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Abstract

The forest roads provide access to forest resources in carrying out main forestry activities such as
protection, afforestation, management, recreation and firefighting. Long-term, trouble-free and safe use
of forest roads is possible through the construction of the drainage structures and walls along the road
alignment. The drainage structures and protective structures used in forest roads are various types. These
are dip drains, pipes, culverts, bridges, water-bars and walls. The main task of all drainage structures
and walls is protecting the forest roads against external aggressors. In this study, drainage structures on
a sample road were investigated. Along the forest road alignment, changes of drainage structures over
10 years were observed. As a result of the study, current conditions of drainage structures were revealed

and various suggestions were presented.
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1. Introduction

Forests should be constructed according to technical
standards and particular attention needs to be paid to forest
roads in planning and management stages to developed
sustainable forest infrastructure (Eskandri and Hosseini,
2013). The forest roads provide access to different zones
of forest area for important activities such as harvesting,
plantation, protection against fire and insects, social
activities, etc. Roads are constructed to serve for a long
time. However, even a single closed road has an impact on
the transport system and can also affect other social
activities (Kalantari and Folkeson, 2013). Forest roads are
affected by the water coming to its surface and waters
coming from the basin crossed by streams (Bayoglu and
Hasdemir, 1991). In case the road surface is constantly
wet due to the precipitation water, especially after the
harvesting activities, large deformations occur on the road
surface by the passage of heavy trucks. Besides, the waters
coming from the cut slope and flowing down the road
surface and continue to flow down the embankment slope
also cause great damage to the road and the embankment
slope can be damaged by erosion over time. Drainage
facilities undertake to protect forest roads against all these
negative effects of rainfall waters.

The drainage system is one of the most important
technical structures in the forest road construction
(Rezvani, 2012). Road location and drainage of forest
roads, construction areas, and other areas of forestry
activities are the critical factors that can affect water

quality, erosion and road costs. Drainage includes
controlling surface and subsurface water for forest roads
and its neighborhood areas. Planning stages of drainage
structures or protective structures are very important. If
drainage structures are not planned, sized and positioned
correctly, they can be easily clogged with sediment or
wood materials. The determination of the types and
dimensions of the pipes, culverts, and bridges to be
constructed in the places where the road routes cut the
river beds are of great importance in terms of the safety
and economy of these facilities and consequently the roads
(Caligkan et al., 2006). The determination of the type and
size of hydraulic engineering structures, as well as the
construction of these structures in suitable places
according to the terrain and road conditions, are of great
importance in the success of the road's drainage (Schwab,
1994). A cost estimate to build a forest road must include
not only the initial construction cost but also future
maintenance costs (Anonymous, 2019).

For forest roads use different drainage structures such
as pipe, culvert, ditch, bridge and dip-drain (Oztiirk,
2010). The most common form of drainage structure on
forest roads are culverts (Anonymous, 2010). A good
culvert stream-crossing or cross-drain depends on sound
installation procedures, as well as proper culvert type,
length, size and location. Poor choices in these factors
often cause culvert failure, resulting in an unusable road,
costly replacement, soil loss and damage to water quality
(Anonymous, 2009). Water is one of the major causes of
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the damage to roads (Kalantari and Folkeson, 2013).
Moving water, such as water running downhill on a forest
road surface, can be thought of as a source of kinetic
energy. This energy is one of the primary physical causes
of erosion often seen on forest roads (Anonymous, 2019).
The important situation for road engineering, drainage
structures should be used on long-term future on forest
roads. In Turkey, for drainage structures, the prescribed
lifetime is between 30 and 40 years. But, these structures
should be very good stages such as planning, sizing,
positioning, construction and maintenance.

In this study, the current status of 7 culverts built-in
2008 on the selected forest road was examined regularly
every year and the changes in the culverts during the past
10 years were revealed. As a result of these changes,
positive and negative situations in planning, sizing,
positioning, material selection and construction of these
drainage structures were presented. In the light of these
opinions, various suggestions were made in terms of
planning, sizing, positioning and construction of drainage
structures.

