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DRAINS AND DRAINAGE WORKS

1 SCOPE AND NATURE OF WORKS

Works and procedures performed in order to remove water for the purposes of protecting
structures, vegetation and soil against damages of surface or ground water are referred to as

drain and drainage works.

2 TYPES OF DRAINAGE

Generally, drainages are separated into two categories in accordance with their manner
of construction:
a) Surface drainage

b) Underground drainage

2.1 Surface Drainage

Surface drainage installations aim to remove storm water, ground water or irrigation water
from the land. There are two types of surface drainages per the size of the installation:
a) Drainage ditches

b) Drainage canals

2.1.1 Drainage Ditch Application

a. Drainage ditches shall be constructed at the slope specified under their project designs. Since
the bed slope is to be checked by the Administration during the excavation, the Contractor shall
be responsible for keeping the slope stakes along the route in place until the end of construction.
The spacing of alignment stakes shall be 20-40 meters.

b. During the works, no infrastructures (drinking water pipeline, telephone cables etc.) shall be
damaged. In the event that the structure being constructed along the route overlaps with existing
underground structures, the cost of measures to be taken shall be paid to the Contractor, subject
to the delivery of a notification to the Administration in advance. If existing structures are
damaged the Contractor shall be held responsible and must perform the necessary reparation
free of charge. The transportation of machinery to the worksite and from one drainage canal to
another within the project site (and for group contracts or projects involving several villages,
from one village to another) as may be necessitated by the project shall be under the
responsibility of the Contractor. Construction of service roads or transportation for such
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purposes may not be demanded.

d. It shall be obligatory that the leveling of surface drainage canal bed and slopes are performed
during excavation. After the machinery is removed from the worksite, the Contractor shall be
obligated to perform the leveling of sections requiring bed and slope leveling with machinery
or manually. The Contractor may not claim any additional payment for these works.

e. Canal excavations shall be consistently started from the downstream and proceed towards
the upstream.

f. In structural works, upon the completion of excavation, formworking and reinforcement
installation the Administration shall be notified and each of such works shall be checked before
casting of concrete. In cases where the Administration is not notified, all liabilities which may
arise out of such failure to notify shall rest with the Contractor.

h. In single or group contract works, the Administration shall be free to have the Contractor
commence the application from any type of work and location or part of construction and to
assign tasks to the Contractor as it deems appropriate. The Contractor is obligated to abide by
the instructions to be given by the Administration in these matters.

i. Protection of all stakes and benchmark points concerning the application shall be under the
responsibility of the Contractor.

j. Any dispute that may arise with farmers shall be resolved jointly by the Administration and
the Contractor.

k. Insurface drainage channels, at each section where a centerline stake is set, the permissible
tolerances shall be taken as + 0.10 of the channel bottom width, + 0.04 of the top width at the
slope crest, and + 0.02 of the height provided that no reverse slope occurs.

I. It shall be essential that the Contractor constructs and delivers the drainage canal in the
dimensions and geometric shape displayed in the project designs. In cases where during
excavations rearrangement of sections and clearing becomes necessary due to slope failure, heel
slippage and the like, these works shall be performed free of charge.

m. Excavation classes and pricing shall be determined by the bidder before tendering.

n. During construction, the area determined and recorded during application shall be taken

into account for the calculation of the canal excavation section area.

2.1.2 Surface Drainage Application Sites

This chapter covers all works related to the use of the drainage system, procurement of
all necessary materials, workmanship, equipment, machinery and tools and how such works
shall be performed with full compliance to construction projects and provisions under the
specifications. These works include but are not limited to the following:

a)  Service roads, bridges, parking spaces
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b)  Structures and retaining walls

c)  Switchyard and powerhouse
d) Dam and embankment fillings

e) lrrigation areas

2.1.3 Discharger Drainage
This is utilized to lower the high-water table level in areas with a low or

relatively flat gradient.

2.1.4 Intercepting Drainage
This is utilized to decrease or cut off completely the runoff reaching a given area.
While planning for an underground drainage system, a relief or intercepting drainage system

should be selected by taking into account numerous environmental conditions.

2.1.5 Discharger Drains

Trenches are utilized as discharger drains in underground drainage to carry away
surface and ground waters. Trenches should be preferred in broad and flat lands where
buried drains are not suitable due to economic or soil characteristics. Trenches should also
be preferred for the drainage of agricultural lands or for the quick drainage of large amounts
of water generated by heavy rainfall.

Advantages provided by the use of drainage trenches are as follows:

a) The initial construction cost for trenches is low.

b) Trenches can be easily controlled.

c) Trenches are quite useful in areas where subsidence may occur in certain

types of organic soil due to the installation of buried drains.

d) Trenches are quite useful in areas with a flat gradient.

2.2 Closed (Underground) Drainage

2.2.1 Definition and Purpose of Underground Drainage

Structures built to protect the buildings constructed for various purposes or plant roots from
groundwater damages, through specially manufactured drainage pipes to remove the water are
referred to as closed/underground (pipe) drainage systems. Underground drainage is necessary

in many different areas.



Underground drainage is utilized to decrease the level of groundwater rising up to the surface
with precipitation, irrigation, percolation from irrigation canals or trenches at higher elevations

and due to artesian pressure.

2.2.2 Classification of Underground Drainage
Generally, underground drainage is classified under two categories as discharger

drainage and intercepting drainage.

2.2.3 Underground or Buried Drains
These shall be made of subsurface buried drains or plastic pipes. Bituminous fiber,
metal and similar materials used in wells may also be utilized in the production of drain

pipes. Some of discharger drainage systems are given below.

2.2.3.1 Gridiron Drainage System

The gridiron drainage system consists of parallel and lateral drains placed perpendicular
to the main drain (Figure 1). The spacing between lateral drains depends on topographic
conditions. The gridiron drainage system is utilized in lands with a flat topography and in soils

which have a uniform hydraulic conductivity.

2.2.3.2 Herringbone Drainage System

The herringbone drainage system is made up of parallel lateral drains which connect to
the main drain from both sides at a specified angle (Figure 2). This system is used in cases where
the main drain or the sub-main is laid in low elevations. In addition to this, it can also be utilized
where the main drain is oriented towards the direction of the main slope and lateral drains
connected to the main drain in the desired grade and at the specific angle.
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2.2.3.3 Double-Main Drainage System

The double-main drainage system is a variation of the herringbone drainage system
(Figure 3). It can be applied in cases where a depression or pit divides the area to be drained.
The depression area may be soaked due to percolation water from higher elevations. In such

case, main drains shall be laid on both sides of the depression.

2.2.3.4 Random Drainage System
The random drainage system is used in regions with a rough topography with scattered
and isolated wet areas. The main drain is generally laid in the lower elevation areas. Lateral

drains reach from each wet area to the main drain (Figure 4).
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2.2.3.5 Mole Drains

Mole drains are canals opened through the use of plows in soils with high cohesion or a
fibrous structure. If constructed in the appropriate manner, mole drains can be used for a
duration of 1-5 years; however, their efficiency decreases over time due to the collection of

sediment inside.

2.2.3.6 Vertical Drains

Vertical drains are utilized to carry the shallow groundwater table to deeper and more
permeable units. They are used in places where culverts are not suitable or economical. Vertical
drains should be opened in appropriate aquifers that can take in the entire drainage flow. The
primary issue with vertical drains is that they are frequently filled and clogged with sediment
and rubble. Therefore, materials in the water to be drained needs to be cleared off before water

goes into the drain.



Otherwise, the economic life of the vertical drain would be very short. In our day,

vertical drain trials do not provide satisfactory results.

