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Abstract: In this study a new method of locating culverts is presented with the composition of achieved discharge from 
hydrological analysis and simulated forest roads in RoadEng 3D simulator to improve drainage condition. Locating cul-
verts was performed on a small scale (1:20 000, using GIS) and large scale (1:2 000, road geometric design simulator). 
The small-scale study regarding the achieved discharge from streams shows that the installation of some culverts is not 
necessary. The large-scale study also showed that the geometric design of forest road has a significant effect on locating 
culverts and its accuracy. To improve drainage conditions 6 culverts and 2 waterfronts taking into account the geomet-
ric design of forest road, hydrological conditions and appropriate intervals (155 m) have been proposed. No installation 
or lack of accuracy to find the best location of culverts may result in the occurrence of creep and landslide, so the cost 
of destruction would be several times higher than the cost of technical buildings construction.
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In construction engineering, engineers in various 
branches of science simulate constructions in the 
computer environment. The simulation by present-
ing the models can assist the operator with a better 
view in decision-making (Dai et al. 2004; Bertac-
chi et al. 2007; Yurdakul, Topcu 2011). The simu-
lation of a road is considered unimportant for the 
construction of forest roads. While a proper forest 
road network and planning within construction en-
gineering are very important for environment pres-
ervation and conservation (Lewis 2000). 

Many factors including vegetation (Jordán-López 
et al. 2008), soil type in the area, topography and 
microtopography of the hillside across the road, 
the hydrology of the area including rainfall (Dubé 
et al. 2004, Akbari Mazdi 2007), discharges of 
streams, time of runoff concentration (Ghahra-
man 2009), length and gradient of streams, fish 
passages (Asce et al. 2002) and geometric design 
of forest roads (Schiess et al. 2004; Fu et al. 2010) 
(including road gradient and superelevation, ditch, 

vertical and horizontal curves) and considering the 
appropriate intervals for stream crossing culverts 
(Sarikhani, Majnounian 1994; Brinker 1995; FAO 
1998; Environmental Assessment Division 2003) 
are important in making decisions on the presence 
or absence of a culvert.

Numerous studies have been done to improve 
drainage conditions in forest roads like the use of 
RoadEng software to optimize the best route of 
forest road and improve drainage conditions (Her-
alt 2002), the use of Distributed Hydrology Soil 
Vegetation Model (DHSVM) to determine the ef-
fect of forest road network on watershed hydrol-
ogy (Surfleet et al. 2001), calculation of sediment 
delivery from different parts of forest roads to find 
the best location of culverts (Schiess et al. 2004). 
Also several studies have been done to find the best 
method of culvert installation and its environmen-
tal impacts (Borga 2005). Four general steps for the 
culvert installation must be considered in forests 
with small area: (i) planning and selecting the lo-
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cation of culvert installation, (ii) to convey surface 
runoff by culvert in its natural route (iii) prepara-
tion of foundations and (iv) installing the culvert. 
Results of similar investigations were presented by 
Helvey et al. (1988), Nikoy Siahkal (2001) and Meng 
(2006). Akbari Mazdi (2007) conducted a study to 
determine the diameter of drainage pipes and ap-
propriate intervals using the rational method for 
estimating peak discharges and curve number. 
Meng (2006) in China by designing ForCulverts 
as an extension package of ArcView 3.3 software 
studied the location of culverts regarding the road 
gradient and hydrology. He concluded that this 
software can automatically delineate the number 
of culverts required for forest roads. In this study 
a new method of locating a culvert was presented 
with the composition of the achieved discharge 
from hydrological analysis and simulated forest 
roads in RoadEng 3D simulator. Therefore, the aim 
of this study was to evaluate the area in the point of 
hydrological flow and assess (on a small and large 
scale) the location of existent culverts, and on the 
other hand, offer a suitable location for the con-
struction of new culverts to improve the drainage 
systems of forest roads.

Material and Methods

Study area.  This study was conducted in a road 
of Caspian forest (Brengestanak basin), Iran. The 
latitude and longitude of Brengestanak basin (Fig-
ure 1) are 36°19'08'' to 36°23'30'' N, 52°51'22'' to  
52°56'55''E, respectively. Total length of forest 
roads and density of these roads are 24 km and  
10.5 m·ha–1, respectively. There is a low-volume of 
forestry machinery traffic on these roads. The forest 
road type is access and unpaved roads. The forest 
altitude ranges and average annual precipitation are 
from 320 to 490 meters above sea level and 700 to  
900 mm, respectively. There is an earth dam at the 
bottom of the above-mentioned basin which is im-
portant for fish passage. The bedrock is calcareous 
sandstone, limestone, and lime marl. 