2. Material and Methods
2.1. Research Area

In this study, a forest road within the Bentler Forest
Enterprises affiliated to Istanbul Bahgekdy Forestry
Operation Directorate was chosen as the research area.
The starting point of the road route is 90 m high from the
sea, and the road ended at a height of 170 m. The total
length of the road is 2500 m and at the same time, the
longitudinal slope of the road route varies between 2-8%.
Commercial tree species in the area are Maritime pine
(Pinus pinaster Aiton.) and Oak (Quercus sp.).

The soil type of the area along the road route is clay-
sandy soil (Anonymous, 2010). The clay type of soil
increases the surface flow on and around the road. The
annual average amount of precipitation in the region is
1093.3 mm. Seven culverts were built on this road route
in 2008. The six of these culverts are decked culverts and
one of them is box culvert. Meteorological data of the
Istanbul region in which the study area is located is shown
in Table 1.

Table 1. Meteorological data of research area (1929-2018) (Akgul et.al., 2019)

Average Ave. Max. Ave. Min. Avera}ge Ave. Ave. of tofal
Months ~ Temperature Temperature Temperature sunsh_me nu_mber of mc_)n_thly
C) °C) °C) duration rainy days precipitation
(Hour) (number) (mm)
January 6.0 8.5 3.2 2.9 17.3 105.5
February 6.1 9.0 3.1 3.6 15.0 77.8
March 7.7 11.0 4.3 4.6 13.7 71.9
April 12.0 15.5 7.7 6.4 10.2 45.6
May 16.7 20.1 12.2 8.7 8.0 34.4
June 214 24.7 16.6 10.5 6.2 36.3
July 23.8 26.7 19.5 114 4.3 34.1
August 23.8 26.9 20.2 10.5 5.0 39.6
September 20.1 23.8 16.9 8.2 7.7 64.6
October 15.7 19.2 13.0 5.6 11.2 87.1
November 11.7 14.9 9.0 4.0 12.9 102.2
December 8.2 10.9 5.5 2.7 16.9 123.9
Yearly 14.4 17.6 10.9 6.6 10.7 68.6
2.2. Method conditions of the culverts were monitored frequently in

After the culvert constructions were completely
completed, all information such as the dimensions of the
culverts, their length, bridge thickness, the wall
dimensions at the entrance and exit, and the location of
the culvert on the road route were collected during the
first fieldwork conducted in September 2008. The
geographical coordinates of the points where the culverts
were built were localized by Garmin Etrex brand
handheld GPS. The forest road in the research area is a
type B forest road with a width of 4 m and a ditch width
of 1 m. After the construction of the culverts, the current

the summer months every year after the winter season
ended.

Once the field studies were completed, 1/25000 scale
maps of the study area were digitized via ArcGIS 9.3
computer program in the office. GPS data collected
during field studies were again transferred to ArcGIS and
the locations of the culverts were marked on the road
route where the study was conducted. After these studies,
sub-basins of the study field and culverts at the
intersections of these basins with the forest road were
determined.

53



Eur J Forest Eng 2020, 6(2):52-59

¢

Figure 1. Forest road alignment and culvert points (URL1)

In the field studies, it was first examined whether the
culverts were located at the basin exit points and suitable
places and whether the types and dimensions of the
constructed culverts were suitable for the area. During
this examination, the cross-sectional area of the water
that could come out of the basin was determined by the
Talbot formula, and then the constructed culvert size and
the correct culvert size were compared.

2.3. Sizing of Drainage Structures

When a stream crosses the road or when the water
coming to the dip drains due to surface drainage must be
passed under the road to the opposite side, it is necessary
to choose and determine the sizes of a hydraulic structure
which may cross the water that the stream can bring during
the greatest flood in a certain period (usually 50 years)
under the road in a way of not damaging the road to be
built. When sizing the bridge and culverts, in addition to
the highest level of stream in that calculated period, the
margin of safety between the lowest part of the
superstructure and the highest water level should not be
less than 1.5 m in bridges and culverts where streams that

bring trees and large logs, 1 m where streams do not bring
trees and logs, and 0.5 m in the other culverts (Ozturk and
Inan, 2010).

