Available online awww.scholarsresearchlibrary.com

volog;
% R
© P
Y o
. s @
Scholars Research Scholars Research Library % 3
4 0
Annals of Biological Research, 2012, 3 (4):1768-1772 e
(http://scholarsresearchlibrary.com/archive.html) Libra ry

I SSN 0976-1233
CODEN (USA): ABRNBW

Hydrological considerationsin designing the dimensions of
crossdrainageculvert in forest road

Ramezan Ali Akbari Mazdi*, Mohammad-reza Ghanbarpour!, Majid Lotfalian*, Mehran
M oafi', Hossein K halilpour Amiri* and Bahman Sotoudeh Foumani?

'Faculty of Natural Resources, Mazandaran Universiigri, Iran
2Young Researchers Club, Islamic Azad UniversitghRBranch, Rasht, Iran

ABSTRACT

Hardwood forests of northern part of Iran are loedtat the latitude of 35° 46" to 36° 58" in mountais areas. The
annual rainfall of the areas is approximately 10@8nDue to road constructions which are increasirggyeloping
in these areas, it is important to recognize thdrbjogical considerations and to establish canatsl @&ross-section
drainage to prevent the destructive effects of fishand upper areas development, on roads. Thexef8® sub-
areas were considered to determine the culvert dtars for Neka-Zalemrood catchment area. Flow dyaof each
catchment was measured using a numerical curve adetResults of this study showed that culvert diarse
changed from 11 inch to 62 inch during a 25-yeatsiming period. Due to mountainous nature of thalg area,
sub-areas with culvert diameters below 24 inch wegmbined to reach the minimum diameter determinatie
magazine number 131 of the Iranian Strategic Plagnand Control Organization. Finally, the best arv
diameters were determined for each sub-area.
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INTRODUCTION

Forest road construction involves two positive aedative aspects. Roads are considered as anendepe part
of forest exploitation, silviculture, a forestati@md other necessary measures in forests [13].h@rother hand,
negative effects of road construction on the emvirent include: forest area reduction, natural drgéndestruction,
soil erosion and river sedimentation [2]. Flood wrcence in a region depends on many factors suahrasage
network situation [1]. One of the aims of designitig draining networks is to consider the pre-deieed

instructions for preventing soil erosion, destrogtiand potential landslides in forest areas basedhe forest
conditions such as vegetation cover, soil, topdgyamd hydrologic conditions. Furthermore, the wétavs which

were disordered by road constructions can be egtioto their natural situation [4]. To prevent dadestructions
resulted from up road runoff, it is necessary todiwt water in to ditches and to establish cuhaerd pipes.
Assigning an appropriate diameter size for crostie drainage and determining proper intervals rgnthese
culverts may lead to prevent many irrecoverablesypf erosion. In addition, their drained water banoptimally
utilized. To determine the dimensions of culvertdi$or conducting streams and valley water is nyaii@ipendent
on the severity of water flow or water dischargeoant. Type, dimensions, and the profile view ofveul as well as
the different water passage qualifications suchslapes, lengths and water heights in culvert, spibut are
considered as effective parameters on calculatiagltameter of culvert, spouts [11]. There areowswimethods of
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estimating the discharge amount. The Curve numbethad is used to estimate discharge amount in small
watershed slacking an adequate an accurate sist[40, 6]. After estimating the peak flow and heater the
diameter of cross-section drainage can be calallatsed on the effective age of construction [1]1,The
minimum diameter used in some areas was 16 indhafi@ in the rest of areas were about 18 inch 31 however
the one for rainy and humid areas is increased to¢h [4, 8].

MATERIALSAND METHODS

Study area

The study area was located on northern forestsaof in Neka- Zalemrood catchment area at the ratitude of

36° 26" 3 and east longitude 53° 15 2@ith average altitude of 740m. Average annualfadiiof the area was
1000mm, the average minimum temperature was 9.8@dptlee average maximum temperature was 20.8Cp. Soil
texture of the study area was consisted of loamy,dobam, and gravel- clay. As it is shown in figuil), the
studying road with the length of 12.60 km is meadun the site using a GPS device.

.y
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Figure (1)-Study site and road map procedures
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Figure (2)- Study sub area

The study area was divided in to 39 sub-areas usi@gircView software (figure 2). Then, the areaeath sub-
areawas calculated. The time to peak and concentraio@ of culvert in each catchment were estimatedguthe
Kirpich equation. Then by determining the deptleraft 24 hours rainfall using the Smada software hthight of

2
runoff in the study area via water waste estimaf@mneach sub-area was computeq Fﬁ) . After

: : , 25X AXQ p3
calculating the parameters, the instantaneous fi@akor a return period of 25 yedr® = t— S ) for

P
each sub-area was computed using the Curve numékioth Based on the runoff discharge and computed h

1 American soil conservation service.
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HW
water (using the logical relation efD— =1.5) [11], the diameter of cross-section drainageefaich sub-area were

estimated. According to instructions which the minm diameter of culvert installable in mountainéargst roads
is considered 24 inch [11], adjacent sub-area thighculvert diameters lower than 24 inch were mettgaeach the
minimum diameter. Then, they were compared withlalbke diameters in the study area.

