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ABSTRACT

Indian infrastructure investment in general anchhigy construction in particular have seen manifotilease in
the recent times. This has brought about a paradlgfnin the way in which the highway constructioklustry has been
conducting its business with increased pressuratorstakeholders, namely the employers, the cowmtrsicand the
consultants for high quality and timely projectidety. Disputes and arbitration has also seen adtia rise in past
decade or so. Majority of the projects due to sEverasons encounter time overrun. This paper ptesbe study of
multi-level break down structure of the claim-caiaed its impact on the project time overrun withitiple claim-causes
acting simultaneously. It presents the predictiaodet for predicting time overrun in highway constian contracts in
India. It is proposed to use this model for diadicoas well as predictive tool to understand andsgay mitigate time

overrun.
KEYWORDS: Highway Construction, Claims, Causes of Claims, & @verrun, Prediction Model

INTRODUCTION

In past decade or so, India have attracted hugestment in development of highways network. Thitixnof
investment and rapid growth has posed challengesh® government as well as to the highway cortractind
developers. Tharakan (2008) presented that thee goastruction industry is faced with many challesigp undertake the
huge investment program proposed by the governmfenper the official data, about a third of the gy projects
involving a sum of US$1.9 billion are stuck in drhfion despite the government's best efforts teespup road

development in the country.

Chawla (2010) reported the categorized constraaffecting the smooth execution of the highways as
pre-construction issues, surveying, investigatiowl aesign issues, and construction & contract mamagt issues.
Rohatgi et. al (2012) carried out an interestingeagch on the capacity and performance of the aggacies in India
under World Bank. As per the published news, asynges 123 highway projects out of a total of 40@&uwaled so far by
the National Highways Authority of India (NHAI) sie 2000 are caught in the arbitration tangle. Quhe 123 projects
under arbitration, 103 cases are being settletieatlispute review board formed by the NHAI, white trest are under
various courts. As many as 119 projects under tésare on engineering-procurement-construction jEGis, while the

rest are on build-operate-transfer (BOT) annuitsida

A need is felt to analyze the causes of claims disgutes arising rather regularly in highway canstion
projects. The scope entails the study of dispwafd occurring in the highway construction industryndia; derivation

of causes of claims from the study of the dispated the types of claims; identification of causéslaims to arrive at
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significant causes for time over run; analysis atbidby using principal component analysis; and ldgweent of regression

model to predict the time overrun due to claim/dispevents.
DATA COLLECTION

Exhaustive and comprehensive data collection effare put in place to collect recently publishetikation
Awards related to the disputes occurred in highwaysstruction projects in India. A number of Govaent Departments,
agencies (Employers) and Contractors were conneetpaesting them to part with the copies of theéowsr Arbitration
Awards. Besides these, a few of the prominent lasvged practicing arbitrators were also contactesiupply copies of

such awards.

The information of disputes/claims for 77 contraetgler the highway construction projects implemernteer a
period of last 10 years in India has been collectdée:se are highway construction projects impleetirt various states
of India. The information collected is in form daioms and disputes and its settlements throughratisin under Indian
Arbitration and Reconciliation Act, 1996. The pnesstudy includes the analysis and study of a tofd&73 claim cases
resulted out of the 77 highway construction corirdit India over a period of past 8 years espaciaith respect to time
overrun on the construction contracts. Variousistteal analyses are applied to the data thus cekketo arrive at their

