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Figure 1. Location of the studied area in Babakoh forest, Siahkal city, Gilan province.

Silwdnsd 593 30 3 (2 Jro Clu b &S (gysb 4
oobol g0l Adgr 8okl das 05 slacyled Sl 4
dole g Wl o Candty redld bolas clayloj o]
plsl CPM (slaaSid Jgone (i29) & 059 JS (lej
P dghie e 590 B 0fan JeoSS E)l g 485
oela] loj &Gl 4 dagi b ) 5Cig0 (gilwand by,
L Olule calisee glaygy o culled jady onds o3
M &S B U.Sl).xg L;me C)‘-’.])'.’t'f ol QsLé.;’.,o )§;A§.:
b sl (Sas Sgdise ot Slulme Gilises (glnygd
O sy ) st ) (S ol sl gline 05,
Se Sl Gl e S (908 AT Sl 4 &S
ofon cbrdle I S a &Syl o] phe @S
e plxl lp (V0] wleiie et 1) N9d Slw
Sllas & bgye 09y slacdld ol ) Jlcsse (g5lo
> pshile (pds S pasule gl 4 beye oloj 9 (SB
dibio o 0 5, SB 5 bhpSE i SB clle
P9 e Ve it Glaje 3 (2pe gblie gy )
hlin 5 s G i 53 s Ve S e (slages
7 SB Olles a5 A gy Ollas el jl ey o4
Sl g plely el wd) wl wly Gl Cwpd bl
dibaio wo> o S 2d)S pbul WAF Lo olS3g,3
Sy SSE g GbpSh ggyd e g)bpsh
ddsyo o p> b 5pSojlul g e by ab e Wb
Coomd 9 2 L;B Slles > El):'d.wl dl).g
2 okl gblie (S0l g, 3l 3 SB 9 )b S
s pdppin ol (o i olge gy dib cua (V)
4 b odlaiwl Dg oads &1yl ME &S g0, lniliwl suiy 45 yn
23 SBse plyyin g )8 (B eluly & e
Lo g L:.wlj_b ¢(u_fl$) ()L‘" ab 4w o OL’I u_'xb.w
Laib o gloj g po g b 03l )13 (Atwgy (Kiw)

3l gy Brob 5l dsr g Oloj gl
o i

Copde sl (Shou e (8L ofgp JHUS Cone
Oloj ggome 15 Casl I3y lojag cuenl I 039
0392 Pl (loj (0 5olisS e (nl 4 bgrye slacled
ool oy el ol ooy s b g mde ol |y
bedlad plxl Gloj (gt Bl )3 A8 (oo s 5 0390
P &S uxlad pie 4 dn g b Gl odd a8,S o > alad
st slagdyy Sl Glgioes 2 sg2g lacld el loj
olej Casbly 3 38 odlatul o9 JooS (loj e 2
S8 L oggpel ABL e Cosdad phe gl b plog]
b} Slulxa oM CPM 4 PERT il _pla s,
Sopp djp Wlo (mlie gbans g yarass i (Dl
e o BB lo g 4 dilge g i g (Sl
sy ] slaple) 5 el 8B glaojyn
5 glboley ly et <l sl CPM
sl glagle; bl Jy i) slacald
sadld gl cojgy slp .l cwwlio PERT o,
Uhoy 35 (V) el yaslie GERT 5,8 sl
At (Soted b odee 0BMS) l)s CPM ,PERT
90 cpl 0 beld pbxl floj e dpuloee yog, laad asly
PERT g, ,» bedld olojcse 5yl 55 ol cglie
olej npdeize ICPM 3 g el 5)50 loj bawgie |l
sl 3) oy Ko i 4Sub 9o odlitel Ses
S )0 dgry (595 adly BT U g £oyd 4 addly
s oy b g ol el plej Yl el
Dy oo LS Sy