The first method used in the sizing of drainage facilities
was made according to the "Talbot Formula" metric
dimensions. Talbot formula;

S=5,791.C.Y A3 1)

S = Cross-section of the drainage structure (m?)
A = Area of the catchment basin (km?)
C = A coefficient based on topography of the water basin

Since the C coefficient directly affects the result in the
calculations, it must be determined precisely. After
determining the cross-sectional area of the drainage structure
with these formulas and calculations, the type of drainage
facility should be selected with the flow calculations. In the
use of this table, various factors such as the topographic
condition of the precipitation basin, the soil structure of the
field and vegetation cover should be taken into account.
Table 1 was used to determine the C coefficient (Bayoglu,
1997).

Table 2. Determination of Talbot coefficient according to land types (OGM 2008)

Area Types S!o_pe . ¢ Ta_lb_ot
Classification Coefficient

Flat, permeable, all covered with vegetation %10-20 0,2
Flat, permeable, leafy forest-covered land %10-30 0,3
Flat, permeable, coniferous forest-covered land %10-30 0,4
Rough, medium permeable, vegetative (leafy and coniferous) layers 3 lands %30-50 0,5
Rough, medium permeable, vegetative (leafy and coniferous) layers 0-2 %30-50 0,6
covered area

Rugged, impermeable land, vegetation 0-1 covered land %40-60 0,7
Steep, forest-covered, permeable land %60 < 0,8
Very steep, bare, impermeable %60 < 0,9
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3. Results

One of the total 7 culverts which were in the study field
was in the location of Derekayalar-Tasocagi along the
road with code number 25 and was a bridge culvert with
dimensions of 0.80x0.80 m; as for that the other one was
a box culvert at bigger dimensions and constructed over a
continuously flowing stream. All culverts which were
constructed in the location of Alaypinar- Ayazaga along
the road with code number 26 were bridge culverts with
dimensions of 0.80x0.80 m. There were headwalls at the
entrance and exit sections of all culverts.

These headwalls protected the culvert and the road
against the destructive effect of water at the entrance.
The width of the headwalls varied between 1-1.5 m and
the height of them varied between 0.8-2.0 m. Also, the
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headwalls at the exit point of the culvert prevented the
culvert from any damage by any land flow in the
embankment part of the road and made the road more
stable. The general and technical information collected
about the culverts as a result of the fieldwork in August
2008 is shown in Table 3.

Using the Talbot formula according to the sub-basins
determined via the ArcGIS 9.3 computer program and
their fields, the minimum cross-sectional areas were
calculated according to the size of the basins. Table 4
shows whether the culverts were suitable for their
locations as considering their calculated cross-sectional
areas or not. It is very important to know the precipitation
amount of the area to determine the sizes and types of
drainage structures.

Table 3. The general condition of drainage structures in the research area

Coordinates Drainage Internal Internal Deck Length
No X v Type width height thickness  (m) Headwall
(cm) (cm) (cm)
1 666763 4558056 D.Culvert 80 80 20 5 Existing
2 666918 4557015 D.Culvert 80 80 20 8 Existing
3 667213 4557534 D.Culvert 80 80 20 5 Existing
4 667219 4557534 D.Culvert 80 80 20 5 Existing
5 667443 4557465 D.Culvert 80 80 20 5 Existing
6 667483 4557248 D.Culvert 80 80 20 5 Existing
7 667510 4557434 B.Culvert 300 150 30 6 Existing
Table 4. Calculation of culvert cross-sections according to Talbot formula
Basin Cross- Required  Existing
No  area Talbot o otion  Cross- cross- Relevance Explanation
(kim?) Coefficient (m?) section section
(m?) (m?)
1 0.19 0.6 1.00 1.21 0.64 Not relevance  Larger size*
2 0.11 0.6 0.66 0.81 0.64 Not relevance  Larger size
3 0.17 0.6 0.92 1.00 0.64 Not relevance  Larger size
4 0.35 0.6 1.58 1.69 0.64 Not relevance ~ Box culvert™
5 0.19 0.6 1.00 1.21 0.64 Not relevance  Larger size
6 - 0.6 - - 0.64 Relevance Ditch
7 0.40 0.6 1.74 1.74 4.50 Relevance Using

*Larger size: The large size culvert should be used in this point.

