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Bridge Construction Cost Prediction using
Multiple Linear Regression

Krishna Garkal, N.B. Chaphalkar, Sayali Sandbhor

Abstract: Cost of construction of bridges is predicted using
multiple linear regression model, based on data of bridges from
Maharashtra state in India. Cost per unit area is taken as an
appropriate dependent variable. Using both conventional and
double log regression techniques, models for cost/m2 and log of
cost/m2 are developed. Total 6 independent variables, which
include both qualitative and quantitative variables, are used to
develop the model. Height of bridge, average span length and
depth of foundation are used as quantitative variables. Zone of
construction, deck type and foundation type are used as
qualitative variables in developing model. Strength of these
independent variables with dependent variable is found out using
pearson’s correlation method. Model is then verified using Leave
One Out Cross Validation (LOOCV) technique. The most suited
regression model obtained from the data experiment is double log
regression with R? of 0.850 and a Mean Absolute Percentage
Error (MAPE) of 17.74%, as compared to 25% MAPE observed in
past for studies related to traditional cost prediction.

Index Terms: Bridge, Multiple Linear Regression, prediction,
construction cost, cost model

I. INTRODUCTION

Infrastructure funding has always been a subject of significant
debate and dissonance[1]. Construction clients require early
cost estimates to assess the feasibility of the proposed project.
Construction contract bid amount forecasting is therefore an
important task [2]. The prediction of construction cost is vital
for the successful completion of a project, as many planning
and execution related decisions depend on predicted cost
information [3]. Preliminary cost estimates or feasibility
estimates are made before the project’s detailed plans and
specifications are known [4] and mainly rely on the
conceptual design of the project. Although these forecasts
involve very less accuracy and are approximate estimates,
they play a significant role in decision making, especially
during budgeting, material selection, setting quality
standards, timeline of project etc [5]. A cost estimate is a vital
component of any construction project. Esimates are also
helpful in comparison, financial evaluation of alternative
projects, and the application of most suited financing methods
[6]. One of the most important components of infrastructure is
bridge. The cost of bridges varies with respect to type of
foundations, height of structure and specifications adopted
[7]. The study here presents method for estimation of cost of
bridges in Maharashtra which could be used to work out the
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reasonably correct cost in short time. Due to development in
infrastructural facilities, bridge construction has increased
over the last few years exhibiting substantial cost overruns
[5]. Skamris, M.K. and Flyvbjerg, B. [8], found that
construction industry faces more than 50% cost overruns as
the forecasts used for planning of the work are incorrect by
20-60% compared with actual development. This is a very
common scenario in infrastructure projects which is a
byproduct of ill forecast during the initial phase of the project.
Misleading forecasts may lead to erroneous allocation of
funds and project failures in terms of budget. It is thus need of
the hour to have an early and accurate estimate of bridge
construction project cost [5]. After studying various estimates
and present practice of cost estimation for bridges at initial
stage, it is observed that Maharashtra requires scientific
method for estimation for allocating appropriate funds in the
budget. This paper investigates the collected data, develops a
model to predict cost using MLR technique and assesses the
performance of the model by using LOOCYV technique. The
study deals with the need to have a ready method of cost
estimation beforehand i.e. during early stages of construction
or even before the designing phase, in order to carry out
feasibility study. This paper proposes a theoretical bridge
construction cost estimate method that makes use of data from
the past, available for a specific region under study and is
based on data of 35 bridges in the state of Maharashtra. The
cost estimate method presented herein addresses the bridge
cost and applies to three widely used construction methods for
foundation.