Hydrological analysis. The rational method for 
peak discharge estimation is used for small basins 
and some cases without hydrometric data. Due to 
the small watershed of this area as well as lack of 
hydrometric data this method is suitable for our 
study (Alizadeh 2006). First, streams crossed by the 
road were identified by Arcinfo 9.3 software and in 
order to estimate the peak of discharges, bound-

Figure 1. Map of the study area
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aries were created for a sub-basin and then the 
area was determined. The time of concentration 
for each basin was calculated using the following 
formula regarding the longest branch of the stream 
and runoff velocity (Alizadeh 2006; Ghahraman 
2009). The intensity of rainfall was estimated taking 
into account the time of concentration for the basin 
in return intervals of 25 years (Ghahraman 2009). 
Slope gradient, aspect, vegetation and soil type in 
the area are some effective factors on drainage net-
work planning. In this study to determine peak of 
discharges, the runoff velocity was assessed by a 
nomograph of estimating velocity in relation to the 
soil and vegetation type - Equation 1–3 (Alizadeh 
2006). 

tc = L/V 	 (1) 

where: 
tc 	– time of concentration, 
L 	 – maximum flow length, 
V 	– runoff velocity.

I = a × tb	 (2)

where: 
I 	 – rainfall intensity (return intervals of 25 years), 
a, b 	–  �fixed coefficients according to the conditions of the 

study area (Alizadeh 2006), a = 350, b =–0.4517; 
t 	 – time of concentration.

Q = 0.278 C × I × A	 (3)

where:
Q 	– Peak discharge (m3/s), 
C 	– rational method runoff coefficient, 
I 	 – rainfall intensity in mm/h, 
A 	– sub-basin area.

Road geometric design simulation (3D). In or-
der to locate a culvert on a large scale it is required 
to identify the existent roads and stream network 
(Figure 2). Therefore, the vector layer of streams 
was obtained from the DEM (Digital Elevation 
Model) of the region in Arcinfo 9.3 software. In 
the next step, an existent road in the study area 
was measured by NIVO camera mapping. So, a 
field survey was done using NIVO mapping cam-
era and geometric specifications of the road such 
as longitudinal slope and cross-sections. In order 
to simulate the geometric design of the road, ac-
quired data were entered into the Survey Package 
(RoadEng software package). Then the geometric 
design of the existent road was extracted from the 
Location Package (RoadEng software package). 
The designed road in Location software was put 
into Terrain software (RoadEng software package) 
as a vector layer to be combined with vector lay-
ers of streams. To find a location on a small scale, 
the modelling for each existent culvert was done 
by using the culvert editor analysis. In order to 
modify the existing drainage network, the geo-

Figure 2. Method of the study 
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metric design of the road was carefully examined. 
Some critical points in terms of water accumula-
tion during heavy rainfalls in winter were marked 
using the GPS (Garmin 62S) and they were iden-
tified on the map. By considering appropriate in-
tervals of culverts (Brinker 1995), discharge of the 
stream network and geometric design of the road, 
some proposals were offered. The 3D analysis of 
RoadEng software was used for decision-making 
(Figure 3) and final decisions were taken based on 
the longitudinal profile of the road and peak of 
discharges.

RESULTS AND DISCUSSION

The small-scale study regarding the achieved dis-
charge from the stream network shows that the in-
stallation of some culverts is not necessary (culvert 
No. 5, 13 and 20) because the amount of stream 
discharge is very low, therefore there was no need 
to install these culverts. Many studies were con-
ducted using GIS on a small scale (1:20 000) (Nikoy 
Siahkal 2001; Borga 2005; Akbari Mazdi 2007). In 
these studies, identifying the culvert diameter was 
done regardless of microtopography and geomet-
ric design of road horizontal and vertical curves. 
According to the results it can be understood that 
determining the culvert diameter on a small scale 
(1:20 000) could not be accurate because the geo-
metric design of the road can cause changes in 
water flow, thus changing the discharge. The large-
scale (1:2 000) study showed that the geometric 
design of the forest road has a significant effect on 
locating culverts and its accuracy. Further studies 

showed that road gradient and water flow cause 
sediment delivery. Also, the road superelevation 
(2-4%) may facilitate to convey surface runoff to 
the ditch (Sarikhani, Majnounian 1994). Unfortu-
nately, in the study area, the superelevation of the 
road in the location of culvert No. 2 is very bad. 
Also, on some horizontal curves, the supereleva-
tion is in opposite position to the ditch (Figure 
4D). Harris et al. (2008) introduced a longitudinal 
profile as one of the most important factors in de-
cision-making. Using the analysis of microtopog-
raphy (Figure 3) it can be obtained that we can use 
waterfronts No. 6 and 8 instead of installing culvert 
No. 7. Waterfronts can be used instead of culverts 
at low intervals for reducing the cost with regard 
to the 2 000 USD cost of installing a culvert with  
100 cm diameter.

