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Abstract. The selection of the bridge is fundamental thing to Sei Anak Muara
Bulan 2 Bridge Planning. After knowing the results of capacity analysis of
land and pile support capacity, ease of implementation, determine the
selection of foundation planning decisions. The results of AHP
implementation indicate that the aspects of land and pile carrying capacity are
the main priority criteria with the amount 61.7% as the reason to determine
the choice of bridge foundation and the result of altemative is the foundation
of equal to 42.2%

1. Introduction

Sei Muara Bulan Child 2 bridge is located in East Kutai Fegency with initial condition only
Bailey bridge that has been finished but is not proper used anymore. There is a bridge made of
leg wood beside Sei Muara Bulan Child 2 which although somewhat damaged but still can be
used as a means of transportation where for long distance planning required new permanent
bridge, so it is necessary to do a bridge planning called Sei Muara Bulan Child 2. The
planning referred to in this research is the basic selection to choose the elect bridge. Based on
the survey results. there are four alternative selection of the type of foundation that is wells
foundation, bore pile foundation, concrete pile foumdation. The foundation of the bridge 15 the
basic part of the bndge building structure that exists under the bridge structure, ncluding
abutment and foundation The foundations are heavily dependent on land carrying capacity,
and local topography 15 also influenced by hydrological factors. There are some factors that
influence in determining the type of foundation that is the state of the building and the load
transferred to the foundation, it determines the general underground conditions, it is need to
consider the general form of the foundation immediately, make a more detailed study and
early design of the form of the foundation, more detailed and early design of the meost
appropriate form of foundation, estimating the cost of each foundation form, and choosing the
most acceptable form in accordance with the conditions of implementation and cost. This
research aims to analyze the Hierarchy (the level of selected criteria), the criteria for selecting
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the prionties used mn the foundation selection based on recommendations by experts and the
selection of the tendency of the type of foundation based on prionty cnteria. This research
focuses on determining the parameters used parameters used based on four cntena: Cost
Estimation (CE), ease of implementation (EI), Material Availability and Teol (AM) and soil
and pillar carrying capacity (CSP). to achieve the purpose in this research used Amalytical
Hierarchy Process (AHP) method The Analytical Hierarchy Process (AHP) process 1s a
decision-making teol that describes complex problems in hierarchical structures with varying
degrees comprising AHP objectives, criteria and altematives. The basic approaches to
decision-making with hierarchy, complex and unstructured problems broken up into groups,
then organized into the hierarchy [1]-[7]

1. Research Design
This research is a quantitative research using Analytical Hierarchy Process (AHP). The
primary data were obtained through direct survey to study sites in East Kutai district to
directly observe the site and conduct good survey of hydrology survey, topegraphy and dull
soil to know the exact location of the location se as to determine the selection of expected
type of foundation. The secondary data were cbtained from the Central Bureau of Statistics
literature on rainfall data and population data and the latest data on roads and bridges. data
processing following the AHP steps developed by Saaty (1993), the way to process the data
is by defining the problem and determiming the desired solution, creating a hierarchical
structure, creating a pair wise matnx of companson, making the pair comparisons to get a
rating of nx [(n-1) / 2, where n 15 the number of elements that are compared, calculates the
Eigen values and consistency of tests. if inconsistent data collection must repeat the steps of
form all levels of hierarchy. The criteria and level of AHP in choosing the type of bndge
foundation is done by three stages, the first step is the determination of bridge foundation
planning, the second stage is the carrying capacity of the soil and pole, cost estimation, then
the implementation, and the availability of matenals and toels. the third step 15 the choice of
altemative foundation. Stage decision-making process using the AHP outline is to lock at the
problem structure into a hierarchy [2]-[10]
Table 1. Assessment Scale AHP (Cabala 2010)

1.2 i 4 5 ] 7 8
000 058 090 112 1.24 132 141
10 11 12 13 14 13
145 149 151 148 156 157 139

==
e

Table 2. Random Value Index Sukarto, 2006

Intensity Verhal Definition

1 o Both are equally important
3 A little More important
5 More important

7 Very important

o Absolute important

14,68 The values of the muddle of the
above of assessment above

_ . }I‘.EFF‘.‘I’“P’I’IT
The opposite of |j elements having a value above the
above value of element 1

