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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
mmplementation 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 alternative 1s the foundation
of equal to 42,2%

1. Introduction

Sei Muara Bulan Child 2 bridge is located in East Kutai Regency with initial condition only
Bailey bridge that has been finished but is not proper used anymore. There 1s a bridge made of
log 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 foundation. The foundation of the bridge is the
basic part of the bridge building structure that exists under the bridge structure, including
abutment and foundation. The foundations are heavily dependent on land carrying capacity,
and local topography is 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
carly design of the form of the foundation, more detailed and carly design of the most
appropriate form of foundation, estimating the cost of each foundation form, and choosingflle
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 priorities used in the foundation selection based on recommendations by experts and the
selection of the tendency of the type of foundation based on priority criteria. This research
focuses on determining the parameters used parameters used based on four criteria; Cost
Estimation (CE), ease of implementation (EI), Material Availability and Tool (ANEERnd soil
and pillar carrying capacity (CSP). to achieve the purpose in this research used Analy§ERI
Hierarchy Process (AHP) method. The Analytical Hierarchy Process (AHP) process is a
decision-making tool that describes complex problems in hierarchical structures with varying
degrees comprising AHP objectives, criteria and alternatives. The basic approaches to
decision-making with hierarchy, complex and unstructured problems broken up mto groups,
then orgamzed into the hierarchy [1]-[7]

2. Research Design

This research is a quantitative research using Analytical Hierarchy Process (AHP). The
primary data were obtained through direct survey (@)study sites in East Kutai district to
directly observe the site and conduct good survey of hydrology survey, topography and dull
soil to know the exact 1Jation of the location so as to determine the selection of expected
type of foundation. BJe secondary data were obtained 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 AIIP steps developed by Saaty (1993), the way to process the data
is by defining the problem and determining the desired solution, creating a hierarchical
structure, creaffig a pair wise matrix of comparison, making the pair comparisons to get a
rating of nx [(n-1) / 2, where n 1s the number of elements that are compared, calculates the
Eigen values and consistency of t¢g}s, 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 bridge
foundation is done by three stages, the first step is the @}ermination of bridge foundation
planning, the second stage iffhe carrying capacity of the soil and pole, cost estimation, then
the implementation, and the availability of materials and tools. the third step 1s the choice of
alternative foundation. Stage decision-making process using the AHP outline 1s to look at the
problem structure into a hierarchy [8]-[10]

N | Table 1. Assessment Scale AHP (Cabala 2010)
N 12 3 4 8 6 /] 8
RI 0,00 0,58 09 1,12 124 1,32 14l
N ) 10 11 12 13 14 15
RI 145 149 1,51 1,48 1,56 1,57 1,59

fable 2. Random Value Index Sukarto, 2006
Intensity Verbal Definition
of

Both are equally important
A little More important
More important
Very important
Absolute important
2,.4,6,8 The values of the middle of the

above of assessment above

NS =D G| =

i I assessment
The opposite of || 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 comparison. After pairwise is formed then the
next step is measuring the weight priority of each element. The final result of calculating the
weight priority is decimal number less than ﬂ]c, All clements are grouped logically and
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consistently championed based on logical criteria. Weighting that is obtained from paired
comparisons should be related to the cardinal and ordinal. The following steps do logical
consistency calculation as follows [11]-[13]
[a] The number of each line times by each priority and the result is divided by weight
EERk and then in total
[b] The result is dividef§vith the number of element, will be obtained kmaks.
[c] Index consistency (CI) = (hmaks-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 RI values is Table 1.

