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Abstract:

Due to the inter relationships between the erection method of construction of bridges
and material behavior make the constructability of bridges more complex. Also the
impact of loads accessed the problem , in addition to the environmental influences.
Upon this the objective of this research is to develop decision support model to assist
designers in deciding the best alternative that improve the constructability of bridge
project based on the principles of value engineering. This model use super decision
system by applying the analytically network process (ANP) system. The
implementation of this system is carried out through integration of value engineering
with the ANP. The implementation of the system developed is tested virtually. The
results attained confirmed the possibility of applying this system to such studies of
infrastructure and bridges, This study was be adopted with regard to the use of the
same method of construction. which is "precast segmental, balanced cantilever
construction (cantilever carriage system)".

Keywords: Analytic Network Process (ANP), Weighted Graph, Value Management
(VM), Un Weighted Matrix, Weighted Matrix, limit matrix.
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Introduction

"The fast growth of populations has created new needs for mobility and increased the
demands for constructing efficient bridges”[1]. "Department of public works, is one
of the strategic objectives in particular the directorate general of highways and bridges
to increase the percentage of roads, and bridges in good condition"[2]. "Bridges form
an essential part of the infrastructure of a nation, facilitating its social and economic
development by allowing the free movement of people and goods between remote
locations"[3]. "Bridges play an important role in linking different parts of highway
networks, and therefore have a great impact on the capacities of such networks"[4] .
Bridges are massive structures that require large amounts of materials, skilled labor,
and heavy machinery for their construction. Therefore, the decision regarding the
most convenient construction system should be based on careful evaluation of all
applicable alternatives, and using evaluation criteria appropriate for each project"”
[5,6]. There are lots of bridges that need to be analyzed, these problems will increase
the length of the planning process and the results are less accurate” [7]. OQA;
represented a report showed how the VE technique applied on the transportation
projects. Accordance with (23-CFR part-627); state highway agencies must establish
programs to assure that value engineering studies are performed on all Fedral-Aid
high projects on the NHS (National Highway System) with estimated cost of $ 25
million or more and for bridge projects with an estimated cost of $ 20 million or more
[8]. (Ando,2005); applied the VE (Value Engineering) as an evaluation approach for
the highway improvement plans [9]. (Jingyu.,etal.,2014); Applied the VM approach
(SAVE International, 2007) [10] in an actual highway construction project — the
Meihe Highway project in Guangzhou, PRC to explore the feasibility of using a
systematic VM, the results indicated that systematic VM assisted participants generate
creative proposals, which could enhance the value of the project and help construction
managers to reduce the construction period, minimize the total project cost, and
reduce the construction-related risks to employees in a real situation. It was assisted
that the systematic VM approach helps VM participants to pay attention to both VM
techniques and the effect of human behavior [11]. Therefore, it is necessary to build
an information system that can help the Public Works Department in obtaining and
analyzing information on the handling of bridges infrastructure. "ANP is a method of
multi-criteria analysis that can be used in the decision-making process [12,13,14,15].
The Analytic Network Process (ANP) is a multi-criteria theory of measurement used
to derive relative priority scales of absolute numbers from individual judgments (or
from actual measurements normalized to a relative form) that also belong to a
fundamental scale of absolute numbers [16,17].
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"this method uses with respect to factors of perception, preference, experience and
intuition” [18]. Also with respect to value management and value engineering
procedures, where ANP represent the value engineering phases ‘function analysis'.
ANP incorporate assessments values and personal values into one logical way"
[19,20]. "Decisions are determined by a single number for the best outcome or by a
vector of priorities that gives an ordering of the different possible outcomes. We can
also combine our judgments or our final choices obtained from a group when we wish
to cooperate to agree on a single outcome" [21].

Research methodology
The work of this study involved the following:

First: A set of determinants that represent the field of study were developed for the
type of bridges to be studied, and this model was applied to it as a virtually study, and
therefore; the results of this study are based on those determinants. the following
scenario of the bridge inputs considered:

e The subject bridge crosses a water channel of a total width of maximum 400m.

e The water channel is of a max depth of 10m.

e The navigational requirements are two envelopes each of 40m width by 10m
height.

e Thesite is located in Egypt and all the local market conditions apply.

e No height restrictions apply.

e No special environmental requirements apply.

Second: Selection the evaluation procedure. By applying the value engineering
procedures.

Third: Determination of evaluation parameters. They were first determined for the
construction bridges, and then for the construction systems as the average values for
the bridges constructed with each system.

Forth: Analysis and evaluation of scoped data. Two types of evaluation were made.
They were:

Economic and engineering analysis of the construction systems applicable for each
site conditions, and Economic and engineering analysis of the used construction
system in comparison with the other applicable system for each bridge.