If participation includes perception for every comparison between elements that are in
comparable level or refer to determine which elements are the most important from the most
liked or the most important, compiled matrix companison. After pairwise is formed then the
next step is measuring the weight prionity of each element. The final result of calculating the
weight prionty is decimal number less than one. All elements are grouped logically and
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consistently championed based en logical criteria. Weighting that is obtained from paired
comparisons should be related to the cardinal and ordinal. The fellowing steps do legical
consistency calculation as follows [11]-[13]
[a] The number of each line times by each prionty and the result is divided by weight
back and then in total
[b] The result 15 divided with the number of element. will be obtained dmaks.
[c] Index consistency (CI) = (Amaks-n) / (n-1)
[d] Ratio consistency = CI/ RI, where RI is random index consistency. If ratio =0,1
consistency, the result can be justified the list of EI values is Table 1.

3. Result and Discussion
3.1. AHP Hierarchy Structure

Ll

B BORE PILE

Fig.1. Hierarchy of criteria alternatives that mfluence the selection of bridge
(Source: Research Analysis Eesults, 2016)

In calculation by AHP, factors that influence the selection of foundations based on four
critena (according to the expert) which 15 considered that the most influential is Cost
Estimated (CE). Ease of Implementation (EI), Availability of Materials and tools (AM), and
the Capacity of Seil and Pole (CSF). The selection of foundation type based on the techmeal
calculation of wells foundation bore pile foundation, steel pile foundation and concrete pile.
The importance of hierarchy setting is shown in figure 1.

3.2 Pairwise Comparison Mantx, Matvix and Computation Normalization Weights Priorities
and Eigen Value and maximum Lamda
The next step is creating pairwise companson matrix. From the assessment that is given by all
members of group, then we get new comparison of matrix. The assessment of respondents
who normalization matrix and weight value of priority criteria can be seen in Table 3 and
Table 4.

Table 3. The result of matrix caleulation criteria

Criteria CE H AM CEp
CE 100 0,50 0,33 020
= 200 1.00 0,50 020
AM 300 2,00 100 020
csp 5.00 5,00 5,00 100
Total 11,00 5,50 6,33 1,60
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Table 4. The value of prionty critena

Criteria Priomity

CE 0508333333
EI 0,925
AN L55
C=p 4.00)

Adding the value of each cell in one column does the normalization matrix, and then each
value divided by the number of each column will be obtained by the relative value of each
cell. While the weight prionty 1s obtained by finding the average value of each cells in each
TOW.

Table 5. The scale of weighting determination altemative bndge foundation

Cost Estimation ( CE)

Alternative  Sink Foundation Bore Pile Steel Pile Concrete Pile
Sink Foundation 1 1/5 1/3 a

Bore Pile 5 1 112 173

Steel Pile 2 2 1 kS

Concrete Pile 3 3 2 1

Ease of Implementation ( ET)

Altermative  Sink Foundation Bore Pile Steel Pile Concrete Pile
Sink Foundation 1 1/4 ¥ 173

Bore Pile 4 1 112 173

Steel Pile 2 2 1 kA

Concrete Pile 3 3 2 1
Availability of Materials and Tools { AM)

Alternative  Sink Foundation Bore Pile Steel Pile Concrete Pile
Sink Foundation 1 117 173 a

Bore Pile 7 1 3 4

Steel Pile 3 173 1 2

Concrete Pile 4 14 e 1

Capacity of Soil and Pole

Altermative  Sink Foundation Bore Pile Steel Pile Concrete Pile
Sink Foundation 1 1/4 12 173

Bore File 4 1 2 2

Steel Pile 2 12 1 1

Concrete Pile 3 173 1 1
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Table 6. The Nomuahzation of bndge foundation altemative matrix

Cost Estimation ( CE)

Criteria CE EI AM  CSP
CE 00902 00323 00870 0,1200
EI 04545 01613 0,1304 0,1600
AM 0,1818 0,3226 02609 0,2400
CSP 02727 04839 05217 04800
Total 10000 1,0000 1,0000 1,0000
Ease of Implementation (ET)

Criteria CE EI AM  CSP
CE 0,1000 0,0500 0,1300 0,1500
EI 04000 01900 0,1250 0,1530
AM 0,2000 0,3810 02500 0,2310
CSP 03000 03810 0,5000 04620
Total 10000 1,0000 1,0000 1,00
Availabilitv of Materials and Tools (AM)
Criteria CE EI AM  CSP
CE 0,0670 0,0800 0,0700 0,0300
EI 04670 05790 0,6210 0,5520
AM 0,2000 01930 0,2070 0,2760
CSP 0,2670 01450 0,1030 0,1380
Total 10000 1,0000 1,0000 1,00
Capacity of Soil and Pole (CSP)