In order to improve drainage conditions six cul-
verts (culverts No. 2, 3, 9, 15, 17) and two water-
fronts (No. 6 and 8) regarding the geometric design 
of forest road, hydrological conditions and ap-
propriate intervals (average distance 155 m) have 
been proposed. Standard and proper intervals for 
culverts on forest roads have been investigated in 

Figure 3. Forest road simulation using the simulator in the 
location of culvert No. 16

Figure 4. Effect of vertical and horizontal curves on locating 
culverts (A, B); accumulation of water due to the absence of 
culvert and ditch (C); effect of  horizontal curve, superel-
evation as well as suitable interval between culverts on lo-
cating culverts (D); landslide occurrence due to the absence 
of drainage systems; improper installation of culvert (F)
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several studies. FAO (1998) and the Environmental 
Assessment Division (2003), taking into account 
the soil type and road gradient, have assessed the 
interval of culvert between 50 and 70 m. Akbari 
Mazdi (2007) by calculating hydrological condi-
tions and determining the peak of discharge esti-
mated the proper interval between 419 and 480 m.  
According to the results, it is better to determine 
the optimal interval with respect to issues such as 
road geometric design (culvert No. 17), hydrology 
(Figure 4C), upland water volume (culverts No. 14, 
19 and 21) and terrain features (Figure 4A–B). 

Decisions and recommendations of this study 
were implemented according to existent conditions. 
In this study, feasible and accurate determination 
of culvert location in the longitudinal profile of the 
road can be obtained when the geometric design of 
the road is modified and the ditch is reformed in 
some places. Results of locating culverts for each 
culvert are shown in the longitudinal profile and 

road plan (Figure 5). Also, how to make decisions 
with respect to hydrology and geometric design of 
the road with all details is presented in Table 1.

CONCLUSION

A positive aspect of this study is the use of ef-
ficiency and accuracy of RoadEng simulator in de-
signing the geometric specification of roads. Like 
in this study the simulation of roads and culverts 
by RoadEng simulator (3D) could provide a suitable 
environment for decision-making. The accuracy of 
image processing software has been more influ-
enced by the input data and DEM accuracy. Plan-
ning accuracy is very high in this study because the 
RoadEng software designed a survey-map package 
to solve this problem. So using the field data and 
above-mentioned package, the road would be de-
signed with more accuracy. Therefore, according to 
the results it can be understood that the 3D simu-

Figure 5. Locating culverts in the longitudinal profile and road plan 
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lator considering microtopography and geometric 
design of forest road can do this well and the Ar-

cInfo package with low accuracy of DEM (1:20 000) 
is not offered for locating culverts.

Table 1. Decision-making for each culvert according to the geometric design of forest road and hydrological conditions

Hydrological conditionsGeometric design of roadGeneral information

Peak of 
dis-

charge 
(m3·s–1)

Time of 
concen-
tration 

(s)

Rainfall 
intensity 
(mm·h–1)

Ditch 
status

Culvert 
interval 
(next) 

(m)

Culvert 
interval 
(before) 

(m)

Hori-
zontal 
curve

Vertical 
curve

Superel-
evation 

Factor in 
decision 
making

Stream-
crossing  
culvert

Sug-
gested 
culvert

Existent 
culvert

Culvert 
No.

2.45217611.9U920+– SH+– +1
– – – U8792– +UG– +– 2
– – – U31087++SG– +– 3
– – – S74310– +SG– – +4

0.1915236.2S19274– – UN+– +5
– – – U38192– +UN/A– +– 6*
– – – S3238– – SG– – +7
– – – S8432– +UN/A– +– 8*
– – – S21084– +SG– +– 9
– – – S133210+– UG– – +10
– – – U141133+– SG+– +11
– – – S94141++UG– – +12

0.20319232.6S8494+– UN+– +13
0.15613737.9S4584– – SH+– +14

– – – S41045– +UG– +– 15
– – – S82410– – SN– – +16
– – – S10382++SG– +– 17
– – – U67103+– SG– +– 18

0.255320.2S27067– – SN+– +19
0.1139345.2S43270– – UN+– +20
0.05312739.2S– 43– – SH+– +21

the reasons for decision-making (H – hydrological conditions, G – geometric design, N – not necessary, N/A or * – need 
of a waterfront instead of a culvert); superelevation and Ditch status (S – suitable conditions, U – unsuitable conditions); 
other symbols (+ positive or existent, – negative or not existent)

References 
Akbari Mazdi R. (2007): Determination of Culvert Diam-

eter in Forest Road. [MSc Thesis.] Babolsar, Mazandaran 
University. 