2.2.3.7 Interceptor Drains

Interceptor drains may be in the form of open trenches as well as buried drain pipes. The
location and depth of surface drains are determined through detailed drilling and groundwater
surveys. Open trenches are used as interceptor drains to collect surface and groundwater flow.
The trench needs to be at a sufficient depth to cut off groundwater. This situation limits the use
of trenches (e.g. for deep groundwater level). Thus, the use of buried drains is a more practical
solution in cutting of groundwater flows. Interceptor drains are usually built in the bottom of a
hill or a high terrace. This is mostly observed in wide river valleys, which are impacted by
percolation from higher elevations. Therefore, a thorough groundwater table survey must be
performed to demonstrate that the groundwater is truly impacted by the laterally percolating
water from higher elevations. In cases where vertical percolation towards more permeable units

is present, interceptor drains are not efficient.
2.2.3.8 Miiscellaneous Drainages

a)  Service roads shall be sloped in accordance with the design of bridges and parking
spaces and the Administration’s instructions to provide the drainage of water, and
hydraulic structures shall be placed in the offtake canals. Inspection manholes,

collecting wells and garden drains shall be built in bridges and parking spaces.

b)  Inaccordance with the drainage project design for the switchyard and powerhouse and
as per the Administration’s instructions, surface and groundwater coming in to the
powerhouse shall be collected via drainage pipes and removed from the vicinity
through collecting wells. In the switchyard, removal of water shall be ensured through

the use of drainage trenches and drainage pipes.

c) Drainage of dam and embankment fillings:

Dam embankment drains shall be constructed in locations shown on the construction
project drawings or in locations as requested by the Administration per the provisions under this
specification.

In order to decrease the impact of surface and groundwaters on the filling, drainage pipes
shall be laid at points where the embankment filling connects with the natural soil. can be open
joint drain, as well as perforated plastic pipes. Water collected via drainage pipes shall reach

collecting wells and be removed from the filling again via drainage pipes.



The primary cause of stability issues observed during the construction of earthfill on soft
and saturated soils is the additional pore water pressure generated during construction. The
additional pore water pressure which can reach high values decrease effective stresses and thus
strength, giving way to local slippages which lead to total collapse. Higher backfills may be
constructed by making use of the increase in soil strength achieved through the dispersion of
additional pore water pressure during consolidation with the staged backfill method, which is
applied to eliminate such negativities.

However, waiting times necessary for the dispersion of the additional pore water
pressure are generally very long. Therefore, vertical drains should be used do decrease
consolidation durations. Vertical drains are especially necessary in relatively homogeneous soft
clays with low permeability, and the texture of which do not contain discontinuities that would

facilitate natural drainage.

d) Drainage in irrigation areas:
Surplus water in irrigation areas should be removed in accordance with the relevant
project design and in line with the instructions of the Administration in order not to disrupt soil
quality. For this purpose, drainage trenches shall be opened in irrigation areas for the removal

of surplus water.

2.2.4 Installation of Drainage Pipes

2.2.4.1 General

- On the condition that the limits and slopes provided in the project designs are adhered to,
the Contractor shall procure and install drain pipes, their gravel envelopes and all necessary
fittings. Pipes utilized in drainage construction shall be perforated PVC. However, in cases
where the project design requirements and in line with the Administration’s instructions, non-
perforated PVC pipes shall be used. Normally, collector pipes shall not be perforated and not
be wrapped in gravel envelope. Where collectors are used in the drainage of land, they must be
of a perforated structure with a gravel envelope installed. If concrete pipes are used, the pipes
shall be bound with rings or gaskets. Any pipe which is identified by the Administration to be
broken, cracked or otherwise inappropriate for use shall be removed and replaced by the
Contractor without charging any extra expenses from the Administration. Upon instruction, the
Contractor shall postpone backfilling until the Administration’s inspection and approval of the
pipe and gravel envelope.

- The upstream end of a completed closed drain and of drainage lines the construction of
which is temporarily suspended shall be sealed with a precast blind cap or an appropriate

material such as concrete.
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- Connections shall be built in manhole access and egress points of drain lines in accordance
with the relevant project design.

- In cases where the soil is unstable, it may not be possible to carry out a visual inspection. In
such cases, if the inspector has reasonable causes to deem that construction is done in a defective
manner, s/he may request the Contractor to open up the line for inspection.
- In the connection of lateral pipes and extensions to PVC and concrete collectors, gasket
rings shall be used. Such gasket rings must be originally manufactured at the factory. The lateral
part of the pipe that is inserted into the collector shall be properly strengthened. That is to say:
- The part of the pipe that is inserted into the collector shall not be longer than 2 cm.
- For the duration of the construction, the lateral pipe connection shall not loosen and
come apart during rodding and the use of washing equipment.
- The approval of the Administration shall be separately sought for the connection method.
- The silt traps of pipe drains and manholes shall be kept free of mud deposits and
foreign matter such as sand, gravel etc. by the Contractor following construction. If before
acceptance high amounts of sand, silt and other materials are identified by the Administration
in drain lines, including in those already existing, these shall be cleared off by the Contractor at
its own expense.
- The order of construction for various portions of a drainage system shall follow the manner
approved by the Administration.
- The Contractor should be aware of the fact that without duly notifying the owner of the field
and without obtaining a work permit from the Administration, the Contractor may not carry out
any work and store any materials on any field.
- Likewise, the Contractor should also be aware of the fact that as construction activities
proceed towards other areas, if the Administration deems it necessary that additional drainage
structures should be built on areas where works were already carried out, the Contractor shall
be requested to return to such areas in order to perform these additional works. This request for
the performance of additional works shall be done in writing by the Administration with the
nature of the work being defined.

2.2.4.2 Application

- The application of lateral and collector system is under the responsibility of the Contractor.
The application shall be performed through qualified personnel. Placement of the collectors
shall commence from the discharge outlet, using the entry elevation at the connection to the
open discharge channel, and shall be carried out in accordance with the longitudinal grade
shown in the project designs as specified in a separate list, or as may be adjusted by the
Administration to suit the actual land conditions.

- The application shall take place in a manner to guarantee that the exit elevations required by
11



the lateral pipes are reached, as demonstrated on the project designs. When necessary, the
permission (assent) of the Administration shall be obtained for the starting invert elevation.
Application works shall be carried out based on the original benchmarks to be provided by the
Administration.

- The application of lateral pipes which must be connected to the collectors shall be performed
starting from the collector connection elevation and in line with the depth and direction
specified in the project design. Whenever possible, the natural slope of the land shall be
followed.

- In places where field drains are connected to open discharge canals, the required exit
elevation is provided as depth from the land elevation. The definite elevation to be accepted
shall be determined in consultation with the Administration. The determination and application
of drain lines and their slopes shall be performed in accordance with the general information
provided in the project design and with the conclusion of consultations to be held with the
Administration.

- The Contractor shall procure and provide a computer system with basic software and a high-
capacity paper feeder for use by the Administration’s personnel in general services, application,
calculation and follow-up of progress amounts and interim progress payments and for the
calculation of elevations of the drainage system in accordance with the application, along with

keeping an experienced computer operator for the implementation duration of the project.

2.2.4.3 Depth Control

- A laser system shall be used by the Contractor to check the depth of drain pipe structures.
Moreover, the Contractor shall assist the audit officer-as necessary and procure and provide the
equipment required for the inspection of the elevation of drain pipe laying and operate the laser
system for the duration of the inspection.

- The installation grades of the drain pipes shall be set with reference to the laser transmitter
level as prescribed under the project design.

- One laser transmitter shall be used for each trencher, with the same laser transmitter being

utilized for multiple trenchers being subject to the permission of the Administration.

- The Contractor shall keep available for the use of audit officer of the Administration one
signal detector for each trencher, along with one direct reading laser surveying rod.

- Inaddition, each trencher shall have a standard leveling rod mounted on the control box.