Criteria CE EI AM  CSP
CE 0,1000 01200 0,0910 0,1250
EI 0.4000 0.4800 03640 0,5000
AM 0,2000 02400 0,1840 0,1250
CSP 0,3000 0,1600 03640 0,2500
Total 10000 1,0000 1,0000 1,00

Eigen Value (EV) rated evenly the row value for each element criteria for each matnix of
the normalization result seen on the Table 6.
Table 7 Eigen Value on each coteria

Criteria CE EI AM CSP EV

CE 0,091 0,059 0,049 0,125 0,081
H 0,182} ong  oom 0,125 0,124
A 0273 0235|0146 0125 0,195
c= 0453 osss 073 0,625 0,60(]
Toral Looo]  1o00f oo 1,000 1,000

Eigen Value (EV) rated evenly the row value on each element determiming the foundation
on Table 7 and recapitulation on Table &.
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Table 8. Eigen value for each detemunation of the foundation

Criteria EV

Alrermative CE El AM CEp
Sk Foundstion 0.07% 0,104 0,063 0,109
Bore Pl 0209 0,23 0,555 0436}
Steel Pile 0.264] 0,261 0,219 0,187
Conerete Pile 0443 04001 0,163 0,263
Total 1,000 1,000 1000 1,000

The largest eigenvalues (Lamda Maximum) are obtained by multiplying the total of matnx
before the normalization with the main eigenvector values.
Table 9. Lamda Maxmmum Crtenia

Criteria EW Total » maks

CE 0,081 11.00 0,890
I 0,124 8.50 1,057
AN 0,199 683 1331
Csp 0,600 160 0.960
Total 1,00 1793|4238

Table 10. Lamda Maxinum of zelection foundation

Cost Estimation

Alternative EV CE Total A maks

Sink Foundation 0,083 11 0907840112
Baore pile 0227 6.2 1,404719 368

Steel Pile 0,251 383 0963382209
Concrete Pile 044 208 0915800714

Total 1,00 23,11 4191742403

Ease of Implementation

Alternative EV EI Total A maks

Sink Foundation 0,107 10 1,066,736,631
Bore pile 0217 525 1,139274364

Steel Pile 0286 4 1,062,077,188
Concrete Pile 0411 216 0888698413

Total 1,0 2141 4.156,805,597

Availabilitv of Materials and Tools

Alternative EV AMTotal A maks

Sink Foundation 0,063 15 0948275862
Baore pile 0,355 1,73 0957734127

Steel Pile 0219 483 1058333333
Concrete Pile 0,163 725 1183333333

Total 1.0 28,81 4147283799

Capacity of Soil and Pole

Altermative EWV CSP Total . maks

Sink Foundation 0,109 10 1,089 772,727
Bore pile 0436 208 0908143939

Steel Pile 0,187 55 1,026,873

Concrete Pile 0,268 4 1,073,636,364

Total 1.0 21,58 409,842 803
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3.3. Index Consistency

Table 11. Index Consistency
Metric CI HirarkiTevel
1 0.07944809) Criterm hirarki 2
2 41917424 Sink Foundation | hirardd 3
3 41 568 056 Bore Pile hirardd 3
4 41472 838 Steel Pile hirardd 3
5 400 842 803| Concrete Pile hirardd 3

Saaty has proven that the index consistency from matnx of the berth n can get with the
formula

A maksimum —n

Cl=—"7F— (1)
where:
C.I = index consistency
» maxinum = the eigenvalues has spread from matrix that have ordo n
scattered eigenvalues gained by summing up of multiplication result the number of
columns with the main Eigen vector, the example for CI calculation for criteria, index
consistency calculation:
homax=11x 0,081 + 8.5%0,124+ 6.83* 0,195+1 6*0,6 =424
Because matrix have an ordo 4 ( that is consist of 4 factors) , the value of consistency
index which is obtained:
CI=424-4= 00794
41
If C=I= worth zero, means a consistent matrix. The limit of inconsistency Saaty, measured
by use Consistency Ratio (CE), that is the companson of consistency index with random
generator value (RI) which are labeled on the table 1. This value is depend on ordo matrix n.
Therefore, consistency ratie can be formulated:

CR=CIRI (1
For example, continuing the values of the respondents which is listed,
CR=0.0794/0,9=0,088

If the matrix of CE. value is less than 10%, the inconsistency of opinion is still acceptable.
The calculation above is continued for level 3, to obtain the main eigenvector and C.E. on
every level can be obtammed. Composite weights are used to settle weight and owverall
consistency.