**Box culvert: Box culvert should be used at this point.

As a result of the studies carried out in the field, it was
found that the cross-section areas of the culverts with the
number of 1, 2, 3, 4 and 5 were not suitable as a result of
the calculations made in the drainage structures and the
cross-section areas. Besides, the cross-section areas were
found to be small for these five culverts.

On the other hand, the calculation could not be made for
culvert number six which was constructed to transfer the
water coming from the dip drains to the opposite side of
the road since there was no basin area in the field of this
culvert. It was determined that the box culvert was made
larger than normal, but it will be suitable in terms of 100
years of precipitation and pass materials such as trees and
branches that could come from the stream. Besides,
culverts with number 2, 3, 4, 5 and 6 were constructed

perpendicular to the axis of the road. Therefore, it was
observed that there was a large sediment accumulation at
the entrance and exit points of these culverts.

The forest road, which is located in the Bentler Forest
Management Directorate, regularly visited between May
and June every year from May 2009 until 2019, and the
final states of the engineering structures after the winter
season were examined. As a result of this examination;
there were observed no breakage, deterioration, cracking
or rupture in the headwalls of all culverts along the roads.
Maintenance work was carried out on these roads by a
grader in April 2009. The ditches and platform of the road
were cleaned. As a result of all field works between 2009
and 2019, the operating status of 7 culverts along the road
route and their status by years are given in Table 5.
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Table 5. Status of inlets and exits of culverts by years

Culvert entrance

Culvert outlet

No closure rate (%) closure rate (%) Explanation
2009 2012 2016 2019 2009 2012 2016 2019
1 20 45 75 90 15 40 60 85  Not functioning
2 30 60 100 100 25 65 100 100  Not functioning
3 20 60 90 100 20 50 90 100  Closed
4 0 20 45 65 0 10 40 60  Functioning
5 10 30 75 90 10 30 65 85  Not functioning
6 25 75 100 100 20 60 90 100  Closed
7 0 0 0 0 0 0 0 0 Functioning

The exit and entrance grades of the culvert number 5
were below the road grade and were very close to each
other. In addition, the exit point of the culvert was the
endpoint of a fire road, and all sediment and rainfall
waters coming from the slope of the fire road were filled
to the part of the culvert where the exit was constructed.
Since the entrance section of this culvert was filled with
water from road dip drains, it could not be even named
for entrance or exit. At both points, even at the end of the
first year after the construction date, sediment
accumulation started and at the end of the tenth year, the
culvert was filled with 90% sediment and lost its function
(Figure 2). The culvert number 6 was constructed
perpendicularly to the road so that the flow could not be

=

i

cu ert photos 2009 (a)‘,72012 (b)20I6 (c) and209 (d)

provided easily. Therefore, it was observed that all
sediment and precipitation waters coming from the dip
drain accumulate at the entrance and exit of the culverts
and fill the culverts. If these culverts were constructed at
30°-45° angle by road, sediment flow would occur
through the culverts and thus the culvert entrance would
not be filled with sediment (Figure 3).

Since the culvert number 2 was completely trapped
under sediment, both sides of the culvert were closed and
could not be functional (Figure 4). However, the culvert
number 7 fulfils its function without any problems since it
was in front of a stream that constantly carried water and
was constructed in necessary sizes (Figure 5).
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Flgure 4 Culvert completely covered with sedlment B

4. Discussion

As aresult, only one of the 7 culverts constructed within
the area was able to fully function within the 10 years
since 2008, the year of construction of the culverts. This
culvert was the largest in the area and was a bow culvert
constructed on the stream bed. Culverts 3 and 6 along the
road route were completely closed. Since the entrance and
exit parts of these culverts were completely filled with
sediment, even the locations of the culverts were not seen.
Since the culverts 1, 2 and 5 were considerably filled with
sediment, they could not perform their functions. At the
same time, these culverts were to be completely closed at
the end of one winter season. As considering another
culvert, culvert number 4 could operate at its 40%
efficiency. If any maintenance in this culvert is not carried
out, it will lose its function as soon as possible. When
these culverts along the road route are evaluated,; first, it
was understood that only two of these 7 culverts (number
6 and 7) were correctly sized according to their location.
However, positioning of some culverts along the road

