characteristic yield strength 

(fyk) of the steel.  In addition, it shall be shown that the ratio of the lateral displacement of the 

steel pipe under external loads to the pipe’s outside diameter (Δx / D) is equal to or less than 

5%. Furthermore, the ratio of the ultimate vertical displacement of the steel pipe under external 

soil and surcharge loads and internal hydrostatic pressure to the pipe diameter (Δy′ / D) shall 

be calculated. In general, static calculations for steel siphons shall be made under external soil 

and surcharge loads and internal hydrostatic pressure by using the formulae and tables given 

in the relevant literature, and it shall be shown that the result is less than the allowable bending 

compressive stress.  Considering the varying internal hydrostatic pressure values along the 

siphon route, the Engineer shall calculate safe and economical pipe wall thicknesses as a result 

of static calculations for the sections to be determined, and thus avoid uneconomical solutions.   

For large-diameter steel siphons, other measures that reduce wall thickness (steel stiffener rings 

to increase hoop rigidity, reinforced concrete casing to carry external loads, etc.) shall also be 

taken. 
 

For the siphon under filled condition, the Engineer shall determine the stress 

transmitted from the siphon to the ground and shall show that the result does not exceed the 

allowable bearing stress of the soil. Otherwise, taking into account the relevant pipe 

specification for the siphon type, measures shall be taken to increase the bearing capacity of 

the ground at the siphon base. For the siphon under empty condition, a buoyancy check shall 

be carried out near the thalweg of the stream and in sections where uplift is in question. To 

prevent corrosion in steel siphons and thus extend the economic service life of the material, the 

necessary soil investigations (electrical conductivity, etc.) shall be carried out and cathodic 

protection measures shall be taken accordingly. 
 
 

 

2.2.7 PE 100 (High-Density Polyethylene Pipe) Siphons 
 

The Engineer shall prefer PE 100 siphons particularly in regions subject to 

earthquakes and landslides (as they are flexible against horizontal and vertical displacements) 

provided that the cost of the structure is also taken into account. 
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For the siphon under empty condition, a buoyancy check shall be carried out near the 

thalweg of the stream and in sections where uplift is in question. 
 

Where the siphon trench foundation lies on soil that is not sturdy, measures shall be taken to 

increase the bearing capacity of the soil at the siphon base by taking into account the relevant pipe 

specification. 
 
 

2.2.8 Stability of Steep-Gradient Siphons 
 

The Engineer shall check the stability of PE, steel or cast-in-place siphons passing over 

steep-gradient hillsides.  At the same time, the slope limits for pipes given in the application 

instructions for pipelines shall be observed.  The Engineer shall determine, as a result of 

stability and static calculations, the forces causing the siphon to slide and the forces resisting 

sliding. If the forces causing the siphon to slide are greater, the necessary anchorage measures 

shall be taken to ensure the stability of the siphon. Reinforced concrete or steel collars shall be 

designed for reinforced concrete and steel siphons as an anchorage measure.  In addition, where 

deemed necessary, the Engineer shall provide stability calculations and detailed drawings for 

anchoring the pipes to sturdy soil. 
 

2.2.9 Stability of Fills Formed Above Siphons 
 

The Engineer shall perform the necessary calculations and take measures to ensure the 

stability of fills above siphons passing through steep-gradient hillsides. By considering the 

shear parameters (c and ϕ) of the fill soil, the Engineer shall demonstrate the stability of the 

fills by calculation. Where the fill is found to be unstable, fill retaining walls shall be designed 

and the number of such walls shall be determined as a result of the calculations.  The heights 

of the retaining walls shall be selected so that a minimum 1.00 m thickness of fill soil remains 

above the pipe. 
 

2.2.10 Drainage and Cleaning (Inspection) Manholes in Siphons 
 

The Engineer shall design a discharge valve and manhole at the lowest point of the 

siphon route in order to enable repair of the siphon in case of failure and to prevent damage 

that may be caused in winter by the presence of frozen water in the pipe. The lowest point of 

the siphon route shall be at the toe of the stream bed slope. 
 

To allow discharge valves within the drainage manholes to be operated under proper 

conditions and protected against corrosion, watertightness measures shall be taken to prevent 

water ingress into these structures from outside. Where topographic conditions are suitable, the 

Engineer shall investigate downstream conditions that would allow gravity drainage of the 

siphon; otherwise, the alternative of drainage by pumping shall be considered in the design.  

For short siphons up to 20 m in length, discharge valves and manholes shall not be designed; 

instead, it shall be indicated in the project that drainage can be accomplished by portable pumps 

from the inlet and outlet openings. In some cases, for economic reasons, the Engineer shall do 

a combined design of the drainage and cleaning (inspection) manholes. For long siphons, in 

addition to drain manholes, cleaning or inspection manholes shall be placed along the siphon 

at appropriate intervals. 
 

2.2.11 Siphon Construction Project Drawings 
 

After completing the required hydraulic, stability, static and reinforced concrete 

calculations for the siphon, the Engineer shall prepare the following siphon construction 

projects and submit them to the Administration for approval: 
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a)  Siphon general layout plan (1/500, 1/100)  

b)  Siphon longitudinal profile (1/200, 1/100) 

c)  Plans and sections of siphon inlet-outlet transition structures (1/50, 1/25) 

d)  Siphon’s typical cross section (taking into account pipe types such as reinforced 

concrete, steel, PE 100, etc.) (1/25) 

e)  Plans and sections of cleaning and drainage manholes (1/50, 1/25) 

f)   Placement of reinforcement in the siphon section and bends, reinforcement 

detailing and reinforcement quantity tables (1/25) 

g)  Sealing gasket detail at pipe joints (reinforced concrete, steel-lined reinforced 

concrete, etc.)  (1/5, 1/1) 

h)  Grating detail (1/25) 

i)   Details of stop-log grooves for inlet-outlet structures (1/10, 1/1) 

j)   Fill retaining wall details, if any (1/25) 

k)  Gravity drainage project for the siphon (1/100) 

l)   Siphon excavation cross sections (1/25) 

m) Siphon bend details (1/25) 

n)  Siphon insulation detail (if the siphon type is steel) (1/25) 

o)  Details for anchorage of siphon pipes to the ground, if any (1/25) 

p)  Details of collars preventing sliding on siphon pipes (reinforced concrete and 

steel collars, etc.) (1/25, 1/10, 1/5, 1/1) 

q)  Sealing details at entries into and exits from concrete structures (taking into 

account pipe types) (1/25, 1/10) 

r)   Weld locations at pipe joints (Steel, PE 100) (1/10, 1/5, 1/1) 

s)   Details at pipe joints (PE 100, etc.)  (1/10, 1/5) 

t)  Plans and sections of siphon inlet-outlet transition structures (1/25) 

u)  Point-detail drawings for works deemed necessary by the Administration (1/10, 

1/5, 1/1) 

v)  Cathodic protection projects (if the siphon type is steel) 
 

2.3 Galleries 

 

2.3.1 Preparation of Excavation Projects 
 

For a gallery structure which, as a result of previous geological and topographic 

studies and cost comparison calculations, is found to be more economical than the alternatives 

of open canal and tunnel (and the inlet and outlet chainages, discharge, type section and head 

loss of which are known from the approved canal plan-profile) the Engineer shall design the 

gallery in accordance with the on-site topographic plan and on the basis of hydraulic, static 

and reinforced concrete calculations. 
 

By examining the soil properties given in the Geotechnical Survey Report for the 

gallery alignment (bearing capacity of the ground, groundwater table level, landslide 

condition, cohesion and shear angle values), the Engineer shall select the appropriate berm 

height and width, excavation slope gradient and formwork allowance in accordance with the 

criteria determined by the Administration. On the canal operation and maintenance road side, 

the Engineer shall dimension one berm by considering the widths of the mixer or concrete 

pump vehicles to be used for casting the gallery concrete. 
 

Where the gallery alignment passes through a settlement area; or where, due to certain 

imperatives, the expropriation strip is narrow; or where, for reasons stated in the geological 

report, the slope stability on the gallery alignment is weak and the slope must be flattened, the 

Engineer shall, by also considering the possibility that the excavation cost may be found to be 

uneconomical, decide together with the Administration, as a result of cost-comparison 
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calculations, on the appropriate solution to be selected among the excavation measures listed 

in the section “Foundation Types and Foundation Excavations in Hydraulic Structures Subject 

to and Not Subject to Preliminary Design,” so that the excavation works can be carried out 

safely and economically. 
 

If the Geotechnical Survey Report indicates that water will emerge during gallery 

excavation from the excavation base or side slopes, the Engineer shall take the necessary 

drainage measures and ensure the downstream condition for drainage. In addition, if the bearing 

capacity of the foundation soil is weak, the Engineer shall decide together with the 

Administration, as a result of cost comparison calculations, on the appropriate solution to be 

selected among the ground improvement methods given in the section “Foundation Types and 

Foundation Excavations in Hydraulic Structures Subject to and Not Subject to Preliminary 

Design.” 
 
 
 
2.3.2 Principles for Static and Reinforced Concrete Calculations 
 

Where the gallery alignment passes through settlement areas or cultivated lands, the 

Engineer shall, before starting static and reinforced concrete calculations, investigate whether 

the ground elevations before excavation can be fully restored by completely backfilling over 

the gallery and, in certain mandatory cases (such as a narrow expropriation strip), whether the 

canal operation and maintenance road can be positioned over the gallery.  As a result of this 

investigation, by considering the minimum and maximum fill heights to be determined along 

the alignment, the Engineer shall design gallery sections with different wall thicknesses along 

the alignment for economy purposes.  Where the fill height is great (H ≥ 6.00 m), the arching 

effect shall be taken into account provided that compaction is done in accordance with the 

specification.  Where a road passes over the gallery in the longitudinal and transverse direction, 

dynamic loads shall also be included in calculations as well as static loads. 
 

By considering the gallery type, diameter, the fill height above and the characteristics 

of the fill soil, the Engineer shall carry out the gallery static and reinforced concrete 

calculations by using calculation methods such as the “Finite Element Method”, the “Beggs 

Deformeter Stress Analysis of Single-Barrel Conduits” tables, or the SAP2000 computer 

software package.  After determining the maximum internal forces, the Engineer shall 

determine the shear, compressive and tensile stresses corresponding to the selected wall 

thickness and shall show that these values do not exceed the allowable stresses. The concrete 

wall thickness under static and dynamic loads shall be calculated for the most unfavorable 

loading condition. By performing reinforced concrete calculations for the selected wall 

thickness, the Engineer shall determine the amount of reinforcement to be placed in the section. 

The minimum concrete wall thickness shall be taken as t=0.25 m, and double reinforcement 

shall be placed in the section.   To avoid overlapping of reinforcement elements in tension 

zones, such overlapping shall be made in compression zones. Overlap lengths shall be selected 

in accordance with TS 500 criteria. 
 

 

 

 

 

As an alternative to horseshoe-shaped gallery sections, the Engineer may, where found 

to be economical as a result of cost-comparison calculations and with the Administration’s 

assent, select reinforced concrete box-culvert type gallery sections. 

 

The gallery concrete class shall be C25/30 and the reinforcing steel class shall be 

B420C (ribbed rebar). The Engineer shall draw the gallery’s longitudinal section and plan and 
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show suitable block lengths on them.  At each block joint, A-type Waterstop conforming to TS 

3078-1, TS 3078-2 and TS 13850 shall be used, and the type section of the waterstop shall be 

drawn. 
 

2.3.3 Gallery Construction Project Drawings 
 

After completing the required hydraulic, stability, static and reinforced concrete 

calculations for the gallery, the Engineer shall prepare the following gallery construction 

projects and submit them to the Administration for approval: 
 

a)  Gallery general layout plan (1/500, 

1/100) b)  Gallery longitudinal section 

(1/500, 1/100) 

c)  Plans and sections of gallery inlet-outlet transition structures 

(1/50) d)  Gallery’s typical cross section (1/25) 

e)  Plans and sections of cleaning and inspection manholes, if any (1/25) 

f)   Placement of reinforcement in the gallery section, reinforcement detailing and 

reinforcement quantity tables (1/25) g)  Sealing gasket detail (1/5, 1/1) 

h)  Grating detail, if any (1/25) 

i)   Gallery excavation plan and cross sections (1/100, 1/50) 

j)   Point-detail drawings for works deemed necessary by the Administration (1/10, 1/5, 1/1) 

 

2.4 Aqueducts 

 
 

The Engineer shall design the aqueduct, whose location and discharge are specified in 

the approved canal plan and profile, in accordance with the topographic survey to be carried 

out on site and based on the required hydraulic, stability, static, and reinforced concrete 

calculations, as either a cast-in-place or a precast beam structure. The Engineer shall consider 

aqueduct structures as an alternative to siphons and, taking into account the requirement to 

cross deep valleys and river beds with minimum head loss, shall select the economical 

alternative as a result of cost comparison calculations to be made. 
 

The Engineer shall prepare the aqueduct construction projects listed below and submit 

them to the Administration for approval: 
 

a)  Aqueduct general layout plan (1/100) 

b)  Aqueduct longitudinal section (1/100) 

c)  Plans and sections of aqueduct inlet-outlet transition (adapter) structures (1/50) 

d)  Aqueduct’s typical cross section (1/10) 

e)  Reinforcement placement, reinforcement detailing and reinforcement quantity 

tables (1/50, 1/25) 

f)   Formwork plans and sections for cast‑in‑place beams and bearing seats, or 

precast beams and bearing seats (if any) (1/25, 1/10) 

g)  Reinforced concrete formwork plans and sections of aqueduct side and 

intermediate abutments (1/25) 

h)  Reinforced concrete foundation formwork plans and sections of aqueduct side 

and intermediate abutments (1/25) 

i)   Sealing gasket detail (1/5, 1/1) 

j)   Aqueduct excavation plan and cross sections (1/100, 1/50) 

k)   Point-detail drawings for works deemed necessary by the Administration (1/10, 

1/5, 1/1) 
 

2.5 Tunnels 
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The Engineer shall prepare tunnel construction projects in compliance with the criteria 

set out in the section “Implementation Projects of Hydraulic Structures Subject to Preliminary 

Design.” 
 
 

3 INTAKE STRUCTURES (INLETS) 

The Engineer shall size and design separately the intake structures whose locations and 

discharges are known from the approved canal plan-profile, in accordance with the site 

topographic plan to be drawn and on the basis of the hydraulic and structural calculations to be 

made. For the selection of the type of inlet structure, the Engineer shall take into account the 

type of the main canal and the network, the operating system and the intake capacity. 
 

However, where on the approved canal plan-profile and at various distances by 

kilometer the transverse slopes of the land along the axes of the intake structures (inlets) do 

not vary significantly, and particularly where the intake outlet elevations are very close to 

each other, the Engineer may, after obtaining the Administration’s assent, design the intake 

structures as a type project. 
 

