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Background and Objectives: The construction of a forest road disturbs
the natural balance of water flow in the forest area. This balance can be
maintained to a large extent by installing culverts and building side
channels in different traffic routes. Culverts or drainage structures, as well
as the road surface, often reflect anomalies caused by varying traffic
intensities on the road surface. These enable a road manager to determine
the severity of destruction and timely protection.

Materials and Methods: In this study, the static and dynamic anomalies
of culverts and surface of forest roads at different traffic levels were
investigated in district #1 of Reyhanabad and Pajim of Al-Ghadir Khalil
Shahr forestry plans. First, specifications of all culverts (pipe or concrete)
including thickness, diameter, length, depth, culvert installation slope and
angle, road slope and flow rate of the culvert were measured using a
clinometer and tape meter. The discharge rate was calculated by measuring
the flow cross-section and flow velocity as a function of hydraulic radius,
Manning's coefficient and flow slope. In the section of static anomalies, the
health level of culvert in 4 classes and the condition index of unpaved
roads (UPCI-unpaved road condition index) were measured. The dynamic
anomaly includes the amount of culvert vibration during vehicle passages
was calculated using a vibrometer.

Results: The results showed that with increasing culvert installation depth
and traffic levels, the numerical value of UPCI decreased. The lowest
UPCI values were recorded on slopes <5%. Culvert health increased with
increasing installation angle. The lowest values of culvert health were
measured on slopes < 5%. In general, the lowest level of vibration was
measured in the case of unarmored culverts that were installed at a depth of
50-100 cm, with a slope of 5-8% and an angle of 100-120 degrees on road
with low traffic. In routes with a traffic intensity of > 4 vehicles per day,
the culvert vibration level was estimated at 2.24 Richter while it is
estimated at 1.99 Richter on routes with an intensity of < 4 vehicles per
day. The culvert reinforcement and depth had a positive effect on the
culvert vibration level.
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Conclusion: Loading capacity, timely stabilization of the road, shear
strength, compaction, implementation of consolidation operations,
consideration of hydrological properties (number of culverts, water flow,
slope cross section and moisture regime), and the creation of ponds are
necessary during road construction and culvert design, as they can affect
the health of the road and its effectiveness over time.

Cite this article: Rasooli-Akerdi, Yadollah, Lotfalian, Majid, Parsakhoo, Aidin, Nasiri, Mehran,
Akbari, Hasan. 2023. Behavioral assessment of the culverts condition and the surface of
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Table 1. Health code for Culvert.

X Slasiia XS o led
Code specifications Code number

dﬂﬁ;w{d}.&;}bdﬁ Jlagl QJ.L cSJj Q}J.a 46>)M)L5_<2§J§ u)_b AVJLMSM[S)KQI

Completely healthy culvert, without clogging and blockage, without cracks, without
disconnection of pipes and without damage to the pipe bed.

3o Y 5l 508 bd d Jladl o s Yo 5l 508 S 5 e Ao s Yo 5l 508 el A YL cedl

sdidaeds oS s 2
The health is over 80%, less than 20% blocked, less than 20% cracks, less than 20% pipe
separation, and the bed is slightly damaged.

gt il s 3 atein oS Ladd ) Sl (Gasie ) IS 53 S 5 s Lo Yo 51 5
.C,vwla);\.x.:i 3

More than 20% blocked, the cracks in the whole pipe are clear, the separation of the pipes is
clear and the bed is noticeable.

el L}J\)‘S QJJJS’L@&):)MSMS)K;JI
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The culvert is completely blocked and practically ineffective.
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Figure 2. Measuring angle, diameter, thickness and length.
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Table 2. Specifications of the indicator factor of the condition of unpaved roads.

Bl e oAb
Explanation of failure Failure name

aJl;_- Q.L.Z C\)ﬁ L_l‘é\a;;
Shutters or undulations of the road

. . .. _ CR
Syt Ol e Sl Jiste mge e dbl (p S ml 5 0 SV e (63 500 4boll (ke ) o

The average vertical distance between the highest and lowest points of three consecutive waves
is expressed in centimeters.

ds

the hole

‘.Lﬂdagwo‘u.Gﬁfﬁgdlgzl@):w);jk}wfipgﬂyu)l PT

It is obtained from the product of the average diameter and depth in the number of holes per
square meter

s
Erosion

OT&%)F&L&O)";‘Ji?:&b}w%dtﬁ-.w‘éiwwjaéﬁb}le-w;f:&ﬁ)"\?b:ﬂ ER
Al gt Bld OF (gl ) sde il ze sl Ve 51 5

The result is poor road drainage and is a virtual variable. If the depth of erosion is more than 5
cm and its width is more than 10 cm, the number 1 will be considered for it.