The analysis led to basic conclusions concerning the construction system
recommended for each site condition, and whether the used system was the optimum
choice for each bridge .
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Model design

ANP is a multi-criteria process to measurement, that used to derive relative priority
scales of absolute numbers from individual judgments (or from actual measurements
normalized to a relative form) that also belong to a fundamental scale of absolute
numbers. This procedure contain some of clusters with interior nodes for each cluster,
all nodes were linked with others, to pairwise comparisons on node level. this step
create the unweighted super-matrix. also all clusters were linked in upper stage of
connection to partorize the criteria and give each one of them rank this is through
Pairwise comparisons on a cluster level. The goal of this step is to convert the
unweighted matrix into the weighted super-matrix after this Calculating the limit
matrix. In this step, the weighted matrix is multiplied by itself as long as all of its
columns become equal. This is how we get the final priorities. After this step, the
sensitivity analysis is performed. Then were upgrade the ANP. next step is the finally
one which is the final report that is in two main categories that as will show through
this research.

The goal of this model of decision making respect to the scope of this study is to
select the best alternative among six alternatives. These six ones that obtained from
the pre study stage and from the information gathering, and creativity of VE
procedure. -The information gathering was by developing four questionnaires- this
model contain the following:

Cluster goal with one node.

Cluster of main criteria with eight nodes (A, B, C,D,E, F, T, 2)
Cluster of sub-main criteria with nine nodes (L, M, N, O, P, R, S, U,Y)
Cluster of sub-sub-main criteria with six nodes (i, ii, iii, iv, v, vi )

Cluster Alternatives with six nodes, alternatives Al, A2, A3, A4, A5 and A6.
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‘figure 1' shows the main network of the ANP model, also ‘figure 2" illustrate the

objective, & clusters relationships.
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'Figure 1': Main network of ANP model
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'Figure 2' Objective, & clusters relationships
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3.1. Cluster design

Cluster of goal
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This cluster is; the objective of the study of this research based on the scope of the
study that defined in the pre study stage as VE procedure, this objective considered
the only node of this cluster. also from pre-study stage of the VE procedures and with
respect to the experience were determined both of main criteria, and sub-main criteria,
also sub-sub main criteria. This is as will show in the following parts of this study.

Cluster of main criteria

The main criteria of that scoped study are as in ‘table 1'

‘Table 1": The main criteria of study

ID Criteria Ranking ID Criteria Ranking
A Time schedule 10 E Safety 9
B  Sustainability 9 F Secure requirement 8
C  Durability 9 T  Surrounding area 6
nature
D  Productivity 8 Z The life cycle cost 9

The objectives of any VE study is to achieve the maximum quality with optimizing

cost so our target in this research is to achieve the maximum for all the parameters

which are considered the criteria of the VE study as shown in ‘figure 3'
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'Figure 3' Quality model for construction projects
3.2.3 Cluster of sub-main criteria
The sub-main criteria of this scoped study are as in 'table 2'

‘Table 2' The sub-main criteria of study

ID Criteria ID Criteria

| Span of bridge R Existing utilities

m  Height of piers S Nature of crossing

n Typical span number U Land topography

0 Breadth of the bridge Y  Experiences of workmanship
P Horizontal alignment

Cluster of sub-sub main criteria For nature of crossing, and existing utilities criteria
there have a sub criteria; The nature of crossing may be one of:

Heavy traffic roads

Waterway

Valleys., Also the existing utilities may be one of:
Fiber optics

Electrical cables & telephone wires

Storm water & drainage.

Having the following ranking of effect on the weighting of the criteria that as shown
in ‘table 3'.
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‘Table 3' Ranking for "the sub-sub main criteria”

ID Criteria Ranking
i Fiber optics 20 %
ii Electrical cables & telephone wires 18 %
iii Storm water & drainage 12 %
iv Heavy traffic roads 21 %
v Waterway 18%
Vi Valleys 11 %

Cluster of alternatives

As a speculative phase; The namely widely used bridges systems as alternatives for
scoped study were as following;

Cable stayed bridges, and Box girder bridges. Although, there are many types in
bridge construction, there are three types of bridge construction that are widely used
across the world; these are:

Concrete bridges,
Steel bridges, and Composite sections bridges

By combining the above-mentioned bridge types and systems, result the following 6
bridges alternatives:

Al. Concrete cable stayed bridges

A2. Steel cable stayed bridges

A3. Composite sections cable stayed bridges
A4. Concrete box girder bridges.

A5. Steel box girder bridges.

A6. Composite sections box girder bridges.
Analysis of ANP outputs

Comparisons on node level.