RESULTS

Determining the peak runoff discharge via curve number method
Peak runoff discharge was calculated for each sed @sing the following equation:

2.5x A x
Q :—q:

t

m’/s (Equation 1)

Tablel- Peak flow discharge m%s based on curve number equation for a 25 yearsreturn period

sub area] Q. | subareal Qs
0.13 0 0
0.34 0 0
0.12 34 2.68
0.36 35 1.20
0.24 36 0.08
0.36 37 0.09
0.71 38 0.11]
0.72 39 0.09

(N[O |D|W[IN(F-

Estimating runoff height
Rainfall station reported daily rainfall for 40 yeaWater waste level in each catchment was cdkxilbased on
table 2.

Table 2- Runoff height (mm) of study sub areafor areturn period of 25 years

sub area] @ | subareal o
60.9 0 0
60.9 0 0
60.9 34 66.6)
60.9 35 45.4
60.9 36 60.9
60.9 37 60.9
60.9 38 60.9
60.9 39 60.9

O|IN(O(T|D|WIN|F-

Timeto peak
Time to peak was calculated for culverts in eadhrauea using the results of construction time esiion (via
Kirpich equation which is frequently used for smaka) and according to this relation:

t, =/t + 08t

Table 3- Timeto peak (minutes) for sub area

sub area| tp | subareg tp
1.2 0 0
1.8 0 0
2.6 34 11.9
2.6 35 12.6
25 36 2
2.9 37 15
4.1 38 1.2
3.8 39 1.7

XN |W[IN|F-

Areaof sub area
The area of each sub-area was estimated (talileet) the results of this estimation was replacesbumation 1.
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Table 4- the area of sub area by kilometers

sub area] Area | sub areal Area
0.01 0 0

0.04 0 0

0.02 34 1.93
0.06 35 1.33
0.04 36 0.01
0.07 37 0.009
0.19 38 0.009
0.18 39 0.01

(N[OOI [(W[IN|F-

Determining culvert diameter in terms of peak flow

Sub-area involving culvert diameters less than rizhés were merged to reach at least the minimumetex
determined. The intervals among cross-section dgarculvert exceed a logical limit; if it led tovemonment
damage. Table (5) shows diameter calculated fon eatchment. Comparing these diameters with thdadlea
diameters in the area, the suggested diameter etasmined.

Table5- A comparison among the available, estimated suggested diameters (cm) in sub area

available | estimated| Suggested available | estimated| Suggested
sub area| . ; - sub area| . ; -

diameters| diameters| diameters diameters| diameters| diameters

1 60 34 60 22 - 24 60

2 - 50 - 23 - 28 -

3 - 33 - 24 - 37 40

4 60 51 60 0 0 0 0

5 - 44 60 34 60, 100 113 150

6 - 51 60 35 100 82 100

7 60 67 80 36 - 28 -

8 60 68 80 37 - 30 60

0 0 0 0 38 - 32 -

0 0 0 0 39 - 29 -

DISCUSSION

Results of this study were not consistent withrtaiural environment. Therefore, it is required &y more attention
to forest hydrology and draining factors for pretveg the erosion and floods in future. Based ondbtermined
instructions in Iran, the minimum diameter for aiwvto be installable in the site is 24 inch. Hoerethe diameter
of culvert installed a little distance from eaclhart can be decreased to 16 inch [8]. Therefors, dlameter (16
inch) was suggested for adjacent sub-area of 224nthe Kirpich equation was used to estimatetmneentration
time, this equation is frequently used for smadlaaf9, 3]. The concentration time has a key rolmé@asuring the
discharge amount [15, 7] in curve number methoekelis a direct relationship between the conceontraime and
the discharge based on the runoff heigtiis finding is also proved by the results of otudy, i.e., less runoff
discharge existed in a sub-area with less condémtraime, therefore, this sub-area needs pipes wihaller

diameter [14]. Forest cover increases the resemalirme for establishing runoffs up to 2.5timespther words,
forests reduce the runoff occurrence to 2.5 tirAssessing the effective factors on runoff dischafygwved that the
maximum runoff discharge will be reduced as theallase type goes towards forests. In curve numbethaed,

water waste level increase as the land use typegehmto forest cover and as the result of thisnpheenon, the
discharge amount will be decreased. Poor hydrologiaition of studying sub-area had resulted ingadr curve
number and more runoff discharge. A 25-year repemod was considered to determine culvert diarsatseed in
forest roads [11, 1]. This time period was selediaded on rural areas located at lower rangesanfsrand the
resulting traffic on that area.

CONCLUSION

Hydrologic studies on forests (forest roads inipatar) are essential to establish hydraulic carwdions. For this
purpose, the study area was divided in to 39 sahsaand then runoff discharges of sub-area wecelatdd via

curve number method. In the next step, the diameiticross section drainage culvert were calculageskd on
runoff discharge and head water related to eacltasedaccording to the results, drainage culv@aimeters ranges
from 11 inch to 62 inch. Finally, to reach the minim diameter installable in the study area, adjeseln area with
drainage culvert diameter lower than 24 inch wenalzined and then they were compared to the availedivert

in the site.
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