2.2.4.4 Laying of Plastic Drainage Pipes

- Drainage pipes shall be laid in trenches in accordance with the direction, slope and
dimensions determined in advance. The minimum depth of lateral trenches shall suit the depth

calculated by adding the pipe diameter and the thickness of the filter under the pipe to the lateral
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depth shown in the project design. The lateral depth is set between 1.20-1.80 m. Due to
topographical restrictions the actual laying depth of lateral pipes may be at a maximum 10%
lower than the lateral pipe depth specified in the project design. For any variation in lateral pipe
depth remaining outside of this limit, it is conditional that the Contractor obtains the consent
of the Administration. Lateral pipes can be laid deeper than originally considered. If the
topography necessitates, lateral pipes shall be laid deeper within the effective operational depth
(2.20) of the trencher. Adjustments allowed under paragraph (b) of this article may be made.
Deviations of up to 3 cm in slope shall be acceptable. Where deviations are present, the
adjustment to be made to rectify such deviations in accordance with the project design shall not
exceed 0.5%.

- The heights shown on project designs are the heights at which drainage pipes should be laid.
Such heights designate the pipe crown position. Before the pipes are laid, the Contractor shall
act with due care to ensure that joints are done properly. Plastic drainage pipes shall be laid in
an envelope made of graded gravel filter (envelope) as shown on project designs. Graded gravel
material shall not be used around non-perforated plastic pipes and concrete pipe collectors
around which compacted backfill is placed.

- After the gravel material is placed, the backfilling of the remainder of the pit shall be done
in line with Article 5.2.4.

- Due to its low weight and the buoyancy of water, special care shall be taken in the laying of
the pipe, placement of the graded gravel material around it and filling of the pit, with the laying
and stabilization of the pipe being ensured in the necessary grade and direction.

- Joining of corrugated plastic pipe sections shall be done with external couplings (sleeve)
applied to the outside of the pipe. The coupling shall be the standard product of the original
manufacturer, made long enough to extend two corrugation pitches beyond the joint on each
side, fully encircling the pipe. The coupling shall tightly fit the pipe, retain the pipe alignment
and prevent separation at the joint.

As a principle, repairing pipe defects by means of the use of coupler sleeves shall not be
allowed. The Administration’s approval shall be obtained for the repair and utilization of pipes
damaged during transportation, loading and offloading. The use of no more than one additional
coupler sleeve per each standard coil length shall be permitted. The standard coil length for

manufactured pipes shall be in line with TS 9128.

2.2.4.5 Installation of Concrete Drainage Pipes
- Itis recommended that a concrete pipe laying machine is used. However, the use of excavator
(backhoe) is also accepted. In cases where a backhoe is used, the bottom of the trench that is

dug must be flat in order to allow for proper settlement of the pipe throughout the entire line. If
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bell-and-spigot pipes are to be used, the bell-shaped wide end should be on the uphill side of the
slope.

- The pipes shall be kept together until the next pipe installation. Connections must be made
with mortar, hot mastic or factory-made binders or rubber gaskets.

- The pipe shall be laid in a manner not to cause any deviation from envisaged alignment and

grade more than 0.5 cm/meter. Total deviation shall be less than 2 cm.

2.2.4.6 Testing

- Of the finished drains, those selected by the Administration shall be checked with Rodding
equipment within 3 weeks.

- Appropriate sets of drain checking equipment (Rodding Equipment) shall be kept by the
Contractor, with the maintenance and operation of the same also being performed by the
Contractor.

- Highest permissible forces to be used are listed here below.

Length of Drain Pipe Highest Permissible Force
250 m. 75 N. (7.5 kg)
250-500 m. 120 N (12.0 kg)

- The audit officer shall have the right to refuse defective materials and workmanship and
shall request the Contractor to replace or rectify such defects without charging the

Administration any extra costs.

- At least 10% of the drains installed shall be tested. If the Administration deems the
workmanship to be inappropriate, it shall be possible to perform further testing. If a drain does
not perform well during testing, the drain pipe shall be repaired or replaced.

3 DRAIN AND DRAINAGE MATERIALS

3.1 Concrete and Reinforced Concrete Drain Tiles

- The Contractor shall procure or manufacture as shown places on the project design concrete
and reinforced concrete drain tiles in accordance with the TS 1899 standard.

- In conduit and drainage works belonging to all other constructions except for drain tiles to be
installed under road embankments, reinforced concrete drain tiles of the size defined in the
project designs shall be used.

- Those tiles which have even hairline cracks or chipped faces and edges, or are otherwise
damaged, shall not be used in any way whatsoever.

- A dry drain tile shall not absorb more water than 8% of its own weight.
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- Drain tiles with a diameter of more than 80 cm shall be reinforced with iron.

3.1.1 Concrete Drain Tile Beds
- Drain tile beds shall be built in accordance with the “Excavation and Filling Technical
Specifications” and project design.
- If no excavation details are provided in the project design, the width of the drain tile trench
shall be b=external diameter of drain tile + 40 cm. - A robust foundation of uniform density
shall be laid at the bottom of the trench throughout the length of the drain tile.
- If the soil on which the drain tile is to be placed is weak, in order to build a robust foundation,
the soil shall be excavated to an appropriate depth in line with the Administration’s instructions
to be replaced with the prepared appropriate bed material. No settlement of the drain tile and
the material shall be allowed.
- Appropriate material shall be laid under the drain tile on the condition that material height does
not remain less than 10% below the height thereof. - Appropriate materials including concrete
shall be used to lay the bed in accordance with the soil class.
- The ring shall be protected against the weather condition and sun with damp soil or a burlap.
No filling shall be performed until after the ring is completely solidified.
3.1.2 Drainage In Open-Jointed Concrete Drain Tiles

In places shown in construction project drawings or as may be deemed necessary by the
Administration, open-jointed (without mortar) concrete or plastic pipes shall be installed behind
concrete retaining walls. Such pipes the joints of which are not sealed with mortar shall be laid
in gravel. Drainage pipes shall be manufactured of concrete at the norm-compliant weight on-
site or at the nearest workshop and shall be submitted for the approval of the Administration.
As per the Administration’s instructions, the bottom of trenches shall be laid with a layer of
gravel the thickness of which is designated in the project designs. The pipe shall be laid with
care on top of the gravel layer. The wide end shall be towards the top of the slope, and
connections shall be made without mortar. Likewise, separate gravel layers with a thickness of
15 cm shall be ensured on the sides and top of the pipe. Both in the placement of pipes and the
laying and grading of gravel, utmost care shall be taken and the instructions of the
Administration shall be followed verbatim. Plastic (perforated) pipes should be preferred due
to the required sensitivity in the workmanship for concrete pipes.
- Open-jointed concrete drain tiles shall be placed at locations shown on the application project
designs or to be designated by the Administration. The joints of these drain tiles shall not be
sealed with mortar.

- A layer of gravel shall be laid on the bottom of trenches in line with the Administration’s
instructions and the project designs, and the pipe shall be carefully placed over this layer of
gravel.

- Filling shall be performed with coarse material, with finer material being used going upwards.
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3.1.3 Concrete Drain Tile Placement

- Drain tiles shall be placed at the grade defined in the relevant project designs and with the
wide end facing towards the upstream.

- For sealed drain tiles, the ends shall be fully and tightly joined.

- If the drain tiles are not laid in a line, have become uneven due to collapse after being laid or
are otherwise damaged, they shall be replaced with new ones.

- In sealed systems, for drain tile joints in areas with an internal diameter between 10-30 cm,
rings of a thickness of 3 cm, height of 15 cm and length of 35-80 cm shall be made from concrete
mortar.

- The circumference of the joint shall be protected with a special permeable material in order
to prevent the entry of gravel laid on the sides and the top of drain tiles in between the tiles
themselves.