In this step create the unweighted super-matrix. It is a square matrix of all nodes in
the decision-making problem and contains local priorities. This be performed through
comparison relationships in the node level for:

Alternatives
Main criteria
Sub-main criteria
Sub-sub criteria
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The Comparison of alternatives

The final results of comparing varies alternatives in node comparison level as in
‘figure 4'

Netwark [ e
1. Choose | 3. Rasults

Q“l;ﬂ”u“m ﬁ!l e Seorantescy 10N =
Lot o 0.22420
0.03843
Mﬂl 3- Compos 0.03329
= [4- Concre~ 0.45777
5- Steel ~ 0.10785
6- Compos 0.13846

'Figure 4' Final results of varies alternatives in node comparison level
The comparisons of main criteria

The final results of comparing different main criteria in node comparison level as in
figure 5'

Network
1. Choose | Ll

B o s
W—di’;ﬁl’m: s 0.04611
=3 B- Sustai~ o 1A
Choose Cluster {ei [ "Ry o i it
e, S 0.04503
0.33369
0.22041
T- Surrou~ 0.06145
Z-The Li~ 0.12770|

'Figure 5' Final results for node comparisons of main criteria in node level comparison
Comparisons of sub criteria in node level comparison

The final results of comparing different sub criteria in node comparison level as in
figure 6'
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3. Results

e T s T i
Jw—“fl.l%mf“j“-‘ Span o~ 0.12210
2 ! 0.09392
S 0.12210
0.11100

0.09392

0.11100

0.12210

0.12210

0.10175

'Figure 6' Final results for node comparisons of sub- main criteria in node level
comparison.

Comparisons of different sub-sub criteria in node level comparison

The final results of comparing different sub-sub main criteria in node comparison
level as in ‘figure 7'

[Metwert AR atgs
1. Choose | 3, Results

J:-TWJ i- Fiber ~ 0.12570
: ii- Elect~ 0.15120
Chaoze Cluster <2/ 0.21736
e e Heavy~ 0.12570
\v- Waterw 0.14292
vi- Valle~ 0.23712

'Figure 7' Final results for node comparisons of sub- sub main criteria in node level
comparison

Comparisons on a cluster level

The goal of this step is to convert the unweighted matrix into the weighted super, for
this step, we have to do the following comparisons:

e Compare three clusters of criteria with respect to the goal.
e Compare three clusters of criteria with respect to the alternatives.

In the next part will show the comparisons of the three clusters in the cluster
comparison level, ‘figure 8' shows the comparisons of alternatives in the cluster level
comparison, ‘figure 9' shows the comparisons of main criteria in the cluster level
comparison, and 'figure 10" shows the comparisons of sub criteria in the cluster level
comparison, in the last ‘figure 11' shows the comparisons of sub-sub criteria in the
cluster level comparison.
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'Figure 8' The comparisons of alternatives in the cluster level comparison

1. Choose
Mage e
IChoose Cluster

Mun Crvens — I

mnson;ﬁm respect to Main Critenia

Saphicl Vartas_ Mo sestivioien Dlact z

Aormanes i eusty az mpceant 2z Improw dges Consructatiaty

1. Anternatives| >=0.5o|u|7]s|5|4|3]2| 2[1]a]s]e]7]s]s]>=05 N0 s
2. Anernatives >=0.5|o|8|76|s|4|3|2| 2|3]a|s|s]7]a]a] 5205 |No s
3. Anternatives >=0.5|0|8|7|6|s|4 3|2| |2]3]a]s|s|7]s]s] >=6.5 |No es
4 Anernatives >=0.5[o|8|7]6|5 a|3|2| |2|3]a|s|e]7]e]e] 5205 |No e
5. Improve Brid~ >=9.5|0|8|7|65|4|3|2|  2|a]a|s5]6|7|8]s] 5295 |No e
6. improve Brid- >=8.5 o[ 7|6|s|a|3|2| |2]2]a]s|e]7|s]s] 5205 [Nocs
7. improve Brid- >=0.5 [0 8| 7|6|3|4|3|2| |2]2|a]5]6|7]a]s] >=0.5 |Nocs
8. MainCriteri~ >=0.5[0|8|7]6 5|4|3]2| |2]|a]a|5]6]7|8]e] 2205 |No e
8. Maincriteri~ >=0.5 0|8 7|6|5|4|3|2| [2|a]4|5]6]7]8]o] >=9.5 [No e
10.  subcreria >=9.5 o8| 7|65|4 3|2| |2|a]a]5]6]7]a]0] >=0.5 [Nocg

'Figure 9' The comparisons of main criteria in the cluster level comparison
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'Figure 10" The comparisons of sub criteria in the cluster level comparison
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'Figure 11' The comparisons of sub-sub criteria in the cluster level comparison

The limit matrix

In this step, the weighted matrix is multiplied by itself as long as all of its columns
become equal. This is how we get the final priorities. After this step, the sensitivity
analysis is performed, to obtain the final upgrade of the proposal.