While preparing the type project, the Engineer shall take the utmost care to ensure that 

the design is feasible. The Engineer shall ensure that the type design and the characteristic table 

for the structures within its scope are shown on the same drawing sheet.  

 

The Engineer shall not submit for approval only the type-design drawing without the 

characteristic table for the type structures within its scope, nor only the characteristic table 

without the type-design.   In the type‑design studies, grouping may be made.  For example, the 

Engineer shall not arrange the characteristic tables of intakes whose outlet structures differ 

under the same type design. In this case, the Engineer shall organize the type‑design study 

under different groups and prepare the type design and the characteristic table for each group. 

In addition, for ease of construction and to prevent possible errors, in locations of special 

importance the Engineer shall also provide point‑detail drawings together with the type design. 

The Engineer shall prepare type projects for farm intakes that are not of special importance and 

submit them to the Administration for approval. 
 

Intake structures not covered by the type project shall be designed separately in 

accordance with their topographic plans or with the cross‑section values to be taken from the 

natural soil along the intake axis. 
 

3.1 Weir-Type Inlets 
 
 

Where the discharge to be drawn from canals with fixed water level (to be operated under steady 

flow conditions) is greater than Q = 1 m³/s, the Engineer shall select the weir‑type inlet and carry out 

the necessary hydraulic and static calculations.  After determining the number and dimensions of 
the inlet openings, the Engineer shall prepare the inlet construction projects and the metalwork 

manufacturing projects for the operating gates.  In addition, since weir‑type inlets are intake 
structures that only regulate (control) water, the Engineer shall, taking into account the 

hydraulic conditions, design a suitable discharge measurement facility at a location near the 
downstream of the structure and submit it to the Administration for approval. 
 

3.2 Constant Discharge Intake Structures (CDIS) 

 
To enable a measured and controlled supply of water either from canals with fixed 

water level (to be operated under steady flow conditions) or, in particular, from canals with 

variable water level (to be operated under unsteady flow conditions), the Engineer shall select 

Constant Discharge Intake Structures (CDIS) according to the discharge to be drawn and the 
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range of water level variation in the canal. Since there is no discharge limitation in CDIS 

structures, the Engineer shall design the CDIS structure for any required demand discharge to 

be drawn. As control and measurement of water will be performed simultaneously within the 

structure, a separate discharge‑measurement facility shall not be included in the inlet. 
 

In regulated canals, taking into account possible differences between Qmax (dynamic water 

level) and Qo (static water level), the Engineer shall design CDIS structures as without a Downstream-

Controlled Orifice Gate (DCOG) and with an DCOG gate. Where an DCOG gate is required, CDIS 

inlets shall be designed together with their DCOG gates on the basis of hydraulic, stability and 

static/reinforced concrete calculations. The Engineer shall also prepare the manufacturing 

projects for the metalwork of CDIS and DCOG structures.   The reinforced concrete 

construction projects of CDIS and DCOG structures and the manufacturing projects for their 

metalwork shall be submitted to the Administration for approval together with the static and 

reinforced concrete calculations. 
 

3.3 Constant Head Orifice Intakes (CHOI) 

 
 

Where the discharge to be drawn from canals with fixed water level (to be operated under steady 
flow conditions) is Q < 1 m³/s, the Engineer shall select the Constant Head Orifice Intake type and, on 
the basis of the necessary hydraulic and static calculations, shall prepare the intake construction projects 
and the manufacturing projects for the metalwork of the orifice and cement pipe gates, and shall submit 
them to the Administration for approval. 
 

3.4 Farm Intake Structures (FIS) 

 
 

For demand discharges of Q = 30 – 40 l/s to be drawn from tertiary canals, the 

Engineer shall prepare the construction projects for Farm Intakes. 
 

 

4 CONTROL STRUCTURES 
 

To control water in open canals, to establish a fixed water level and to provide suitable 

water intake elevations for inlets, the Engineer shall design control structures. By taking into 

consideration the project criteria of the open canal and the operating conditions, the Engineer 

shall select the functional control structure from among weirs (broad‑crested weirs, 

sharp‑crested weirs, long‑crested weirs, labyrinth weirs, etc.) and check structures (flow 

raising structures). The Engineer shall determine the appropriate check structure type from 

among flat (vertical‑lift) gates, radial (tainter) gates, hydromechanical float‑operated gates, 

motor‑operated gates and BIVAL‑controlled checks. 
 

In flat‑gate checks, the Engineer shall design the “front‑weir check structure” 

according to the weir head to be determined such that the discharge corresponds to 1/4 of the 

canal discharge downstream of the check and that at maximum 2/3 of the concrete freeboard 

in the upstream canal is used. Under these conditions, where it is not possible to discharge the 

flow from the side weirs to the downstream canal, the Engineer shall avoid over‑widening the 

check structure which could form dead zones where flow is not conveyed. In addition, the 

Engineer shall avoid creating steps in the side spillways and any design that would require the 

use of stop logs at these steps. In this case, provided that the check width selected by 

hydraulic calculation remains the same, the Engineer shall place the side spillways of the 

check in the direction parallel to the canal flow and shall design the “side spillway check 

structure” meeting hydraulic and economic conditions. 
 

For large‑capacity canals, on account of economic reasons and functional operating 

conditions, the Engineer shall design checks exposed to high water load as radial gate checks. 
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In regulated canals, the Engineer shall design the checks whose chainages, types and 

numbers are known from the approved plan-profile on the basis of hydraulic, stability and 

static reinforced concrete calculations. 
 

In upstream‑controlled canal systems, the Engineer shall design upstream‑controlled 

check structures that provide a fixed water level upstream, together with automatic 

hydromechanical float‑operated radial gates (Upstream‑Controlled Gates, UCG) or 

motor‑operated flat or radial gates to be activated by remote sensing on the basis of an 

electronic computer system, together with all moving and embedded fixed metalwork. 
 
 In downstream‑controlled canal systems, the Engineer shall design downstream‑controlled 
check structures that provide a fixed water level downstream, together with automatic 
hydromechanical float‑operated radial gates (Downstream‑Controlled Gates, DCG and 
Downstream‑Controlled Orifice Gates, DCOG) or motor‑operated flat or radial gates to be operated 
by remote sensing on the basis of an electronic computer system, together with all moving and 
embedded fixed metalwork. 

 

The Engineer shall design bypass lines between the upstream and downstream of DCG–

DCOG gates, together with a float supply well, to prevent mechanical equipment from 

vibrating due to small water‑level changes and at the same time to ensure smooth operation of 

the gates. 
 

In BIVAL‑controlled canal systems, the Engineer shall design the check structures as 

electrically controlled flat‑gate or radial‑gate checks together with a signal system. 
 

The Engineer shall prepare the construction projects for control structures based on the 

hydraulic, stability, static and reinforced concrete calculations to be made as well as the 

point‑detail drawings deemed necessary by the Administration, and shall submit them to the 

Administration for approval. 

5 CANAL PROTECTION STRUCTURES 
 

5.1 General 

 
 

To protect canals against damage that may be caused by all kinds of uncontrolled 

waters that may come from within and outside the canal, the Engineer shall select and design 

a functional, safe and economical protection structure by also taking into account the 

characteristics of the canal and the site conditions. 
 

Considering situations such as: in consequence of faulty operation, where a discharge 

above the project discharge is released to the canal, causing a sudden rise of the normal water 

level in the canal; where automatic or manually controlled control structures located on the 

canal fail unexpectedly resulting in the rising water level threatening canal freeboards; during 

the off‑irrigation season, ingress into the canal of snow and rainfall from canal crown elevations 

and consequent transport, during operation, of bedload and suspended material into siphons in 

particular, thus narrowing the siphon section; where large‑capacity reserve inlets branching 

from the main canals do not take water, hence the flood risk in the reduced main canal sections 

after these reserve intakes increases; where the routes of main canals taking water from weir 

inlets are routed through low elevations or near the floodplain of a river, causing the flooding 

waters to wash away the protection embankments and filling the canal; where waters coming 

from hillsides via hillside intake structures enter a filled canal, with the sudden rises in water 

level that would occur in canal sections threatening canal safety; and waters of side streams 

crossing canals damaging the canals, the Engineer shall select the appropriate canal protection 

structure that will eliminate the factors damaging the canals on the basis of hydrological, 

hydraulic and topographic surveys and investigations and from among discharge structures 
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(side spillways, safety siphons, discharge structures, etc.), flood passes (upper and lower flood 

passes, etc.) and hillside intake structures. 
 
 

5.2 Discharge Structures 

 
 

5.2.1 General 
 

In upstream‑ or downstream‑controlled canals, in order to discharge all or part of the canal 

water and to protect canals against sudden water level rises from the dynamic (Qmax) and static (Q0) 

water levels that violate freeboards, the Engineer shall design discharge structures. On upstream‑ and 

downstream‑controlled canals and between automatic or manually controlled checks, the 

Engineer shall select the functional discharge structure by also taking into account the 

characteristics of the canal and the operating system. 
 
 
 

5.2.2 Design in Upstream‑Controlled Conventional Canal Systems 
 

In upstream‑controlled conventional canal systems, the Engineer shall, where 

required, design side weirs (SW) that provide automatic discharge via the canal, safety 

siphons (SS), and manually operated gated bottom outlets.  The Engineer shall determine the 

type and number of automatic discharge structures, taking into account the magnitude of the 

flow to be discharged, and by also considering cost comparison calculations of the structures 

to be sized as a result of the hydraulic calculations to be made. 
 

 

Where water is taken from the canal by means of a pumping station and the canal 

section narrows after the pumping station, the Engineer must design an automatic discharge 

structure in the suction basin. 
 

The Engineer shall design side spillways, safety siphons and gated bottom outlets by 

evaluating them together with downstream conditions. The Engineer shall verify whether the 

discharge from the discharge structure will pass through the discharge canal or a tributary 

stream to which it will be led downstream. 
 

On canal routes running close to river beds, in order to prevent damage that floodwaters 

may cause to the canal, the Engineer shall locate the automatic discharge structure at an 

appropriate point on the canal section that departs from the river bed and will not be exposed 

to floodwaters. 
 

The Engineer shall place the gated bottom outlet upstream and near the siphon 

structures and shall guide its water to the nearest tributary stream bed or to the bed of the stream 

crossed by the siphon. The Engineer shall ensure that the entire canal flow is discharged via 

the bottom outlet before the siphon. For this purpose, the Engineer shall place a gate system at 

the siphon inlet opening or, after the discharge, a check structure on the canal. 
 
 

5.2.3 Design in Regulated Canal Systems 
 

In order to prevent the local damage that waters overflowing via canal berms may cause 

in consequence of the check gates with hydro‑mechanical floats located on regulated canals 

jamming in the closed or open position during operation, the Engineer shall locate safety and 
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discharge structures in the canal sections between the checks. 
 

In regulated canals, the Engineer shall design side spillways above the static water level (Q0) 

in the front‑weir type.   The Engineer shall bear in mind that the discharge capacities of side 

spillways are lower than those of safety siphons and that, where the discharge capacity is 

increased, the cost will also rise. 
 

Where an upstream‑controlled check gate jams in the open position, no overflow risk 

will occur by virtue of the system; therefore, for this case the Engineer shall not place any 

safety structure on the canal.  However, where an upstream‑controlled check gate jams in the 

closed position, the Engineer shall place a safety structure on the canal to prevent overflow 

from the canal. 
 

Where a downstream‑controlled check gate jams in the open position, an overflow risk 

will occur in the downstream canal; therefore, the Engineer shall place a safety structure on the 

canal to prevent overflow.  However, where a downstream‑controlled check gate jams in the 

closed position, no overflow risk will occur by virtue of the system; therefore for this case the 

Engineer shall not place any safety structure on the canal. 
 

By also taking into account the economy of the work, the Engineer shall determine, as 

a result of calculations to be made within the framework of a scenario to be established in 

accordance with the hydraulic criteria and operating conditions of the canal, the type and 

number of safety and discharge structures to be established on the canal. 
 

The Engineer may design safety siphons (SS), which provide automatic discharge in 

flooding in upstream‑ and downstream‑regulated canals, and manually operated gated 

discharge structures (DS) either separately or together as a group structure. By designing the 

safety siphon and the discharge structure together (SSDS), the Engineer shall achieve economy 

in the cost of the structure. 
 

In an upstream‑regulated control system, the Engineer shall design the safety siphon 

structure at a point near the upstream of the check structure providing upstream regulation. The 

Engineer shall place the metal sill elevation of the safety siphon at a suitable elevation above 

the Qmax dynamic water level by also taking into account the fluctuation allowance. In 

addition, the Engineer shall select the location of safety siphons so as to allow discharge to the 

nearest flood plain. Since, for reasons of ease of operation and economy, safety siphons are 

generally considered together with discharge structures, the Engineer shall, bearing in mind 

that both structures will be operated simultaneously, verify whether the total discharge will 

pass through the flood plain to which it will be guided.  However, where the flood discharge 

(Q25) coming from the flood plain basin and passing through the LFP or UFP structure is 

greater than the total discharge of the safety and discharge structure (SSDS), the Engineer shall 

not verify the flood plain capacity for the EBOY discharge.  Where the total discharge of SSDS 

is greater than the 25‑year flood discharge of the flood plain, the Engineer shall determine the 

downstream plain section according to the capacity of the SSDS structure.  While designing 

the downstream flood plain section, the Engineer shall take into account that the sum of the 

25‑year flood discharge passing through the LFP or UFP structure and the SSDS discharge will 

not pass simultaneously through the downstream plain. 
 

In a downstream‑regulated canal system, the Engineer shall design the safety siphon 

structure at a point near the downstream of the check structure providing downstream 

regulation.  At this point, the Engineer shall design the safety siphon together with the discharge 

structure and shall thus lead the discharge of the group structure (SSDS) to the nearest flood 

plain. The Engineer shall verify the capacity of the flood plain by taking into account the total 

discharge of the group structure. The Engineer shall place the safety siphon structure in the 

canal section mentioned above, at a suitable elevation from a hydraulic standpoint, provided 
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that it is above the Q0 static water level (low‑flow level). By placing the SSDS structure near 

the downstream of the check gate, the Engineer shall achieve economy in the cost of the 

structure, since the water level in this canal section will be less than the check range in all other 

sections. 
 

Taking into account the topographic features of the terrain through which the main 

canal routes pass, the positions of the lands on the hillside and plain sides, and the locations of 

flood plains, the Engineer shall generally design SS and DS structures on the plain (operation 

and maintenance road) side.  However, in some mandatory cases (canal sections where the 

transverse ground slope is high; where the operation and maintenance road cannot cross over 

the SSDS structure; in walled canal applications where the road elevation is low), the 

Engineer may also design the operation and maintenance road axis on the hillside side due to 

the presence of the SSDS structure.  The Engineer shall either guide the discharge from the 

structure below the canal through a culvert to the flood plain or connect it to the nearest LFP 

upstream entrance (provided that its cross section is sufficient). 
 

