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1. Introduction

Abstract

The construction of facilities such as buildings, roads, and dams has an
important part role in supporting daily life activities. One of all the facilities
currently being built is the Sadawarna Dam Construction Project Package 1.
Where does the project function to supply the needs of water resources and
irrigation in West Java. However, in the construction process the project has
encountered obstacles such as delays in the delivery of raw materials by the
suppliers which caused the casting time to be delayed. The solution to these
problems can be found by the improvement the supplier selection method. One
of the methods that can be used is the Fuzzy Analytical Hierarchy Process
(Fuzzy-AHP). Where in the process will expand measuring tools in the
selection decisions that involve expert respondent. As The variables in
determining suppliers use 4 criteria such as price, delivery, quality, and location
as well as 7 sub-criteria such as payment methods, bid prices, delivery times,
delivery of flexibility, delivery of capacity, consistency of quality, and
specification conformance. From these variables, a comparison value with the
AHP scale will be obtained which will be converted into a Triangular Fuzzy
Number (TFN) scale. The results of this research obtained the best criteria is
quality and sub-criteria is the bid price, as well as the best alternative from the
selection of suppliers of concrete raw materials suppliers of fine aggregate
materials is CV BTP Cimalaka at 51.3% and suppliers of coarse aggregate
materials are PT Fajar Mandiri at 63.7%.

Keywords: fuzzy analytical hierarchy process, decision making, aggregate,
triangular fuzzy number
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Construction is an activity carried out to make
facilities, one of the processes is casting, where on
casting is done to establish strength the building
structure. So, in the selection of raw materials from
material to be used must guard so as to get good
quality material for the manufacture of concrete [1].

One of the things used for the supply of raw
materials is maintained in accordance with
production needs is foster good cooperative
relationships with suppliers. As well, the results
obtained from supplier selection will be more
optimal [2]. There are some criteria commonly used
in supplier selection for companies, including the
criteria for price, delivery, capacity, availability and
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also the bid price. To find out the best supplier, the
selection of suppliers can be performed periodically.

In the Sadawarna dam construction project
Package 1, a required supplier of raw materials
where one of the raw materials needed in this project
is a supplier of concrete raw materials (fine
aggregate and coarse aggregate) [3]. Where there's
two suppliers of concrete raw materials in this
project, which is used as alternatives, namely CV
Vasco and CV BTP for suppliers of fine aggregate
materials and PT DMB and PT Fajar Mandiri for
suppliers of coarse aggregate materials.

In the Sadawarna dam construction project
Package 1 had a delay in raw materials (fine
aggregate). So, this research was conducted in order
to determine the priority from each supplier in each
period whit using the method of the Fuzzy
Analytical Hierarchy Process (Fuzzy-AHP) [4].

Where this method can make decisions
objectively from using a hierarchical structure from
the goals, criteria/sub-criteria and alternatives. This
method is carried out after converting the pairwise
comparison value from the AHP scale into the
Triangular Fuzzy Number scale (TFN) so that it can
calculate the fuzzy value in the data [5-7].

2. Materials and Method

The data collection carried out in this
reaserch was distributing questionnaires to
expert respondents who interacted directly with
raw material suppliers in the Package 1
Sadawarna Dam Development Project.

2.1 Fuzzy AHP

The Fuzzy-AHP method proposed by Chang
(1996) with developing the AHP method by
changing the AHP scale on the pairwise comparison
matrix into a Triangular Fuzzy Number scale (TFN)
so that we get 3 member functions, namely | (lowest
value), m (middle value) and u (highest value).
Fuzzy-AHP can be solved with the following steps:

Table 1. AHP Scale

Scale Description
1 Both elements have the same importance
3 One element is slightly more important than
the other
5 One element is more important than other
elements

One element is clearly more important than the

! other elements

One element is absolutely essential from the

9 other elements
2,4,6 Values that have close considerations between
7.8 two values
Oppo

If i has one number compared to j, then j has

site the opposite value compared to i

The process is as follow:

1. Create a hierarchical structure level of the
problem to be resolved (goals, criteria or
subcriteria, alternatives)

2. Determine the value of the
comparison matrix.

pairwise

3. Calculating the value of the consistency ratio
(CR) with the provision of CR < 0,1, with the
following equation:

— M
Vp = @)
Eigen vector = pairwise comparison matric Vp (2)

VB = matrix m x Vp matrix 3)
VB
z (4)

A ==—
maks n

CI — (Amax‘n) (5)

(n-1)

CI
Whare:

Vp = normalized weight matrix; m = total value of
each criterion VB = normalized matrix weight; Ay, ax
= the largest eigenvalues in the comparison matrix;
n = number of items compared in the matrix (matrix
dimensions); Rl = random index, as on table 2.