Dby 3 1l 039 ploj (s32)aaby > SV lais] alins
Silodnd 5SS onl ol 5l w9 A8 golae ©p
Tohae ofx Oloj pepast ofgy Gluwbxe ;3 o 8ige


http://dx.doi.org/10.52547/ifej.8.15.128
https://dor.isc.ac/dor/20.1001.1.24237140.1399.8.15.13.6
http://ifej.sanru.ac.ir/article-1-297-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-08-18 ]

[ DOR: 20.1001.1.24237140.1399.8.15.13.6 ]

[ DOI: 10.52547/if€f.8.15.128 ]

WY

by Jloys 55 o Jloys lto cilisen (slage i A5lo ileo
I 38 g djp @iy 08 imen 3l 3529 g O
Sy gjlwoslel 51 e .l @ly) LB Spread 458
@ ol Gy 5 Jll cags Cose & e g ol
el ey sl plogl LB S ige 3T plocl o Jlsdle
Run Risk  aui5 Sy (om0 jl o) 5cig0 (g5lodnd
090 Vere |y oilwdndd jod dlaai 5 bl 1, Analysis
2 b Gloaws ol Ol w45 935 o 3y9lp

(V) Gl 8ly] L5 l905 JB

oo )5S 93 (55 e ) pilins ofgn > Cuiibse
G loojoy 3 oS el Llulid 550 (gl coul
BURYW wyﬂ Slyyzs jl edlaisl 5 Cuwl sud plol
5 o] loejgn oy Ela lsis 4 ondy claelyy
9o eegd 5 Sl O I (B Gen I cuile
JB U258 el yal cpl sl o9 o (s yalp
63k 298 U ofon (59) L CIMUe wfyn sl
33,8 30551 o b ablie (gl a3 colaylSal, 5 ord lulid
hats glaodls oozl PERT jigy ol Gun .(A)
5 4525 yohateds Cusl 09 (e glS (a5 Sww)
iz glacdld ploj I red dw cgaiglej Jdod
Oy &S " Jaime Hlade" pess J(A) A &l)) 039
a5 503 pedS 93 09Ma > dgzg ] 2usy (el Jleas!
ol (S a8 o o 1) Jeiee Hlade Gl o3l
ool )3 el Mailin hes e (6,505 5 il jlase"
@iy 3 odiial b1y (295 slagjy PeIt Julod g 4520
LS o e iyl dw oyl 5l g pSosma b g beta
ooly cals Clles )lo,Sl el olej (¥) S
ol adgl o el 0 o3l Linles Ltlie e L,
o 4 dilidy g Wl bsS Gloj Grizrad g Cul g, VY
(Y JS5) cul sl cand ey Mg WY lp

WALl g o /N0 olast /i Jlo ) (sla IS wlipsy

O G Wb G diwen (Sow Gloj by ) eolatwl
haw SBlge g 55l glaib 4 5> gate p aS
il pimen g (Wl Syl Sl 3pSe )8
W odliiw] Cumnde > ile 3, Slos yoluol

P i B )3 0fgp die g loj silwdnd ol
I osaie cpdy w285 plosl ofgn saugle; 4Sud 59
N38le s cpyisd,) 51y ol olgs o a5 Pert Master 3315 3
&S ool> ci e Slles 659y b oltol Aol divoj Oﬂ‘ 5
psl Jolye (oles e85 ol jg) N0 ploj e
bl 05 gl Colld 10 LB 3 S clles
2l Koy 5 g5t bl 5 ol plsl olej L ol jen
W3S o dnslome il ol 4 dje el Il
5 drwlre s 4o ggene | wh 0fgn JS anje
Ndley o oyl Glasuie 5 eyld )8 s)l? 5o
sobaieds 85 pboul (giluwand 9 Suny LI dbgye
s jl a8 Duration Quick Risk ;I ¢jloj (sjlwdud
sba Jiso cpl o b edlitel Cul e ywd B Risk
ol (gl dw 2500 Sy me g0ty Gloj 29l
Likely  (alwoss) Minimum Duration L;
4k;) Maximum Duration 4 (e (le;) Duration
gl pler Jeizwe gloj Ygene 33,5 oo e (Wl
oles ZV0 &l pes floj wanl CPM 5 el ol
ab)S e Jeie ol ZVYD wlinds dlej 5 oo
Sl @)lse S S0 (N Jlenl @ig e
L Pert Master .53 o gu s 6% ojl oyl jd cullad
@iy Wl WS Gnihn ojon obj Gl @iF &g
o ol Jloy @iy 9 (Hie @jgf d(hbatuns) CE16S
P &iF pidee & (e @iyl adlas ol
(A) 5 ool conl (g3le glo oyl

