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GaMS Code Project gms a

et i /

Scall =xls2gms r=A3:AS51 s=" "
$include seti.inc

set 3 /

$call =xls2gms r=D3:D43 ==","
$include setj.inc

set k /
$call =xls2gms r=G3:G8 s=",6"
$include setk.inc

i=C:\Data.xlsx o=setk.inc

Parameter Cap (i) capacity of Reload points /
Scall =xls2gms r=A3:B51 i=C:\Data.xlsx o=-parcap.inc
|$¥include parcap.inc

Parameter b(j) demand at Customer cities /
i$call =xls2gms r=D3:E43 i=C:\Data.xlsx o=parb.inc
¢include parb.inc

Parameter Cap Min(K) /
|$call =x1s2gms r=G3:H& i=C:\Data.xlsx o=parzl.inc
i$include parzl.inec

Parameter Cap Max (K} /
$call =xls2gms r=K3:L& i=C:\Data.xlsx oc=parzu.inc
ginclude parzu.inc

i=C:\Data.xlsx o=seti.inc

i=C:\Data.xlsx o=setj.inc

Table D{i,3)
Scall =xlszgms r=A75:AP124 i=C:\Data.xlsx o=pard.inc
$include pard.inc

Table C(k,i,3)
$call =xls2gms r=A138:AP432 i=C:\Data.xlsx o=parcc.inc
$include parcec.inc

[VARIABLE Z Cbjective Value

POSITIVE VARIABLES
(1,3,%)

[EQUATIONS
Cbjective
Constraintl (i)
Constraint2 ()
Constraint3 (k)
IConstraint4 (k)

Cbjective..Z=E=SOM((i,3j,k),Cik,1,3)*D(1,3)*X(i,3,.k));

Constraintl(i)..SUM((j,Xk),X(1,],k)) =L= Cap(i):

Constraint2(j)..SUM((i,k),X(i,3,k)) =G= b(i):

Constraine3(k)..SUM((i,3),X(i,3,k})) =L= Cap Max (¥);

Constraint4(k)..SUM((1,3),X(1,],k)) =G= Cap Min (¥);
odel Problem /211/;

ISOLVE Problem using LP minimizing Z;
DISPLAY Z.1,X.1:

O Slasiin 5 dsles io i gl pize 5 ad s (b o ls s bl as gazs 1l - S5

Figure 1. a) A set of problem indexes, parameters, tables, and variables, and b) Equation Declaration
and Equation Specification
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Table 1. Transportation cost by Truck loaders
(L)) e shs G 5oLl o5 K fo 4 pe
b Sl e b Blos z .
transport prices—per ton-kilometer (Rial) P =P =k Ay
Sl () (o) (K)
abols Loader ; ; Loader
. Maximum Maximum
Distance capacity (ton)  capacity (ton) ~ YPe (K)
>500 200-500  100-200 <100
ol
1850 3400 5500 18000 ? 2 1 K1
Pickup truck
S i OBl S pelS 5 s 6l
1800 2650 4500 9000 (o3l 5 &S ciins «53bn 5 L sams 5 2 K2
Light Truck
S Bl b eSS
1350 2000 3000 7300 Q1) 10 3 K3
Benz L-series truck
Ol s compeS 7 5T gl
800 1200 2000 4200 S 5 s 15 7 K4
6 wheel trucks
301 R (oS i Ol
680 1100 1800 4300 22 12 K5
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10 wheel trucks
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Continued table 1.

(L) sk G s b o5 ) Jom 2y 3a

transport prices-per ton-kilometer( Rial) _ () s b Sl () cud b il Ales
Ak B o (K)
dols Maximum Maximum
loader ity (t ity (t Loader
Distance capacity (ton) capacity (ton) type (K)
>500 200-500 100-200 <100
oS w1 puBlS Ol Jay o neS
VEAY 4 5 Jsema Sls Jas csnlr s Jx
680 1100 1800 4500 s ¥ S S A 25 17 K6
12, 14 and 18 wheel trucks, Loaded
Semi Trailer (Large Truck)
Q;\F‘j‘&ﬁr@wc* dod= y a5 815 <L Hb s o Jem 4l S 4w sla,lae
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Table 2. Share of each rail transport component

s G ENPSPN Sy sl >~
Right of Way Access Locomotive Wagon property rights
28.8 37.1 34.1