3. Result and Discussion
3.1. AHP Hierarchy Structure

| DESIGN FOUNDATION ‘

CE EI AM Csp

Level

SERSE BORE PILE STEEL FILE CONCRETE
PILES

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

In calculation by AHP. factors that influence the selection of foundations based on four
criteria (according to the expert) which 1s considered that the most influential 1s Cost
Estimated (CE), Ease of Implementation (EI), Availability of Materials and tools (AM), and
the Capacity of Soil and Pole (CSP). The selection of foundation type based on the technical
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 Matrix, Matrix and Computation Normalization Weights Priorities
and Eigen Valie and maximum Lamda

The next step 1s creating pairwise comparison matrix. From the assessment that is given by all
members of group, then we get new comparison of matrix. Th@ksessment 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 calculation criteria

Criteria CE EI AM CSP
CE 1.00 0,50 0,33 0,20
El 2,00 1.00 0,50 0.20
AM 3,00 2,00 1,00 0,20
csp 5.00 5,00 3.00 1.00
Total 11,00 8,50 6,83 1,60
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Table 4. The value of priority criteria

Criteria Priority

CE 0,508333333
EI 0,925
AM 1:55
Ccsp 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 priority is obtained by finding the average value of each cells in each

row.
Table 5. The scale of weighting determination alternative bridge foundation
Cost Estimation ( CE)
Alternative  Sink Foundation Bore Pile Steel Pile Concrete Pile
Sink Foundation 1 1/5 1/3 Ya
Bore Pile 5 1 172 1/3
Steel Pile 2 2 1 Ya
Concrete Pile 3 3 2 1
Ease of Implementation ( EI)
Alternative  Sink Foundation Bore Pile Steel Pile Concrete Pile
Sink Foundation 1 1/4 Ya 1/3
Bore Pile 4 1 1/2 1/3
Steel Pile 2 2 1 Y
Concrete Pile 3 3 2 1
Availability of Materials and Tools ( AM)
Alternative  Sink Foundation Bore Pile Steel Pile Concrete Pile
Sink Foundation 1 1/7 1/3 Ya
Bore Pile 7 1 3
Steel Pile 3 1/3 1 2
Concrete Pile 4 1/4 Y2
Capacity of Soil and Pole
Alternative  Sink Foundation Bore Pile Steel Pile Concrete Pile
Sink Foundation 1 1/4 12 1/3
Bore Pile 4 1 2 2
Steel Pile 2 1/2 1 1
Concrete Pile 3 1/3 1 1
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Cost Estimation ( CE)

Criteria CE El AM  CSP
CE 0,0909 0,0323 0,0870 0,1200
EI 0,4545 0,1613 0,1304 0,1600
AM 0,1818 0.3226 0.2609 0,2400
CSp 0,2727 0,4839 0,5217 0,4800
Total 1,0000 1,0000 1,0000 1,0000
Ease of Implementation (EI)

Criteria CE EI AM  CSP
CE 0,1000 0,0500 0,1300 0,1500
EI 0,4000 0,1900 0,1250 0,1530
AM 0,2000 0,3810 0,2500 0,2310
CSp 0,3000 0,3810 0,5000 0,4620
Total 1,0000 1,0000 1,0000 1,00
Availability of Materials and Tools (AM)
Criteria CE El AM  CSP
CE 0,0670 0,0800 0,0700 0,0300
EI 0,4670 0,5790 0,6210 0,5520
AM 0,2000 0,1930 0,2070 0,2760
CSp 0,2670 0,1450 0,1030 0,1380
Total 1,0000 1,0000 1,0000 1,00
Capacity of Soil and Pole (CSP)

Criteria CE El AM  CSP
CE 0,1000 0,1200 0,0910 0,1250
El 0,4000 0,4800 0,3640 0,5000
AM 0,2000 0,2400 0,1840 0,1250
CSp 0,3000 0,1600 0,3640 0,2500
Total 1,0000 1,0000 1,0000 1,00

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

Criteria CE El AM Csp EV

CE 0.091 0.059 0,049 0,125 0.081
El 0,182 0,118 0,073 0,125 0,124
AM 0.273 0,235 0.146 0,125 0,195
Csp 0,455 0,588 0,732 0,625 0,600
Total 1,000 1,000 1,000 1,000 1,000

Eigen Value (EV) rated evenly the fw value on each element determining the foundation
on Table 7 and recapitulation on Table 8.
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Table 8. Eigen value for each determination of the foundation

Cntena EV

Altemative CE EI AM csp
Sink Foundation 0.079 0.104] 0,063 0.109
Bore Pile 0,209 0,232 0,555 0.436
Steel Pile 0,264 0,261 0219 0,187
Concrete Pile 0.448 0,402 0.163 0,268
Total 1,000 1,000| 1,000 1,000