In addition, where hydraulic and topographic conditions are suitable, the Engineer 

may design an SSDS structure together with an LFP structure. In this case, the Engineer shall 

verify whether the sum of the discharges to be discharged via the bottom outlet (DS) and the 

safety siphon (SS) will pass through the LFP structure.  In addition, by taking into account the 

type, cross section and number of bays of the LFP, the Engineer shall select the required 

number of safety siphons and the total structure width together with the bottom outlet. 
 

The Engineer shall generally size safety siphons for a discharge less than the discharge 

of the canal to which they belong. 
 

The Engineer shall calculate the time before overflow over the canal shoulder (the time 

required to fill the freeboard) by taking into account the difference between the flow entering 

the canal section and the flow discharged from the safety siphon. 
 

The Engineer shall take a minimum of 60 minutes as the time to fill the freeboard 

(intervention time) and shall select the capacity and the number of the required safety 

structures accordingly. The Engineer shall determine the type and number of safety siphons 

by taking into account the characteristics of the canal, the intervention time, the automatic 

discharge designed under flood conditions, the economy of the protection structure, etc. 
 

As a general rule, in small‑capacity regulated canals, the Engineer shall ensure for 

ease of operation and canal safety that all of the maximum discharge passing to the 

downstream of the check from a gate jammed in the open position is discharged automatically 

by means of safety siphons. 
 

In large‑capacity regulated canals, the Engineer shall determine the optimum solution 

within a scenario to be established by also taking into account functionality, safety and 

economy parameters such that a portion of the maximum discharge passing to the downstream 

of the check from a gate jammed in the open position is discharged via safety siphons, a portion 

via side weirs (SW) to be designed within the check structure, and the remainder via the DS 

structure. 
 

Where, in the canal sections between checks, the number of safety siphons required by 

the scenario for automatic discharge of floodwaters that may arise due to gates jamming in the 

open position is too large, the Engineer shall include a side weirs (SW) structure in the project.  

The Engineer shall design this spillway within the check structure and as two weirs, one on the 

right bank and one on the left bank in front of the check trash rack. Since these weirs will 

provide discharge of waters above the low flow level, the Engineer may select the weir crest 

elevations slightly above the Qo static water level (for example, by 5 cm in small‑capacity 



31 
 

canals and by 10 cm in large‑capacity canals). 
 

Therefore, the Engineer may perform the hydraulic calculations for the side spillways 

by using front‑intake weir formulas and, by taking into account the concrete freeboard in the 

canal section near the upstream of the check, shall determine the discharge capacities for the 

spillway lengths so determined. The Engineer shall carry out the necessary hydraulic 

calculations and prepare the drawings based on these calculations so that the floodwaters to be 

discharged over the side spillways on the right and left banks of the check will be guided via a 

bypass pipe to the downstream canal. While determining the pipe diameter, the Engineer shall 

take into account the maximum upstream water‑head upper elevation and the downstream Qo 

static water elevation. 
 

“Intervention time” is the minimum time required for the mobilization of the operating 

personnel; within this time, in order to eliminate the risk of overflow arising from the difference 

in discharge (i.e., the discharge remaining after the automatic discharge through canal 

protection structures such as ES, YS, etc.), the Engineer shall design a discharge structure (DS).  

In addition, the Engineer shall also design the DS structure to allow the water in the canal to 

be discharged outside the irrigation season, and, during operation, to enable the water in the 

canal section between two checks to be discharged in the event of a failure that may occur in 

this section and thus to carry out canal maintenance and repair activities. The Engineer shall 

calculate the required hydraulic section such that the regulated water between two checks will 

be discharged in 6 to 10 hours. Thus, the DS structure, which will be operated for two different 

purposes (namely, to prevent flood risk between checks or to completely drain the water in the 

canal) shall be designed according to the larger of the two discharges obtained from these two 

scenarios. 
 

The Engineer shall generally design DS structures as box culverts.  However, where 

the volume of floodwater to be discharged is small, the Engineer may design the structure as a 

drain tile or pipe instead of a culvert. The Engineer shall design DS structures at the canal base 

level, taking into account matters such as the floodwater elevation in the canal, the flow to be 

discharged, and the characteristics of the discharge canal.   
 
 

5.3 Flood Passes 

 

5.3.1 General 
 

To prevent the waters of tributary streams crossing canals from damaging the canal 

and the operation and maintenance road, the Engineer shall guide these uncontrolled 

floodwaters to the natural bed by passing them under the canal (lower flood pass - LFP) or 

over the canal (upper flood pass - UFP). The Engineer shall design flood passes in accordance 

with the approved flood discharges given in the approved basin plan and with the 1/500‑scale 

topographic plans to be drawn at the chainage distances determined on the canal profile. 

While sizing flood passes, by taking into account the sediment condition of the tributary 

stream to which they belong, the Engineer shall determine a safe and economical section as a 

result of the hydraulic calculations to be made. 
 

In canals that pass many side streams at short intervals, establishing a siphon at each 

crossing point would be unsuitable both in terms of economy and head loss; therefore, in such 

cases the Engineer shall prefer flood passes, which comprise a more functional type of pass. 

However, where the canal capacity is small and the flood capacity of the tributary stream is 

large, the Engineer shall lead the canal in a siphon to provide a safe and economical crossing. 

Where necessary, the Engineer shall also take into account adverse effects that may occur on 

the canal and, by making cost‑comparison calculations, shall select a suitable alternative. 
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5.3.2 Lower Flood Passes (LFP) 
 

The Engineer shall design the lower flood passes so as to conduct floodwaters under 

the canal via a box culvert and lead them to the natural bed. On the 1/500‑scale topographic 

plan to be taken at the chainage shown on the approved plan-profile, and according to the Q10 

and Q50 frequency flood discharges determined as a result of basin calculations, the Engineer 

shall determine the placement of the LFP structure and perform the necessary hydraulic 

calculations. The Engineer shall size the structure as a result of hydraulic calculations to be 

made by also taking into account the sediment amount that may come from the tributary stream 

(if any) in addition to the Q10 frequency flood discharge. Moreover, the Engineer shall verify 

the freeboard under free flow conditions as well as whether the Q50 frequency flood discharge 

will pass through the section determined according to the Q10 frequency flood discharge. The 

Engineer shall design the LFP as a cast‑in‑place box culvert (square or rectangular section) or, 

where found suitable by the Administration, as a precast structure. 
 

By taking into account the tributary stream discharge magnitude, flood risk, bed 

topographic and morphologic characteristics, bed stability, potential for sediment mobility 

and floating debris, vegetation cover and operating conditions, the Engineer shall determine, 

on small‑capacity canals where blockage risk and related significant effects will not occur, the 

minimum hydraulic section as a 1.00 m x 1.50 m (bxh) box culvert. For locations where these 

conditions cannot be satisfied, and in particular on large‑capacity canals, the Engineer shall 

determine the minimum hydraulic section as a 2.00 m x 2.00 m (bxh) box culvert; 

furthermore, due to cross‑sectional narrowing that may occur at the section entrance and on 

the invert as a result of accumulation of sediment carried with floating debris and/or due to 

environmental needs, the Engineer shall increase these dimensions and the freeboards as 

required. For locations where stream reclamation and flood control are envisaged, the 

Engineer shall evaluate in an integrated manner the relevant improvement and flood control 

projects and the upstream and downstream conditions as well as the criteria appropriate to this 

situation and perform project design accordingly. 
 
 
 

The Engineer shall select the gradient of LFP structures at the natural gradient of the 

flood channel or as close as possible to the bed gradient.  The Engineer may use a single 

gradient or, in some cases, two different gradients between the LFP structure entry and exit. 

The Engineer shall show that the bed gradient selected along the LFP (S1) is greater than the 

critical gradient to be calculated (Sc) (S1 > Sc). In the downstream sections of LFP structures 

arranged with two gradients, the Engineer shall not use gradients smaller than S2 = 0.005 in 

order to prevent accumulation of bedload. In LFP structures, the Engineer shall not arrange 

block lengths to be longer than 12.00 m unless unavoidable, and where at the block joints the 

bed gradient is S < 0.05, the Engineer shall provide a bearing pad and where S ≥ 0.05, an 

anti‑slip cutoff wall shall be arranged. In very steep LFPs to be constructed under high fills and 

on hillside terrain, the Engineer shall design “collar structures” around the LFC and at specified 

intervals, in order to lengthen the seepage path and thus prevent damage due to piping in fills 

that may be caused by waters seeping from the canal or the flood pass. 
 

By making the necessary adjustments to the upstream and downstream conditions of 

lower flood crossings, the Engineer shall prevent damage that floodwaters from the tributary 

streams may cause to the canal.  At the LFP entrance, by extending the transition walls together 

with earth‑guiding embankments by a sufficient distance, the Engineer shall direct floodwaters 

into the LFP. At the LFP exit, taking into account the velocity of the exiting water, the Engineer 

shall take the necessary measures against cavitation (e.g., rockfill). In addition, the Engineer 

shall establish the LFP exit outside the toe of the slope of the canal operation and maintenance 
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road so as to prevent the floodwaters from damaging the road fill and thus the canal. 
 

Since canals will be on filled soil at lower flood pass locations, the Engineer shall show 

in the project to be prepared that the voids remaining between the canal invert and the natural 

soil of the stream bed will be filled on both sides of the culvert with rockfill in order to prevent 

canal damage due to settlement. In particular, to prevent seepage from large‑capacity canals, 

the Engineer shall prepare the required detailed drawings for measures such as application of 

joint fillers at joint locations, laying clay or sealing material (waterproofing) under the canal, 

and providing a drainage system. 
 

After determining the necessary hydraulic section in lower flood crossings, the 

Engineer shall, by taking into account the static and dynamic loads acting on the structure and 

as a result of static/reinforced concrete calculations s/he will make, determine the structurally 

required concrete wall thicknesses and the amount of reinforcement. In reinforced concrete 

calculations, the Engineer shall take into account the bending moments and axial and shear 

forces obtained from the solution of the statically indeterminate system. Thus, the Engineer 

shall place support rebars on all four sides of the section so as to meet the fixed‑end condition 

with sufficient adhesion length. 
 

In LFP structures, the Engineer shall select the concrete class as C25/30 and the 

reinforcing steel class as B420C. The Engineer shall show the application of 10 cm thickness 

of C16/20 concrete under the structure. Compressive, shear and steel tensile strengths for the 

concrete section shall be determined in accordance with the principles stated in standard TS 

500. 
 
 

5.3.3 Upper Flood Pass (UFP) 
 

The Engineer shall design the upper flood passes so as to conduct floodwaters over the 

canal generally by means of a deck of rectangular section with inverted beams and lead them 

to the natural flood plain. Flood passes may be designed as a road crossing; with a cascade 

drop at the upstream; and, at the downstream, with a crossing dip or a box culvert crossing. On 

the 1/500‑scale topographic plan to be taken at the chainage distance shown on the approved 

plan-profile, the Engineer shall show the layout of the UFP structure. Based on the Q10 

frequency flood discharge obtained from the approved basin discharges for the flood plain, the 

Engineer shall perform the necessary hydraulic calculations and size the UFP structure.  While 

sizing the pass, by also taking into account the cross‑sectional narrowing that bedload coming 

from the flood plain may cause in the UFP structure, the Engineer shall ensure that the Q10 

frequency discharge passes to the downstream without overflow and within the freeboard. In 

addition, the Engineer shall verify whether the Q50 frequency flood discharge will pass within 

freeboard and without overflow through the UFP section determined according to the Q10 

frequency flood discharge. 
 

Where topographic conditions are suitable at the UFP location, the Engineer shall take 

the necessary measures to prevent accumulation of sediment within the structure. For 

example, in order to preserve the flow regime coming from the flood plain and to ensure that 

the sediment is carried to the downstream, the Engineer may give the UFP invert a gradient 

greater than the critical gradient (avoiding zero gradient). However, in certain mandatory 

cases (the relative positions of the bed and the canal at the point where the flood channel 

intersects the canal; natural ground conditions, etc.) where a suitable gradient cannot be given 

to the UFC invert, in the flood plain the Engineer shall be allowed to prepare a project design 

for upstream works which would prevent the mobility of sediment in the flood plain. For 

locations where stream reclamation and flood control are envisaged, the Engineer shall 

evaluate in an integrated manner the relevant improvement and flood control projects and the 
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upstream and downstream conditions as well as the criteria appropriate to this situation and 

perform project design accordingly. 
 

In addition to the loads to be taken as a basis for structural and reinforced concrete 

calculations, the Engineer shall include in the calculations the bedload (sediment load) by 

assuming that 20% of the section will be filled with sediment. The Engineer may design the 

UFP structure as a single span by considering the canal top width; or, in large canals, may 

design it with one or more intermediate piers. In upstream-controlled canals, the Engineer 

shall provide a minimum freeboard of 30 cm between the underside elevation of the UFP 

deck and the canal water level; in downstream-controlled canals, a minimum freeboard of 10 

cm shall be provided between the underside elevation of the UFP deck and the Q0 canal water 

level. 
 

Where, in the vicinity of the UFP structure, there is no bridge or road crossing; for 

pedestrian, livestock and field access the Engineer may design a road-crossing UFP in 

accordance with the principles of the section titled “9 Road-Crossing Structures,” herein, under 

static and dynamic loads and for the required widths, after obtaining the Administration’s 

concurrence. In UFP structures with a road crossing, the Engineer shall make the necessary 

arrangements at the inlet and outlet of the UFP for vehicle passage. At the point where the UFP 

outlet intersects the operation and maintenance road, the Engineer shall establish a crossing dip 

of a depth that allows floodwater to pass and shall take the approach and departure slopes of 

the crossing dip as a maximum of 10%, and, considering the water level to form on the crossing 

dip, shall cover it with concrete of suitable thickness.  For direct access from the operation and 

maintenance road or from the field to the UFP with road crossing, the Engineer shall design 

the ramp slope as a maximum of 10%. After dimensioning UFP structures with road crossing 

so as to satisfy hydraulic conditions as a priority, the Engineer shall make the necessary checks 

according to other design criteria (pedestrian, traffic, etc.). 
 

Where, in the upstream reach of the UFP structure, the stream-bed slope is steep, the 

Engineer shall carry out the necessary project design so that the floodwaters coming from the 

stream bed are passed through cascades formed of small weirs to dissipate energy and are then 

directed into the UFP structure. 
 

