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Article Info ABSTRACT

Avrticle type: Background and Objectives: One of the most important consequences
Full Length Research Paper  of forestry project suspensions during the breathing period is the
abandonment of forest roads and their lack of care and maintenance, and as
a result, the deterioration of this national capital. This study aims to
investigate the effect of such suspensions on transportation efficiency, road

Avrticle history:
Received: 08.13.2023

Revised: 10.18.2023 capacity (CBR), reduction of the condition index of the unpaved roads
Accepted: 11.17.2023 (UPCI), and overall network health in Golestan province, Iran.

Materials and Methods: We evaluated changes in the active
Keywords: transportation length and protective control area (200 meters from
Loading capacity, roadsides) of forest roads in 12 projects across Golestan province five years
Protective control, after project cessation. Data from Rezaiyan 1, Sorkhdari, Shamushek,

Transportation length,

UPCI Shast Kalate, Arab Dagh, Loveh 1-4, and Livan 1-2 were analyzed using a

geographic information system (GIS). The protection control percentage
was calculated as the road network area divided by the total forest area.
Additionally, UPCI (Unpaved Roads Condition Index) and CBR
(California Bearing Ratio) analyses were conducted on representative road
types (first, second, and third class) in Shast-Kalate (Mediterranean
climate), Rezaiyan (semi-humid), and Arab-Dagh (semi-arid) to assess
their condition compared to optimal values.

Results: The study revealed a 10.4% decrease in active transportation
length and a 5.2% decrease in protective control area over the five years.
UPCI analysis indicated a decline in road conditions. In Shast-Kalate
(Mediterranean), second and third-class roads degraded to poor condition
(UPCI: 3.9 and 2.9, respectively). Arab-Dagh (semi-arid) first-class roads
remained in good condition (UPCI: 6.29), while second and third-class
(UPCI: 4.23 and 3.97) declined to fair condition (UPCI=5.23). Rezaiyan
(semi-humid) first-class roads were fair, while second and third-class roads
(UPCI: 4.39 and 2.68) deteriorated to poor and very poor conditions,
respectively. CBR values also fell below the normal range, signifying a
significant reduction in network capacity.
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Conclusion: The declining UPCI, CBR, and protective control indicate the
urgency of immediate network protection. Continued neglect will
exacerbate road damage, further reducing transportation efficiency and
protective control. The study establishes critical thresholds for UPCI
failure (4 in semi-arid, 4.5 in Mediterranean, and 5 in semi-humid climates)
and CBR failure (10). Continuous monitoring and timely maintenance are
necessary to prevent UPCI and CBR from falling below these thresholds.
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Figure 2. The map of the protection area of the studied forestry plans road network along with the impassable area.

e UPCL jluie s flqd‘ Y oa=,5 5 ¥ a> s skl &KL UPClL asls ‘5ﬁ§ej|.ﬁ|
J‘)} Cy C,A.M (5ﬂ§b‘)\.b\ )\ 45 C,~w| (_5‘4.:*...’“9 ‘bgl;.. S §l°9 "‘“.x.a.j B8] )jk..adu :dli;,"
(s gle S 8) o gy b ase o3 esle gslas iy 4 UPCL e, Sesll
A5l e 3 s (Gl Jls S (Sl A as s sl ¢5 A 3l e shS v/0 axkad Yo

AR



VELT ) 05l ) 0,93 (IS 9 g (65918 9 pole Sl gy & il

sl ag, aY 035 LS 1 e el sl
NSRRI P SO S SIS MR PN SECR P
Uy bws 5 adsl bl Gk 5l e
Sk b T St LS e 0SS
e aloe 5 S oS5 el gl (S
S St el Al e s pe Sbt avg Sush
255 oS15 o) AASHTO99 il s15 s
el ASTM D1557 5llicl el 2 5 (I pame
Cusbs 5 Sat S Sl 8l 5l e 5 AS
sl 5 eslized b CBR Ske slie caige
Al 683l esl- g5 A Gl ASTM D1883
Sls Skt 2SSV ssie bl sk ol sl
Cogr Zusb, Ol 4 5 ool Hae £ SN S1, S
038 bgdsus 3l w5 5,8 wlol O edelsn
Skl oS5 s S eslial b S L O alS
B 5 s S Gl Of mlan 5 0S| 2e LB s S
2 oles Oy S Sopon 255 13 oaes 5
T e daydle e 3 0 4 S b
R E P R E T e T
o) melid aie sl Al e ol s
YY/0 5 Vo V/0 0 (Y/0 /0 38 s (Sl
cw:)lme sde 53 leslaad b s S 313 C“‘
Syt 3Ll Ll 5 gl 0 5 /0 35 s sdiil 3
Yodsds 43S abes ajllliel Ogta 358
ol 1 CBR plal ooslr wyy 4S5 Cunss