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

Criteria EV Total & maks

CE 0,081 11,00 0,890
EI 0,124{ 8,50 1,057
AM 0,195 6,83 1,331
CSsP 0,600 1,60 0,960
Total 1,00 27,93 4,238

Table 10. Lamda Maximum of selection foundation

Cost Estimation

Alternative  EV CE Total A maks

Sink Foundation 0.083 11 0.907840112
Bore pile 0,227 6.2 1.404.719,368

Steel Pile 0,251 3.83 0,963382209
Concrete Pile 0,44 208  0,915800714

Total 1,00 2311 4.191742 403

Ease of Implementation

Alternative  EV EI Total X maks

Sink Foundation 0,107 10 1,066,756,631
Bore pile 0217 525  1,139.274.364

Steel Pile 0.286 4 1,062,077,188
Concrete Pile 0411 216  0.888698413

Total 1,0 2141 4.156,805,597

Availability of Materials and Tools

Alternative  EV AMTotal A maks

Sink Foundation 0,063 15 0,948275862
Bore pile 0.555 1.73 0957734127

Steel Pile 0,219 483 1,058,333,333
Concrete Pile 0,163 725 1.183333.333

Total 1.0 28.81 4.147.283.799

Capacity of Soil and Pole

Alternative  EV CSP Total 'k maks

Sink Foundation 0.109 10 1.089.772,727
Bore pile 0,436 2,08 0908143939

Steel Pile 0.187 5.5 1.026.875

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 Hirarki/Level
1 0,07944809] Criteria hirarki 2
2 41,917.424] Smk Foundation hirarki 3
3 41,568 056|Bore Pile hirarki 3
4 41,472.838] Steel Pile hirarki 3
5 409,842 803| Concrete Pile hirarki 3

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

f@Fula

A maksimum —n
Cl=———" 1
—1 e
where:
C.I. = index consistency
» maximum = 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:
Amax = 11 x 0,081 +8,5%0,124+6,83* 0,195+1,6%0,6 =24
Because matrix have an ordo 4 ( that is consist of 4 factors) , the value of consistency
index which is obtained:
Cl=424-4= 10,0794
4-1
If CEI worth zero, means a consistent matrix. The limit of inconsistency Saaty, measured
by use Consistency Ratio (CR). that 1s the comparison of consistency index witlffEindom
generator value (RI) which are labeled on the table 1. This value 1s depend on ordo matrix n.
Therefore, consistency ratio can be formulated:
CR=CIRI 2)
For example, continuing the values of the respondents which is listed,
CR=0.0794/0,9=(188
If the matrix of CR value 1s less than 10%, the inconsistency of opmion 1s still acceptable.
The calculation above is continued for level 3. to obtain the main eigenvector and C.R. on
every level can be obtained. Composite weights are used to settle weight and overall

consistency.
Table 12. Consistency Ratio criteria and selection of bridge foundations
Matrix CR
1| ooss
2| o071
3|  oo0ss
4] 0055
s| o003
Table 13. Synthesis of the iteration Matrix
Criteria CE El AM csp Fourth Interaction Momalzaton
CE 1.808.629.776,32] 1072548 343,64 T61.212.825.28) 234.T08.969.27) 3.877.099.914,52 0,078
El 2.814.432417,63] 166901269168 1.282.060.602,14 365.233.692,30) 6.130.73%. 403,74 0,124
AM 4.154.671.133,64] 2462976 166,00 LT48.617.113,49) 539.159.016,59) H.905.423.429,72| 0,180
Csp 14240496 251.62) B444 85764281 599351427500 184801347452 30,526, 5K1,643,96/ 0617

On the table above show that the priority criteria 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 carrying capacity of soil and pole is the factor
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that the most influence with the scale 61,7 %. While the result of the smallest ranking is the
cost estimates by scale 7,8 %.