Il. LITERATURE REVIEW

Based on the previous literature pertaining to cost estimation
of bridges, it is observed that most research efforts perform
computer intensive runs to optimize the final design from
technical as well as economic viewpoints via trial-and-error
method. Very few studies have been observed to rely on real
life structural and economic data of constructed bridges for
producing cost estimates [5,9]. There are a number of
estimating methods differentiated mainly by the level of
precision that is desired in the results [10]. In statistical
modeling [11], regression analysis is a statistical process for
estimating the relationships among variables. More precisely,
regression helps in understanding the relative change in
dependent variable with change in independent variables.
Lowe D. J., Emsley M. W. and Harding A. [2] studied and
used Multiple Regression Analysis (MRA) to predict cost of
construction with accuracy of model being R? as 0.661 and
MAPE as 19.3%. Typical traditional estimation methods give
accuracy of model with
MAPE up to 25% [2] which
suggests that using
regression analysis, accuracy
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of predesigned estimate can increase significantly. Data with
large variation in cost can be analyzed effectively by rejecting
raw cost as predictor and using its logarithmic form as
predictor [12]. Jafarzadeh R. et al. [13] have done robust
study on use of MLR for prediction and suggest MLR as
simple and robust prediction method for constriction project,
they are in favor of using double log regression method for
prediction as previously used [2,14]. In Maharashtra, every
year, District Schedule of Rates (DSR) is published by
government authorities. This DSR provides cost of
construction material and man hour required to complete unit
work with their rate of wage on per hour basis. Hwang S. [3]
presented study to develop dynamic regression model to
predict construction cost. He further advocates that cost index
is very useful for estimating future cost of construction
activities and by knowing trend of cost change, estimator can
incorporate cost escalation for budgeting. Construction Cost
Index (CCIl) was used to make predictive model of cost
estimation [3]. Gadage, R. B. [7] used Cost Inflation Index
(ClI) to bring cost of bridges constructed in previous year on
one base year. 26 different bridges in Maharashtra were
studied and grouped on basis of their foundation types.
Simply by establishing relationship between height of bridge
and cost per sg.m, different graphs for each group were
generated. Extrapolation of graph helps predict cost of bridge
by knowing height and area of deck of bridge. Jafarzadeh R.
etal, [13], used LOOCYV technique to choose best performing
model. In this technique, the researcher compared coefficients
of different variables for each different model-generated by
keeping one case aside, then he calculated new cost and
compared it with the actual cost. The study also recorded
values of R and R? of different models while performing
LOOCV, and compared it. Finally, the chosen model was with
R? equals to 0.811, adjusted R?, 0.806 and MAPE of 18.36%
for prediction of cost.

111. DATA COLLECTION AND DATABASE
PREPARATION

Based on literature, suitable data is found to be the basic
requirement for getting good results. Reliability of collected
data should also be checked and hence the source of data
should be appropriate. For the present study, data was
collected from ‘Konkan bhawan’, Belapur, Navi Mumbai.
Collected data contains all estimated costs related with bridge
construction. This data is then classified as follows to identify
variable and assign dummy values for qualitative components
within it.
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Figure 5: Superstructure Type

Table 1: Dummy variables

Type of Dummy Zone Dummy Deck type Dumm
Foundation y
Open 1 Hilly/Tribal 1 Solid Slab 1
Foundation area
Pile 2 Plain 2 Girder Slab 2
Foundation
Well 3 Creek 3 PSC Box 3
Foundation

River 4 Structural 4

Steel

Data is divided into classification as shown in Figure 1. Data
comprises of bridges with three types of foundation (Figure
2), open foundation (46%), pile foundation (20%) and well
foundation (34%). They are also classified on the basis of
zone of construction (Figure 3); 1999 to 2011. Figure 4 gives
the classification of data based on the DSR years.
Superstructure type (Figure 5) of bridges also affects the cost,
hence data is also classified on basis of its deck type. To
convert qualitative data to statistical, dummy variables for
same are used (Tablel). Table 2 gives the set of variables used
for regression analysis. Total cost per square meter will be
used as independent variable while remaining variables as
independent variables.

Table 2: Variables used for analysis

Variable Symbol
Maximum height of structure(RTL) H
Depth of foundation D
Average span Length SL
Deck type S
Foundation type F
Zone z
Total Cost (Independent variable) C

Cost

)
As we are using log (m“) as dependent variable,
significance or effect of length and width gets accommodated
in single variable. To avoid double inclusion of variables,
length and width are not used as independent variable in
study.