Where, in the downstream reach of the UFP structure, the stream-bed slope is high, or 

where at this point it is not possible to route the operation and maintenance road on and 

throughout the crossing dip (in cases where the natural ground elevation at the outlet is low), 

the Engineer shall provide the passage of floodwaters by means of a box culvert under the 

operation and maintenance road. While designing a UFP structure with a downstream box 

culvert passage, the Engineer shall, in the first place, avoid forming a vertical drop shaft at the 

culvert entrance. To prevent sediment accumulation at the culvert entrance, the Engineer shall 

design the UFP so that sediment-laden water coming from the UFP will accelerate and pass 

into the box culvert, and so that the safety of the canal’s operation and maintenance road is 

ensured. 
 

In UFP structures, the Engineer shall select the concrete class as C25/30 and the reinforcing 

steel class as B420C. 
 

5.4 Hillside Intake Structures ( HIS) 
 
 

The Engineer shall investigate whether the streams located on the hillside side of the 

canal carry bedload. Where sediment is carried, the Engineer shall not conduct these waters 

into the canal, bearing in mind that otherwise significant operational problems will arise in the 

canal. Therefore, only if there is no sediment transport and the inflow is very small relative to 

the canal capacity, the Engineer may conduct into the canal waters that may come from the 
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tributary streams (maximum of 500 l/s).  For this purpose, by taking a 1/500-scale topographic 

plan of the structure location, the Engineer shall design the hillside water intake facility. 
 
 

6 DROP STRUCTURES AND CHUTES 
 

To convey water from higher elevations to lower elevations by dissipating its energy, 

the Engineer shall design “drop” or “chute” structures. Where the difference in water levels is 

h ≤ 0.50 m, the Engineer shall preserve the canal section without constructing any structure 

and shall design only a simple 1:1 sloped transition on the invert. Where the difference in 

water levels is 0.50 < h ≤ 2.50 m, the Engineer shall design vertical drops by carrying out the 

necessary hydraulic calculations. As a result of the hydraulic calculations, the Engineer shall 

determine the drop width (B), the basin depth (G) and the basin length (L). While calculating 

the basin length, the Engineer shall select as the basin length (L) the larger of the values given 

by the following two solutions “a” and “b”: 
 

a)  LBR = G+F+H2 +0,50 

b)  LCSU = 3,8yc + F + 0,126 
 

Where; 

G = Basin depth, m 
F = Difference in energy levels between the upstream and downstream 

canals, m  

H2 = Water depth in the downstream canal, m 
Yc = Critical depth at the beginning of the drop, m 

LBR= Basin length developed by the Bureau of Reclamation, m  

LCSU= Basin length developed by Colorado State University, m 
 

Where the difference in water levels is 2.50 < h ≤ 4.50 m, or for series drops, the 
Engineer shall design “cascade” or “toothed inclined-plane drop” structures; where h > 4.50 

m, the Engineer shall design “piped chutes” or “inclined-plane chutes (IPC).” At the ends of 
drop and chute structures, the Engineer shall calculate and provide an energy-dissipation 

basin depending on the Froude number. 
 

In case of piped chutes, the Engineer shall determine the pipe diameter such that the 

maximum velocity when flowing full is Vmax = 3.60 m/s. To prevent hydraulic jumps within 

the pipe, the pipe gradient shall always be selected greater than the critical gradient. In case of 

pipe lines to be formed at sub-critical slopes on the pipe chute route, the Engineer shall not 

pass from a steep slope to a flatter slope. However, where, due to topographic conditions, it is 

mandatory to pass in pipe lines from a steep slope to a flatter slope, in that case a short transition 

zone shall be arranged as an open chute channel with rectangular section. The Engineer shall 

design the outlet structures as “impact-type energy dissipators” or as “Type I, Type II and Type 

III Energy Dissipation Basins.” 
 

In case of IPC (inclined-plane chute) structures, the invert gradient of the chute 

channel shall be selected greater than the critical gradient. Different gradients in the chute 

channel shall be joined according to the vertical curve formula. Along the chute channel, the 
wall height shall be determined by considering the critical depth at the beginning of the chute 

channel, the maximum water depth forming along the chute channel, the velocity head and 
the freeboard parameter. To ensure complete dissipation of energy in the energy dissipation 

basin, the chute channel shall be connected to the energy dissipation basin at a 50% slope. 
Where at entry to the energy dissipation structure in IPC structures the Froude number 

exceeds 15 and the elevation difference is greater than 10 m, the Engineer shall prefer instead 
of a single inclined-plane chute, multiple IPC structures in series with each stage limited to 

approximately 10 m. In case of IPC channels longer than 60 m and with slopes flatter than 200, the 
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Engineer shall check from a hydraulic standpoint whether cylindrical waves will form. In 

addition, by taking into account the geological structures on the route of the IPC and the 

effect of the water content of the soil, the Engineer shall perform a buoyancy (uplift) check on 
the channel invert. The Engineer shall select a suitable type of PVC sealing gasket to prevent 

leakage of water within the channel from the block joints (construction joints) to be formed at 
the invert radius and in the side walls of the chute channel. Furthermore, to prevent piping 

that may occur as a result of water moving in the direction of the route gradient and carrying 
soil particles, the Engineer shall take, at the design stage, the necessary safety measures 

(filters, etc.). 
 

For each drop or chute structure, taking into account in addition to the project 

characteristics such as the total difference in water levels between the upstream and 

downstream canals, discharge and velocity; the parameters of feasibility, functionality and cost, 

the Engineer may, as a result of economical comparison calculations, design either drops or 

serial drops, or chutes or serial chutes. 
 

In the hydraulic calculations to be made for drop and chute structures, the Engineer 

may use the publications of the Administration or domestic and foreign sources accepted by 

the Administration. 
 
7 ENERGY DISSIPATION STRUCTURES 
 

The Engineer shall design energy-dissipation facilities at weirs, at the ends of 

inclined-plane chutes and at the exits of bottom outlets of reservoirs and dams for the 

purposes of dissipating excess energy in accordance with hydraulic criteria and to allow water 

to enter the canal in a stilled condition. 
 

At weirs, the Engineer may design Type I, Type II, Type III, etc. stilling basins in 

horizontal or inclined position. In addition, where the bed material in the riverbed is rigid, a 

monolithic or dentated flip bucket may be used. 
 

At the ends of inclined-plane chutes, depending on the Froude number (F) and 

approach velocity (V), the Engineer shall select one of the energy dissipation basins as Type 

I, Type II, Type III, etc., so as to ensure admission of stilled water to the canal: 

If 1.0 < F < 2.5: “Simple Basin” 

If 2.5 < F < 4.5: “Type I Basin” 

If F > 4.5 and approach velocity V ≤ 15 m/s: “Type II Basin” 

If F > 4.5 and approach velocity V > 15 m/s: “Type III Basin”  

and shall determine the basin lengths for these basin types. For inclined drops, “toothed 

inclined-plane energy dissipators” may also be designed. 

For stilling water taken from a pressurized pipe outlet or from the end of a piped chute 

before admitting it to the canal or discharging it to the riverbed, the Engineer shall design 

“impact-type energy dissipators.” 
 

In the hydraulic calculations to be made for energy dissipation facilities, the Engineer 

may use the publications of the Administration or domestic and foreign sources accepted by 

the Administration. 
 
 

8 FLOW DIVERSION STRUCTURES 
 

After completing the 1/500-scale topographic plan of the location of the diversion 

structure, the Engineer shall position the structure on the plan drawing. At the division points 

of irrigation canals, where the discharge to be carried by the branch is to be measured, or 
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where that branch is to be taken out of service, the Engineer shall design, on the basis of 

hydraulic, stability, static and reinforced concrete calculations, the necessary concrete works 

and mechanical equipment.  According to the results of soil investigations, the Engineer shall 

take the necessary measures in the foundation of the structure. The diversion structure shall be 

designed as a gated structure (e.g., weir-type intake), provided that it is arranged on both the 

continuing branch and the dividing branch. Where deemed necessary, the Engineer may also 

design a discharge facility upstream of the structure. 
 

By arranging a discharge measurement facility on the dividing branch of the structure, 

the Engineer shall ensure that the discharge taken is measured. 
 

On regulated downstream-controlled canals, the Engineer shall design the diversion 

structures on the dividing branch as automatic downstream-controlled systems appropriate for 

these canals.  By ensuring that the hydro-mechanical or electromechanical gate systems on the 

diversion structure, which will operate completely as water-level-controlled, can automatically 

respond to the water demands in the downstream canals, the Engineer shall design, on the basis 

of the required hydraulic, stability, static and reinforced concrete calculations, the concrete 

works and the embedded and moving metalwork. 
 

 

When designing a water intake structure from an open canal to a piped network, the 

Engineer shall design, in accordance with the “General Technical Specification for Water 

Control Elements,” the strainer or filter equipment required to remove solids from the irrigation 

water before it enters the closed system. For the filter structure, the “Technical Specification 

for Construction Projects of Hydraulic Structures of Piped Networks” shall be used. 
 
 

9 ROAD CROSSING STRUCTURES 
 

Within the scope of this specification, the road crossing structures considered are bridge 

and culvert structures to be constructed at points where river (stream, brook, creek) beds and 

canals intersect transportation routes (village roads, provincial roads, highways and railways, 

etc.) so as to ensure the continuity of the transportation routes and to provide passage of 

vehicles, people and animals.  
 

When preparing projects, the institutions exercising authority over the location for 

which a road crossing structure project is being prepared—primarily the General Directorate 

of Highways (KGM) and the Turkish State Railways (TCDD), and, where applicable, 

Conservation and Development Regions for Culture and Tourism, Tourism Areas and Centers, 

Protected Areas, Coastlines and Coastal Strips, National Parks, Special Environmental 

Protection Areas, etc.—shall be identified; the necessary permits/approvals shall be obtained; 

designs shall be made by taking into account the criteria and views of the said institutions; and, 

where necessary, the projects shall be finalized by obtaining the approvals of these institutions 

on the final designs. 
 

In the design of road crossing structures over rivers, technical suitability of the 

structure, ecological environmental conditions and aesthetic needs, as well as economic 

criteria, shall be taken into account. Under these basic principles, a suitable structure type shall 

be selected at suitable locations and conditions, and the road crossing structure shall be 

designed accordingly. Structural systems whose maintenance and repair would be difficult 

shall be avoided. 
 

The selection of the project discharge and the basic hydraulic design criteria for road 

crossing structures to be constructed over rivers shall be determined in accordance with the 



38 
 

“Regulation on Flood and Sediment Control.” 
 

For road crossing structures to be constructed over rivers as culverts, the lengths shall 

be limited to the distance technically required to provide the crossing, and, outside this distance, 

closed sections shall not be formed. 
 

Where a determination has been made concerning the protection of ecological 

environmental conditions, design shall be carried out by taking into account the specific needs 

of the location where a road crossing structure will be constructed as well as the general 

design criteria on the subject. 
 

The Engineer shall show, on a general layout plan, the road crossing structure running 

through rivers, the roads to which it is connected (vehicular and pedestrian) and all related 

structures, by ensuring proper connection as per good practice. The Engineer shall prepare the 

general layout plans in printed and electronic media file with the “.kmz” extension. This 

general layout plan shall be prepared so as to cover an area at the upstream and downstream of 

the road crossing structure on the river, of a size sufficient to show the hydraulic, road and 

other environmental conditions (for small culverts, this area shall be determined so as to 

include, along the river alignment, a distance equal to 20-25 times the clearance of the road 

crossing structure at the upstream and downstream of the structure). The locations of road 

crossing structures designed over a river shall be marked on photographs showing existing 

structures on and around the river. Photographs showing the river alignment from the proposed 

road-crossing location towards the upstream and the downstream shall be attached. 
 

For accurate preparation of the general layout plan, the Engineer shall determine the 

classes of the roads to which the road crossing structure will be connected (paying particular 

attention, especially in arch-form bridges, to factors such as vertical curve and stopping-sight 

distance) and shall establish the structure form and the road connection. In these designs, the 

Engineer shall also determine how the connections of roads crossing the bridge at perpendicular 

angles and the arrangements of pedestrian ways will be provided. 
 

Where a road-crossing structure is to be constructed as part of a stream 

reclamation/flood control project, the structure shall first be included on the plan-profile 

sheets to be designed in accordance with the technical specifications of the reclamation/flood 

control project. By taking into account the data for the planned road crossing alternative and the 

effects of all other road crossing and transverse structures, the Engineer shall show, on the plan-profile 

sheets, the effects in accordance with water surface calculations to be made for the project flood return 

periods Q10, Q50, Q100, Q500 and, where necessary, Q1000 and intermediate return period 

discharges. Where it is necessary to construct a road crossing structure on natural riverbeds 

where no new stream reclamation/flood control project is planned, or on existing 

reclamation/flood control facilities, the Engineer shall show, on natural bed profiles and cross 

sections, the effects on the natural bed by means of water surface calculations to be made, 

similar in nature and manner to the hydraulic calculations in reclamation/flood control 

projects, by taking into account the hydraulic effects to occur over a sufficient distance at the 

upstream and downstream of the road crossing structure, together with the road connections 

and other environmental conditions. 
 

In particular, in stream sections where the flow is in subcritical flow state and in 

downstream controlled stream sections, regardless of whether the road crossing structure is a 

bridge or a culvert, the Engineer shall perform water surface calculations over the entire 

stream section required to establish a correct water surface profile. 
 

According to the hydraulic studies and water surface profiles to be made, the Engineer 

shall mark, on the road crossing structure cross sections to be drawn at suitable scale, and on 

the stream cross sections at certain distances at the upstream and downstream of the bridge 
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(for medium-size bridges, this distance may be selected as approximately 100 m, and suitable 

distances shall be determined by also taking into account the size of the stream and the road 

crossing structure and the backwater effect), the project discharge water levels to be 

determined and, where necessary, the water levels to occur for other intermediate return-

period discharges. In these sections, the Engineer shall show the details of the road crossing 

structure, the details of existing river or stream reclamation/flood control structures, and the 

levees, roads, etc. located beside the cross section.  
 

The Engineer shall determine, in rivers, the flood character of the river, sediment 

movement and floating debris potential. The type and dimensions of the road-crossing structure 

and the freeboard (vertical clearance) shall be determined by also taking into account floating 

debris, sediment movement and riverbed movement, so as to pass these safely. In accordance 

with the “Regulation on Flood and Sediment Control,” the vertical clearance shall be 

determined as a minimum of 1.50 m between the project flood water surface and the bridge 

beam soffit elevation in flat-deck bridges, and, in arch bridges, by taking into account the 

curvature of the arch form and the differences in clearances between bridge spans. Where there 

is a large potential and significant risk in the riverbed at the upstream of the bridge due to bank 

failure, landslide, bedload and floating debris (trees and other coarse materials), the clearance 

be taken larger. Where activities related to river navigation are envisaged, the Engineer shall 

carry out the design by providing the necessary technical data for river navigation by taking 

into account the vertical and horizontal clearance conditions, operating conditions and effects 

appropriate to this situation. 
 