3.4. Alternative Priority Weights
For the alternative iteration process of bridge foundation on each eriteria conducted by matrix
multiplication until iteration to 5 in each calculation, hence got result :

Table 14. Alternative Choice of Bridge Foundation Based on Cost Estimation

Sink Foundation |Bore Pile |Slee1 Pile |Cunu'ete Pile Fifth Interaction | Norm

SF | 9.635.003.150.250.020.000,00| 27.573.085.213.394.800.000,001 30.561.509.280.626.500.000,00] 55.739.328.648.984.900.000,00 123.509.327.293.256.000.000,00 0,540
BP | 3.766.115.019.923920.000,00 10.777.722.413.044.200.000,00) 11825.757.649.822.300.000,00( 21.787.302.286.897.000.000,00] 48.156.897.429.687.300.000,00 0210
SP | 1827.890.830.582650.000,00] 8.089.725.162.370.140.000,00 8.959.973.023.591.840.000,00] 16.359.593,581.085.000.000,00| 36.247.182.597.609.600.000,00) 0,158
(P | 1629.825.157.525.110.000,00] 4.664.171.729.396.260.000,00 5.169.751.149.094.850.000,00] 9.428.679.853.967.400.000,00] 20.892.427.889.983.600.000,00{ 0,081

Table 15. Altemative Choice of Bridge Foundation Based on ease of implementation

Sink Foundation |Bm=lﬁle |S1eell’ile |Cum=te File |Fifth Interaction | Nom

SF | 12901.447.065.583.000.000,00]  27.530.425.283.719,600.000,00f 31 769,005.264.59L500.000,001 50.989.145.529.348.0004 123.190.023.144 548000000001 0,500
BP | S.437.013.907.901960.00000) 1160205019942, 00,001 00 13.008.227.582 949:100,000,00) 21,488.185.934 138 600 SLSIATTMATLING000 0209
SP| ATE1524.9%6%4.010.000,001 10.172878.167.713.600.000,00) 11.739.727.136.975.400.000,00( 18,842129.432 66,704 4550035734 142800000001 0185
(P | L717414868000960.000,00] 5798697344 505.50.000,00) 6631463885 472.%50.000,00] 10730776801 133.00.000,00] 25,947,352 9913340000000 0,108

=

=1

Table 16. Alternative Choice of Bridge Foundation Based on availability of ingredients and

materials

Sink F:

dati [Bore pile Istee! pile |concrete pile [Fifth Iteraction [ hom

SF | 16.592.810.555.021.600.000,001 140.726.929.445.811.000.000,00/ 69.260.808. 179.841,600.000,00f 42.719.820.346.754.100.000,00] 269.300.368.527.429.000.000,00 0,562
BP | 2064.113.679.879.950.000,001 17.507.770.031.772.700.000,00/ 10.554.770.210.728.100.000,00  5.314.263.389.541.510.00,00] 35.440.917.311.922.200.000,00| 0,074
SP | 4.250.501.320.074.820.000,001 36.093.633,367.785.200.000,00/ 17.781.772.540,534.600.000,00( 10.966.735.353.155.200.000,00| 69.101.732.581.549.700.000,00| 0,144
CP | 6.482.288332.235.710.000,00) $4.977.583.802.616.100.000,00] 27.058.015.678.493.000.000,00| 16.689.287.534.184.800.000,00] 105.207.175.747.550,000.000,00| 0,220

Table 17. Alternative Choice of Bridge Foundation Based on carrying capacity of soil and

pole
KinkFoundation [Borepile [steet pile [concretepile [ffh nteraction [ Nom
S | 8518363166413 800000 32335713934 60000000 18760556 30092 000000 1773949065 TR SN0 00| 71363741 543753 20000000 0475
B | 1932692662068 10000 | 7335108 T80SITeS0000N| 4896 NBOVAATIONN0Y L0252383639632700010| 181881680655 0000|0112
s | 3sistrssarsanicnm| 3637003 an0m| 7046383 14600000 751898043063600000| RTB208761L55T00000| 0201
¢ | 37018830529, 00000] 1430852 507525000000] B 36271460, 085000000 7.893040087.10430000000] 44035888159 8000000| 0211

Table 18.Score for each alternative to the criteria

Foundation CE Cl AM Csp
Smk Foundation 01.540] 0.500) 01.562] 0475
Bore Pile 0.210] 0.209 0074 0.112]
Steel Pile (),158] 0,185 0,144 0201
Concrete Pile U.E)‘JII 0.105 0.220] 0211

3.5. The best alternative determination
Determine the best alternative by combining the weighting result between the weighting result
on the criteria and the weighting of alternatives based on the criteria.