Figure 5. Cmpletely open seventh culvert

route was incorrect. Only two of the culverts (number 2
and 7) were correctly positioned along the route. Since the
culverts number 1, 3 and 6 among the other culverts were
constructed perpendicular to the road axis, the waters
coming from the dip drains or the stream could not enter
the culvert completely and the entrance and exit parts of
these culverts were filled mostly or completely because
they left the sediment inside entrance and exit of the
culvert. It is an important rule to position drainage
structures such as cement water pipes and culverts at an
angle of 30-45 ° to the road route. The exit point of one
culvert (number 4) was given to the dip drain of another
connection road and the water coming from there flowed
on the road after a certain distance. This caused the dip
drains of the other road to be filled if the amount of water
coming from the culvert was high. One of these culverts
(number 5) was constructed on the route of the fire safety
road, and since the entrance and exit grade of the culvert
was quite below the road and at the same grade with each
other, the sediment-filled both points. There was no point
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where the waters coming into the culvert would able to
exit. Longitudinal slope was not applied inside these
culverts constructed on the sample forest road. 2-5%
longitudinal slope should be given to the interior of the
culverts constructed on the road routes (Ozgelik, 1979;
Bayoglu, 1997; Erdas, 1997; Anonymous, 2002).

The total cost of 7 culverts constructed on the forest
road within the borders of Bentler Forest Management
Directorate is calculated as approximately 27000 USD
according to the exchange rate of August 2008. In addition
to mistakes of the planning, dimensioning and positioning
of culverts constructed along the road, the condition of the
culverts was poor since they were not planned and
periodic maintenance were not conducted. In this case, all
the effort and cost made was written to the economic loss
in the past 10 years. The drainage structures cost
constituted about 25% of the total cost of forest road
construction (Eskandri and Hosseini, 2013). All the
culverts, except only the culvert number 7 in this area,
completed their life in 10 years. However, usage lifetime
of the culverts constructed on forest roads should be
around 40 years (Rezvani, 2012). This drainage facility
work was incomplete because the culverts were misplaced
on the road route and the exit points were not connected
to a stream channel. The positioning of culverts on the
road should be at an angle of 30°-45° (Kramer, 2001;
Ryan et.al., 2004; Fannin and Lorbach, 2007).

Areas which culverts are constructed along forest
roads should not be planned on ridges or in hollow
sections. In such cases, the culvert can’t either pass the
water to be drained to the stream or the water to be drained
is collected in the hollow sections, but the water remains
in the culvert because it can’t find the path to drain. In this
case, the sediment in the water subsides and clogs inside
the culvert and its entrances. The erroneous and unplanned
construction of the culverts in this way creates an
economic loss and hinders the transportation of the forest
road. This situation causes time, money and effort losses.

5. Conclusions

The drainage structures on a sample forest road were
investigated by observing the changes of drainage
structures over 10 years. In the light of results derived
from this study, some suggestions are presented
respectively as below:

- Planning of all kinds of drainage structures used on
forest roads should be done appropriately. Based on
the calculations made as a result of field studies,
measurements and observations are very important in
determining the type, size and location of the drainage
structure.

- Drainage structures must be placed on the road route at
an angle of 30 ° - 45 ° It should not be placed
perpendicular to the road.

- 2-5% longitudinal slope should be applied to the
interior of the pipes and culverts.

- Particular attention should be paid to material selection
for constructing drainage structures.

- While deciding the places of culverts, the grades of
field and road should be considered. When the grade
of entrance is higher than the exit, it surely causes
sediment and water accumulation inside the culvert.

- The landings should be prepared in size of 90-100 cm
before the entrances of culverts. Thus, sediment
coming with waters from dip drains will be massed on
these landings and cleaned more easily during periodic
maintenance.

- For each term, before and after forest field works,
entrances and exits of drainage facilities should be
cleaned by the help of an excavator.

- When placing the drainage structures in the designated
area, the foundation excavation of the structure should
be made up to the bedrock. If the foundation is not
placed on solid ground, the culvert remains at high and
the water that should pass through the culvert can flow
through the foundation of the culvert.
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