Within the scope of bedload movement, the Engineer shall also take into account the 

types and sizes of solid material transported, and the possible impact effect of such solids. 

Accordingly, the Engineer shall prefer design conditions requiring the minimum number of 

intermediate piers and, where present, taking into account the impact effect. 
 

To prevent significant problems encountered in bridges constructed over rivers, the 

Engineer shall ensure that the interaction between hydraulic, structural and geotechnical factors 

is properly established. By carrying out the necessary reclamation/bridge calculations and 

checks (bank and bed stability checks, cavitation calculations, etc.) concerning continuous and 

periodic lowering of bed level, cavitation problems, stability problems on the upstream and 

downstream banks and bed near the bridge and in the bridge approach embankment, the 

Engineer shall evaluate the findings and select accordingly the required bridge foundation type 

and shall take other structural measures for bank and bed stability. 
 

The Engineer shall investigate the flood risk and flood character of rivers, the normal 

channel width, floodplain width, bed topographic and morphologic characteristics, bedload 

(sediment) movement and floating-debris potential. Where, although the road crossing 

structure is planned as a culvert, adverse situations are encountered such as the narrowing of 

the section and/or, an increase in section capacity due to environmental needs, and, an increase 

in the required concrete sections and bearing spans for static reasons as a result of accumulation 

of floating debris and sediment transported at the section entrance and on the invert, thus 

increasing cost; the Engineer shall also consider the bridge alternative instead of a culvert 

structure and, if found economical, shall carry out the design accordingly. Where bridges are 

not hydraulically required and, based on studies and investigations to be made, no flood risk is 

expected due to sediment and floating debris problems, and the road-crossing structure is 

designed as a culvert, the Engineer shall ensure that all information concerning the selection 

evaluations such as the investigations, studies, checks, calculations and comparisons relating 

to these projects are included in the culvert design report and its annexes. 
 

For road crossings in rivers, a well-designed culvert should have a low clogging risk 

and should be designed by taking into account bed equilibrium conditions and sediment load 
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and transport. By also taking into account that, for various reasons, the flow type of a culvert 

designed to have free surface flow may not occur as desired, the Engineer shall design 

culverts with sufficient freeboard by considering the effect of sedimentation and floating 

debris. For culverts larger than 2x2 m in size, the freeboard shall be determined as a minimum 

of 60 cm, by taking into account the section characteristics of the river reclamation or flood 

control channel for which they are designed and the freeboard envisaged for the reclamation. 

In residential areas and in locations where uncertainties concerning sedimentation and 

floating debris are high, the Engineer shall consider increasing these values so as to reduce 

risks and, where required, shall increase them by setting out the justifications. 
 

Where, in culverts constructed over rivers, a certain amount of sediment deposit on the 

culvert invert is desirable for environmental reasons and to protect the invert against abrasion 

due to bedload, the Engineer shall take this into account in the designs and, by setting out the 

justifications, may design the culvert invert below the bed profile. In such a case, while 

selecting the section dimensions, in addition to freeboard, the Engineer shall also take into 

account the height of deposit envisaged on the invert (the portion of the invert designed to be 

buried) and shall carry out the design accordingly. 
 

Where, for environmental reasons, it is determined that protection of the bed bottom 

and the riparian habitat is necessary, the Engineer may, by setting out the justifications, design 

culverts without an invert and encompassing the riparian habitat. Where the needs determined 

cannot be satisfied by a culvert in such projects, the Engineer shall comparatively evaluate the 

bridge alternative. In these projects, the Engineer shall carry out design by taking into account 

the general design criteria on the subject. 
 

The Engineer shall evaluate the inlet and outlet structures of culverts together with the 

upstream and downstream conditions, tailwater effects and the embankment structures over 

them; shall perform cavitation potential and other stability checks and calculations by taking 

into account the bed morphology and soil structure for cavitation and stability problems; and, 

where there are additional measures to be taken, shall design them. 
 

At the location of the crossing point determined on the approved plan-profile for bridges 

or culverts over canals, the Engineer shall draw a 1/500-scale topographic plan by taking into 

account the position of the road and the canal, the span required for the bridge or culvert, and 

the necessary connections to be observed between the roads to be crossed. 
 

Where the road crossing structure over irrigation canals is designed as a bridge, the 

Engineer shall determine the vertical clearance as the minimum 30 cm vertical clearance 

between the beam soffit elevation and the maximum water level of the canal; where it is 

designed as a culvert, the Engineer shall, by taking into account the characteristics of the canal 

and the clearance, calculate a suitable culvert section such that, for hydraulic and economic 

reasons, the backwater rise is at most 5 cm in lined canals and at most 25 cm in unlined canals.  

In regulated canals, the Engineer shall size road crossing culverts so as not to cause backwater 

rise. The Engineer shall bear in mind that otherwise hydro-mechanical gates will not fully open; 

that therefore the project discharge cannot be conveyed downstream; that part of the dynamic 

water volumes between checks will be continuously violated; and that, consequently, the ready-

to-use storage intended for operation will be restricted. The culvert section to be selected as a 

result of hydraulic calculation may have one or more openings. 
 

At the design stage, by contacting the relevant institutions where necessary, the 

Engineer shall determine the standards of the planned and/or existing roads, the number and 

width of lanes, pedestrian and vehicular traffic density, whether there is military use, pedestrian 

and domestic/wild animal crossings, the condition of the surface course (asphalt or gravel, etc.), 

the size of the canal or river to be crossed, vehicular and pedestrian railings, lighting needs, 

etc.; and, by taking into account regional climatic conditions and operation  
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and maintenance activities, shall, as a result of cost comparison calculations for the alternative 

studies to be made, and after obtaining the Administration’s assent, determine the functional 

and economical bridge type (cast-in-place or precast girder bridges, composite bridges, steel 

bridges, etc.) with suitable structural characteristics appropriate to the conditions of the locality 

and to the need. In the studies within this scope, the materials and construction methods of the 

road crossing structure (especially the types of pavement materials and the method of 

installation) shall be determined by taking into account regional climatic conditions and 

operation and maintenance activities. 
 

The Engineer shall plan bridges, as far as possible, perpendicular to the flow of the 

river/canal or with minimal skew. By also taking into account the skew angle that may occur 

between the road axis and the canal or river axis due to mandatory conditions such as road 

class and traffic and pedestrian safety, the Engineer shall determine the suitable bridge type 

and the static system that will satisfy the necessary hydraulic conditions, so that the bridge 

piers will be parallel to the flow direction of the river or the canal and will not constrict the 

water surface widths. The bridge spans shall be selected by taking into account the maximum 

water surface widths of rivers and canals. In addition, in placing the bridge abutments and 

bearing seats, the Engineer shall take into account the concrete freeboard of the canal. 
 

In the design of infrastructural elements of a road crossing structure, the Engineer shall 

carry out appropriate geotechnical investigations and soil tests at a level that will provide the 

necessary and sufficient technical data depending on the type and size of the road crossing 

structure; and shall prepare a geotechnical survey report for the road crossing structure. For 

this purpose, unless the foundation soil is clearly identified as rock for small culverts, the 

Engineer shall carry out foundation soil investigations at a sufficient level based on soil tests 

according to the needs of structure design. Where deemed necessary during the soil 

investigation process, by taking into account the size and characteristics of the structure, the 

Engineer shall carry out basic soil investigations including in-situ soil tests for large culverts 

and bridges by drilling foundation investigation boreholes in the number and at the locations 

to be determined so as to define the foundation conditions of bridge abutments and piers and 

culvert foundations. 
 

Boreholes shall be drilled in sufficient number and to sufficient depth at the location of 

the road crossing, in the longitudinal and transverse directions, so as to produce a reliable soil 

layer profile covering the foundation locations of the structure and the adjacent earthworks 

areas, and so as to investigate any neighboring geological hazard that may affect the use of the 

crossing. 
 

The scope of the investigations shall depend on differences in soil conditions and on all 

project requirements that may affect road crossing and foundation design and construction.  

Accordingly, the investigations shall be of such a nature as to reveal the soil type, soil layers 

and/or the type and nature of rock formations encountered, the engineering characteristics of 

the soil and/or rock, liquefaction potential and groundwater conditions. 
 
 

In static and reinforced concrete calculations of road crossings, the Engineer shall 

design the structures as a result of stability, static and reinforced concrete calculations to be 

made on the basis of the load criteria specified in the current and enforced bridge design 

specification published by the General Directorate of Highways of the Republic of Türkiye. In 

static and reinforced concrete calculations of bridges, depending on the characteristics of the 

road, the Engineer shall select the appropriate truck load between the load classes H20S16 and 

H30S24. 
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The Engineer shall perform static and reinforced concrete calculations of culverts by 

taking into account the soil backfill load and the traffic load over the culvert. As a rule, the 

box culvert shall be designed according to cast-in-place criteria. However, where deemed 

necessary, and after obtaining the Administration’s assent by presenting cost comparison 

calculations, the box culvert may also be designed as precast. The Engineer shall design the 

foundations of bridge piers so that they bear on stable soil by lowering the foundation 

elevations to the required level, with the foundation bases located at least 0.50 m below the 

natural ground. 
 

In reinforced concrete calculations of road crossing structures, for cast-in-place bridges, 

culverts, etc., concrete of at least class C25/30 shall be used; for precast and prefabricated 

structures, concrete of at least class C30/37; and for prestressed bridge girders, concrete of at 

least class C35/45. The reinforcing steel class shall be taken as B420C (ribbed reinforcement 

steel) for cast-in-place or prefabricated structures. 
 

In static and reinforced concrete calculations of bridges, in addition to the selection of 

the appropriate truck load, the Engineer shall by also taking into account the dynamic impact 

factor and distribution factor of truck loads, move the loads along the girder span and determine 

the cases where bending moment and shear force are maximum. The values thus obtained shall 

be used in the structural sizing of the bridge. The amount of reinforcement to be placed in the 

load-bearing section shall be calculated by taking into account the internal forces determined. 

Where the stress to be produced in the foundation soil by the loads transmitted from the 

superstructure to the foundation via bridge piers is greater than the allowable soil bearing stress 

determined as a result of the geotechnical investigations carried out in accordance with the 

Geotechnical Investigation Specification; and where in such a case it is not economical to 

enlarge the selected foundation dimensions, the Engineer may design the bridge piers 

according to pile foundation systems. 
 

Since road crossing structures will be exposed to dynamic loads as well as static loads, 

where they are to be constructed on foundation soils weak in terms of their bearing capacity, 

the Engineer shall, for technical reasons and subject to approval by the Administration, 

increase structural safety by using pile foundation systems instead of simple raft foundations. 

However, bearing in mind that this additional measure increases cost and therefore adversely 

affects the economy of the structure, the Engineer shall also prepare other alternative solution 

proposals together with their costs and submit them to the Administration. 
 

At the points where large-capacity canals intersect roads, if the skew angle between the 

axes is large, the Engineer shall, for reasons of feasibility, safety and economy, consider 

designing the crossing as a culvert structure instead of a bridge structure. 
 

In cast-in-place or prefabricated bridges to be designed over irrigation canals, the 

Engineer shall necessarily design wing walls (training walls) at the bridge approaches to 

prevent the approach fills from spilling into the canal. In addition, in road crossing culvert 

structures to be designed over canals, the Engineer shall select inlet and outlet headwalls at 

sufficient height that will prevent the fill over the culvert from spilling into the canal and form 

a toe for the fill slopes. 
 

In prefabricated girder bridges to be manufactured as prestressed or non-prestressed, 

the Engineer shall design prefabricated girders by taking into account the bridge spans. Where 

girders are designed with spacing over bridge piers, the Engineer shall place a sufficient 

number of transverse beams in the bridge. The number and locations of transverse beams shall 

be determined by taking into account the bridge span. 
 

In prefabricated-girder bridges, the Engineer must place seismic pads between girders 

by taking into account seismic effects. The Engineer shall take the necessary measures for the 
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placement of reinforcement that will ensure the interaction between the prefabricated girders 

and the deck slab.   For longitudinal girders to be placed over the bridge span, the Engineer 

shall perform a deflection check and shall show by calculation that the deflection thus obtained 

does not exceed the permissible maximum deflection value.   The bridge width shall be 

determined according to the number and width of the lanes of the road to which it belongs. In 

addition, the Engineer shall show, in the project to be prepared, the details of elastomeric 

supports and expansion joints. 
 

Where small-capacity canals intersect roads, the Engineer may design the crossings 

with spiral-wound HDPE pipe. Where CHOI and FIS inlets intersect operation and 

maintenance roads, the crossing may also be designed with spiral-wound HDPE pipe. 
 

Pedestrian railings required for the road-crossing structure shall be designed by making 

the necessary calculations and checks by taking into account AASHTO LRFD Section 13.8, 

“Pedestrian Railings,” and the related sections. The railings shall be detailed by taking into 

account structure design and requirements (expansion joints, etc.). 
 

As part of the structure, other structural protection and warning safety measures that 

may be required (such as application of fence wire to prevent risky access into the canal in 

culvert inlet and outlet regions, application of warning rumble strips, etc.) shall be evaluated 

within the framework of the regulations and standards related to the structure requirements and 

shall be shown in the projects. In addition, where it is necessary to conduct utility lines such as 

electricity, water, natural gas, etc. over the road crossing structures, the design shall be made 

in accordance with the rules of engineering and science by taking all necessary safety measures, 

and by also taking into account the current legislation and practices of the General Directorate 

of Highways (KGM). 
 

Within the scope of the projects to be prepared, the Engineer shall determine all details 

and dimensions concerning the general layout plan, bridge plan, bridge longitudinal section, 

bridge cross sections, river cross sections and details pertaining to the upstream and 

downstream of the bridge, and pedestrian and vehicular railings, expansion joints, bearing 

elements, drainage, lighting and similar works, and shall ensure that the plan, section, 

equipment and/or reinforcement sheets of all bridge elements are prepared at scales of 1/1000, 

1/500, 1/250, 1/200, 1/100, 1/50, 1/25, 1/10, or at scales sufficient for the definition of each. 
 

In bridges designed with aesthetic appearance, the Engineer shall pay attention to the 

selection of a suitable formwork system (plywood, steel, etc.) so that the envisaged form and 

cross sections with proper aesthetic ratios and dimensions can be achieved in construction and 

smooth surfaces can be obtained. In order to achieve in the construction stage the architectural 

aesthetics and perspective given to such bridge types, and to prevent possible visual defects, 

the Engineer shall also prepare the formwork and formwork-scaffolding projects following 

completion of the construction projects. 
 

The Engineer shall submit the projects of road crossing structures to the 

Administration together with a project report. The project reports shall be prepared so as to 

include, in consideration of needs concerning operation and maintenance, national security, 

disaster management, etc., the design principles, calculations, comparisons and evaluations, 

and the information concerning the project design processes. 
 