- Unless otherwise specified in the relevant project design, the clearance between open-jointed
drain tiles shall be between 1-2 cm.

3.1.4 Drainage in Sealed Concrete Drain Tiles

This type of drainage pipes shall be used together with collector drains or other drains
specified in the project design and shall be laid in their places and connected to one another with
mortar.

The pipes shall be standard socket type and be laid with care in the slope and directions
specified in the project designs. The ends of the pipes shall be properly aligned with one another,
with the socket ends being joined coaxially with appropriate spacing for mortar application. The
joints shall be filled completely with mortar, the ratio of concrete to sand of which is determined
by the Administration. Completion shall take place after internal cleaning and in line with the
appropriate method and subject to the approval of the Administration. Pipes to be embedded
into concrete shall be laid carefully with due attention being given to not allow them to become
dislodged during the pouring of concrete around and on top. These shall be laid in their
respective places and during joint application, the bases and around the pipe shall be packed
and compacted with appropriate material to ensure full stability of the pipe in place. The mortar
to be applied to the joints shall take form and set in the manner deemed appropriate by the
Administration, which shall be followed with filling around the pipe with appropriate material
and ramming or another method of compacting. All the while, due care shall be taken to not
cause the pipe to move.

This shall be done for collector drains or other drains designated in the project design,
with the joint application being performed as explained above. The joints shall be sealed with

mortar.
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3.2 Concrete Pipes

- Concrete pipes can be used instead of plastic pipes for diameters of 250 mm and above. In
the presence of sulfate in soil and groundwater, sulfate-resistant concrete shall be used.

- The pipes to be used shall be circular cross-section, normal wall thickness, socketed, and
rubber-gasketed concrete pipes in accordance with TS 821, and their suitability shall be ensured
by subjecting them to all inspections in accordance with TS 821.

- Pipes that do not comply with TS 821 and rubber gaskets that do not comply with TS

standards shall be rejected and not accepted.

3.3  Plastic Pipes

- The term "Plastic Pipe" shall mean "Polyvinyl Chloride (PVC), unplasticized, corrugated,
perforated, or non-perforated drainage pipe."”

- The manufacture, inspection, sampling, and testing of plastic pipes and fittings shall be
performed in accordance with the TS 9128 standard. Plastic pipes with specifications exceeding
these standards shall also be accepted. The Contractor shall declare which standard they will
use, and any subsequent change shall only be possible with the approval of the Administration.

Water inlet area of perforated pipes with a diameter of 80 mm shall be min. 1900 mmz/m
Water inlet area of perforated pipes with a diameter of 10 mm shall be min. 2200 mm2/m
Water inlet area of perforated pipes with a diameter of 125 mm shall be min. 2500 mmz/m

The water inlet area for perforated pipes with a diameter of 160 and 200 mm shall be min.
2900 mmz2/m.

- There shall be at least 6 rows of holes lengthwise. The diameter of circular holes shall not
exceed 2 mm. The width of the holes lengthwise shall not exceed 22 mm, and their length shall
not exceed 8 mm.

- Pipe diameters of 200 mm and smaller are shown in the project drawings with their nominal
diameter values. The inner diameter shall be at least 0.9 x (Normal Diameter). All other

diameters shown indicate the inner diameter.
3.3.1 Fittings

- All types of fittings shall be of the same composition and shall not restrict water flow, even

if the pipes have different properties.
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- Elbows: Corrugated plastic pipe elbows may be used with the approval of the Administration.

Elbows shall be made by bending the pipe into a smooth arc. The minimum elbow radius shall

be 3m.

- Tand Y: Drainage line connections shall be made using prefabricated T and Y fittings at
the locations indicated in the project.

- Reductions: Precast reductions shall be supplied and installed by the Contractor at the

locations indicated for reduction in the projects. For collector pipes with a diameter of 200 mm

and larger, diameter changes will only be made at manholes.

- Blind Cap: A precast cap shall be installed on the upstream side of the drainage pipes. A

rigid material such as concrete, suitable for closing concrete pipes, may be used.

- Pipe Cleaning System: Where field drains connect to collector pipes and do not terminate

in manholes, and where field drains are longer than 300m, the pipe cleaning system shown in

the project design shall be installed by the Contractor.

3.4 Inspection and Testing

- The Contractor shall establish and continuously operate a climate-controlled site laboratory
with a minimum area of 30 m?, equipped with sufficient furniture, equipment, and tools, from
the start of the project to perform routine quality tests and all TS tests for PVC drainage pipes.
- Testing equipment must be approved by the Administration. The Administration may
approve or request in writing that complex tests be performed by a competent and reliable third
party. After testing and inspection, the Quality Management Department will permit entry into
production based on suitability. At a minimum, the following testing equipment must be

available in the on-site laboratory:

- All TS tests to be performed in accordance with TS 9128 for PVC drainage pipes;

- Filter material for drainage pipes

- Subbase material for roads

- Determination of the particle size classes and granulometric composition (by adding
and weighing) of the gravel-sand mixture for concrete aggregate.

- Sufficient number of cubes/formwork to regularly obtain fresh concrete samples for
concrete cube strength tests.

- Determination of water density for concrete production (pH, silt content, salts, organic
matter),
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- Detection of silt and finer particles in the filter material (gravel) for drainage pipes

in filter material for drainage pipes (gravel),

- Compaction tests (Standard Proctor Test)
- Regarding plastic drainage pipes, no plastic pipes shall be brought to the site until the
Contractor is notified that the pipe has been approved by the Administration.
- The Contractor shall notify the Administration in writing that the plastic pipes are ready for
inspection. Within the first 30 days after notification that the pipe material is ready for
inspection, the Administration shall carry out the necessary inspections and notify the

Contractor of the acceptance or rejection of the pipes.

3.5  Transportation, Use, and Storage

- Plastic pipes shall be transported, loaded, and unloaded in a manner that avoids damage

and deformation. If the air temperature is below 1°C, the pipes shall not be transported. Plastic
pipes and special parts shall be stored in a suitable manner in well-ventilated, covered areas and
protected from direct sunlight. The stacking height of the coils shall not exceed 5 coils. Pipes
may be stored on site or in the field for a maximum of 1 week without protection from sunlight
prior to installation. If pipes and fittings are not stored in accordance with this Article, the

Administration reserves the right to reject them regardless of laboratory test results.

- Concrete pipes shall be protected from sunlight and frost for 3 days after the
formwork is removed. Pipes shall be kept moist for the following week. Pipes shall

not be moved or transported for 7 days from the date of manufacture.

3.6 Installation of Drainage Pipes in Drainage Trenches

a) The Contractor shall procure and install the required concrete and reinforced
concrete pipes and drain tiles in the locations indicated in the project and in accordance with
the Administration's instructions. The drain tiles shall be determined by the Administration as
appropriate for the work to be performed. The width of the trencher to be opened shall be
sufficient to ensure that the drain tile joints are made satisfactorily and that the protective
material to be placed around them is properly installed. The seating surface shall be solid, but
allow for settling, and shall be of the same character throughout the industrial production.
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The material selected for covering the pipe shall be chosen from the excavated material and
this work shall be performed in accordance with the Administration's instructions. A section
of the pipe, not less than 10% of its height, shall be buried in a selected soil foundation.

b)  When special collection wells and water intake operations are required, the ends
of the culverts shall be embedded in concrete walls and constructed with due care and attention.
Upon the Administration's instructions, concrete supports shall be poured to prevent the culvert
from moving along its slope and to stop leaks outside the culvert. If the ground where the pipes
are to be laid is soft or unstable, this soil shall be excavated and removed, and the area shall be
filled with soil deemed suitable by the Administration and compacted.