inter-relationship and the cause-effect impact.
CLAIM-CAUSE BREAKDOWN

The literature study revealed that several reseaschave attempted creation of the claim-causekbdean
structure for construction contracts. Merani (198&egorized the types of disputes in two categp(ie) Claims by the
Contractor, and (2) Claims by the Employers. Asigtmmethodology, O’Connor et. al. (1993) screenedcthims based on
the compensation awarded towards the same. Theg greuped under two categories, Damage Type antivdig
Element. Further break up of each of these categavas carried out by them. Scott (1997) groupeddelay events
based on its origin, Employer (E), Contractor (G)daThird Party (N) and further classified as Conygadaie,
Non-excusable and excusable events, respectivéfriam (1999) classified the Project Delays intm&in categories,
namely, (1) By their Origin (owner, contractor rthparty), (2) By their Timing (Concurrent, Non-aumrent), (3) By their
Compensability (Excusable, Non-excusable). He ifladsthe impact of the delay in 2 categories, nigmBirect Impact,
Non-direct or ripple impact. Zameldin (2006) cotlet the data on claims related to different comsion projects in Abu
Dhabi and Dubai analysed them to discover the rayskof variety of claim types, and claim causesthed frequencies.
Kumarswamy (1997) tabulated the findings of hisseesh with respect to sources and causes of clamdsdisputes.
These researchers’ works provide basis for devetpphe claim-cause break down for this researcle @ktracted
claim-causes of the types of claims/disputes unsteidy are then grouped under following major catiego
These categories are devised based on the explanptbvided against each of them. At the beginnirigthis
classification, it is assumed that these claim-eazategories are mutually independent of each ofiftery are termed as
First Level (Level-1) claim-causes. For purposesetérencing throughout the research it is dectdeahnotate them with

F1, F2.. etc. Henceforth, they are referenced as;
F1: Change in Law F4: Improper study prior to tendering the contract
F2: Delay in Site handing over F5: Legal Costs

F3: Improper Contract Management F6: Beyond the control of the parties
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While segregating and grouping 77 contracts udiegRirst Level claim-causes, it is felt that thelm-causes
are of broad nature. Further differentiation antlidg down of these broad claim-causes is caroatl again by using the

information available from 573 claim and disputeets from 77 contracts.

The First Level claim-causes presented above aneefierth referred as Level-1 claim-causes. Thehéurt
classification of the claim-causes, since theythee subsets of the First Level claim-causes (L&velaim causes), is
defined as Second Level (Level-2) claim-causes.Jéwel-2 claim-causes are given the annotationsS21,.etc. Level-1

and Level-2 claim-causes are presented in Table-1.

Table 1: Grouping of Claim-Causes for Level-1 and kvel-2

Claim-Cause Description
F1 Change in Law
S1 Imposition of New Taxes
S2 Revision in Entry Tax
S3 Revision in Excise Duty
S4 Revision in Royalty Charges on Material
F2 Delay in Site Handing Over
S5 Delay in Land Acquisition
S6 Delay in Removal of Encroachments
S7 Delay in Environmental/Forest Clearance
S8 Delay in Compensation Payments (RAP)
S9 Employer Default
S10 Losses due to EOT
S11 Increased guarantee charges
S12 Idling of tools, plants, manpower
F3 Improper Contract Management
S13 Derived BOQ item rate and Payment
S14 Non-BOQ item rate and Payment
S15 Delayed / Reduced Payment
S16 escalation/price adjustment
S17 Poor quality construction
S18 Poor planning of activities by the Contractor
S19 Non granting of Completion
S20 Loss of Interest
S21 Stoppage of Work by Employer
F4 Improper Study Prior to Tendering the Contract
S22 Improper study by the client
S23 Improper study by the contractor
S24 Change in scope by the client
S25 Ambiguous Contract Clause
F5 Legal Costs
S26 Lawyer fees
S27 Cost of Arbitration
F6 Beyond the Control of the Parties
S28 Natural Calamity
S29 Increase in Material / Fuel Cost
S30 Strike, agitation, etc.
S31 Court intervention
S32 Terrorism risk
S33 Statutory Charges
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EFFECT OF DISPUTESON THE COMPLETION PERIOD

At first, the analysis was carried out to find #ffect of disputes and claims on the overall penfamce of the
contract timelines. As suspected, and found inouariliteratures, almost all contracts were runratg and stipulated
period of completion was surpassed by a decenbghefihe delays up to 200% of the original periodafpletion were

also observed in some cases.

The values of % Increase in original contract peigotermed as Percentage Delay (or % Delay) amd uged as
the dependent variable in the development of maiiate regression model. To develop better undwasig of the delay
in completion period, the observed percentage deky categorized into various groups and the cotstraere grouped

under each of these delay categories. The followWisgle-2 depicts these data.