Table 19. Multiplication of foundation aligned with the criteria

Foundation CE CI AM CS8p Bobot |
Smk Foundation 0.540 0.500 0.562f 0475 0.075|
Bore Pile 0.210 0.200 0.074) 0.112 0,124
Steel Pile (,158| 0,185 0,144 0.201 0,180)
Concrete Pile 0,091 0,105 0,220 0211 0.617)

Obtained: Table 20 Global Priority
Table 20 Global Priority Value
Foundation Weight
Sink Foundation 0,423
Bore Pile 0,147
Steel Pile 0.257
Concrete Pile 0,165
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Table 21 Ranking Priority of bridge foundation selection

Level Foundation Weight (%o)
1 Sink Foundation 423
2 Steel Pile 25,7
3 Concrete Pile 16,5
4 Bore Pile 14,7

In table 21 we can see the ranking criteria of the most influence foundation alternatives.
The obtained result of the main alternative priorities is the same age foundation =42.3%. the
second alternative is steel pile foundation =25,7%, concrete pile foundation =16,5%, and the
last is bore pile foundation =14,7%.

Alte] ive Bridge Foundation
0,3 " — =

Co&" " = Weight

Figure 2. Alternative of foundation selection

3.6 Sensitivity 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 influential 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 +H).562 Availability of

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

Y Steel = 0.158 Cost Estimate + 0.185 Ease of Implementation + 0.144 Availability of
Materials and Tools + 0,201 Capacity of Soil and Pole “

Y Concrete = 0.091 Cost Estimate + 0.105 Ease Of Implementation + 0.220 Availability of
Materials and Tools + 0.211 Capacity of Soil and Pole (5)

Y Bore = 0.210 Estimate Cost + 0.209 Ease of Implementation + 0.074 Availability 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 priority 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 6 show a graph of the selection of each foundation of the factors
that influence it.

03
——Cnk
a2 Priority of Criteria Alternative Foundation based Cost

w o | Estimate e Bore Pile
¢ :
| 2T i Stee] Pile
G 01 1
H 005 1 ‘_'_’__..—r"—‘_'.-‘-’“‘ Concrete
T e — Pile

.

b I e _ . .
Sink Bare Pile Steel Pile Concrete Pile

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

Figure 3 shows the change in the priority estimate that connected 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 foundation. The same age foundation can reach 25% then followed by
bore pile, steel pile and the last is concrete pile foundation.

05

W 04 Priority Criteria of Alternative Foundation based .
E o Ease of Implementation ancrete
| ’ Steel Pile
0.2
: '/_"—‘_—/ il Bore
0.1
H —— ik
T 0
Sink Bore Pile Steel Pile Concrete Pile

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

Figure 4 shows the changes based on the selection of the foundation factor priorities that are
influenced 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 influence is on the same age foundation that is about 20%,.
0.4 7 Priority Of Criteria Alternative Foundation based
85 Availabiity of Material and Tools

Bore pile
0.2
Steel Pile
0.1
_—
o as 1 1.5 2 25 1 is 4 a8

Sink

—qzm—rﬂg

0

Concrete
Pile
Figure 5. Graphic priority of foundation selection based on materials and tools
availability
Figure 5 shows that the changing priorities which is caused by the changing of materials and
tools availability occurs on the same age foundation that 1s about 35% as the biggest then
conerete pile foundation as the smallest influence that is below 5%.

0.25
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Figure 6. Graphic priority of foundation selection based on the capacity of soil 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 occurs
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 1s
the capacity of soil and pile. Based on the calculation technics. the highest founded in the
calculation of the same age foundation. The changes of weight priority selection that caused
by cost estimation, capacity of soil and pole, and the materials and tools availability make the
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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 on the ease of implementation in the
selection factor of weight increase that lies on the concrete pile foundation which is can reach
40% but the smallest changes occurs on the same age that 1s about 20%.
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