oo g ol el @ig g auge By ca
gy oS o bl |, Resources 4u;S Plan

Distribution Triangle
PAINImMumm 11
Plost Likely 12
PAaximum 19

1z

11

SB Glles ploal floj Slilie &5 =Y IS5
Figure 2. Triangular distributions of earthwork time
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Figure 3. Probability distribution for time of earthwork completion
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Figure 4. Probability distribution for cost of earthwork completion

3 b g s ol &5 sl odgr o Ar 3yl
2 (V) sz 9 Jed¥l o) ool calo ofgn (39 15K,
So5g5 duo > OY LS &S Nduw)y dons pl 4 395 dalllae
agip Bd Wldiwily gl jodS o el wSle cilw
Ui 4u3a b o yd YO oS by i p pledl 4 (63,91
Loyd £ S g Wlodw ploil & gty e
oddgnpln Mo I S ojen pleil anje Waojgn

@ olawd Jas! &8 ob ol anie Jlis! iy gubs
P s Giludnd 4 w2y b odd oy g
O BB &S Canl Jbs > ol il 0395 Juoyd VY 250>
039 ke Glog (ygele FO U YA ) aieS g dinidiy Hlade
Yl Sy Sl Wlg o olida aes pl &5 fcul
» s 4h3p olosi aekeo OV 13, (S Slls o
Jlial hls auie @i Jlage 3 adlas 350 adlate


http://dx.doi.org/10.52547/ifej.8.15.128
https://dor.isc.ac/dor/20.1001.1.24237140.1399.8.15.13.6
http://ifej.sanru.ac.ir/article-1-297-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-08-18 ]

[ DOR: 20.1001.1.24237140.1399.8.15.13.6 ]

[ DOI: 10.52547/if€j.8.15.128 ]

WYF o590 LT 51 oolitul b (S (sloodly el disn g loj (¢ jlodunsd

Olas (il Caa 3 Poe (B Mg g ojon Copte 1 Sy I Sk 35 (pl @l JSsbar sl 0dg
A5l Lmo}‘s)g_ 5 Caalad pis u““‘" L;lm:\:(éli RTINS Caw! ulio LSL'“')L? il 039, (92
ey cwle gyl pl ohl5ige B9y 8 2l (LS B

b

1. Alashwal, A.M. and M.Y. Chew. 2017. Simulation techniques for cost management and performance
in construction projects in Malaysia. Built Environment Project and Asset Management, 7(5): 534-
545.

2. Aruga, K., J. Sessions and A.E. Akay. 2005. Application of an airborne laser scanner to forest road
design with accurate earthwork volumes. Journal of Forest Research, 10(2): 113-123.

3. Aruga, K., J. Sessions and A.E. Akay. 2005. Heuristic planning techniques applied to forest road
profiles, Journal of Forest Research, 10: 83-92.

4. Bi, X., Z. Chen and L. Li. 2015. A New Algorithm for the Risk of Project Time Based on Monte
Carlo Simulation. In Proceedings of the 21st International Conference on Industrial Engineering and
Engineering Management 2014. Atlantis Pres, 463-466.

5. Easa, S. 2003. Estimating Earthwork Volumes of Curved Roadways-Simulation Model. Journal of
Surveying Engineering, 129(1): 19-27.