Table 2: Percentage Increase in Original Contract ime Frequency

% Increase No. of Contracts
<0 9 nos.
> 0 and <40% 12 nos.
> 40% and <80% 26 nos.
> 80% and <120% 14 nos.
> 120% 16 nos.

From above Table-2, it can be observed that @ litibre than 1/3 (26 nos. out of 77 nos) of contract have

percentage increase range between 40% and 80%.

While percentage increase in original contract tiapeto 40% and between 80% to 120% have 12 nos. and

14 nos. of contracts, respectively, in each oféhegegories.

16 nos. of contract from this data set have peagntincrease in original contract time beyond 120%,
while 9 nos. of contract showed no delay in thegingl completion period. The data set for this agske is considered
quite diverse and the regression model developedigh this data set is assumed to be applicaljpeedicting all ranges

of delay in construction period.
DEVELOPMENT OF TOPHIP MODELS

This step of the research was planned to estatdigtionship between the claim-causes and the ¢iveerun in
the highway construction projects. It was decideduse the multivariate regression technique to ldpvehe required
models not only to establish the relationship betwthe claim-causes and time overrun, but alscet@ldp prediction

model(s) for the time overrun.

Linear regression models are generated, and aretated as ime Overrun Rediction in_Hbghway Rojects
(TOPHIP). The regression models generation arengted using SPSS software with the dependent arégbpercentage
Time Overrun. The stage wise procedure adoptedrieeaat the best fit regression model is preseimethe following
Figure-1.
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Percentage Time Overrun (Delay) computation fromneau contract data
First Generation Model

Development of Model using Development of Model using
Level-1 claim-causes Level-2 claim-causes

No Reliable Prediction — Reasonable good fit Prediction
furtherattemp stoppe:!

J

Second Generation Model (By using Principal Commpdas)e

Development of Model using Development of Model using
FLC (Principal Components of SLC (Principal Components of
Level-1 claim-causes) Level-2 claim-causes)

No Reliable Prediction — No Reliable Prediction —
furtherattemp stoppe: furtherattemp stoppe:

Third Generation Model (after removal of outliers)

Development oModel Development oModel Development oModel
using Level-1 claim-causesg using Level-2 claim-causesg using SLG (principal
(after removal of outliers) (after removal of outliers) component of Level-2

claim-causes) (after removal
of outliers)

J L J L 4L

No Reliable Prediction — Reasonable good fit No Reliable Prediction —
furtherattemp stoppe: Prediction furtherattemp stoppe:

Validation and Performance Check for VValid Models

Validation using 15%6 Data ARE, MARE, RMSE
and Whole Dait of valid Model:

Figure 1: Flow Chart of the Model Development for Tme Overrun

First Generation TOPHIP Models

The first generation TOPHIP models are develop@dgutwo sets of predictors are used; the first usiag the
Level-1 claim-causes and the second using the E2whim-causes. The TOPHIP model between Levdaimecauses
and percentage Time Overrun showed that the ragressodel thus developed would not give reliabledictions.
The multiple correlation coefficient (R) value i802 (less than 0.5), and Ralue of 0.138. This regression has p-value of
0.097 which is greater than significant value @20.The model is found to be not appropriate. T@#HIP model using
the Level-2 claim-causes and percentage delay timeever, gives reliable results. While derivingre most appropriate
regression model several iterations are carriedtouichieve the maximum R-value and the p-valus tesn 0.05.
However, as can be seen from the details givenainleF3, the lowest p-value that can be achieven filoe iterative
process was 0.057, which near to upper limit 050The other details of the model are as follows:

Table 3: TOPHIP-1 Model Summary (Predictor: Level-2Claim-Causes)

R R? | Adjusted R? | Std. Error of the Estimate | Significance (p)
0.685| 0.469 0.176 54.08897 .057

From the above table, it is observed that the pieltcorrelation coefficient between percentage TOwerrun
(Delay) and Level-2 claim-causes is 0.685 with p#a0.057, which indicated that it is near sigmific With the
knowledge that the p-value is more than 0.05, &rrtudy of this model is carried out to check significance of the
regressions equation that can be generated frosnntioidel. Study of the results revealed that onlg olaim-cause
S3: Revision in Excise Duty has p-value less than dgnificant value). Rest all the Level-2 claimdsas are having
p-value more than 0.05. Therefore, no further gttsrare made to generate the model using this siealy is concluded
that TOPHIP-1 model may not give valid predictions.