Cost

“ Log (F) =log (cost) — log (")
=log (Cost)-log (Length*Width)

=log (Cost)-{Log (Length) +Log (Width)}

** Regression Equation,
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Cost

Log ( m® ): o+ P log *+ ¢; will become

log (cost)= log (Length)+log (Width) +a + B log *+ ¢

A. Data Conversion- Converting Cost Using Cost Inflation
Index (CII)

In case of accuracy of prediction, long-term predictions can
be more prone to errors. Forecast errors become larger as
prediction period becomes longer. If index values are used,
the models are observed to respond quickly thereby allowing
a quick adjustment to existing prediction (Hwang S., 2009).
Cll is published every year by Income Tax (IT) Department,
Government of India (Figure 6). By comparing CIl of
different years it becomes possible to change cost to any
particular reference year.

Cll FOR DIFFERNT YEARS

1200
1000

1% o TP PPN . P fo O 0 W b
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Figure 6: Cll Trend

To calculate updated cost of bridges, Cll method is used.
For updating cost, financial year 2015-2016 is taken as
referenced year, hence all costs are updated to financial year
2015-2016 using the following relations.

Dynamic cost=ClII Factor x Original cost
Where,

CII Factor =

Cost Inflation Index of current year

Cost Inflation Index of vear when estimation iz done

B. Data Conversion- Cost Conversion as Per Zone

Cost of bridges constructed in special zones are identified and
their costs are normalized by reducing it to required
percentage according to District Schedule of Rates (DSR).
For different types of areas, an increase of percentages over
the normal schedule of rates (basic completed item rates) is
prescribed as follows:

Corporation Areas - 5%

Sugarcane factory area (within 10 Km. radius) -5%

Notified Tribal Areas- 10%

Notified Hilly / Inaccessible areas- 10%

Inside Premises of Central Jail, Mental Hospital, Raj Bhavan,
Prison- 15%

Collected data comprises of many bridges constructed in
Hilly, Notified Tribal Area.
The original cost of such
bridges is reduced by 10% to
normalize data.
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C. Data Conversion- Logarithm in Regression

Using the logarithm of variables helps in making the effective
relationship non-linear, while maintaining the linearity. For
non-linear relationships between dependent and independent
variables, transforming variables logarithmically is a very
effective practice [15]. Logarithmic transformations are also a
convenient means of transforming a highly skewed variable
into one that is more approximately normal. In fact, there is a
distribution called the log-normal distribution defined as a
distribution whose logarithm is normally distributed but
whose untransformed scale is skewed [16].

Linear model: ¥ = @ * px + ¢
Linear-log model: Y = o+ p log * + £
Log-linear model: Log Y =a+p* + %

Log-log model: Log Y = o+ B log *+ ¢

In occurrences where both dependent and independent
variables are log-transformed, the interpretation is a
combination of the linear-log and log-linear cases above.
Here linear and log-log models are developed for prediction
of cost of bridge.

IV. MODEL PREPARATION

The p-value approach involves determining "likely" or
"unlikely" by determining the probability assuming the null
hypothesis were true, of observing a more extreme test
statistic in the direction of the alternative hypothesis than the
one observed [17]. A small p-value (< 0.05) indicates strong
evidence against the null hypothesis, so it is rejected [18]. The
bivariate Pearson Correlation [19] produces a sample
correlation coefficient, r, that measures the strength and
direction of linear relationships between pairs of continuous
variables. Correlation can assume any value in the range -1 to
1 where the sign represents the direction of the relation and
the r value represents the strength of the correlation (IBM,
2016), where r between 0.1 to 0.3 represents weak
correlation, 0.3 to 0.5 represents moderate correlation and
greater than 0.5 represents strong correlation. Table 3 & 4,
shows values of r and p indicating relationship between
variables increases when taken in their logarithmic form. As
all variables shows moderate to strong relationship with
independent variable, regression analysis can be done.