Sl
Grooving

. e e . . RT
.Jugjbwj'cﬁsjsl.wl)! ahdian 5o 5L dad Sl 5 o SVL s (65 50 Aol Sl

The average vertical distance between the highest and the lowest point of the groove in three
points along the wheel track in centimeters.

Solws,y bl js cld s a5l A oly3
Excessively coarse particles in the pavement structure

- _ OA
A el Bl ol gl Y osae e mle 051 5855 b gl D3 Caal 5l G 95 Oy gee 53

If there are more than half of the particles equal to or larger than 5 cm, the number 1 will be
considered for it.

L’)TCUJabl?gféf J‘:‘éﬁjé
Transverse profile of the road and its crest

. CwW
ACU bl sl gl oY sde 5 O s Cuns g 0 /0 sue ub.J‘}?.'&:ﬂ:!«éjt{Cu Sl o sde

A value of 0 for a crown in good condition, a value of 0.5 for a relatively good condition, and a
value of 1 for a poor crown structure.
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Table 3. Quantitative and qualitative values of UPCI (21).
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Table 4. Correlation between the technical characteristics of culverts of forest roads in static and dynamic condition.

13 12 11 10 9 8 7 6 5 4 3 2 1 s
1 1

1 0172 2

1 0106 0254 3

1 0.003  -0.324 0342 4

1 0110 0149 0173 0222 5

1 0569  0.102 0.106 0082 -0.184 6

1 0.10 -0.380 0331  -0.101  -0.146 0173 7

1 0369 -0.213 0453 0.180  -0.341 0063 0007 8

1 0.127  0.097 -0.268 -0.129  0.023 0029  -0.039 0012 9

1 0111 0186 -0236 -0.195 -0.196 -0.010  -0.040 0187 0095 10

1 0148 -0219 0295 -0.109 0136 -0.069 -0.347  -0.191 0649 -0415 11

1 0.045 0037 -0.165 -0.143 -0.462° 0102 0435 -0.266  -0.357 0.134  -0.218 12

1 0687 0139 0291 0061 0187 -0.137 -0.210 0.090 -0.144 -0.448°  -0.011  0.145 13

.z} 435 (Thickness csl=.s (Reinforcement s, G G F T ST ) A @ AV A0 d XY D s

Road gradient o> _.i dength Jg Assembling depth .2 ;.e Length slope J,b —.& Assembling angle

5 Culvert vibration ;i8S 25 5 Number of Traffic (3l s Diameter L3 Discharge s Health cwd. UPCI iz
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*and ** respectively show significant correlation at 5% and 1% probability levels
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Table 5. Analysis of variance of the effect of some technical characteristics of the road and culverts on the
UPCI index (static variable).

Sols sme cla« Flada Sl e 0L Sl e ¢ yores ;;Ul 4’.‘); JEvg
P value Fvalue  Mean of squares  Sum of squares ffegerggrg Independent variable
n_,<43‘ RINGEN Vo
0.015 8.231* 15.217 15.217 1 =l o
Number of Traffic
Bl s
0.445 0.768 0.365 0.365 1 T _’b
Culvert diameter
K i
0.127 2.507 4.634 9.269 2 I
Culvert discharge
-] l?' v—u-il
0.035 13.295* 6.424 6.624 1 e
Road gradient
Kol
0.825 0.058 0.028 0.028 1 Al
Culvert length
-/UI e
0.445 1.072 0.511 1.021 2 Al et G
Culvert assembling depth
Kl ews
0.842 0.182 0.086 0.173 2 S
Culvert slope
Bl s 4yl
0.572 0.400 0.191 0.191 1 I R
Culvert assembling angle
Kl culses
0.306 1.154 2.134 2.134 1 = ]
Culvert thickness
K i
0.430 0.671 1.241 1.241 1 At o e

Culvert reinforcement

* Significant at 5% level
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Table 6. Analysis of variance of the effect of some technical characteristics of the road and culverts on the
health of the culverts (static variable).

s e F i Slas o Sl oo ¢ soms el 2 JENUREE
P value Fvalue  Mean of squares  Sum of squares I:;egree of Independent variable
reedom
0.255 1.444 1.178 1.178 1 -
Number of Traffic
Kol Ls
0.835 0.051 0.048 0.048 1 TS _"]”
Culvert diameter
Kol
0.879 0.130 0.106 0.213 2 2T
Culvert discharge
a:l;- v....:t
0.050 3.080* 2.860 2.860 1 T
Road gradient
Kol
0.351 1.212 1.125 1.125 1 STk
Culvert length
0.309 1.784 1.657 3.314 2 o
Culvert assembling depth
Kol e
0.325 1.672 1.552 3.105 2 R
Culvert slope
)Jgui [ q;l)'
0.045 3.130* 2.907 2.907 1 T
Culvert assembling angle
Kl Coles
0.686 0.172 0.140 0.140 1 s ]
Culvert thickness
Kb
0.262 1.398 1.140 1.140 1 At o s

Culvert reinforcement

* Significant at 5% level
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Table 7. Analysis of variance of the effect of some technical characteristics of the road and culverts on the
vibration of the culverts (dynamic variable).