c) If the soft material cannot provide a solid foundation for the pipe, it shall be
removed and replaced with material prepared and poured for this purpose.

d)  The drain tiles shall be carefully placed so that their wide ends face the upstream
side of the slope formed by the terrain. The ends shall be completely and tightly joined. All
joints shall be filled with a consistent mortar (1 cement to 1 1/2 sand) and the mortar shall be
used within half an hour after mixing. The mortar shall be applied in such a way that it is
waterproof and durable. After each section of pipe is laid and before the next section is laid, the
lower part of the joint shall be completely covered with mortar from the inside, and the amount
of mortar shall be determined so as to keep the inner surfaces of the pipes level. The inside of
the joint shall be cleaned and smoothed. The mortar remaining on the outside shall be protected
from air and sunlight with a damp layer of soil or packaging burlap and will remain covered
until the mortar is completely set.

e)  After these tasks are completed, the excavated and prepared material shall be
placed in layers not exceeding 15 cm along the pipe and kept sufficiently moist to facilitate
compaction. Each layer shall be compacted either mechanically or by hand. Care shall be taken
to ensure that the tamping at the lower sections of the pipe supports is fully compacted. This
tamping and compaction method shall continue until the fill exceeds the top point of the pipe
by 15 cm. When placing the fill soil in the trenches, care shall be taken not to damage the pipe
during tamping and compaction of both the fill soil and the soil on top of the pipe.

f)  Any pipe that is not laid in a straight line, or that shows abnormal collapse or
damage after being laid, shall be removed and replaced.

Due to the precision required in the installation and placement of the drain tiles, it is
also appropriate to use plastic pipes of sufficient strength.
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3.7 Corrugated uPVC Pipes to be Used in Underground Drainage Systems

3.7.1 Introduction

The characteristics of corrugated-uPVC pipes to be used in underground drainage
systems shall comply with the conditions described below. This specification covers drainage
pipes with an arched cross-section, manufactured by the extrusion method from unplasticized

polyvinyl chloride, used for underground water drainage on highways.
3.7.2 Material

The PVC compound shall comply with DIN 7748 Chapter 1 and must have the following
properties. Materials of unknown composition, incorrect materials, and manufacturing residues

cannot be used.

Table 1. Raw material properties;
Vicat Softening Temperature > 77°C

Notch Impact Strength > 3 k3/m2
Modulus of Elasticity = 2500 N/mm?

3.7.3 Dimensions, Weights, Marking

3.7.3.1 Pipe Cross-Section

The pipe cross-section is arched. The base of the pipes shall be smooth inside and out to
facilitate water flow, prevent sediment accumulation, and allow for precise sloping. The sides

and top sections where water inlet openings are located shall be grooved inside and out.

Figure 5 Drainage Pipe Cross-Section
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3.7.3.2 Pipe Diameters

Drainage pipes generally have the nominal diameters of @150, @250, ¥300. Pipes for
multi-purpose applications (such as tunnel drainage) are in @250, @300, @350 nominal
diameter. The nominal diameter d is not a measurement that indicates the inner diameter. The
dimensions in Table 2 shall be followed regarding the diameters of the pipes. (Figure 5)

Table 2 Drainage Pipes

NOMINAL d Tolerance h Tolerance
DIAMETER (9) mm mm mm mm
150 160.0 +2.5 160 +2.5
200 215.0 +5.0 215 +6.0
250 260.0 +5.0 260 +6.0
300 325.0 +6.0 325 +6.0
350 350.0 +6.0 350 +6.0
The value h must be measured from the base of the pipe.

3.7.3.3 Pipe Lengths

Socketed pipes shall be 6 m long (750 mm) excluding the socket.

3.7.3.4 Pipe Surface

The inner and outer surfaces of the pipes must be smooth. They must not contain any
roughness, cracks, bubbles, or other defects, and must be homogeneous and have uniform
profiles. Provided that these conditions are met, slight straight lines are permitted in the
longitudinal direction of the pipes, but deep lines are not permitted. Pipe ends must be cut
perpendicular to their axis.

3.7.3.5 Pipe Connection

Pipes are connected to each other with a socket. The socket can be produced as a single
piece together with the pipe during manufacturing. The socket depth (distance of pipe entry
into socket) must be at least 30% of the pipe diameter, without grooves or holes.

3.7.3.6 Pipe Bottom

When pipes are joined, their bases must be at the same level. For pipes with a nominal
diameter of up to ¥200, the level difference between the two joined pipe bases must not
exceed 4 mm. For pipes with a nominal diameter greater than ©¥200, the level difference must
not exceed 2% of the pipe diameter.

3.7.3.7 Pipe Weights

The unit weight of the pipe (g/m) must be at least 90% of the weight specified by the
manufacturer.
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3.7.3.8 Water Inlet Slots and Water Inlet Area

Water inlet slots may be created using a cutting method. Any burrs formed by the slots
should not obstruct entry of water. The width of the water inlet slots shall be between 0.8-1.4
mm and evenly distributed across the entire pipe surface. The water inlet area per meter of pipe

with water inlet slots should comply with the measurements in Table 3.

Table-3 Water Inlet Areas

NOMINAL WATER INLET AREA
DIAMETER © Min cm*m
200 80
250 100
300 120
350 120

3.7.3.9 Labeling of Pipes

Each length of pipe must have the following information printed in a weather-
resistant, legible, and indelible manner at least once along its length.

- Manufacturer's name or mark

- Nominal diameter (Q)

- Date and period of manufacture
- Type of raw material

3.8 Tests

3.8.1 External Appearance

The characteristics specified in Section 3.7.3.4 are visually inspected.

3.8.2 Dimensions and Tolerances

Pipe diameters and lengths are measured using a 0.1 mm precision caliper. Compliance with
the measurements specified in Articles 3.7.3.2 and 3.7.3.3 are checked.

3.8.3 Pipe Base Flatness

The notch formed at the junction of two pipes is measured with a precision of 0.5 mm in

accordance with Section 3.7.3.6
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3.8.4 Water Inlet Slots and Water Inlet Area

The structure of the water inlet holes is visually inspected in accordance with Section 3.7.3.8,
with the size of the slots being measured with a precision of 0.1 mm. The total area of the water inlet
slots (water inlet area) is determined by multiplying the average value obtained from 40 separate
measurements according to Clause 3.7.3.8 by the total number of water inlet holes per meter of pipe

and is specified in cm2/m.

3.8.5 Weight

Three samples, each 1 m in length, are weighed with a precision of 1 g, and the average

value calculated is evaluated according to clause 3.7.3.7.

3.8.6 Impact Resistance

Impact resistance is tested on samples (200+5) mm in length using the test apparatus
shown in Figure 2. The samples are cooled in a refrigerator at (01)0°C for at least one hour
prior to the test, and the sample removed from the device is subjected to the test within 10
seconds. For pipes with a nominal diameter up to @ 150, an 800 g ball is used. For pipes with a
nominal diameter of @ 200 and larger, a 1000 g ball is dropped only once from a height of 1000
mm through a drop guide made of PVC pipe or other suitable material placed perpendicular to
the top axis of the sample. The ball should experience as little friction as possible during its fall
through the guide. In the test conducted on 20 samples, the fracture of maximum one sample is
permitted. Fracture of the sample is defined as the cracking and joining of the two water inlet
slots or the breaking of the pipes into pieces. If more than one sample fractures as a result of the
test, the test is continued on the next 40 samples, and a maximum of 7 out of a total of 60

samples are allowed to break.