For bridges with a total span exceeding 60 m, and for bridges for which a high level of 

aesthetics is required and preliminary survey and planning studies are carried out, before 

preparing the construction projects, preliminary bridge designs with at least three alternatives 

shall be prepared at the quality and in the detail required by the Administration, together with 

a preliminary-design report including comparisons concerning factors such as technical 

aspects, aesthetics, materials, construction conditions, operation and maintenance conditions 
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and economy; and, following the Administration’s concurrence, the construction projects for 

the said bridges shall be commenced. 
 
 
 

10 CULVERT TRANSITION STRUCTURES 
 

The Engineer shall design the ends of all lined and unlined conventional canals and 

canalette lines shown on the approved plan-profile so that they are connected, in accordance 

with downstream condition criteria, to a drainage canal or to an existing stream bed. 
 

The Engineer shall design the culvert transition structures at suitable hydraulic 

conditions and locations on the canal to which the connection will be made. By also taking into 

account the discharge of the canal to which the connection will be made, the Engineer shall 

ensure appropriate hydraulic conditions and make the necessary arrangements at the point of 

confluence so as to direct the flow and prevent the discharge to be led to the outlet canal or 

stream bed from causing damage. In order for the connection in question to be made in 

accordance with its purpose, the Engineer shall prepare a topographic plan including adequate 

elevations and contours at the section where the canal to which the connection will be made 

will merge with the canal or stream to which it will discharge, and shall carry out the design 

work accordingly. 
 

To prevent potential damage that the flow from the upstream canal connected to the 

culvert transition structure may cause, particularly on the side slopes and bed of an unlined 

downstream canal, the Engineer shall, taking into account the flow regime in the upstream 

canal and provide the necessary safety measures (stone pitching, concrete lining, etc.). 
 

Where there is a road crossing at the upstream of the culvert transition structure, the 

Engineer shall, depending on the discharge and flow regime (subcritical or supercritical flow) 

in the upstream canal and as a result of hydraulic calculations to be made, size the transition 

structure (spiral-wound HDPE pipe, box culvert, etc.). The Engineer shall also perform the 

static and reinforced concrete calculations of the transition structure under fill and traffic 

loads and prepare the drawings based on these calculations. 
 
 

11 TRANSITION STRUCTURES (EXPANSION CONNECTIONS) 
 

In cases where the canal type section changes (from trapezoidal to rectangular, from 

trapezoidal to circular, etc.), or at the junctions of galleries, siphons, tunnels and similar 

hydraulic structures with the canal, the Engineer shall design transition structures that connect 

two sections of different geometric shape to each other so as to minimize head loss and prevent 

excessive turbulence. The Engineer shall also ensure that the inlet and outlets of flood crossing 

structures are connected to the natural flood plain under appropriate hydraulic conditions. 
 

While calculating the length of the transition, the Engineer shall select the approach 

angle such that 15° < α < 25° by taking the design criteria and appropriate hydraulic conditions 

into account. In addition, for structures of special importance (e.g., approach basins of pump 

houses, etc.), the Engineer shall, after obtaining the Administration’s assent, carry out or 

outsource the necessary model-test studies so that the dimensions and approach angles of the 

transitions can be determined in accordance with the project requirements. Transition 

structures, which are generally designed to be concrete-lined, shall in certain cases also be 

designed as reinforced-concrete where required, taking into account the lateral and uplift water 

pressures to which they are exposed and weak ground conditions. 
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On concrete-lined canals, the Engineer shall in general design “broken-back” type 

transitions. In broken-back transitions, between trapezoidal and rectangular sections the head-

loss coefficient shall be taken as K = 0.30 for accelerating flow and K = 0.50 for decelerating 

flow. Between trapezoidal and circular or horseshoe sections the coefficient shall be K = 0.50 

for accelerating flow and K = 0.70 for decelerating flow. 
 

12 PIPED NETWORK HYDRAULIC STRUCTURES 

 When designing the hydraulic structures on the piped network within the scope of the 

“Construction Projects for Hydraulic Structures of Piped Networks,” the Engineer shall make use of 

the “Technical Specification for Hydraulic Structures of Piped Networks.” 
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13 HYDRAULIC STRUCTURES IN IRRIGATION NETWORKS WITH CANALETTES 
 

For hydraulic structures on an irrigation network that has been established as a 

canalette network on the approved plan-profile and on which the hydraulic structures have 

been identified, the Engineer shall carry out the design by making use of the type designs and 

charts published by the Administration, as well as books, seminar notes and relevant sources. 
 

By taking into account the canalette types, deflection angles, drop heights and 

operating conditions, the Engineer shall design the canalette division structures, canalette 

siphons, drop wells, elbow structures, canalette road crossings and canalette end structures. 
 

While designing canalette division structures, the Engineer shall, by taking into 

account the types and elevations of the dividing canalettes with respect to Canalette No. 1, 

design the division as measured or unmeasured, with weir, without weir, or with gated weir. 

If, as a result of the hydraulic calculation to be made, the Froude number in the dividing 

canalette is found to be greater than 2.50, the Engineer shall design the division as a twin-well 

division or so that the dividing canalette is covered by a pressure plate over a certain distance. 

Where required, instead of applying a pressure plate, the Engineer shall provide a submerged 

orifice wall at the canalette entrance and, by hydraulic calculation, determine the orifice size 

required to establish subcritical flow conditions at the beginning of the canalette and under 

the submerged wall. Thus the Engineer shall show that the energy is dissipated by having a 

hydraulic jump occur at the beginning of the canalette and shall verify whether the sequent depth d₂ 

occurring after the jump remains within the wet section of the canalette. 
 

The Engineer shall design the drop and elbow structures in canalette lines as circular-

well type provided that the inlet and outlet canalette types are between Type-70 and Type-600 

and that the deflection angles are suitable. The well diameter shall be selected as Ø100, Ø120 

or Ø150 cm depending on the inlet and outlet canalette types and the deflection angle. Where 

the inlet and outlet canalette types are larger than Type-600, the well shall be designed as a 

rectangular well. While determining the wall thickness of the wells, the Engineer shall take 

into account the well type (circular or rectangular), the deflection angle and the drop height. 

In addition, in Type-450 canalettes with a deflection angle of 44° and greater, the wells shall 

be designed as rectangular. 
 

While designing canalette siphons, the Engineer shall, as a result of the necessary 

hydraulic calculations, check whether the total head loss to be determined is compatible with 

the head loss given on the plan-profile sheet. The Engineer shall show that the head loss that is 

calculated is less than the existing head loss. Otherwise, taking into account the freeboard in 

the inlet canalette, the Engineer shall perform a sizing in the siphon structure so as to keep 

surging to a minimum. The inlet and outlet wells of canalette siphons shall be designed as 

circular for canalettes between Type-70 and Type-600 and as rectangular for canalettes larger 

than Type-600. Well diameters and wall thicknesses shall be determined depending on the 

canalette type and well height. In canalette siphons, the fill height above the siphon pipe shall 

be a minimum of 50 cm and the siphon pipe shall be designed with jacket concrete. Where the 

heights of the inlet and outlet wells in canalet siphons are too much, the Engineer shall, by 

making the necessary static and reinforced concrete calculations, also construct the wells with 

reinforcement. 
 

The Engineer shall design on the basis of structural calculations the crossing structures 

required for pedestrian and vehicular crossings shown on the plan-profile, by taking into 

account the canalette type, the purpose of the crossing (pedestrian, vehicle, etc.) and the 

elevation of the canalette above the natural soil. 
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The Engineer shall design the canalette end structure in accordance with the approved 

plan-profile project. The Engineer shall show in the project the necessary safety measures to 

prevent the waters coming from the canalette from damaging the connection canal (where the 

connection canal is unlined). 
 
 

14 PREFABRICATED HYDRAULIC STRUCTURES 
 

After performing an overall evaluation of the hydraulic structures identified on the 

approved plan-profile within the irrigation project site, the Engineer may, where it would be 

more economical to have the hydraulic structures prefabricated than cast-in-place construction, 

design them as prefabricated upon obtaining the Administration’s assent. 
 

Before proceeding with the design of prefabricated structures, the Engineer shall 

consider that, compared to cast-in-place construction, these structures should be of higher 

quality and have a longer service life; should provide ease of assembly and dismantling; should 

allow construction within water; should permit the timely completion of the assembly of a large 

number of hydraulic structures in regions where the winter season is long and severe, so that 

the canals can be put into service; should allow slender and high-strength elements to be 

produced; should enable mass production and also economy in formwork; should not require 

formwork and scaffolding; should minimize excavation quantities; and should be economical. 

After completing the drawings of the prefabricated structures to be designed, the Engineer shall 

calculate their cost. Similarly, the Engineer shall carry out the necessary studies for cast-in-

place construction and compare the costs of the two alternatives. If, as a result of the 

comparison, the cost of the prefabricated structure is found to be more economical, the 

Engineer may upon obtaining the Administration’s assent commence the project design work. 
 

For hydraulic structures deemed suitable to be designed as prefabricated, the Engineer 

shall carry out the necessary hydraulic, stability, static and reinforced concrete calculations.  

As a result of these calculations, the Engineer shall size the prefabricated hydraulic structures. 

Load assumptions to form the basis of the calculations shall be decided jointly with the 

Administration by taking into account the whole project site. During design, by considering 

the economy and feasibility of the work, the Engineer may group the structures. In addition, 

where, due to mandatory circumstances the load assumptions envisaged in the project increase 

(as in an increase in fill or dynamic loads) the Engineer shall, for the prefabricated structures 

to be designed in these sections, determine the required amount of reinforcement as a result of 

static/reinforced concrete calculations to be made anew, provided that the previously selected 

concrete sections remain unchanged. However, by rechecking the sections according to the 

increased dynamic or static loads, the Engineer shall demonstrate by calculation whether the 

previously selected structurally required section is adequate. 
 

For prefabricated structures such as bridges, culverts and FISs shown on the approved 

plan-profile, the Engineer shall, after first establishing the static and dynamic load assumptions, 

prepare type projects based on those structural calculations made separately for various 

dimensions. For example, for prefabricated culvert structures, the Engineer shall determine the 

standard block lengths. The design shall be carried out on the basis of the topographic plan to 

be taken on site, and the block lengths shall be shown on the longitudinal-section drawing. The 

Engineer shall also prepare the projects for prefabricated manufacturing of the inlet and outlet 

structures. 
 
 
 



48 
 

 
 

For surface-type protection structures, the Engineer shall upon obtaining the 

Administration’s approval use the formwork and reinforcement projects for prefabricated 

structures specified in the “Type Projects for Hydraulic Structures of Piped Networks” 

published by the Administration. 
 

In prefabricated structures, the structurally required section shall be determined in 

accordance with “TS 500,” taking into account the internal forces to be found as a result of 

static calculations. The reinforcement to be placed in the section shall be selected as a result of 

the reinforced concrete calculations to be made. However, by taking into account stocking, 

transport and assembly of the prefabricated element at the site of production, the Engineer shall 

in all cases place the necessary reinforcement in the tension zones that may occur in the section, 

by performing the relevant calculations. 
 

Concrete shall be selected as at least C25/30; the reinforcing-steel class shall be taken 

as B420C.  
 
 

15 RETAINING WALLS 
 

By performing the necessary stability, static and reinforced concrete calculations, the 

Engineer shall design retaining walls that serve to retain natural soil or any kind of fill material 

such as soil, sand and gravel, and that can bend by rotating about their base or can undergo 

horizontal displacement. By carrying out the necessary cost comparison calculations, the 

Engineer shall determine the appropriate wall type from among stone-masonry wall, gabion 

(box) wall, mass-concrete gravity wall, reinforced concrete cantilever wall, buttressed 

reinforced concrete wall and mechanically stabilized earth (MSE) wall in accordance with 

project conditions. In cost comparison calculations, the Engineer shall study the wall height, 

the geological structure of the soil at the site, whether there is any expropriation problem, and 

whether the materials envisaged to be used in the wall (sand, gravel, stone, etc.) are available 

at the construction site. 
 

The Engineer shall design retaining walls at locations requiring walls; namely, on 

walled-canal sections shown on the approved plan-profile, on berms/terraces, at the upstream 

and downstream of weirs, around the suction and discharge basins of pumping stations, and at 

all kinds of hydraulic structures. 
 

For walls to be constructed on rivers for various purposes, especially in reclamation 

and flood control projects, the Engineer shall prepare the designs in accordance with the 

“General Technical Specification for Flood Control Walls.” The Engineer shall ensure that the 

interaction of hydraulic, structural and geotechnical factors in wall foundations are properly 

established and, by means of site investigations together with the necessary calculations and 

checks (slope and base stability checks, cavitation calculations, etc.), shall determine 

continuous and periodic lowering of bed level, cavitation problems, and slope and base stability 

problems at the upstream and downstream of the wall. The Engineer shall thus design for the 

required wall-foundation type, shape and dimensions by evaluating these particulars together 

with the bank and bed-stability measures to be taken in the riverbed. 
 

 Stone-masonry walls shall be designed where the wall height will not be excessive, 

suitable stone for wall construction can be procured without any problem, and construction is 

feasible. 
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Gabion (box) walls shall be designed, subject to the Administration’s assent, at 

locations such as coastal protection structures, landslide-prone areas, stream bed reclamation, 

and slopes with drainage problems. In design, bearing in mind that the body of the wall will 

be filled with rock by using cage-wire boxes, the Engineer shall assume that no drainage 

system will be required; in stability calculations the Engineer shall assume a void rate of 30–

35% within the rockfill and shall determine rockfill unit weight accordingly. Stability 

calculations shall be performed according to the calculation method used for other retaining 

walls. 
 

Unless special circumstances are encountered in the project area, mass-concrete gravity 

walls shall be designed as a result of an economical comparison, generally for wall heights 

above 4.00 m and provided that 5.00 m is not exceeded. Where the wall height is in excess of 

5.00 m, the Engineer may, upon obtaining the Administration’s concurrence, design the wall 

as a reinforced concrete cantilever wall. 
 

Buttressed reinforced concrete retaining walls shall be designed by taking into account 

the topographic conditions and the ground structure at the location of application and either as 

buttressed or counter-fort reinforced concrete retaining walls, on the basis of stability, static 

and reinforced concrete calculations. In the selection of buttressed reinforced concrete retaining 

walls, the Engineer shall take into account economy of materials due to the presence of 

buttresses; and the favorable contribution to stability of the soil and/or water loads on the front 

or rear berm. 
 