.3;&)|J§ d)k@)ﬁ@&f;'U\')‘&)L}ﬁij&i

ko s e 4SS 0V S5 anales Y Jsdr
Table 3. Weight calculation in rail transportation network

PITEIN PITEIN 33 okxa
gemme Sllss 03 Usera Slowla O35

oo Slols 035

(o (o ()
Criterion () Criterion () Criterion ()
weight Load weight (tons) weight Load weight (tons) weight Load weight (tons)
(tons) (tons) (tons)
50 47-51 30 27-31 10 12>
55 52-55 35 32-36 15 13-16
60 55< 40 37-40 20 17-23
- - 45 41-46 25 24-26

el 0 Q'I’L‘"‘J).j)ﬂ'f \YaA JL.»: o\ili,)b d‘j‘.’.‘ L;ay\.w\ S O,Aiob C,S).w Sledb| UAL\.N\)J wﬁ}ﬁ))}n}s\f&ﬁ) ngl{ LSLA).:....A
Rail routes between the research centers have been updated based on the information of the Railway Company of the Islamic
Republic of Iran at the end of 2019.
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Table 4. Total raw wood transported in Iran - 2015

ot s Jis e Ao () o 03 Josdem S
Percentage of transportation of raw wood Raw wood weight (tons) Transport method
6\53[2
99.94 2829947
Road transportation
0.06 1500 _ st _
Rail transportation
100 2831447 i
Total

Sl 3 3 a3 dolin 5 53k sl SNT s 1l L 035 -0 Jsr
Table 5. Weight of wood transported from Supplier to customer before optimization
o S Jem Glosl Jii 5 o

Road transportation

Rail transportation

s ol “Lop
PCUETE b ciles N .
Ok BIERES SN O sekee) b sl Sk s e
(km) [R5 . (km) ol -
Ju, Number ) (& L, Number i () Wood type
. of Distance Tonnage - of Distance Tonnage
Cost loading ~ traveled t 9 Cost loading traveled ! g
(million (km) (ton) (million (km) (ton)
rials) rials)
21488.03 3699 2483396 42884 .
Beams
PrEs f_\ 55l
664489.98 43843 38643968 863006
Lumber types
S L EY)
288652.09 36054 19947213 581273 e
Industrial wooden
sheets
W5 la
950 26 10560 1500 101537.49 9456 6734022 174400 Alrler sboss
Cants
s
42499.59 9003 7560979 52508 o e
Charcoals
42499.59 6146 5887336 60870 £ =%
Wood fuels
550441.98 81962 51915366 1055006 e
Logs
950 26 10560 1500 1703753.07 190163 133172280 2829947 g
Total
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Table 6. Results of road-rail transport optimization of wood after optimization

o JEs e Sloslr Jiis Lo
W . . . .
> Jos o ayza IS Rail transportation Road transportation
e (DU O 5o Oseee) 4 5o Sk s Oselee) a2y 5a SIS e
Percgrfﬂage Total cost (Ju, () ars (o) Wood type
reduction (million rials) Cost Tonnage Cost Tonnage
(million rials) (ton) (million rials) (ton)
10.69 19191.61 - - 1919.61 42884 =
Beams
PLES C! }}l
35.24 430356.70 12343.02 74200 418013.68 788806
Lumber types
e e sBELs
31.94 196444.29 8701.17 34146 187743.12 547127 Industrial wooden
sheets
5l 5 la
12.81 89355.40 3505.08 13870 85850.32 162030 Aler s
Cants
o JE
41.33 24936.23 1224.23 6662 23712.00 45846
Charcoals
20.43 34371.02 315.60 1099 34055.42 59771 fr =%
Wood fuels
Lo aéjf
10.16 494496.86 15140.32 64377 479356.54 990629 =
Logs
24.75 1289152.11 41229.42 194354 1247923.69 2637093 g
Total
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Table 7. Results of road transport optimization of wood after optimization

als do s (UL Osdes) 4030 () Lk 03 < s
Percentage of reduction Cost (million rials) Tonnage (ton) Wood type
10.69 19191.60 42884 =
Beams
s ol ol
31.66 454101.40 863006 =
Lumber types
SR e SBCUs
31.44 197892.36 581273 Industrial wooden
sheets
sl s la
5.46 96895.62 175900 Arter sbos
Cants
e
38.58 26103.83 52508 i
Charcoals
19.98 34566.38 60870 (7ot o
Wood fuels
LSo8) a>j§
8.76 502196.04 1055006
Logs
22.31 1330947.26 2831447 g
Total
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Table 8. Comparison of transportation costs before and after optimization