Table 3: Correlation

Table 4: Correlation (in Ln)

i ; 9 “p”  Signifi

Sr.. Variable (in Symbol ! Strength valu cance
no unlogged form) value e

Maximum height of
1 structure(RTL) H 0.665  Strong 0 <0.05
2 Depth of foundation D 0.838  Strong 0 <0.05
3 Average shan g 0731  Strong 0 <005

Length
4 Deck type S 0.676  Strong 0 <0.05
5 Foundation type F 0.565  Strong 0 <0.05
6 Zone z 0.473 Moderate 0 <0.05
7 Total Cost C 1 - - -

A. Application of MLR

a) Model 1: Conventional Regression

A total of 35 bridges are selected for developing MLR
models. Given that six predictors are considered in this study,
development of total 26 regression models is possible and
examination of all models is practically infeasible. In this
study, the p value for selecting predictors was set (p < 0.005)
to allow whole model to be developed using the “Enter”
technique (Jafarzadeh R. et al, 2014). Firstly, whole data is
used to run regression. All predictors like Height of Bridge
(H), Depth of Foundation (D), Avg. Span length (SL) are used
with their original values; whereas Zone of Construction (Z),
Foundation Type (F), Deck Type (D) are used as dummy
variables to develop the model. After forcefully entering all
variables (Enter Technique) in regression analysis it gives
results as from Table 5.

Table 5: Model Summary

Model R R Adjusted  Std. Error of
Square R the Estimate
Square
1 0.897 0.805  0.763 0.14524

Model summary shows good result in favour of regression.
R value 0.897 indicates that the model is strong; whereas R?
0.805 means model fitting is good, with standard error of
0.014524. Table 6 generated after regression analysis, gives
coefficient for different variables along with constant, which
is 'Y intercept, conceptually, of regression line. Now using this
coefficient one can predict value for bridge using following
formula:

Predicted Value=
-0.35+0.025*H+0.014*D-0.008*SL+0.094*7+0.040*S+0.0

i ' @ «p”  Signif *
r?cr> l\J/r?Irc:gg:aed(;grm) Symbol vaiue Strength vglue icgnce 80°F. Table 6: Coefficient val
i - able 6: Coefficient values
! xri)gtrrin(]Rhﬁll_g)ht o H 0598  Strong 0 <005 Model 1 Unstandardized Coefficients
2 Depthof foundation D  0.755  Strong 0 <0.05 B Std. Error
o MW S o s 0 <aos Gy ot o
4 Deck type S 0.632  Strong 0 <0.05 D 0.014 0.004
5  Foundation type F  0.656 Strong 0 <0.05 SL -0.008 0.006
6 Zone z o451 Moderat 501 <005 z 0.094 0.041
e S 0.04 0.089
7  Total Cost C - F 0.086 0.038
Table 7 presents short summary of result. The model has R? of
0.897, with MEP=5.7% and MAPE=17.74%. Figure 7 shows
relation of predicted cost with actual cost generating
approximately 450 line
which is good indication for
accuracy of model. Residual
distribution is a measure of
Published By:
Blue Eyes Intelligence Engineering
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accuracy by visualization. All points are concentrating
towards zero (Figure 8) which is one of indication that the
model is good and not overfitted. This graph is drawn with
predicted cost against its error.

Table 7: Result Summary

Parameters Regression

R 0.897

R? 0.805

Adj. R? 0.763

Std. Error 0.14524
Mean percentage 573%

Error

MAPE 17.74%
Variables entered HDSLSFZ

Variables excluded -
Upper outlier 0.64
Lower outlier -0.32

Actual Cost Vs Predicted Cost
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Figure 7: Predicted cost (Model 1)
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Figure 8: Residual distribution (Model 1)
b) Model 2: Logarithmic Regression

Same group of 35 bridges is selected for developing MLR
model as in [13]. This is same model as model 1, only
difference is double log regression has been used for running
regression. Six predictors are considered in this model.
Dependent variable (Cost/m?) and predictors-both are used in
their logarithmic form. In this model as well, the p value for
selecting predictors was set (p < 0.005). At first, whole data
was used to run regression. All predictors- Height of Bridge
(H), Depth of Foundation (D), Avg Span length (SL) are used
with their logarithmic values; whereas Zone of Construction
(2), Foundation Type (F), Deck Type (D)- these variables
used as dummy variables in logarithmic form to develop
model. Table 8 gives regression results that show good result
in favor of regression. R value is 0.928, which is
comparatively higher than previous model (0.897) indicating
the model is very strong; whereas R? is 0.833, which is also
significantly higher than that of previous model (0.805).This
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clearly shows that model fitting is good, with standard error of
0.20666.