6. Ghajar, 1., A. Najafi, A.M. Karimimajd, K. Boston and S. AliTorabi. 2013. A program for cost
estimation of forest road construction using engineer's method. Forest Science and Technology, 9(3):
111-117.

7. lsaksson, T. and H. Stille. 2005. Model for estimation of time and cost for tunnel projects based on
risk evaluation. Rock Mechanics and Rock Engineering, 38(5): 373-398.

8. Jada, k.h. and S. Rozbehi. 2015. Project Risk Management Using Pert Master, Kian University Press,
Tehran, Iran, 640 pp (In Persian).

9. Ji, Y., A. Borrmann, E. Rank, J. Wimmer and W. Ginthner. 2009. An Integrated 3D Simulation
Framework for Earthwork Processes, In: Proc. of the 24th CIB-W78 Conference on Managing IT in
Construction, Istanbul, Turkey. 29-36.

10. Kochenderfer, J.N., G.W. Wendel and H.C. Smith. 1984. Cost of and soil loss on™ minimum-
standard" forest truck roads constructed in the central Appalachians. Res. Pap. NE-544. Broomall, PA:
US Department of Agriculture, Forest Service, Northeastern Forest Experiment Station, 8 pp.

11.Kwak, Y.H and L. Ingall. 2007. Exploring Monte Carlo simulation applications for project
management. Risk Management, 9(1): 44-57.

12. Layton, D.A. 1990. Forest road construction cost equations for the central Appalachians. PhD Thesis,
West Virginia University, Virginia, USA, 180 pp.

13.Li, J.Y., SJ. Zhou and Y.C. Li. 2005. Real estate portfolio mode based on information entropy.
Journal of Hebei Institute of Architectural Science and Technology, 22(2): 76-80.

14.Liu, X and Y. Wang. 2004. Evaluation and control of the lead -time risk of the system integration
project with risk transfer algorithm. Operations research and management science, 1: 38-43.

15.Niazi, A., J.S. Dai, S. Balabani and L. Seneviratne. 2006. Product cost estimation: Technique
classification and methodology review. Journal of Manufacturing Science and Engineering, 128(2):
563-575.

16. Pazhouhan, 1., A. Najafi, A.K. Rouhani and J. Vahidi. 2017. Effect of Subsurface Materials on
Earthwork Operation Costs of Forest Road. European Journal of Forest Engineering, 3(2): 44-51.

17.PMI. 2004. A guide to the project management body of knowledge (3™ edition). Newtown Square,
PA: Project Management Institute, 216 pp.

18.PMI. 2008. A guide to the Project Management Body of Knowledge (4™ edition). Newtown Square,
PA: Project Management Institute, 460 pp.

19. Shahbaznia, M. and S.A. Taleghani. 2010. Simulate the time and cost of the project with Monte Carlo,
06th National Congress on Civil Engineering, Semnan university, Semnan, Iran.

20. Shirmohammadi, H. 2015. Project control and management, Arkan pres, Tehran, Iran, 41 pp (In
Persian).

21. Spagkova, O., J. Sejnoha and D. Straub. 2013. Tunnel construction time and cost estimates: from,
Prague, Czech Republic, 8(8).

22.Tan, J. 1992. Planning of forest road networks by a spatial data handling-network routing system.
Acta Forestalica Fennica, 227: 1-85.