;.,.“.J.bx a&w)gﬁy
G;w)l..':éem:,:ljé

CBR= x100 )

})‘uull.w' )L.i.é

Yy

TIPS XTSI RS- S S P8
5l e Jle 6 UPCH slags Seslnl (V) L
plml 5 092 Sl 5 s sk by

el y) A

)

UPCI=10 - 1.16CR - 2.25PT - 1.47ER -
0.33RT - 1.560A — 1.58CW
S el oslr 043 £lse b gl s S CR Ol 5 &S
5 Al e o ol (Sl o pon
Oy jeile 4 e g e 4D S0l
A3 Sils 5 Jol 51 S L PT i
e w0 daS sl 5 S Ges 3 JbS
S5 e S Ghle L ER e ooy
Ol & L2k o (il pate 5 03 g edlr i
O g 5 emle 05l Sk Ghle Ges
Ll O gl ) sae aib e gl Ve Sl 5 e
oSl Sypon S Ssllls RT s sl
23 0ked i op S omb s VL e 53 see 4bold
R B TIF KCAIS [PSviape
Stle g cdns ael e ol OA s s
23 Sl pre SO Sgen s AL e ol
0 5l 5Son b oGl O3 s Sose
CW e dalys Bl of gl Vo sde e slo
5ol O g 5 el bpe Jdsn ssSOL
2o A3l Sl p 2 ey Sl U ol
ol 5 210 e Wik o bl axlln o
sarass Ol 4 ) e LaL anilsy wlul sl
(O dsa) b e
o) 52 i K sleslr 4Ss CBR (g 15051l
S gleslr SIS el Ghasn Sl iy
Sty Sbt L Vool 4w 5 55 oSS 4



Ol)Se g g3l cpaal [ o (g Il g ,b By slaely (ow)

(\ ') alises ‘S\AV,U‘ BL) e.\.‘bdﬁ)oﬁ ‘5\.&3.:\:.- 6',3 UPCI ﬁbu.a -\ J}.&’

Table 1. UPCI values for gravel roads in different climates (10).
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Table 2. Pavement condition according to different CBR values (22).
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Table 3. The length of transportation and the protective control of the road network before stopping the
forestry projects and starting the breathing period.

o o o3 o35 Ll Sk oS5 G s A dsk
bl () s O s ) Gesa) (e 5kS) S gb
Monitoring ~ Monitoring area Density Transportation Forest
percentage (ha) (mhal) Area (ha) length (km)
10 1327.19 2.06 13271.86 27.33 Rezaiyan ol,ls,
11 1296.09 5.22 11537.16 60.23 Sorkhdari (gl
72 1233.36 17.50 1713.00 30.00 Shast Kalate <58 cas
30 2835.09 9.60 9450.31 90.77 Shamushek <L ya
32 2272.42 16.65 7101.03 118.23 Arab Dagh ¢l>e ¢
60 1121.74 18.50 1869.56 34.59 Lovehl ) o
50 1599.57 12.53 3199.14 40.10 Loveh2 Y .
45 1187.07 13.27 2637.93 35.00 Loveh3y .l
40 1143.72 13.12 2859.31 37.51 Lovehd ¢ .
55 865.37 20.15 1573.41 31.70 Livanl ) ol
50 672.84 13.61 1345.69 18.31 Livan2 Y ol )
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Table 4. The length of transportation and the protective control of the road network after stopping the
forestry projects in the breathing period.

o o do s o5 ool sk oS5 6 erls sA5dsb
S GBS e s 20 (s (asks) S b
oo MO0 Dyl Awsm T
4 530.87 0.84 13271.86 11.12 Rezaiyan ol,ls,
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40 1055.17 11.91 2637.93 31.43 Loveh3 Y .
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Table 5. UPCI status of the top layer of the forest road in ShastKalate forestry project 5 years after the
cessation of forestry projects.