Table 8: Model 2 summary

Model R R Square Adjusted R Std. Error of the
Square Estimate
2 0.928 0.862 0.833 0.2067

Table 9 generated after regression analysis, gives
coefficient for different variables with constant, which is Y
intercept, conceptually, of regression line. Now using this
coefficient one can predict value for bridge using following
formula:

Predicted value =
-1.466+0.549*L.nH+0.394*LL.nD0.515*L.nSL+0.246*LnZ+0.
263*LnS+0.128*LnF

Table 9: Coefficient (Logarithmic)

Model 2 Unstandardized

Coefficients

B Std. Error
(Constant) -1.466 0.379
LnH 0.549 0.112
LnD 0.394 0.077
LnSL -0.515 0.241
LnZ 0.246 0.092
LnS 0.263 0.284
LnF 0.128 0.093

All these predictors are in their logarithmic form; hence
predicted value also gets in logarithmic form. By using
exponential of this value, actual predicted value is generated
as follows;

Actual Predicted value Cp=
e(-1.466+0.549*L.nH+0.394*L.nD0.515*L.nSL+0.246*LnZ+
0.263*LnS+0.128*LnF)

Table 10 Result summary (Logarithmic)

Parameters Regression
Result
R 0.928
R? 0.862
Adj. R? 0.733
Std. Error 0.20666
Mean percentage Error 1%
MAPE 16.00%
Variables entered HDSLSFZ
Variables excluded -
Upper outlier 31%
Lower outlier -27%

From Table 10, it is observed that the model has R? of
0.982, with MEP=1.00% and MAPE=16.00%. Figure 9 and
Figure 10 give relation between actual and predicted cost as
well as residual distribution for model 2.
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Actual Cost Vs Predicted Cost Table 11: LOOCYV coefficients and predicted value

1.6 Prediction
L 14 ‘ Cas Coefficients after keeping case aside and
g1z ‘ e comparison
v | ** MIS Constant LnD LnH LnSL Lnz LnS Lok New Actal
IR ® PS Value Value
2o s 3 -1510 0.390 0.558 -0.504 0.253 0.251 0.130 0.23 0.24
50_4 & 4  -1475 0402 0541 -0500 0.262 0.216 0.120 0.45 0.43
02 ‘ 6 -1428 0375 0548 -0.534 0.210 0.359 0.146 049 0.53
0 7  -1409 0416 0536 -0.546 0.219 0305 0.132 0.35 0.37
00 50 100 150 8  -1467 0.394 0549 -0512 0.254 0.265 0.112 056 0.55
) 10 -1.526 0.369 0.524 -0.459 0.250 0.250 0.135 0.7 0.73
Actual Cost 11  -1452 0401 0598 -0.568 0.221 0.360 0.082 0.89 0.89
. . 12 -1.479 0.399 0563 -0.522 0.259 0.262 0.109 0.82 0.8
Figure 9: Predicted cost (Model 2) 13 -1478 0392 0547 -0504 0233 0279 0112 062 06
14 -1.477 0.399 0540 -0.499 0.259 0.250 0.098 0.58 0.56
15  -1.402 0.382 0563 -0.558 0.268 0.304 0.157 057 0.6
Residual Distribution 17 -1.509 0.367 0.546 -0.476 0.241 0.262 0.122 0.33 0.31
18 -1.463 0.404 0527 -0.509 0.244 0.273 0.128 039 0.4
40 19  -1.671 0.387 0.539 -0.416 0.285 0.105 0.158 0.39 0.41
20 ® 20  -1.409 0414 0566 -0573 0.247 0.319 0.125 023 024
- PR 4 L 4 21 -1315 0389 0557 -0577 0.231 0.335 0126 0.27 0.26
: .‘ 22 -1.483 0.396 0.561 -0518 0.250 0.249 0.138 1.18 1.15
g .10 ' O 23 -1.469 0.392 0552 -0.516 0.251 0.265 0.124 0.61 0.61
A oo 26 -1.436 0.393 0.558 -0.537 0.247 0.289 0.130 0.89 0.87
0.% 1 o® 15 27  -1475 0396 0551 -0513 0.249 0256 0.130 125 1.24
-10 % & ' 28 -1.486 0412 0539 -0.501 0216 0228 0.114 072 076
-20 L 4 ® ® 29  -1603 0.369 0.516 -0.409 0.246 0.177 0.148 057 053
30 -1.392 0.399 0.561 -0.559 0.231 0.311 0.112 0.85 0.87
-30 Prediction Cost 31  -1465 0394 0550 -0.516 0.247 0.264 0129 082 0.82
33  -1507 0407 0.554 -0508 0.258 0.230 0.135 1.43 1.38
Figure 10: Residual distribution (Model 2) 34 -1.474 0.385 0.559 -0.517 0.255 0.272 0.136 0.85 0.84
35  -1.414 0400 0.529 -0523 0.283 0.258 0.095 0.88 0.95
B. Validation for Model 36 -1.466 0.393 0.550 -0.514 0.248 0263 0.127 1.05 1.05
37 -1.482 0406 0.538 -0500 0.267 0.219 0.128 0.76 0.74
Validating and cross-checking of estimates is an important 38 ~ -1463 0393 0561 -0.525 0.244 0256 0.136 074 0.75
step, that is sometimes overlooked. Leave-one-out cross 39 ~ -1.387 0406 0523 -0.534 0250 0.302 0117 0.66 0.63
D . . . . 41  -1.489 0.384 0.603 -0.548 0.244 0276 0.138 051 055
valldz_;ltlon is carrle_d ou_t to validate model in which the ,5  '5i5 (0391 0555 -0495 0242 0227 0134 065 066
function generator is trained on all the data except for one 44  -1515 0394 0515 -0.448 0228 0.152 0.166 038 0.36
case and a prediction is made for that case. As before, the 45 -1.315 0383 0550 -0.567 0219 0313 0169 03 027