Table 2. Ratio Index

n 12 3 4 5 6 7 8 9 10 11

RI 00 052 089 1,11 1,25 1,35 1,40 1,45 1,49 151

Change of the value in pairwise comparison
matrix from the AHP scale to the TFN scale,
according to the following table 3.

Table 3. Triangular Fuzzy Number

Triangular Fuzzy Number

AHP Scale
m

©olo|~N|o|o|s|w|[N|e
~Nlo|la|s|lw|N|k ke |—
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Calculate the value of fuzzy synthesis with
the following equation:

. j 1

Where:,
Y2, M} = the number of values (I,m,u) on each
criteria; , ,

L, Xm, M| = total of ¥, M}; M = The value
(I,m,u) in the pairwise comparison matrix;
idanj=1,23,...,etc. ; i#;

I,m,u = TFN value.

Calculate the value of the degree of
probability with the following equation.

1 ifmz=zm
0 if l, =z u;
V(M = M,) = o i =Y @®)
— L other
{m}-—uj}—(mi—lf)
Where:

M = The value (I,m,t) in the pairwise comparison
matrix;

idanj=1,23,..,etc.;i#]j;

I,m,u = TFN value.

Determine the vector weight and normalize
the value of the vector

W' = (d'(4,),d'(4y), ..., d" (4,) (9)
W = (d'(A),d"(4y), ..., d"(A4,))7 (10)
Where :  d'(4,;) =minV(M; = M,)

2.2. Respondent Weight

Is an assessment given to get the weight of each
respondent to get the value given by expert
respondents, using the following equation:

S=w,5, + w5, +....+w,5, (11)

28 =¥ the score of each respondent on the criteria  (12)
w="1n
TS

Where:

Sn = The score of the respondent's performance
level for each criteria;

Whn = The weight of each criteria used.

2.3 Geometric Mean

Is an equation used in combining several
assessments. In this research, the geometric mean
was used to combine the assessments of the three
expert respondents. The equations used are as
follows:

G=vVx1"! x x2%2 X ... X xn¥™ (14)

Where: G = geometric mean; Xn = The value
in the matrix in a certain row/column; Wn = The
weight used for each data.

3. Results

From the data collection carried out, it was found
that suppliers of fine aggregate materials, namely
CV Vasco and CV BTP and suppliers of coarse
aggregate, namely PT DMB and PT Fajar Mandiri.
Respondent Weight.

With the criteria for expert respondents are as
follows.
Table 4. Triangular Fuzzy Number

Wi S,
= 5 b= o 2 —
Sg §8 | 28g 582
zg =8 53 SES
g 2 > @ g
level Score | level | Score| level Score level Score
. SLTA/ Do not have
Supervisor | 5 Equal 4 1-5 7 EKA 4
Logistics 10 | D3 8 6-10 | 14 |SKT 8
Technique SKA (Young
15 S1 12 11-15| 21 12
(QA/QC) Expert)
Plant SKA
20 | S2 16 16-20| 28 [Associate 16
Head
Expert)
PM 25 | s3 20 | 2125| 35 [SKAMaIN |5,
Expert)

With the calculation of the respondent's weight is
presented on table 5.