Mechanically stabilized earth walls shall be designed to be constructed by connecting 

high-adhesion hot-dip galvanized steel strips or high tensile strength plastic strips placed in 

the backfill layers to precast facing panels over a foundation slab. Especially on the facade 

side walls of vertical-shaft pumping stations that take water from a reservoir, where the wall 

height cannot be spanned with a reinforced concrete cantilever or a buttressed reinforced 

concrete wall on technical and economic grounds, the Engineer shall, through calculations 

and accordance with project details, demonstrate that the wall backfill is of a nature that will 

not be affected by changes in reservoir water level. 
 

The Engineer shall perform stability calculations of retaining walls by using the 

appropriate method among the “Coulomb” or “Rankine” methods, taking into account the 

characteristics of the soil to be retained and the selected wall type. 
 

In stability calculations, for the “Normal Condition” the Engineer shall take into 

account the self-weight of the structure, lateral earth pressure, surcharge (if any), lateral water 

pressure and uplift forces. For the “Seismic Condition,” in addition to the loads in the normal 

condition, the dynamic seismic thrust shall also be considered. The seismic calculation shall 

be made in accordance with the criteria of the “Turkish Building Earthquake Code (TBDY-

2018).” 
 

In stability calculations, for gravity walls (stone walls, gabion walls, mass-concrete 

gravity walls, etc.), the sliding and overturning checks shall be performed both at the top of 

foundation and at the base of foundation, for the normal condition and for the combination of 

the normal and seismic conditions. For reinforced concrete walls (reinforced concrete 

cantilever walls, buttressed reinforced concrete walls, etc.), stability checks shall be performed 

only at the base of foundation separately for the normal condition and for combination of the 

normal and seismic conditions. In reinforced concrete walls, as a result of the stability 

calculations and taking the determined dimensions as a basis, the Engineer shall determine the 

internal forces resulting from structural calculations to be made at critical locations, and, by 
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performing reinforced concrete calculations for these sections, shall determine the required 

amount of reinforcement. The reinforcement in the amount thus found shall be placed in the 

section and the reinforcement detailing shall be provided. In addition, a bill of quantities for 

the reinforcement of the wall shall be prepared. 
 
 

The Engineer shall ensure stability checks for retaining walls for the normal and 

seismic conditions as specified below: 
 

a) Stability checks of the superstructure under normal loading: 
 

Sliding safety ≥ 1.50   

Overturning safety ≥ 1.50 
 

b) Stability checks of the superstructure together with the substructure under normal loading: 
 

Sliding safety ≥ 1.50   

Overturning safety ≥ 1.50 
 
 

c) Stability checks of the superstructure under normal + seismic loading: 
 

Sliding safety ≥ 1.10   

Overturning safety ≥ 1.30 
 

d) Stability checks of the superstructure together with the substructure under 

normal+seismic loading: 
 

Sliding safety ≥ 1.10   

Overturning safety ≥ 1.30 
 

Where the groundwater table (GWT) level is high in the soil retained by the retaining 

wall (especially where the water in the soil causes landslides), the Engineer shall take the 

necessary measures such as providing weep holes at suitable elevations and spacings along the 

wall and forming a suitable drainage system behind the wall and at foundation level, so as to 

prevent additional water pressures that may act on the wall and so as to provide safe and 

economical wall dimensions. 
 

The Engineer shall determine the foundation formation elevation of retaining walls by 

taking into account the maximum frost depth in the frost zone wherein the project area lies. As 

a result of the stability, static and reinforced concrete calculations to be made, and by taking 

into account the loads transmitted from the superstructure to the foundation, the Engineer shall 

calculate the stresses induced in the foundation; and shall demonstrate by calculation that the 

stresses so found are less than the allowable bearing stress of the foundation soil. In addition, 

where for reasons set out in the “Geotechnical Survey Report” prepared for the retaining wall 

alignment (e.g., weak foundation conditions) it is necessary to take measures, the Engineer 

shall take into account the “Soil Improvement Methods in Foundation Excavations” set out in 

the section “Foundation Types and Foundation Excavations in Hydraulic Structures Subject to 

and Not Subject to Preliminary Design.” As a result of cost comparison calculations to be made 

among the improvement methods, the functional and economical solution shall be decided 

jointly with the Administration. 
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16 WALLED CANALS 
 

The Engineer shall design the canal section that appears as a walled canal on the approved 

plan-profile with its inlet and outlet chainages determined, type section given and, depending 

on the geological structure of the foundation soil along the route, the drainage system (if 

required). By taking into account the discharge, height and width of the walled canal, the 

Engineer shall, by studying the parameters of feasibility, safety and economy, select and 

design the appropriate type from among monolithic (on a common foundation) or 

independent (on separate foundations) gravity wall canals and reinforced concrete cantilever 

or reinforced concrete U-section walled canals. 
 

Stability, static and reinforced concrete calculations shall be performed in compliance 

with the criteria specified under the “Turkish Building Earthquake Code (TBDY-2018)” and 

other relevant standards. In stability calculations, particularly for walled canals passing through 

hillside terrain, the external soil and surcharge loads shall be considered when there is no water 

in the canal. In certain cases where the elevation of the road on the operation and maintenance 

road side is low or where the walled canal passes through plains, the stability calculations shall 

be done by taking into account the external soil and surcharge loads when the water level in 

the canal is at maximum, together with the minimum earthfill elevations specified in the project 

and the uplift pressures (if any). 
 

The monolithic gravity-wall canal shall be designed for walled canal sections where 

the canal invert width is equal to or less than 2.50 m. In monolithic gravity-wall canals, by 

performing the necessary static calculations, the Engineer shall determine a safe and 

economical concrete raft thickness. 
 

The independent gravity-wall canal shall be designed for walled canal sections where 

the canal invert width is greater than 2.50 m. For the independent gravity-wall canal, the 

necessary stability calculations and the sliding and overturning checks shall be performed at 

the top of foundation and at the base of foundation for the normal condition and for the 

combinations of the normal and seismic conditions. In wall stability calculations, the Engineer 

shall ensure the stability of the superstructure under normal loads and the joint stability of the 

superstructure and substructure; similarly, the Engineer shall demonstrate the stability of the 

superstructure and the joint stability safety of the superstructure and substructure under normal 

and seismic loads. 
 

For reinforced concrete cantilever walls, stability checks shall be performed only at the 

base of foundation and separately for the combinations of the normal and seismic conditions. 

In reinforced concrete cantilever walls, as a result of the stability calculations and taking the 

determined dimensions as a basis, the Engineer shall determine the internal forces resulting 

from static calculations to be made at critical locations, and, by performing reinforced concrete 

calculations for these sections, shall determine the required amount of reinforcement. The 

reinforcement in the amount thus found shall be placed in the section and the reinforcement 

detailing shall be provided. In addition, a bill of quantities for the reinforcement of the wall 

shall be prepared. 
 

In reinforced concrete U-section walled canals, by performing the necessary structural 

calculations, the Engineer shall determine a safe and economical wall and raft thickness. 
 

 

 

 

 

 



52 
 

In large-capacity walled canals, the Engineer shall determine the economical wall type 

as a result of cost comparison calculations to be made between gravity-wall types sized 

according to stability calculations and reinforced concrete wall types sized according to 

stability and static/reinforced concrete calculations. Where it is necessary to select one of the 

reinforced concrete cantilever and reinforced concrete U-section walled-canal types, the 

Engineer shall, by making cost comparison calculations between these two types, make a 

decision jointly with the Administration on the functional and economical solution. 

 
In accordance with the stability calculations of the walls to be made under static and 

dynamic loads, the Engineer shall verify the suitability of the determined dimensions by 

checking the sliding and overturning safety factors as given below. 
 

a) Stability checks of the superstructure under normal loading: 
 

Sliding safety ≥ 1.50   

Overturning safety ≥ 1.50 
 

b) Stability checks of the superstructure together with the substructure under normal loading: 
 

Sliding safety ≥ 1.50   

Overturning safety ≥ 1.50 
 

c) Stability checks of the superstructure under normal + seismic loading: 
 

Sliding safety ≥ 1.10   

Overturning safety ≥ 1.30 
 

d) Stability checks of the superstructure together with the substructure under 

normal+seismic loading: 
 

Sliding safety ≥ 1.10   

Overturning safety ≥ 1.30 
 
 

For all four wall types, the Engineer shall determine the foundation formation level by 

taking into account the maximum frost depth in the frost zone in which the project area lies. In 

addition, the Engineer shall demonstrate by calculation that the stress transmitted from the 

structure to the foundation soil is less than the allowable bearing stress of the soil. In the walled 

canal, the Engineer shall determine the block lengths of the walls and the raft. While 

determining the block lengths on the general formwork plan, the Engineer shall by taking into 

account the curve and alignment conditions along the canal route prepare the necessary detail 

drawings. By also taking into account the geological structure of the canal route, the Engineer 

shall take the necessary sealing measures to prevent leakage of water from the canal. For this 

purpose, drawings for the application of joint filler or PVC waterstop at joint locations shall be 

provided. 
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17 HORIZONTAL DRILLING APPLICATIONS 
 

Horizontal drilling applications are generally carried out at locations where irrigation 

canals intersect highways, railways, and petroleum and natural gas pipelines. In order for a 

horizontal drilling crossing to be implemented, in cases where the KGM road standard is high 

and traffic density is heavy; where the cut-and-cover method would take a long time and 

adversely affect traffic flow and speed; and where variant bypasses would jeopardize road 

safety on roads subject to heavy traffic; and in TCDD crossings where the railway cannot be 

suspended and in pipeline crossings where petroleum and natural gas pipelines cannot be 

suspended, or even if suspended the cost would be high; the Engineer shall prepare horizontal 

drilling construction projects together with economical comparison calculations. However, 

during the preparatory stage of horizontal drilling projects and since the said crossing also 

concerns another public institution (KGM, TCDD, BOTAŞ, etc.) the Engineer shall, as a result 

of meetings with the relevant unit of the relevant institution, determine the form of crossing, 

load assumptions, and the technical information required for design (road class, design 

elevation, road width, expropriation strip widths, etc.). Thereafter, the construction projects to 

be prepared in light of such information shall be submitted to the Administration for approval 

after obtaining the assent of the relevant institution. 
 

When preparing horizontal drilling projects, the horizontal drilling casing pipe shall, as 

a rule, cross the highway or railway at perpendicular angles. During the preparation of canal 

plan-profile projects, attention shall be paid to this matter at the stage of determining the 

locations where horizontal drilling will be carried out, and assent shall be sought from the 

relevant institution. Where an assent is obtained from the relevant institution, the alignment 

may also be designed with skew. 
 

All official correspondence to be made by the Engineer for the purpose of obtaining 

the data required within the scope of the work, and any correspondence that may be necessary 

during the contract period for the project preparation work for the purpose of obtaining 

opinions, information and documents from other relevant institutions and organizations, shall 

be carried out by the Engineer on the basis of the authorization letter to be given by the 

Administration to the Engineer in relation to the work to be performed under the contract. A 

copy or progress summary of the correspondence to be made shall be sent to the 

Administration for information. 
 

Following the approval of the general layout plans prior to the application, the 

Engineer shall send the projects to the relevant institutions such as KGM, TCDD, BOTAŞ, 

TEDAŞ, etc., and shall obtain through official correspondence information on the parts of the 

existing/proposed projects of the relevant institutions that intersect with the irrigation facility, 

as well as detailed information on how the crossings will be made (horizontal drilling, cut-

and-cover culvert/bridge, etc.). Where a change in alignment arises as a result of the 

application, an opinion letter shall again be obtained for the new situation. 
 

After the hydraulic structure projects serving as basis for application have been 

approved by the Administration, the parts concerning the relevant institution shall, in line 

with the Administration’s permission, be sent in writing by the Engineer to the relevant 

institution for information. 

Since crossings formed by the horizontal drilling method are generally more expensive 

than other alternative crossings, the Administration shall take care to avoid using this method 

except where mandatory. 
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The Engineer shall make the static and stability calculations of both the pilot pipe and 

the inner (carrier) pipe by evaluating all kinds of loads to act on the pipes (soil and traffic loads, 

jacking loads, etc.), and shall submit the results to the Administration together with 

manufacturing details such as the pipe material, class, strength, wall thickness, etc. to be used.  
 

The support walls to be used for jacking the pipe into the ground shall be designed by 

taking into account the jacking load, soil loads, etc. The mechanical equipment to be used for 

jacking shall be determined by taking into account the soil parameters and pipe length. 
 

In order to reduce the risk of settlement that may occur during the preliminary 

excavation works for the pilot-pipe jacking process or in the future at the construction stage, 

excavation shall not be made to a diameter larger than the outside diameter of the pilot pipe. 

The jacking process shall be commenced by taking the necessary precautions to ensure that 

the slope fill in the portion between the point where the road embankment slope intersects the 

natural ground and the horizontal-drilling start/end point does not flow out. 
 

When designing the horizontal drilling works on the piped network within the scope of the 

“Construction Projects for Hydraulic Structures of Piped Networks,” the Engineer shall make use of 

the “Technical Specification for Hydraulic Structures of Piped Networks.” 
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18 SOCIAL FACILITY BUILDINGS 
 

18.1 Topographic Plan Taking at the Site and Geotechnical Investigations 

At the stage of the Architectural Concept Project Design for residential buildings, 

regional department buildings, social club and cafeteria buildings, repair and maintenance 

units, operation and storage buildings, etc. within the scope of social facility buildings; the 

Engineer/Architect shall draw a topographic plan of the area where the social facility buildings 

will be constructed, at an appropriate scale. The Engineer/Architect shall, together with the 

Administration, decide on the general layout of the buildings on the topographic plan. During 

this work, the Engineer/Architect shall proceed in accordance with the zoning status and plan 

notes obtained from the relevant Municipality and with the needs program prepared by the 

Regional Directorate. The needs program shall include a staff list. While preparing the project, 

the Engineer/Architect shall carry out design in accordance with the “Presidency’s Guide to 

Standards for Public Buildings.” Thus, on the general layout plan to be prepared, the locations 

and number of the boreholes required for geological and geotechnical investigations shall be 

shown so that the necessary investigations can be carried out. Following completion of the soil 

investigations and as a result of the evaluation of the information obtained, the 

Engineer/Architect shall determine parameters such as soil bearing capacity, groundwater table 

level, and the soil types encountered during drilling; and, as per the “Geotechnical Investigation 

Specification,” shall submit the geotechnical report to be prepared for the Administration’s 

approval. 
 

18.2 Architectural Construction Projects 

 
 

During the preparation of the architectural construction projects, the Engineer shall 

draw, at 1/50 scale, the architectural plans and the transverse and longitudinal sections (at 

least three sections taken through critical locations), front, rear and side facade views, and the 

roof plan and roof sections. Moreover, system and/or point detail projects for parts to be 

deemed necessary by the Administration and for production works shall be prepared in the 

scales of 1/1, 1/2, 1/5, 1/10 and 1/20. The “Material List” pertaining to the materials to be 

used in the architectural project shall also be prepared as a table and submitted for the 

Administration’s approval. 
 