3.8.7-Dimensional Stability Test

A sample pipe (300+£5) mm in length is placed between two parallel plates at (23+2)0°C.
It is then subjected to a force of 10 mm/min perpendicular to the pipe axis, up to 10% of its
diameter, for 1 hour. Afterwards, the corrective force (the force required to return the pipe to its
original diameter) is measured. The value obtained should not be less than 500 N. In specific
applications such as groundwater drainage in tunnels, the corrective force for pipes used must

be at least 500 N, provided it is at least 2-3 times the pipe diameter.
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3.8.8 Pipe Connections

Pipe connections are made in line with the instructions of the manufacturer, by manually
inserting the non-socketed end of a pipe to the socketed end of the other pipe. The insertion
length of the pipe into the socket is measured with millimeter precision. (Figure-3) Compliance
with Clause 3.7.3.5 is verified. For pipes with a nominal diameter of @200 and larger, the
connections are visually inspected for water leakage after the pipes are connected by filling
them with water up to the level of the water inlet slots and checking for water leakage after 15

minutes.

3.9 Quality Control

For quality control and supervision purposes, the tests specified in Section 3.8 shall be
performed, and the material's compliance with the criteria set out in Sections 3.7 and 3.8 shall
be verified by the Administration. Tests related to preliminary inspection shall be performed on
pipes from ongoing production or pipes ready for shipment at the production site, while tests
related to acceptance and payment shall be performed on samples randomly taken from the
application site.
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3.8 Gravel Drains

Groundwater can also be removed from structures and land using sorted gravel material.

For this, the topography of the land must be suitable and sufficient gravel material must be
available. For this purpose, drainage ditches are dug deep. These ditches are filled with clean,
sorted coarse gravel up to a certain elevation. Groundwater removal is ensured by filling the

ditches with excavated material.

4 EXCAVATIONS

4.1  Excavation of Pipe Drain Trenches

- Unless otherwise approved by the Administration, the sequence of pipe drainage excavation
and pipe laying works, equipment, and teams shall be such that the trencher filling and covering
work can be completed within 7 days from the start of excavation of any part of the drainage.

- All excavation, pipe laying, and soil filling work at road crossings shall be completed
within 24 hours or within a timeframe deemed appropriate by the Administration.

- Excavations for piped drainage shall be performed in such a way as to facilitate this in areas
with gravel envelopes (filters) and to allow the bottom to be established in accordance with the
lines and gradients shown in the project drawings or as indicated by the Administration.

- The equipment and methods used for trencher excavation and pipe and filter material
installation shall be such that the gravel filter material comes into contact with undisturbed soil
on the sides and bottom of the trencher.

- For concrete pipes, excavation shall preferably be carried out using trenching machines or
another method deemed equivalent by the Administration, in which case measures may be
necessary to prevent collapse.

- Plastic drainage pipes shall be installed using a trencher, except where the Administration
requests the use of other machinery for short distances.

- Shored excavation is required to ensure that drains are completed properly and function
normally; it is not a safety measure. The shored excavation requirement does not relieve the
Contractor of its responsibility for personal safety or material damage in relation to the work
covered by this contract.

- If perforated pipe laying is performed using equipment other than a trencher and the
excavation is wider than required, the soil backfill and gravel envelope placement method shall

be such that a gravel envelope of a specified thickness is ensured around the pipe.
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- If unstable material is encountered while excavating at the bottom of a trencher and the
excavation is being performed using equipment other than a trencher machine, the trencher shall be
excavated to an additional depth to place gravel fill material to secure the drainage pipe.

4.2 Construction Excavations

- Foundation excavations for structures shall be in accordance with the heights and
dimensions shown in the project drawings or the findings of the audit officer. Materials removed
from the excavation shall be disposed of in accordance with Section 4.3.

- If poor-quality material is encountered in the foundation of a structure, the Administration
shall require the Contractor to excavate an additional minimum of 15 cm to remove the poor-
quality material. The additional excavation area shall be filled with compacted soil to ensure a
solid foundation for the structure.

- If, during any excavation, the foundation excavation has gone below the level at which the
structure should settle, the excess excavated portion shall be filled with suitable materials and
compacted, regardless of whether the Contractor is at fault. The costs of filling and compacting

such subsequent excess excavations shall be borne by the Contractor.

4.3 Removal of Excavated Material

- All suitable materials excavated from an excavation, or as much as necessary, shall be used
in filling and setting works and other works requiring soil, based on the determination made by
the Administration. Residual materials excavated that are not needed for filling or for any other
purpose shall be disposed of in locations owned by or under the control of the Administration,
in accordance with the instructions of the audit officer.

- Unless otherwise instructed, the aforementioned materials shall not be disposed of in
drainage channels. Piles of residual material shall be left in a manner deemed appropriate by

the Administration, forming a uniform and level surface.
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5 DRAINAGE DITCH FILLS

5.1  Filling the Top and Sides of Drain Tiles

- The top of the drain tiles shall be filled with material excavated or prepared on site

in layers not exceeding 15 cm in thickness along the pipe and with a water content sufficient to
facilitate compaction with a tamper.

- The material located at the bottom of the pipe supports shall be fully compacted. This
compaction process shall continue until the top of the pipe is exceeded by 15 cm.

- The drain tiles shall not be damaged during the placement and compaction of the filling

material on them.

5.2 Structural Void Fills

All fillings to be made according to this specification, except for gravel fillings, shall be
included in the structure perimeter fillings.
- The type, quantity, and storage method of the material to be used in the fill shall be
determined with the approval of the Administration. If there is not enough suitable excavated

material, the necessary additional material shall be obtained from approved borrow pits.

5.2.3 Filling

- The fill shall be constructed up to the boundaries and slopes shown in the drawings or
according to the instructions provided by the Administration.

- All fillings shall be done carefully and spread in even layers to fill the voids around the

stones and soil.

5.2.4 Backfilling of Pipe Trenches

- Backfilling of pipe trenches applies to all closed drainage trenches. Unless otherwise
approved, the backfilling of pipe drainage construction must be completed within 7 calendar
days from the start of excavation in a section. The backfilling of pipe drains constructed at road
crossings shall be completed within 24 hours or within a time period approved by the
Administration.

- Restoration and cleaning of the route shall be completed within a maximum period of 7
days, in conjunction with the backfilling of the pipe drainage trenches.

- The backfilling of pipe trenches shall be performed using excavated material. After the

gravel envelope material is placed (in laterals and filtered plastic collector pipes), backfilling
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material shall be laid in layers until it reaches 50 cm above the gravel envelope level,

and then other backfilling operations will continue.

- Backfill of the collector pipe trenches is done crosswise. Backfill is placed on both sides of
the pipe at the same level. Before starting the general backfill, 30 cm of fill is placed on top of
the pipe. No stones larger than 5 cm around the pipe and larger than 30 cm above it shall be
allowed. After the trench backfill is completed, the backfill surface shall be leveled and brought
to the original ground level. Any remaining material shall be spread in a neat row over the trench
according to the Administration's instructions.

- Within one month following thorough soaking of the area by irrigation or rain, the
Contractor shall return and refill any subsidence that has occurred. If any part of a completed
drainage pipe needs to be repaired, the 10 cm gravel envelope around the pipe shall be protected
using a shearwall or other suitable arrangement. Before the wall is moved forward or removed,
fill shall be placed on the gravel envelope on the outer side to ensure that the envelope material

remains in place around the pipe.

5.2.5 Compacting of Soil Material

- When soil materials are to be compacted, they shall be placed in horizontal layers and
compacted as specified in this clause or according to the instructions given by the audit officer.
Excavation, filling, humidification, and compaction operations shall be performed in such a
way that the material remains well compacted and homogeneous at the end, and that there are
no holes, pockets, veins, voids, laminations, or other defects.

- When backfilling to compact around concrete pipes at transitions, the backfill material is
spread and compacted in layers of essentially the same height on both sides of the pipe. The
method of placing the backfill material shall be approved by the Administration.