Table 5. Respondent Data

Years
NO Respondent Position Education of
service

Expert certificate

QC
1 Respondent 1 '\B";tcer:ii;‘; D3 8 years 5}2 Ar:ot have
Plant
2 Respondent 2 (EE%Q s1 5 years eSXIZI;-\rt()Young
3 Respondent 3 (-(rge/l-(\?(igkc) s1 5 years ele;;:xn()Young
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Calculation of respondent weight is as follow:

Score Respondent 1 = Position + Education + Year
of service + Expert certificate

=15+8+14+4

=41
Score Respondent = Score Respondent 1+ Score
Respondent 2+ Score Respondent 3

=41+ 46+ 46

=133

Score Respondent 1

Respondent weight 1 T'Score Respondent

Table 9. Respondent Data 3

Criteria K1 K2 K3 K4
K1 1 4 0,25 4
K2 0,25 1 0,25 2
K3 4,00 4,00 1 7
K4 0,25 0,50 0,14 1

Calculating the CR value for respondent 1 :
1. Normalize the pairwise comparison matrix

- 41 1 3 1 7 13 17
133 ~ 10,33 1 014 3 % 0,33 1 0,14 3
11 7 1 7 1 7 1 7
=0,31 014 033 o014 1| |014 033 014 1
4 1533 342 30
=31% 1123 4 1,04 933
) (533 1933 4 a2
Table 6. Respondent Weight 053 2,09 047 4
Score Responden
= (WnSh) % Table 10. Normalized Matrix
rer) -
No g c|s5lwal gl E|B = Criteria | K1 | K2 | K3 | K4 Sum (m)
o = o -
% = | 8| 52| 88 @ g; K1 4 | 1533 | 3,43 30 52,76
o w0 ] o < ‘E
S| 3| >3 4% K2 | 124 | 4 | 105 | 933 15,62
Respondent1 | 15 | 8 | 14 | 4 41 | 0,31 K3 533 | 1933 | 4 42 70,67
Respondent2 | 15 | 12 | 7 | 12 | 46 | 0,345 K4 [054 | 210 | 048 | 4 711
Respondent 3 15 12 7 12 46 0,345 TOTAL (Zm) 146,16
Total () 133 | 1
2. Calculating VP value
. 52,
3.2 CR Value Calculation Vps =L =250 = 0,36
With data from the pairwise comparison matrix — mz2 _ 1562
. Do Vopo=—==—-=0,71
for the fine aggregate criteria, it is as follows: Im 146,16
_ mg 70,67 _
Table 7. Respondent Data 1 Vps = - = 1o0s = 0,48
Criteria K1 K2 K3 K4 Vpg =4 = 711 _ 0,05
>m 146,16
K1 1,00 3,00 1,00 7,00
K2 0,33 1,00 0,14 3,00 3. Calculating the value of eigenvector.
K3 1,00 7,00 1,00 7,00 Elge{‘lvector = pairwise comparison matrix x Vp
matrix as follow :
K4 0,14 0,33 0,14 1,00
Table 8. Respondent Data 2 [ 1 3 L 7] [936
— Eigenvector =|933 1 014 3} 10,11
Criteria K1 K2 K3 K4 1 7 1 7 0,48
014 033 014 1] 10,05
K1 1,00 5,00 1,00 5,00 1155
_l0,44
K2 0,20 1,00 0,33 3,00 “|193
0,20
K3 1,00 3,00 1,00 8,00
K4 0,20 0,33 0,13 1,00
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4. Calculating VB value Table 12. Combined Pairwise Comparison Matrix
VB = m matrix x VVp matrix Criteria K1 K2 K3 K4
52,76 0,36 K1 1,00 1,58 0,85 1,73
_|15,62 x 011 K2 0,63 1,00 0,61 1,38
70,67 0,48
[ 711 0,05 K3 1,17 1,63 1,00 1,94
(4,17 K4 0,58 0,73 0,51 1,00
_|414
4
14,21 .
3.4 Fuzzy-AHP Calculation

After obtaining a combined pairwise comparison
matrix, then calculate using the Fuzzy-AHP method,
_SVB _ 417+4,14+4+421 _ which is as follows:
Amaks “h T 4~ 4,13 a) Converting the combined pairwise comparison
matrix to the TFN scale

5. Calculating Ay, aks Value

6. Calculating Cl value o ) o )
Table 13. Pairwise Comparison Matrix Criteria Respondent 1 in

cl = Amaks—1 = 4,13—1 = 0.043 the TFN Scale

n—1 4-1
- K1 K2 K3 K4
7. Calculating CR value Criteria
| m | u | m | u | m | u | m | u
_cI _ 0,043 _
CR = RI 0,9 - 0’048 K1 1,00 {1,00|1,44|1,23(1,58|1,82|0,81|0,85|1,17| 1,45| 1,73| 1,93