Table 12. Consistency Ratio criteria and selection of bndge foundations

Matrin CR

1 00s8

2 oom

3| oosa

4 0055

5[ 003

Table 13. Synthesis of the iteration Matnx

Crens cE =4 AM (=4 Fourth Isteraction’ Hormmbzon
[=t b ek 2 Y | BT S M 2T R s 53 T
= R IPRIERER ] QW E RSP R | | 0 BT L .20 e8| L TR, T 4 ERE)
AN AT ETI A0S 3 BT L ] e B0 7 003,49 438 158016 ) PR LRNARESRE! LR
== 240 A% 390,82 A4 RITE4TAL 500 214 XTI AL [EL EIER IR FIREE TR asT

On the table above show that the pnonty cntena are the main on:
[a] Carrying capacity of soil and pole = 0.617
[b] Availability of Materials = 0,180
[c] Ease of Implementation = 0,124
[d] Estimated costs = 0,078
Table 13 show that the selection based on carmrying capacity of soil and pole is the factor
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that the most influence with the scale
cost estimates by scale 7.8 %.

3.4, Alternative Priority Weights
For the altemative iteration process of

61,7 %. While the result of the smallest ranking 15 the

bridge foundation on each cnteria conducted by matnx

multiplication mmtil iteration to 5 in each calculation, hence got result :

Table 14. Altemative Choice

of Bridge Foundation Based on Cost Estimation

ik Fourdaion |

izel Pl |L:4'r.rr.5h|e |Frhi|rr.mcnr

§ A6, 00, 150125010 000y
1766, 195070504 40,000
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A 17172 386,240 000,30
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11806, 757 50800 30,0000 71 767 300 246 407 OO0, 00 48156467425 660 300m0,0¢)
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able 15. Alternative Choice of Bridge Foundation Based on ease of implementation
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Table 16. Altemative Choice of Bndge Foundation Based on avatlability of ingredients and

matenals

Sink Foundation Bare Pl
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able 17. Altemative Choice of Brid

ge Foundation Based on carrying capacity of soil and
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Table 18.Score for each alternative to the criteria

F

CE CI AM CsP

Simk F

0,550) 0,500 0.5 0475

Bom Fie

0.210) 0209 004 0,112}

Steal Pia

0,155} 0,183 01+ 0,201}

Concrate Pils

0,091 0,103 0220 02114

3.5, The best alternative determination

Determine the best altemnative by combining the weighting result between the weighting result
on the criteria and the weighting of alternatives based on the critenia.

Table 19. Multiplication of foundation aligned with the criteria

Fomndation CE CI AM CsP Bobot
Sink Founds tion 0540 10,5001 0.562 0475 0,078
Bore Pile 0210 0200 0.074 0112 0.124)
Steel Pike 0158 0185 0144 0201 0.180]
Concrete Pile 0,001 0105 0220 0211 0.617)

Obtained: Table 20 Global Priority

Table 20 Global Pronty Value

Foundation Weight
Sink Foundation 0,423
Bore File 0,147
Steel Pile 0,257
Concrete Pile 0,165
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Table 21 Ranking Pricrity of bndge foundation selection

Lewel Foundation Wagsht (%)
1 ok Foundat 413
2 Sreel Pl 5.7
3 Concrete Ple 16,5
4 Bare Pie 14.7

In table 21 we can see the ranking critena of the most influence foundation altematives.
The obtained result of the main altemative prierities 1s the same age foundation =42 3%, the
second alternative is steel pile foundation =257%, concrete pile foundation =16,5%, and the
last 15 bore pile foundation =14,7%.

o 5 Al ive Bridge Foundation
oA
T e —
o " : —
e q;la E;'z.' o mWeight
[+

Figure 1. Altemative of foundation selection

3.6 Semsitivity Analysis

To apply the policy which appropriate with the purpose, then conducted AHP sensitivity
analysis on each factor of each foundation researched. The design below is an AHP analysis
design that can be used to determine the tendency of each selection type of foundation to
several mfluential factors. The design below is obtained from the weight value selection of
each foundation based on each criterion in table 18.