Alizadeh A. (2006): Principles of applied hydrology. Mashhad, 
Ghods Razavi publication: 1–807.

Asce S.A.E., Rajaratnam N., Asce F., Katopodis C., Asce M. 
(2002): Generalized study of hydraulics of culvert fishways. 
Journal of Hydraulic Engineering, 128: 10–18.

Bertacchi C.U.,  Namgaladze D., Gabitsinashvili G. (2007): 
Evaluation of artificial neural network techniques for river 
flow forecasting. Environmental Engineering and Manage-
ment Journal, 6: 37–43.

Brinker RW. (1995): Forest Road and Construction Associ-
ated Water Divers on Devises. Alaban, Alaban Coopera-
tives Extension System: 1–27.

Borga M. (2005): Evaluating the influence of forest road on 
shallow land sliding. Ecological Modeling, 187: 85–98.

Dai J.J., Lorenzato S., Rocke D.M. (2004): A knowledge-based 
model of watershed assessment for sediment. Environmen-
tal Modelling & Software, 19: 423–433.

Dubé K., Megahan W.F., McCalmon M. (2004): Washington 
road surface erosion model. Washington, State of Wash-
ington Department of Natural Resources: 1–155.

Environmental Assessment Division. (2003): Road-related 
erosion issues on Bureau of Land Management-Admin-



367

Journal of Forest Science, 66, 2020 (9): 361–367	 Original Paper

https://doi.org/10.17221/16/2020-JFS

istered Lands in Northwestern New Mexico. Illinois, 
Argonne National Laboratory: 1–33.

FAO (1998): A manual for the planning, design and construc-
tion of forest roads in steep terrain. Roma, FAO: 1–149.

Fu B.H., Newham L.T.H., Ramos-Scharrón C.E. (2010): A 
review of surface erosion and sediment delivery models 
for unsealed roads. Environmental Modelling & Software, 
25: 1–14.

Ghahraman B. (2009): a guide for estimating runoff. Guide 
of number 519. Tehran, Program and budget organization 
press: 1–148.

Jordán-López A., Martínez-Zavala L., Bellinfante N. (2008): 
Impact of different parts of unpaved forest roads on runoff 
and sediment yield in a Mediterranean area. Sciences Total 
Environ, 407: 937–944.

Harris R., Gerstein J., Cafferata P. (2008): Changes in stream 
channel morphology caused by replacing road-stream 
crossings on timber harvesting plans in northwestern 
California. Western Journal of Applied forestry, 23: 69–77.

Helvey J.D., James N., Kochenderfer T. (1988): Culvert Sizes 
Needed for Small Drainage Areas in the Central Appala-
chians. Northern Journal of Applied Forestry, 5: 123–127.

Heralt L. (2002): Using the ROADENG system to design an 
optimum forest road variant aimed at the minimization of 
negative impacts on the natural environment. Journal of 
forest Science. 48: 361–365.

Lewis L. (2000): Soil Bioengineering an Alternative for Road-
side Management. A Practical Guide. California, United 
States Department of Agriculture: 1–47.

Sarikhani N., Majnounian B. (1994): Guide of plan, perform 
and exploitation of forest roads. Guide of number 131. 
Tehran, Program and budget organization press: 1–131. 

Schiess P., Krogstad F., Damian F. (2004), Locating ditch relief 
culverts to reduce sediment delivery to streams an interac-
tive design tool. In: 12th International Mountain Logging 
Conference, Vancouver B.C., June 13–16, 2004: 15.

Surfleet C.G., Skaugset A.E., McDonne J.J. (2010): Uncertain-
ty assessment of forest road modeling with the Distributed 
Hydrology Soil Vegetation Model (DHSVM). Canadian 
Journal of Forest Research, 40: 1397–1409.

Meng X. (2006): Design of GIS based forest road layout and 
environmental assessment tool. [MSc. Thesis.]  Brunswick, 
The University of New Brunswick.

Nikoy Siahkal M. (2001): Cross drainage design of forest road 
in Shafarood basin. [MSc. Thesis.] Tehran, University of 
Tehran. 

Yurdakul S.E., Topcu I. (2011): An integrated decision aid 
for identifying and prioritizing strategies in forest man-
agement. Environmental Engineering and Management 
Journal, 10: 683–695.

Received: February 1, 2020 
Accepted: August 24, 2020