 

18.3 Static and Reinforced Concrete Calculations 

 
 

After approval of the architectural projects, the Engineer shall prepare the reinforced 

concrete projects on the basis of stability and static/reinforced concrete calculations. The self, 

live and dynamic loads to form the basis of the stability and static/reinforced concrete 

calculations shall be taken as is specified in the latest edition of standard “TS 498.” 

Reinforced concrete calculations shall be carried out in accordance with the principles set out 

in standard “TS 500.” For social facility buildings to be designed in disaster zones, the 

“Turkish Building Earthquake Code (TBDY-2018)” and other relevant standards shall be 

strictly complied with. 
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At the beginning of the stability and static/reinforced concrete calculations to be made, 

the Engineer shall specify the calculation method, the standards and codes to be used, and the 

relevant sources. During the calculations, starting from the calculation of the elements that 

directly carry the loads and proceeding to the other elements that form their supports, the 

Engineer shall clearly set out, in a proper sequence, the transfer of the structural effects to the 

foundation and thence to the ground, and shall show clearly how and through which path the 

load is transferred from one element to another. A clear relationship shall be established 

between the calculations and drawings: the numbers of the elements shall be given as headings 

in the calculations, and the same numbers shall be written on each element in the drawings. 
 

The Engineer shall include the designer’s name, surname, address and chamber 

registration number on the structural calculations and on the reinforced‑concrete projects 

based on these calculations. 
 

18.3.1 Building and Earthquake Information Forming the Basis for Static and 

Reinforced Concrete Calculations 
 

At the beginning of the static and reinforced concrete calculations, the Engineer shall 

include the building, soil and earthquake information on which the calculations are based, the 

standards to be used and the references, and the related matters listed below: 
 

a) Type of the structure and the selected static system 

b) Flooring systems of the storeys 

c) Quality of the materials used (concrete, steel, etc.), wall type 

d) Loads per square meter according to the types of floor and ceiling finishes; type and 

unit weight of fill material; unit weights of partition walls; live loads acted in various 

parts of the building; earth pressures acting on basement shear walls and, where 

present, on retaining walls 

e) Selected foundation system and the allowable soil bearing stress adopted 

f) Number of storeys (excluding the basement), number of basement storeys and storey 

heights 

g) Building usage classes, building importance factor and similar building information 

m) Levels of earthquake ground motion, design spectral acceleration coefficient and 

local soil classes (TA, TB and other parameters required to determine the elastic 

design spectrum periods) 

h) Regulations, standards and references forming the basis of the structural calculations 
 

18.3.2 Structural and Reinforced Concrete Calculations on Computer Environment 
 

If the Engineer uses software packages to perform the structural and 

reinforced‑concrete calculations, the following shall be observed: 
 

a) The name of the software used in the calculation, its author and its version shall be 

stated clearly and explicitly in the calculation report. 

b) All input and output data shall be presented in an easily understandable form. 
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18.3.3 Order of Operations in Structural Calculations 
 

While performing the structural calculations, the Engineer shall follow the sequence below: 
 

a) Analysis of vertical loads  

b) Slab (floor) calculations 

c) Determination of lateral loads (earthquake, wind, etc.)  

d) Beam calculations 

e) Column and shear‑wall calculations 

f) Stairs 

g) Foundations 

h) Retaining walls 
 
 
 
 
 
 
 
 
 
18.4 Sizing of Structural Elements 
 
 

While sizing structural elements, the Engineer shall take into consideration the 

following: 
 

a) Slabs shall be selected with such stiffness and strength as to safely distribute the 

earthquake loads acting on the storey masses to the vertical load‑bearing system 

elements. 

b) Beams with different loads and spans shall be calculated separately. Beam loads shall 

be stated clearly and explicitly. In reinforcement calculations, a table shall be prepared 

showing the spans and loads. This table shall also give the moment distribution factors, 

moments, stresses, area of reinforcement, etc. In addition, a reinforcement diagram 

shall be drawn showing the bar diameters, numbers and weights, etc. 

c) The locations and dimensions of columns and shear walls shall be determined in such a 

way as not to create torsional irregularity in the building under lateral loads. 

Lateral‑load calculations shall be made according to the “Turkish Building Earthquake 

Code (TBDY‑2018).” Earthquake action shall be considered in both directions. 

d) In every type of foundation, the resultant of the loads and the center of gravity of the 

foundation base area shall be made to coincide as closely as possible. 
 
 

 

 

 

 

 

 

 

 

 

 

18.5 Formwork and Reinforcement Drawings 
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For the elements covered by the calculations and drawings, the Engineer shall assign 

letters and numbers as follows: 

Slabs = D      

Beams = K     

Columns = S 

Lintels = L      

Tie beams = H     

Foundations = T     

Coupling beams = BK     

Depressed slabs = DD     

Inverted beams = TK      

Raft slabs = RD 

Continuous (strip) footings = MT    

 

The first digit of the three‑digit number to be written next to these letters shall indicate the 

storey on which the element is located; the other two digits shall indicate the element number. 
 

The Engineer shall select the viewing directions and dimensions of the reinforced 

concrete drawings so as to be compatible with the architectural project. The lettering and 

numbering of axes shall likewise be kept consistent with the architectural project, and the 

concrete class and the reinforcing steel class to be applied in the building shall be written on 

all drawing sheets without fail. 
 
 

18.5.1 Drawing Criteria for Formwork Plans 
 

While drawing the formwork plans, the Engineer shall comply with the following criteria: 

a) Separate formwork and reinforcement plans shall be drawn for each different storey, 

indicating also the elevation of that storey. (1/50) 

b) The formwork plan shall be prepared so as to include all dimensions (internal and 

external dimensions, axis dimensions, etc.); at least one section in each principal 

direction shall be drawn outside the formwork plan, and the slab elevations shall be 

written on it without fail. 

c) The position numbers of all elements shall be shown on the formwork plan. 

d) Elements which, if shown on the formwork plan, may lead to confusion, or the details 

of such elements, shall be drawn separately outside the plan. 

e) Stairs shall be drawn on a separate sheet, separately for each different storey and 

location. (1/33, 1/25, 1/20) 

f) Openings for installations and chimney holes shall be indicated on the formwork plan. 

g) In compliance with the “Turkish Building Earthquake Code (TBDY‑2018)” all 

earthquake parameters that were taken into account in the design shall be written on 

all formwork‑plan sheets. 

h) Matters to be observed during construction shall be written on the sheet. 
 
 
 
 
 
 
 
 
18.5.2 Drawing Criteria for Reinforcement Plans and Details 
 

In reinforcement drawings, the Engineer shall take into account the following: 
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a) On the reinforcement plan, the diameters, weights and total lengths of slab 

reinforcements shall be written. Edge reinforcements at openings shall be drawn. 

b) After drawing the longitudinal and transverse sections of beams, each bar shall be listed 

separately, with the lengths between bends, the total length, diameter and number 

written on it.  In beam detail drawings, for each beam separately, the lengths of 

confinement regions at supports, and the diameters, numbers, spacings and details of 

the transverse reinforcements placed in these regions and in the mid‑span region shall 

be shown clearly. (1/20) 

c) For each different storey, column application plans giving the column sections on the 

axes shall be drawn. (1/20) 

d) In column layout plans, the positions, diameters and numbers of vertical reinforcements 

within the cross‑section shall be shown in detail. In addition, at each column‑beam 

joint, horizontal sections shall be taken that show, in plan, the reinforcements 

extended upward from the lower column and the longitudinal reinforcements of all 

the beams framing into the column; in this way, it shall be shown clearly that the 

column and beam reinforcements are arranged in such a manner that they will not 

impede proper placement of concrete in the joint region. 

e) For each column type, longitudinal sections shall be taken and the vertical bar details 

shall be drawn for the longitudinal and transverse reinforcements that are the same in 

every respect. The longitudinal section in columns shall also include the splice 

regions, lap lengths and the column‑beam joint at the top end of the column. 

Accordingly, instead of a single general detail drawing for column‑beam joints, a 

separate detail drawing shall be given for each joint region. 

f) For each column type, the lengths of confinement regions (in columns and in beams), 

and the diameters, numbers, spacings and cross‑sectional details of the transverse 

reinforcements placed in the mid‑height of the column and in the upper column‑beam 

joint region shall be shown clearly on the drawing separately. 

g) In shear wall layout plans, the positions, diameters, spacings and numbers of vertical 

reinforcements in the wall web and in the wall boundary regions shall be shown. In 

addition, for each wall type, longitudinal sections shall be taken and the vertical 

reinforcement details shall be drawn. The diameters, numbers and spacings of 

transverse reinforcements shall also be shown clearly on the drawing, and the 

reinforcement details shall be drawn. 

h) In foundation reinforcement, the positions of bars within the elements, the piece and 

total lengths, diameters and numbers shall be shown clearly, and the reinforcement 

details shall be drawn. 
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19 COASTAL PROTECTION STRUCTURES 
 

The authority to approve coastal protection projects rests with the Ministry of 

Transport and Infrastructure, General Directorate of Infrastructure Investments. The Engineer 

shall conduct the works in accordance with the relevant legislation, criteria and specifications 

of the said Directorate General and in line with that institution’s views. 
 

The Engineer shall carry out mapping studies (topographic plan and bathymetric 

measurements) of the shoreline and the seabed showing the present condition of the project 

site. If there is a stream in the vicinity of the coastal protection structure to be constructed, the 

Engineer shall obtain hydrological and hydraulic information concerning the stream; shall 

show the manner of the stream’s outlet to the sea; shall determine its slope; and shall draw its 

cross sections. 
 

By obtaining meteorological information concerning wind direction and wave action, 

and by taking into account the prevailing wind direction, secondary wind directions affecting 

the structure, their speeds, periods and fetch lengths (the maximum distance between the 

shoreline and the structure in the wind direction), the Engineer shall perform the necessary 

calculations. By comparing the calculation results with the information obtained through 

observation and measurement, the Engineer shall determine the project criteria that will form 

the basis of the construction projects (prevailing wind direction, secondary wind directions, 

maximum wave height, wave length, wave period, etc.). 
 

The Engineer shall determine the type and characteristics (grain size distribution, 

specific gravity, gradation, etc.) of the bedload transported by the stream to its outlet to the sea 

and of the mobile material present on the seabed in that region. 
 

On the basis of the information gathered, the Engineer shall prepare a model in 

accordance with the prototype, shall have it tested under laboratory conditions, and shall 

prepare a final report covering all stages of these tests, the alternative studies and the results 

obtained, and shall submit it to the Administration for approval. Following approval of the 

report by DSİ’s Department of Technical Research and Quality Control (TAKK), the Engineer 

shall select, among the alternative model studies, the most suitable solution proposal that can 

provide an answer to the problem and shall prepare the construction projects accordingly. 
 

By taking into account the project criteria determined as a result of the field, 

laboratory and office studies described above, the Engineer shall determine the location, crest 

elevation, length and width of the coastal protection structure. In addition, by taking into 

account the wave heights and the dynamic wave forces used as a basis for design, the 

Engineer shall determine, as a result of stability calculations, the layer thicknesses, 

armor‑stone weights and slope gradients of the protection structure. 
 

The Engineer shall investigate the quality and properties of the stone to be used in 

construction (its durability in sea water, specific gravity, maximum stone size obtainable from 

the designated quarry, etc.) and shall indicate this information on the project. 
 

Based on the calculations to be made and the results of the model tests, the Engineer 

shall prepare the following drawings and submit them to the Administration for approval: 

a) General layout plan (1/500, 1/100)  

b) Longitudinal section (1/300, 1/100) 

c) Cross sections (1/50, 1/25, 1/10) 

d) Details (1/50, 1/25, 1/10) 
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D   FOUNDATION TYPES AND FOUNDATION EXCAVATION CONSTRUCTION 

PROJECTS IN HYDRAULIC STRUCTURES SUBJECT TO AND NOT SUBJECT TO 

PRELIMINARY DESIGN 
 

If, for reasons stated in the Geotechnical Survey Report, the slope stability of the 

foundation soil of an appurtenant structure is weak and, if the slope is flattened, excavation 

costs may prove uneconomical, the Engineer shall, with a view to carrying out the excavation 

works safely and economically, select a suitable solution among the excavation measures 

listed below and, as a result of cost‑comparison calculations to be made, decide together with 

the Administration. 
 

If the Geotechnical Survey Report indicates that water will emerge during gallery 

excavation from the excavation base or side slopes, the Engineer shall take the necessary 

drainage measures and ensure the downstream condition for drainage. In addition, where the 

bearing capacity of the foundation soil is weak, the Engineer shall select a suitable solution 

among the ground‑improvement methods listed below and, as a result of cost‑comparison 

calculations to be made, decide together with the Administration. 
 
 

1 FOUNDATION TYPES 
 

1.1 Isolated footings 

1.2  Continuous (strip) footings 

1.3  Raft foundations 

1.4 Pile foundations 
 

1.4.1  Timber piles 

1.4.2  Concrete piles 

1.4.3  Reinforced-concrete driven piles (Franki piles) 

1.4.4  Cast‑in‑place reinforced‑concrete bored piles 

1.4.5  Vibrex piles 

1.4.6 Steel piles 
 

2 GROUND IMPROVEMENT METHODS IN FOUNDATION EXCAVATIONS 
 

2.1  Placement of a sand‑gravel blanket 

2.2  Conventional alluvium grouting 

2.3  High‑pressure cement‑grout injection (jet‑grout) 

2.4  Ground freezing method 

2.5  Lowering the groundwater level and accelerating settlement 

 

2.5.1  Drainage 

2.5.2  Well‑point dewatering system 

2.5.3  Wick drains 
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3 SHORING (SUPPORT) MEASURES IN FOUNDATION EXCAVATIONS 
 

3.1 Slope stability in excavations 

 

3.1.1  Active shoring measures on excavation slopes 

3.1.2  Shotcrete 

3.1.3  Stone facing 

3.1.4  Riprap (rock protection) 

3.1.5  Gabion 

3.1.6  Reno mattress 
 

3.2  Stability of vertical 

excavations  

 

3.2.1  Anchored panel walls 

3.2.2  Discontinuous, tangent or secant bored‑pile shoring walls 

3.2.2.1  Unanchored application 

3.2.2.2  Anchored application 

3.2.3  Anchored mini‑piles 

3.2.4  Sheet‑pile shoring 
 
 

4 IMPERMEABILITY MEASURES IN FOUNDATION EXCAVATIONS 
 

4.1  Intersecting bored‑pile cut‑off wall  

4.2  Diaphragm wall 

4.3  Thin wall 

4.4  High‑pressure cement‑grout injection (jet‑grout) 

4.5  Slurry trench 

4.6  Sheet‑pile cut‑off wall 

 