5.2.6 Compacting of Clayey and Silty Material

- Where the soil materials to be compacted contain significant amounts of clay or silt, they
shall be placed in horizontal layers. The thickness of each horizontal layer after compaction
shall not exceed 15 cm.

- The humidity content during compaction shall not exceed 2% of the optimum humidity
content determined by the Administration. The humidity content shall be uniform throughout
each layer.

- If sufficient compaction cannot be achieved due to the presence of excessive groundwater,
gravel envelope material may be used instead of compacted fill up to the groundwater top level,
according to the decision to be made by the Administration. However, the gravel material shall
be well consolidated, and the portion remaining above the groundwater shall be normal

compacted fill.
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5.2.7 Cohesionless Materials
- If cohesionless material is available from excavation at the project site or nearby at a

low cost, it may also be used for filling.

5.3  Gravel Envelope

- The contractor shall procure and install the graded gravel envelope shown in this project,
which shall be placed around the plastic pipe. The transportation and placement of the graded
gravel envelope shall be performed with the approval of the Administration. Gravel material
may be sourced from any approved quarry meeting the conditions specified below.

- The graded gravel envelope used in pipe drains shall be free of organic matter, clay, and
other substances and shall be a well-sorted, uniform mixture consisting of solid, clean sand and
gravel. The carbonate content shall not exceed 5%. Written permission from the Administration
shall be obtained for higher percentages. The structure shall have a minimum hydraulic
conductivity of 15 m/day, disproportionate in length to other axes. Materials shall be selected

or processed to meet the gradation requirements specified in the project.

5.3.1 Placement of Materials

- The graded gravel envelope shall be placed so that it forms a smooth and solid bed at the
bottom of the pipe. The remaining part of the envelope material shall be carefully placed without
moving the pipe. The graded gravel envelope material shall be placed throughout the entire
filter depth and the entire width of the excavated trencher and shall form a minimum casing
under and above the pipe, as shown in the drawings. The gravel material will not be
contaminated with soil or organic matter as a result of the material transportation methods
carefully selected by the Contractor. If any gravel material is found to be separate, different, or
contaminated during inspection, it shall be removed from the work site at the Contractor's

expense and replaced with clean material.

54  Ground Improvement with Gravel Fill

In cases where it is not possible to lay pipes using the open excavation method due to the
instability of the ground, the Contractor shall, subject to the approval of the Administration,
excavate the trench bottom to the required depth, which may be greater than normal, and

stabilize it with gravel fill.

The coarse gravel material shall be hard, dense, and durable and shall be obtained from any
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quarry approved by the audit officer. The material shall be smaller than 12 cm in size. More

than 80% thereof shall be smaller than 10 cm in size.

6 DRAINAGE STRUCTURES

6.1 Concrete Drain Tile Works

Drain tile works involve the fabrication, installation, and related additional
manufacturing of concrete drain tiles of all types and sizes in accordance with the construction

projects.

6.1.1 Drain Tile Production

The drain tiles shall be manufactured in accordance with the TS 1899 Standard. The
sand and gravel to be used in pipe production shall comply with the conditions specified under
“Concrete Works.” The size of the aggregate used shall not exceed 1/4 of the tile wall thickness
and shall not exceed 20 mm.

Unless specified in the application projects, pipes shall be made with a 400 dosage.
Where casing concrete is required, it shall be made with a 250 dosage, and where ring concrete
is required, it shall be made with a 600 dosage.

Both the inner and outer formwork of the tiles shall be completely smooth, rigid, sturdy,
and leak-proof, in accordance with the specified shape and dimensions. The concrete mortar
shall be poured into the mold in layers not exceeding 15 cm and be thoroughly compacted with
a vibrator.

The drain tile formworks shall be removed after at least 6 hours. When the formworks
are removed, the surfaces of the tiles should be smooth and even. The tiles removed from the
formworks shall be protected from frost and sun for 3 days and watered for 7 days as required
by the Administration in order to provide the required moisture content. The tiles shall not be
moved from their location until 21 days have passed after casting.

Cracked surfaced or chipped tiles shall not be used.

The tolerance in the inner diameter of the tiles shall be + 1% of their inner diameter.
The tolerance in the wall thickness at any point on the tile shall be + 5% of the thickness.

The water absorption rate of the tiles shall be determined in accordance with the water
absorption test specified in TS 1899 and shall not absorb water more than 8% of the dry tile
weight.

Tiles shall be manufactured in the following diameters, lengths, and wall thicknesses

according to their intended use.
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Internal diameter (cm): 10 15 20 25 30 35 40 50 60 80

Length (cm): 50 50 100 100 100 100 100 100 100 100

Wall thickness (cm): 25 30 35 40 45 50 55 6.5 7.5-9 59 5-11
The excavation of trenches and the adjustment of the base shall be in accordance with the
relevant project design. If not specified in the projects, the excavation shall be performed to a
width of (outer diameter of the tile + 40 cm). Due care shall be taken when transporting the tiles,
loading and unloading them onto and from vehicles, and lowering them into the trenches. The
tiles shall be laid in a straight line. If, after being laid, they have settled or shifted to the right or
left, resulting in an uneven condition or failure, the tile shall be readjusted as desired, together
with its foundations, and replaced with new ones if necessary. The rings at the tile joints shall
be made with a cross-section of 3x15 cm2 for diameters up to 10-30 cm and 4x15 cm2 for inner
diameters up to 35-80 cm. The foundations of the drain tiles shall be constructed with a 10 cm
thick layer of lean concrete of 150 dosage or a sand-gravel bed, as shown in the implementation
projects. The sand-gravel fill around the drainage culverts shall be no less than 20 cm on the
sides and 30 cm on the upper part. The spacing between drain tiles shall be 1 cm unless specified
otherwise in the project.

In channels constructed with drain tiles, compacted fill up to a height of 30 cm shall be
placed on top. In sections where the road passes over the channel, compacted fill shall be placed
throughout the entire drain tile trench.

In culverts, intake structures, pipe chutes, and siphons formed with tiles, the entire drain

tile trench shall be established with compacted fill.

6.2 Culverts

Culverts shall be placed in accordance with the culvert project and the plan profile of the
channel. The culvert should not have a slope significantly different from the slope of the bed. The
culvert bottom elevation shall be at the same level with the thalweg at the upstream and downstream
ends.

The culvert type should be selected according to the soil conditions. Box culverts shall be
selected for weak soil, while arch type culverts shall be selected for rigid soil, depending on the
opening.

6.3 Manholes

- All manholes shall be constructed according to the project or the instructions given by the
Administration. Materials shall be provided by the Contractor. Covers shall be prefabricated cast
metal. All other parts shall be prefabricated castings or manufactured on-site.
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- Concrete shall comply with the DSI Concrete Works General Technical Specifications. Class "B"
or higher quality concrete shall be used for the walls. For the concrete base, "C" class (Reinforced

Concrete) concrete may be used.

- Instead of square or circular manholes (prefabricated or made on site) shown in the projects,
prefabricated manholes or other materials may be used. They must have a diameter of at least
0.80 m. However, the use of different manhole types requires the permission of the

Administration.

6.3.1 Construction of Manholes

- Manholes shall be constructed by the Contractor in accordance with the details shown in the
project. The grout (injection mortar) shall be prepared by mixing 1 part cement by weight with
2 parts well-screened sand and just enough water to achieve the required consistency. To
prevent the mortar from hardening, the Contractor shall prepare small batches. If a mortar is not
used after hardening without being softened, it should be discarded. Cement and sand materials

shall comply with the DSI General Technical Specifications for Concrete Works.

6.4 Land Drain Outlet Structure

- Pipe outlets shall be designed to be sufficiently durable and easily visible, carefully

protecting the edges of open channels against erosion. Excessive scouring of fill material must
be prevented. All outlets shall be constructed in accordance with the details shown in the project
or the instructions of the Administration.