Sloslr &5 o Shomgleslr Al &g e Soleane 3l 13
Road transportation Road-Rail transportation Before optimization
ialS Ao JEsJe w5 Sals ds s S e JEs o 450 s
L, SR éd
Percentage of (U5 O sekse) Percentage of 0 == (Jly Oseke) Wood type
reduction ot (million rials) reduction Costri(;;l)lllon Cost (million rials)
10.69 19191.61 10.69 19191.61 21488.03 =
Beams
S f_\ 55l
31.66 454101.40 35.24 430356.70 664489.98
Lumber types
S s sy
31.44 197892.36 31.94 196444.29 288652.09 Industrial wooden
sheets
A la
5.46 96895.62 12.81 89355.40 102487.49 A sl
Cants
— JL'G':
38.58 26103.83 41.33 24936.23 42499.59 :
Charcoals
19.98 34566.38 20.43 34371.02 43197.91 (52 0%
Wood fuels
€n o35
8.76 502196.04 10.16 494496.86 550441.98
Logs
22.31 1330947.26 24.75 1289152.11 1713257.07 @?I
Tota
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Table 9. Comparison of transportation distasnces before and after optimization
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Road transportation Road-Rail transportation Before optimization
Sals Aoy Km) e b il oalS A s (Km) s b ciles (Km) s b ils
Percentage of Distance traveled Percentage of Distance traveled Distance traveled
reduction (km) reduction (km) (km)
56.65 1076568 56.65 1076568 2483396
35.93 24758076 36.58 24508585 38643968
50.9 9794202 53.15 9345925 19947213
21.18 5307510 31.9 4585925 6734022
79.16 1575612 80.5 1474721 7560979
62.35 2216449 62.69 2196309 5887336
41.01 30625008 43.03 29574007 51915366
43.42 75353425 45.36 72762040 133172280
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Table 10. Comparison of loading before and after optimization
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Road transportation Road-Rail transportation Before optimization
P QRS 5L slass (RS S slass L sl
Percentage of Number of Percentage of Number of .
: . : ) Number of loading
reduction loading reduction loading
49.72 1860 49.72 1860 3699
16.80 36478 21.95 34219 43843
24.47 27232 30.69 24989 36054
12.90 8236 28.78 6735 9456
61.72 3446 66.36 3029 9003
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33.28 54684 38.61 50315 81962
29.04 134945 34.77 124052 190163
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Abstract

The main purpose of this study is determination of optimal wood distribution and transportation Network
in Iran with emphasis on railways. For this purpose, a simple distribution and transportation model was
created for seven groups of wood in GAMS 24.1.3 software. This transportation model is simple, the
planning horizon is one year and the transportation method is both road and road-rail. The results showed
that after optimization, in the road-rail method, 6.86% of total wood will be transported by rail network
and 93.14% will be transported by road network. This method reduces the total cost of transportation by
24.02% compared to the actual conditions in the road transport method. In the road method, after
optimization, the total cost is reduced by 22.31%. This cost reduction in both methods is related to the
optimal distribution of wood from the distribution bases to the receiving bases and the appropriate
selection of the cargo fleet based on the tonnage of the load and the radius of shipment. In the optimal
transportation distance in the road-rail method 45.36% and in the road method 43.42% and the number
of loads respectively 34.77 and 29.04% compared to the conditions Non-optimal will be reduced. Given
the high rate of wood consumption in Iran and the importance of improving productivity indicators in
the field of freight costs as one of the strategic goals of the transportation sector in the coming years, the
need to recognize and create a chain of distribution and optimal transportation of wood is remarkable.

Keywords: Simplex Algorithm, Load tonnage, Cargo fleet, Transportation Cost.
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