23.Zhou, F.M., M.Y. Zhang and Y.B. Yuan. 2011. Risk of Project Time Based on PCA-GA-BP. Journal
of Engineering Management, 5: 14-18.


http://dx.doi.org/10.52547/ifej.8.15.128
https://dor.isc.ac/dor/20.1001.1.24237140.1399.8.15.13.6
http://ifej.sanru.ac.ir/article-1-297-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-08-18 ]

[ DOR: 20.1001.1.24237140.1399.8.15.13.6 ]

[ DOI: 10.52547/if€j.8.15.128 ]

Ecology of Iranian Forests Vol. 8, No. 15 Spring and SUMMEr 2020 ............ccoiiririniinieenisisiee ettt s sese s 135

Time and Cost Simulation of Forest Roads Construction Using Monte
Carlo Analysis

Iman Pazhouhan!, Omid Fathizadeh?, Abolghasem Kamkar Rouhani®, Javad Vahidi*
and Akbar Najafi®

1- Assistant Professor, Natural Resource and Environment Faculty, Malayer University, Malayer, Iran
2- Assistant Professor, Ahar Faculty of Agriculture and Natural Resources, University of Tabriz, Ahar, Iran
3- Associate Professor, Faculty of Mining, Petroleum and Geophysics, Shahrood, Shahrood University of
Technology, Iran
4- Assistant Professor, Department of Mathematics, Iran University of Science and Technology, Tehran, Iran
5- Associate Professor, Faculty of Natural Resources, Tarbiat Modares University, Noor, Iran
(Corresponding author: a.najafi@modares.ac.ir)
Received: January 30, 2019 Accepted: April 23, 2019

Abstract

Project time and cost are one of the issues and challenges that employers and contractors are
facing whit them especially in the forest area. One of the most effective tools that used in
prediction and risk analysis is Monte Carlo analysis that Based on the production of random
numbers, the number of single components of a set is computed and find out their effect on the
whole set. In the traditional approach to project control that still dominates in most national
projects, estimating the probable time and budget of the project is still unpredictable to
managers and experts. In this work, we tried to present a model for considering the probability
and risk in estimating the probability of completion of the project by given time and cost of
project termination in a forest area using a case study and software capabilities (Primavera
Pertmaster). The results of the probability distribution revealed that the probability of reaching
the predicted budget was approximately 13% according to the Monte Carlo simulation.
However, the difference between the maximum and minimum values varies from 39 to 650
million IRR, which results in a high risk of the operation of the land operations, which indicates
the high risk of the earthwork operation. The real cost of earthwork (570 million IRR) in the
study area at the cost allocation chart is estimated at 90%, which also confirms the riskiness of
the road earthwork project. Finally, the Monte Carlo simulation method, with the successful
prediction of the risk of earthwork operation project, showed that there is an acceptable way for
contractors and forest road designers to deal with the negative aspects of the project. The results
of this research can be used as a guide to better management of forest for future operations.

Keywords: Simulation, PERT, Risk, Earthwork Operation, Probability Distribution
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Figure 1. Location of the studied area in Babakoh forest, Siahkal city, Gilan province.
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Figure 2. Triangular distributions of earthwork time
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Abstract

Project time and cost are one of the issues and challenges that employers and contractors are
facing whit them especially in the forest area. One of the most effective tools that used in
prediction and risk analysis is Monte Carlo analysis that Based on the production of random
numbers, the number of single components of a set is computed and find out their effect on the
whole set. In the traditional approach to project control that still dominates in most national
projects, estimating the probable time and budget of the project is still unpredictable to
managers and experts. In this work, we tried to present a model for considering the probability
and risk in estimating the probability of completion of the project by given time and cost of
project termination in a forest area using a case study and software capabilities (Primavera
Pertmaster). The results of the probability distribution revealed that the probability of reaching
the predicted budget was approximately 13% according to the Monte Carlo simulation.
However, the difference between the maximum and minimum values varies from 39 to 650
million IRR, which results in a high risk of the operation of the land operations, which indicates
the high risk of the earthwork operation. The real cost of earthwork (570 million IRR) in the
study area at the cost allocation chart is estimated at 90%, which also confirms the riskiness of
the road earthwork project. Finally, the Monte Carlo simulation method, with the successful
prediction of the risk of earthwork operation project, showed that there is an acceptable way for
contractors and forest road designers to deal with the negative aspects of the project. The results
of this research can be used as a guide to better management of forest for future operations.
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