Voar s el Yoaz s ool Vo) el oslx J b axks U
Third grade road Second-grade road Main road Road length Code
2.23 3.34 431 500 1
2.73 3.82 5.35 500 2
0.20 1.34 4.96 500 3
0.75 1.77 6.70 500 4
0.81 1.95 5.38 500 5
111 2.28 5.38 500 6
4.06 5.94 6.21 500 7
3.55 6.02 5.86 500 8
3.26 4.27 6.19 500 9
4.25 6.17 6.21 500 10
3.66 4.66 6.20 500 11
3.06 3.91 6.18 500 12
2.55 3.74 5.53 500 13
1.68 2.80 5.39 500 14
3.32 4.46 6.93 500 15
4.63 5.71 6.16 500 16
2.35 3.43 5.98 500 17
2.61 4.38 6.08 500 18
2.61 4.06 5.84 500 19
2.59 3.89 6.21 500 20
2.60 3.90 5.85 Sl
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Table 6. UPCI status of the top layer of the forest road in the Arab-Dagh forestry project 5 years after the
cessation of forestry projects.

Voo ool AR SEREES Vs el o3l J b axkd S
Third grade road Second-grade road Main road Road length Code
3.97 4.07 6.80 500 1
4.06 4.45 6.18 500 2
4.08 4.18 6.06 500 3
4.30 471 6.72 500 4
2.00 2.40 5.53 500 5
5.21 5.21 6.11 500 6
4.71 5.07 6.96 500 7
5.53 5.68 6.13 500 8
5.01 5.71 6.28 500 9
2.19 2.29 6.21 500 10
3.88 3.98 6.85 500 1
4.15 4.49 6.12 500 12
3.94 3.97 6.21 500 13
3.96 4.22 6.16 500 14
2.74 2.82 5.67 500 15
1.59 1.61 6.21 500 16
3.39 3.90 6.17 500 17
5.65 6.52 7.00 500 18
3.98 4.24 6.30 500 19
5.00 5.12 6.18 500 20
3.97 4.23 6.29 e
UPCI
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Table 7. UPCI status of the top layer of the forest road in the Rezaian forestry plan 5 years after the cessation
of forestry projects.

Y oa s o3l Y a3 ol a3 el ol J b axked IS
Third grade road Second-grade road Main road Road length Code
2.52 1.95 2.21 500 1
2.42 3.33 5.67 500 2
3.13 4.25 5.96 500 3
1.52 4.55 5.74 500 4
2.54 5.63 6.74 500 5
2.23 2.82 3.18 500 6
2.56 3.15 4.64 500 7
421 6.01 6.21 500 8
4.15 5.62 5.78 500 9
2.36 441 5.43 500 10
2.49 5.37 5.69 500 11
2.97 5.60 5.84 500 12
2.58 3.17 4.65 500 13
2.43 317 4.65 500 14
3.27 4.38 5.90 500 15
4.03 6.07 6.17 500 16
3.14 4.98 5.24 500 17
1.60 3.16 4.65 500 18
2.52 4.40 6.09 500 19
0.92 5.77 5.22 500 20
ke
2.68 4.39 5.23 ok
UPCI
7 -
6 1 [
5 b
_ 4 I
o I
5 31
2 .
1 .
0

Mainroad \ a>,»  Second grade road Y 4>,» Third grade roady >,

Road type X ool> 45

53 0 el el 3 (S 5 09051 bl S glaosl> gl UPCI liis sl ¥ IS5
Figure 3. Comparison of UPCI value of forest roads based on Tukey's test at a 5% probability level.
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Table 8. CBR changes of forest road bed soil 5 years after stopping forestry projects.

(/) CBR il Ol 30 CBR PECPHES
CBR reduction (%) Forest road
12.36 7.64° Main road \ a3
11.28 8.72% Second grade ¥ 4> ,»
13.89 6.11% Third grade ¥ «> s
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Table 9. Statistical comparison of CBR values before and after stopping forestry projects.
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