Proposals of the ANP upgrades

In this ANP upgrade, local priorities in terms of dependencies between criteria are
calculated automatically. The main advantage of this approach is that the total
implementation process takes less time. The second upgrade is related to applying the
concept of compatibility between interdependent matrices in the ANP. By using this
approach, the process of calculating the priorities of criteria with respect to
alternatives can be shortened, this As in ‘figure 12' which shows the overall
synthesized priorities for the alternatives, and ‘figure 13’ Priorities for columns rating
system

Name Graphic Ideals [Normals| Raw |

Epals s pnre I 0.750324[ 0.162116 [0.162116)

Girder Bridges

Composite Sections Cable- _
Stayed Bridges 0.680965 | 0.147130 [0.147130

Concrete Box Girder I 1000000 | 0.216061 0216061 |
R 0737113 0.150262 [0.150262|

Bridges
Steel Box Girder Bridges | [ N NN 0.764250| 0.165125 [0.165125|
el [0.695661( 0150305 [0.150303)

Bridges

'Figure 12' The overall synthesized priorities for the alternatives
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A- Time Schedule 0.032619
B- Sustainability 0.040734
C- Durability 0090559
D- Productivity 0.037616

E- Safety 0.2680912

F- Secure requirement 0.172090
T—Nf;lirur-rneunding Area 0.055116

#- The Life Cycle Cost 0.104305

L- Span of Bridge 0.022526
k- Height of Piers 0.017449
M- Typical Span Mumber 0.022639
O- Breadth of the bridge 0.020592
P- Horizental Alignment 0.017449
R- Existing Litilities 0.020592

5- Mature of Crossing 0.022639

U- Land Tepography 0.022639

e of

'Figure 13' priorities for columns rating system

Next step is the finally one which is the final report that is in two main categories.

The first one is: the top level part

This is a report for how alternatives fed up through the system to give us our
synthesized values. The alternative rankings in this part are in the previous figure.

The second part is: the bottom level network with ratings information

The alternatives for this network are found in the ratings system. The totals we get for
the alternative priorities for this network come from the ratings system.
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e Results and discussions

Based on the function analysis phase of VE, and VE procedures using the analytically
net wok process; resulted that the final ranking of all different alternative was as in
‘figure 14'

| Graphic Alternatives  Total [Normal | ideal Ranking
n | Composite Sections Box Girder Bridges 0.1621| 0.1621 0.7506] 3
. Composite Sections Cable-Stayed Bridges paa72] 01472 b.ssl 3 6
| ] Concrete Box Girder 0.2160 0.2160 [1.0000] 1
. Concrete Cable-Stayed Bridges b.1593| 0.1593 b.7373 -
n Steel Box Girder Bridges 01651/ 0.1651 o.7645] 2
| | Steel Cable-Stayed Bridges 0.1503[ 0.1503 Jo.6959] 5

'Figure 14' The Alternative Rankings

This ANP model give us a very good chance to achieve different plotted shapes of the
results as in the following figures
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{ 1 1
oncipte Cajle
‘ l;c \c:{:h )’:a
| LOmpusts Sech
i pomeetet: |
| ool llox Gipde
’ Lompoute Sech
s
|
0nrs
0e6s
0s
e
03
1 _!’
r s
|
Lre
0s - -
0 A o2 01 o4 0y X g or oa o9 1
Paipneier value

'Figure 15' Plotted sensitivity for final results
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'Figure 16' Bar chart sensitivity for final results
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Figure 17" Pie chart sensitivity for final results
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'Figure 18' Horz bar chart sensitivity for final results

The final results of this study improve that

The best alternative is the concrete box girder type, that based on the determinants
and criteria of this scoped study as a virtually study.

The possibility of applying this system to such studies of infrastructure and bridges,
and its applicability for any scope, and any type of projects.

The efficiency of this applied model in feasibility studies for projects of various kinds,
whether national or private, larger or smaller. which means its high efficiency in
reducing the areas of unnecessary costs by choosing the best alternative
commensurate with the limitations of the field of study, which allows decision-makers
to choose the best alternative among the available alternatives and what
Commensurate with the objective of the project under study

The question of Why ANP?!!I Answered by the capability that achieved as a result of
this study, and its widely used to solve various issues in the real-world due to the
consideration of complex and interrelated relationships between decision elements
and the ability to apply quantitative and qualitative attributes simultaneously. Also
proves to be an effective framework for assessing readiness to adopt TQM and
facilitating TQM, and VE.

e Conclusion and recommendation

From the results of this research it is found; the necessity of applying the ANP model
with respect to VE procedures to bridges projects of all kinds and their determinants,
as well as all other construction projects, especially national ones, in future studies,
which allows decision-makers to make decisions that aim at the highest quality
without any waste in unnecessary Costs.
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