error is computed and used to evaluate the model. The

evaluation given by LOOCYV is good, but it is very expensive ~ There is no much variation in new constants and coefficients.

to compute. Each time by keeping one case aside regression is
performed which gives values of various parameters of
regression like R, R%, Adj. R2 There is no significant change
in values of parameters. After performing total 35 regressions
by keeping one case aside, each time, new constants and
coefficients are obtained which are recorded in Table 11.
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Using the combination of any set of constant and coefficients,
cost for bridge can be predicted. Using the given set of
constant and coefficients, cost for the case kept aside is
predicted and compared with actual predicted cost for model
2 (Table 11). From above results, it can be observed that the
model is strong enough to predict cost for bridges of all types.
Prediction error as given by the model shows that total 25 out
of 35 bridges were predicted within absolute error of 5% and
all 35 out of 35 bridges were predicted within absolute error
of 10%.

V. CONCLUSION

Itis found that log-log regression method yields better results
than that of conventional regression. Comparison of Table 7
and Table 10 for the performance of both conventional and
log-log regression method clearly shows better result yielding
capacity of log-log regression. MAPE and MEP value of
conventional regression are significantly reduced in log-log
regression. Error in prediction using conventional method
(Model 1) is 18% and double log regression (Model 2)
method predicts cost with absolute error of 16%. Here total
2% of error is minimized by using double log method for
regression. Also in MEP
substantial reduction of error
is recorded i.e. from 6% to
1%. In same way, it is
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observed that all models with logarithmic form give better
prediction with minimum error. It is thus concluded that
model based on double log regression performs well than
conventional regression to predict cost of bridges. It can be
observed that error in prediction of cost for case which was
skipped in LOOCV, is within 15% for 99 % of cases. So this
validates results obtained by using double log regression
method. For cost prediction one can use formula subject to
absolute error of 16%

Cp= e  (-1.466+0.549*LnH+0.394*LnD0.515*LnSL+
0.246*L.nZ+0.263*LnS+0.128*LnF)

There is scope to develop new software, where large database
can be prepared and stored for analysis. After analyzing data
with additional database, the model would minimize the error
and would give more accurate predictions. For study,
estimations taken into account are based on DSR of that
particular district. DSR changes from district to district.
Hence there is no uniformity in estimation as cost of some
construction material, say sand, will not be same in different
districts. Hence, there is always scope for error when directly
comparing estimation of bridges from different districts of the
state.
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