K2 1055 |0,63]0,81|1,00{1,00|1,44|0,54|0,61| 0,78| 1,00| 1,38| 1,67

Where the RI value is obtained in Table 2. Index
K3 11,08 |1,17|1,56|1,28(1,63|1,86|1,00|1,00| 1,44| 1,75 1,94| 2,08

Ratio is in accordance with the amount of existing

data. Then the CR value for the respondent is K4 052 058]069]0.60/0.73]1,00/0.48/0,51] 0,57| 1,00] 1,00] 144

obtained as follows:
> =(1+1,23+0,81+1,45) = 4,49

Table 11. Respondent Consistency Ratio Value (CR) > m =(1+1,58+0,85+1,73) = 5,16

CR Value (CR < 0,1) >u =(1,44+1,82+1,17+1,93) = 6,36
. Coarse
No | Respondent | FineAggregate Aggregate Table 14. Total Value of Each Criteria
L S.Ub.' L S.Ub.' o Total
Criteria | criteria |Criteria | criteria Criteria I
1 |Respondent 1 0,048 | 0,03 | 0,048 | 0,03 m L
2 |Respondent 2 0,041 | 009 | 0,041 | 0,09 Ki 4,49 516 6,36
3 |Respondent3 | 0,076 | 007 | 0062 | 007 i 3,09 3,62 4,70
K3 5,11 5,74 6,94
After the consistency ratio value of the K4 2,60 2,82 3,70
respondents has met the requirements of CR 0.1, Total 15,29 17,35 2171
then the next step is combining the pairwise
comparison matrix to calculate the priority value of b) E :
c o uzzy Syndetic
the criteria using the Fuzzy-AHP method. ) Yoy
SiKl =3¥m, M/ x [n - ]]
3.3 Pairwise Comparison Matrix Combined of =1 Zj=a M
Respondent =ZLmu x= =2
uomn
Combining pairwise comparison matrix with the ) ) )
mean geometric equation using the weights obtained = (%2, Cm X —), (Zu X )
in Table 12.
= (4,49 X =), (5,16 X —=), (6,36 X —)
Giz =Vx1Wl X x2W2 X ... X xn¥n 27 17.35 15,29

=(0,21), (0,30), (0,42)

=1/30.31 x 50,345 % 40,345

=1,58

10
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Table 15. Fuzzy Syndetic Value

Criteria | m u
K1 0,21 0,30 0,42
K2 0,14 0,21 0,31
K3 0,24 0,33 0,45
K4 0,12 0,16 0,24

c) Degree of probability
V(Kj >Ki) = V(K2 > Ka)
» m,=2m;=1
0,21 >0,30
> Lzu, =0
0,21 > 0,31 (Salah)

Therefore, it make equation as follow.

I, —uy _ 0,21-0,31 ~0.53
(mp—uz)-(my—1;) (0,21-0,31)—(0,30-0,21) ’
Where :
Li—u;
V(K: =2 K)) = .
( ) (mj—u;)—0mi—1;)
Table 16. Value of Degree of Probability
Criteria K1 K2 K3 K4
K1 0,53 1 0,21
K2 1 1 0,68
K3 0,84 0,37 0,03
K4 1 1 1
d'(4;) | o084 | o037 1 0,03

The vector weights and normalize is as follow.
W = (d'(Al)a dr(AZ)r weey d'(An))
W =0,84,0,37;1,0,03
WI = (d’(Al)J dr(AZ)l ey d’(An))T
W' =(0,84;0,37;1:0,03)7
W'=0,37;0,17; 0,44 ; 0,02

Table 17. Vector Weights and Normalized Weights

Criteria K1 K2 K3 K4
W 0,84 0,37 1 0,03
w 0,3738 | 0,1650 | 0,4435 | 0,0176

So, from the calculation results obtained weights
for criteria, sub-criteria and alternatives for suppliers
of fine aggregates and suppliers of coarse aggregates

11

can be seen in the graphic image, which is as
follows:

Weight of Fine Aggregate
Supplier Criteria

® 0.02
Quality I (.41
P 0.17
Price GG (.37

0.00

0.10 0.20 0.30 0.40 0.50

Figure 1. Weight of Fine Aggregate Supplier Criteria

Weight of Sub-criteria for Fine
Aggregate Supplier

1 0.006
Quality Consistency m———— () 15
Eeesssss—— () 18
Flexibility —m— () 12
 EORE]
IEEEesses— () )/