- Outlet pipes are non-perforated corrugated plastic pipes without gravel envelopes around
them. The smallest pipe is usually 6m. However, it is 9 m when crossing service roads. The
concrete quality used to protect the outlet location shall be at least "C" class, in accordance with
the DSI General Technical Specifications for Concrete Works.

- The last 6-9 meters shall be filled manually and compacted in layers not exceeding 15 cm.
Compaction shall be performed under optimum moisture conditions, and water shall be added
when the soil is too dry. The dry density shall not be less than 95% of the maximum laboratory
dry density determined by the Standard Proctor compaction test. The outlet structure shall be

completed within 7 days from the date of installation of the drain pipe.
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6.5  Pipe Collector Outlet Structure

- All pipe collector outlets shall be constructed in accordance with the Administration’s
instructions and as shown in the project. Where plastic collector pipes are used, non-perforated
corrugated plastic pipes shall be installed for the outlet.

- The last 6-9 meters shall be filled manually and compacted in layers not exceeding 15 cm.
Compaction shall be performed under optimum moisture conditions, and water shall be added
when the soil is too dry. The dry density shall not be less than 95% of the maximum laboratory
dry density determined by the Standard Proctor compaction test. Collector outlet structures shall

be completed within 7 days from the date the collector pipes are installed.

6.6  Washing Procedure

- The washing process shall be performed from the downstream end of the drain or, if the
drain is longer than 300 m, from a point on the drain (where the cleaning piece is placed).
Washing shall always be performed from the outlet toward the inlet (from the downstream
toward the upstream). Cleaning shall not be performed at the points where field drains connect
to open outlets (if not longer than 300 m) or manholes.

- The washing procedure shall be performed in accordance with the drawings and using the
specified materials.

6.7  Crossing of Pipe Drains from Concrete-Lined Irrigation Channels, Drainage Channels
and Under the Roads

- During the construction of a drainage pipe at the crossing points of irrigation channels,
drainage channels, and roads, it shall be ensured by the Contractor that no harm to public or
private interests is caused. Irrigation channels, drainage channels, and roads or sections thereof
that are demolished to create a drainage crossing shall be rebuilt by the Contractor in accordance
with the details provided by the Contractor or in accordance with the instructions of the
Administration, in a manner that matches the previous existing conditions.

- In plastic drains, non-perforated corrugated pipes shall be used for drainage channel,
irrigation channel (if not canalettes) and road crossings. The connection method between
perforated and non-perforated drainage pipes shall be the same as the joints between standard
sections of perforated and corrugated drainage pipes. Gravel envelopes will not be placed along
these transition structures. Concrete collectors passing under roads shall be on a concrete bed,
as in the project.

Concrete pipe materials shall comply with the specifications.
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6.8 Earthworks

- All backfills made to restore irrigation channels, roads, and drainage channels to their
original state shall be compacted to the top of the channel banks in accordance with the
specifications. The dry density shall not be less than 95% of the maximum laboratory dry

density determined by the Standard Proctor compaction test.

6.9  Crossing Field Ditches

- The Contractor shall ensure that no damage is caused to public or private interests during
the construction works at the crossing point of an existing field ditch. The field ditch shall be
restored to its original condition within 24 hours after being disturbed. The backfill of the
drainage pipe trench shall be compacted to 90% dry density as defined in the specifications and
a solid bed with a minimum amount of water leakage shall be created.

- There is no need to use seamless plastic drainage pipes under the field ditches, and a gravel
envelope shall be laid.

- The materials to be used in concrete-lined main waterways shall comply with the DSI

Concrete Works General Technical Specifications.

6.10 Crossing Utility Facilities

- In cases where drainage construction may pass through a private or public utility facility,
the owner of the utility facility and the audit officer shall be notified at least 7 days in advance
that the utility service may be interrupted for drainage construction.

- Unless otherwise instructed by the audit officer, the interrupted service shall be reconnected
and restored immediately after the construction work is completed. The owner of the utility
facility has the right to have an authorized representative present at the site during the
continuation of the drainage crossing construction.

- The Contractor shall bear all compensation claims for damages incurred by utility facilities
during construction, damages resulting from service interruptions, and damages related to
personal injury or property damage resulting from negligent, unintentional, or intentional
service interruptions, and the Administration shall not be held liable for any damages arising
therefrom. The Contractor is responsible for accurately finding these locations on the site and

performing all drainage crossing construction preparations for the service facilities.
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6.11 Surface and Road Drainage Inlets

- The Contractor shall construct open drainage inlet structures in the dimensions specified in
the project and at the locations indicated by the Administration, using the necessary materials.
The Contractor shall provide all earthworks, workmanship, materials, stone facing, concrete
laying and water flow.

- The Contractor shall be responsible for all works necessary for the temporary diversion of

water (derivation), embankments, and water flow.

- Stone facing shall be performed in accordance with the DSI General Technical Specifications
for Masonry Works.

6.12 Canalette Crossings

- To facilitate the passage of trenchers or other excavation equipment, the Contractor

will lift the necessary number of blocks along the route using a crane.

- The removed blocks shall be placed outside the route in a manner that does not hinder the
continuation of construction.

- After the drainage line excavation, pipe installation, and trench backfilling, the removed
canalette blocks shall be reinstalled in their original positions.

- The contractor shall install bituminous rope in a manner that ensures waterproofing
between the blocks.

- Blocks that have been removed shall be reinstalled within 3 days of the installation of the

drain pipe.

6.13 Crossing Farm Roads, Irrigation Channels and Road Drains (Box Culverts)

- The contractor shall construct the road culverts (box culverts) in accordance with the
Administration's instructions and the relevant project.

- Concrete and reinforced concrete works shall be performed in accordance with the DSI
Concrete Works General Technical Specifications.

- The road culvert shall be constructed in the direction and slope indicated in the project.

Total deviations shall be less than 2 cm.
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6.14. Field Access Roads

- All field access structures shall be constructed in accordance with the Administration's
instructions and as shown in the project.

- The concrete pipe top shall be filled manually in layers not exceeding 15 cm and compacted.
Compaction shall be performed under optimal moisture conditions, and water shall be added if
the soil is too dry, with 95% compaction being ensured as per the SP test. Field access
structures shall be completed within 7 days following the completion of road rehabilitation at

that location.

7 RESTORATION OF DAMAGED ROADS AND FACILITIES TO THEIR ORIGINAL
CONDITION

7.1 Restoration of Waterways to Their Original Condition

- If any waterways are damaged or destroyed during construction work, their direction, slope,
and condition shall be restored within two days. The labor, materials, and equipment required
to restore these waterways to their original condition, including bricks and mortar, shall be
provided by the Contractor.

- The materials required for lined waterways shall comply with the DSI General Technical

Specifications for Concrete Works.

7.2 Inspection and Repair of Existing Lateral and Collector Pipes

- The Contractor shall inspect all collectors and prepare a report showing the operational
status of each collector and inform the Administration of what needs to be done to make them
operational. The Contractor will perform the work after obtaining the Administration's
permission.

- The Contractor shall procure new washing equipment with the specifications listed below
and clean the lateral pipes requested by the Administration in the project area.

- Some of the existing laterals are connected to manholes, while others are connected directly
to collectors. Therefore, in order to wash the laterals and install the cleaning piece, the
Contractor must find the point where the lateral empties into the collectors and dig it open. For
laterals longer than 300 m, the Contractor must dig and open the lateral to be able to wash and
install the cleaning piece at intermediate distances. The Contractor will install the cleaning
pieces as shown in the project.

- If washing the existing lateral appears impossible due to obstacles, the Contractor shall

repair or replace this lateral with the permission of the Administration.
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