Y Sink = 0.540 Cost Estimate + 0.500 Ease of Implementation +0.562 Availability of

Materials and Tools + 0.475 Capacity of Soil and Pole (3)

Y Steel = 0.158 Cost Estimate + (.185 Ease of Implementation + 0.144 Availability of
Materials and Tools + 0,201 Capacity of Soil and Pole 4

Y Concrete =0.091 Cost Estimate + 0.103 Ease Of Implementation + 0.220 Availability of
Materials and Tools + 0211 Capacity of Soil and Pole (3)

Y Bore = 0.210 Estimate Cost + 0.209 Ease of Implementation + 0.074 Avalability of
Materials and Tools +0.112 Capacity of Soil and Pole (7

where:

Y sink = sink foundation
Y Steel = Steel Pile
Y = Concrete Pile
Y Bore = Bore Pile

Cost estimation, ease of implementation, availability of materials and tools and capacity of
soil and pole is a percentage of the prionty criteria. Based on the formula obtained, then
implemented sensitivity analysis that is to change each factors so that it can change the quality
of each mode. Figures 3 to & show a graph of the selection of each foundation of the factors
that influence it.

23

aET Pricrity of Criteria Alternative Foundation based Cast
w 2 Estimate il B Pl
£ ¥
I i e el File
G a1
H o
T s nk’ﬂ!lf

Sink B Ple Sha | Film Concisis Fle

Figure 3. Graphic pricnty of foundation selection based on cost estimation

Figure 3 shows the change in the priority estimate that comnected with the increasing of
cost estimation in the selection of foundation, especially the foundation of the same age. The

9
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second influential foundation is bore pile foundation and the third is steel pile foundation and
the last is concrete pile foumdation. The same age foundation can reach 25% then followed by
bore pile, steel pile and the last is concrete pile foundation.

[ 25

L] Priority Criteria of Alternative Foundation based
:U o5 Ease of Implementation Exnoa
I — el P
a2
: ,_;_:_,-,_———"’/_._,f"'” —
ol
H e R
o
! Hedk e e Sl ke Canete Hle

Figure 4. Graphic prionty of foundation selection based on ease of implementation

Figure 4 shows the changes based on the selection of the foundation factor prionties that are
mfluenced by the ease of implementation. The biggest influence based on the ease of
implementation occurs on the concrete pile foundation that can reach more than 40%, but the
smallest mfluence 15 on the same age foundation that 1z about 20%.

04 1 Priarity Of Criteria Alternative Foundation based
Availabiity of Material and Tools

=k

Wooa

E Bure e
1 oz \

ﬁ 0.1 T -
T ] _ fr

[ a5 1 15 2 13 3 1 : I pis

Figure 5. Graphic priority of foundation selection based on materials and tools
availahility
Figure 5 shows that the changing prionities which 1s cansed by the changing of matenials and
tools availability occurs on the same age foundation that is about 33% as the biggest then
concrete pile foundation as the smallest influence that is below 3%.

03s
Friarity Of criteria Altarrative Foundation by Capacity of Sall and Pole

W 03 —#—Eink
E
0.1% === Bare File
I
G 01 —
H Steel File
T 04 ——
g g Cancrete
'] Ll Pile
@ 05 1 15 2 2.5 E] 35 : 45

Figure 6. Graphic prionity of foundation selection based on the capacity of so1l and pole

Figure 6 shows that the changing priority which is caused by the capacity of soil and pole
occurs on the same age foundation that is about 20% as the biggest and the smallest is ocowrs
on the concrete pile foundation that is below 5%.

4. Conclusion

The most influential factor in foundation selection of the Sei Anak Muara bulan 2 bridge is
the capacity of soil and pile. Based on the calculation technics, the highest founded in the
calculation of the same age foumdation. The changes of weight pricnty selection that caused
by cost estimation, capacity of soil and pele, and the materials and tools availability make the

10



2nd International Conference on Statistics, Mathematics, Teaching, and Research 10P Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1028 (2018) 012069 doi:10. 1088/1742-65096/1 028/ 1/01 2069

increasing foundation where the more higher weight of the same age foundation will make
bigger the selection of the same age foundation on the bore pile foundation, steel pile
foundation and the last is concrete pile foundation based con the ease of implementation in the
selection factor of weight increase that lies on the concrete pile foundation which 15 can reach
40%: but the smallest changes occurs on the same age that 1s about 20%.
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