Solssme pae F i Slay yo 5SSk oo ¢ samen @3l e it ie
Degree of .
P value F value Mean of squares  Sum of squares Independent variable
freedom
n_,<43‘ RIS 0o
0.000 146.18** 0.268 0.268 1 S o
Number of Traffic
Bl s
0.912 0.013 2.435E-5 2.435 E-5 1 Sl B
Culvert Diameter
K i
0.325 0.364 0.002 0.005 2 IS
Culvert discharge
ool
0.204 2.033 0.004 0.004 1 >
Road gradient
Ko
0.492 0.536 0.001 0.001 1 At
Road length
0.006 13.260** 0.024 0.049 2 e
Culvert assembling depth
Kol -
0.004 16.750** 0.031 0.061 2 A b s
Culvert length slope
Kl e sl
0.003 22.035** 0.040 0.040 1 ST R
Culvert assembling angle
Kl culses
0.662 0.212 0.000 0.000 1 = i
Culvert thickness
Ko
0.000 67.542%* 0.124 0.124 1 A 2 e

Culvert reinforcement

** Significant at 1% level

4

Ao 53 48 Jlea! mlaw s s s ™



VEAT ) 0)lond v 093 (K> 5 g2 (55918 9 poke Lo g5y 4 pal

s (b e e Sk 53 (i) LIEOT 55 5 cwdes UPCH Comd s A J g
Table 8. UPCI status, health and culvert vibration (Richter) in different classes of independent variables.

£l Ol ol £ e Ol ol
F 3 7 )", 7 UPCl £ jLxs ol il . .
ST a5 ) ST L o ok e
) j Criterion deviation .
Standard deviation  Standard deviation + UPCI Classes Independent variable
+Culvert vibration +Culvert health
1.99+0.15° 2.30+£1.06 6.67+1.32% 4> Sl oas
Number of Traffic
2.24+0.12° 2.00+0.82 6.24+1.75 4< daily 5, ;5 slax)
2.06+0.19 2.25+0.96 6.28+1.39 50-80 BRYIR
Culvert Diameter
2.21+0.13 2.00£0.92 6.71+1.78 80-110 ©m je sl
2.04+0.14 2.20+1.03 6.03+1.82 0.4-2 El
o (@22
2.23+0.16 1.80+0.84 7.09+1.38 2-4 Culvert discharge
(M5 45t s nSa 20)
2.15+0.18 2.40+0.89 6.67+0.84 4-6 ’
2.16+0.16 2.00+0.85° 5.94+1.54° 5> o3l
Road gradient
2.06+0.21 2.37+1.06° 7.23+1.21% 5< (percent ass)
2.12+0.17 2.19+0.98 6.63+1.51 6-9 ST Jk
Road length
2.11+0.26 2.00+0.82 5.73+1.58 9-13 M )
2.11+0.14° 2.00+1.05 7.04+1.27 0-50 o ..
Bl i e S
2.07+0.27° 2.33+0.82 6.02+1.87 50-100 Culvert assembling depth
cm e sl
2.21+0.09° 2.25+0.96 5.64+1.28 100-150 7
2.09+0.16" 1.86+1.07 6.01+2.03 1-3 ST Jb o
2.19+0.14° 2.44+0.88 6.80+1.11 3-5 Culvert length slope
1.99+0.26° 2.00+0.82 6.43+1.57 58 (degree «->)
2.13+0.21° 2.000.82° 6.29+1.45 80-100 AT sl
Culvert assembling angle
2.10+0.13 2.43+1.13° 6.75+1.73 100-120 (degree 4> ,>)
2.12+0.19 2.11+0.75 6.15+1.49 5-10 )K%’I Coalses
Culvert thickness
2.12+0.18 2.18+1.17 6.82+1.58 10-15 em s sl
2.08+0.13° 2.00+1.01 6.29+1.73 ch s 3
Unreinforced P
a — Culvert reinforcement
2.14+0.21 2.27+0.87 6.65+1.30
Reinforced

Sl 0 sy S sS4 S e 5 M3l o o 3 B 5 (63508 Jole Bl Sl eiasilis S8 5 S5 oY Gy >

Uppercase and lowercase Latin letters indicate the relationship between the vertical and horizontal factors in the table
and are arranged in order of uppercase to lowercase
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