Time
Bid Price

0.00 0.10 0.20 0.30

Figure 2. Weight of Sub-criteria for Fine Aggregate
Supplier

Alternative Weight of Fine
Aggregate Supplier

Aermative 2 GG o5
Alternative 1 - 0.47

0.44 0.46 0.48 0.50 0.52

Figure 3. Alternative Weight of Fine Aggregate Supplier

Weight of Coarse Aggregate

Supplier Criteria
Location ~ 0.002
Qualiey - T O 51
Delivery - 0.12
price G 36
0.00 0.20 0.40 0.60

Figure 4. Weight of Coarse Aggregate Supplier Criteria
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Weight of Sub-criteria for Coarse
Aggregate Supplier

0,0008
Quality Consistency IEEE————— 0,15

I 0,18

Flexibility —n——— 0,12
I 0,13

Time m—— 0,08

e 0,11

Bid Price M (23

0,00 0,05 0,10 0,15 0,20 0,25

Figure 5. Weight of Sub-criteria for Coarse Aggregate
Supplier

Alternative Weight of Coarse
Aggregate Supplier

Alternative 1 _ 0,34

0,00 0,20 0,40 0,60 0,80

Figure 6. Alternative Weight of Coarse Aggregate Supplier

4. Data Analysis

Based on the results of the questionnaires and
interview, then obtained 4 criteria and 7 sub-criteria
in the suppliers selection of coarse aggregates and
suppliers of fine aggregates. On the results otained
from the weighting of fine aggregate supplier
criteria, the highest criterion is the quality criterion
(44,35%) with the highest sub-criteria are the bid
price (24%) with an alternative that is CV. BTP
(51,58%). While the results obtained from the
weighting of the coarse aggregate supplier criteria
the highest criterion is the quality criterion (50,91%)
with the highest sub-criteria are the bid price (22%)
with an alternative that is PT. Fajar Mandiri
(64,87%) whit a discussing the priority level from
criteria and sub-criteria.

The criteria obtained are the criteria for price,
quality, delivery and location. Where for suppliers of
fine aggregate material the most influential criteria
are quality criteria (44.35%) followed by price
criteria (37.38%), delivery (16.5%) and location
(1.76%). Meanwhile, for suppliers of coarse
aggregate materials, the most influential criteria are
quality criteria (50.91%) followed by price criteria

12

(36.35%), delivery (12.49%) and location (0.2%).
The quality criteria are used as a reflection of the
supplier of raw materials provided in accordance
with the consistency of the quality provided and the
conformity of specifications.

The quality can be used as a reflection of
suppliers who can show the quality and consistency
of the materials provided by supplier so that the
concrete produced is in accordance with the quality
desired by the project. While the price criteria, where
the price criteria can be used as one of advantages if
the bid price obtained by the company is worth less
than the predetermined budget price so that it
becomes more efficient and can adjust the price
needs of other raw materials with weekly invoice
payments.

Delivery criteria can show the project always
pays attention to delivery time, delivery capacity and
also the flexibility of delivery, so that the availability
of goods provided by the supplier can be guaranteed.
The location criteria according to which each
supplier has agreed that the goods to be shipped will
conform to the timetable established by the
company.

5. Conclusions

The price criteria can be an advantage if the bid
price is lower than the original design cost with the
quality provided in accordance with the company's
request. The delivery criteria can show that the
supplier pays attention to the raw materials sent in
accordance with the agreement where the delivery
time, delivery capacity, and delivery flexibility of
raw materials come on schedule so as not to cause
work on the project to be disrupted. While the
location criteria if the supplier is in agreement, then
the supplier will meet the raw material requirements
according to the agreement between the two parties.
Based on the criteria and sub-criteria used in the
selection, the best alternative supplier in the project
and selected objectively for the supplier of fine
aggregate material are CV BTP at 51.58% different
from the main supplier in the project is CV Vasco,
while for alternative material suppliers The coarse
aggregate obtained is PT Fajar Mandiri at 64.87%
and is in accordance with the main supplier on the
project.
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