Second Generation TOPHIP Models

At this stage, an attempt is made to determingtssible reduction in the dimension of data sdtthen using the

components as predictors to arrive at better fidfmtion models. This application is made on ttanaicauses for both
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Level-1 and Level-2. To achieve this Principal Camgnt Analysis for Level-1 and Level-2 claim-caugegerformed.
It is derived from the analysis that six Level-hiol-causes can be converted into 3 components iogvér.6% of the
data. The components for Level-1 claim-causes ar®tated as First Level Components (FLC). SimilaB$ nos. of
Level-2 claim-causes can be converted into 13 rfosomponents that can explain 78.9% variance in dhtaset.

The components for Level-2 claim-causes are anedbtat Second Level Components (SLC).

The second generation TOPHIP models are developied) the newly formed 3 FLC and 13 SLC in separate
attempts. The TOPHIP model using FLC as predictbisvs R-value as 0.372, which is less than 0.05pavalue of
0.097 which is greater than 0.05. Thus, a valid ehaduld not be generated. TOPHIP model using St@radictor
shows R-value as 0.529 and p-value of 0.019, eleugh better than those of model using FLC as ptredia valid

model could not be generated.
Third Generation TOPHIP Models

The development of TOPHIP models using Level-1nelaauses, and using the 3 components derived dBihg
method analysis as predictors, respectively hdedfahus far. As regards to Level-2 claim-causepraslictors, even
though a valid TOPHIP model could be generatet felt that the fitment of the regression modehegrated using the
secondary causes (S1 to S33) could be improvedsinguhe 13 Groups arrived at using the PC methmalyais.
However, TOPHIP model attempted using the 13 grdoipsed using PC analysis gave very poor fit.

In order to achieve a better fit between the claauses and percentage Time Overrun (Delay), irveaat a
regression model with R value > 0.7, an attempt masle to generate the regression model by remdhiagutliers.
The outliers are removed from the data using +XLIQR, where IQR=inter quartile range. Using thiguation, the
contracts with outlier values are removed fromrftalel generation attempt. Accordingly, Contract. dds 34, 35, 53 and
70 qualified as contract with outlier's values, aadhoved from the development of TOPHIP modelstheur in order to
validate the TOPHIP model arrived after removaloofliers, it is decided to set aside randomly del®cl2 nos. of

contracts to validate the TOPHIP model createdgusia remaining 60 contracts.

After removal of outliers, three alternative attasnpre made to arrive at the best fit TOPHIP modit, 1)
TOPHIP model using the Level-1 claim-causes; 2) A®Pmodel using the Level-2 claim-causes; and, GPHIP model

using 13 Components of Level-2 claim-causes.
TOPHIP Model Using Level-1 Claim-Causes (After Remeaal of Outliers)

After removal of the outliers as d#sed above, the first attempt is carried out $taklish a model between
Level-1 claim-causes and percentage Time Overr@ataf). However, the model thus developed wouldgie reliable
predictions. It is found that, even after sevetéémpts, the model has multiple correlation coffit (R) less than 0.5

with R? value more than 0.05, which indicate that the rieot significant.
TOPHIP Model Using Level-2 Claim-Causes (After Remeaal of Outliers)

After removal of outliers, the sedoattempt is carried using the Level-2 claim-caused percentage Time
Overrun (Delay). This model gives reliable resuieveral attempts are also made to make the medefibfor the data
set, viz. achieve the highest R value with minimpsvalue. The best fit model as derived after thesations is annotated

as TOPHIP-2 model and is presented in Table-4 helow
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Table 4: TOPHIP-2 Model Summary (Predictor: Level-2Claim-Causes after Removal of Outliers)

R R? Adjusted R? | Std. Error of the Estimate | Significance (p)
0.757 0.573 0.337 36.35872 0.009

It is observed that the Level-2 claim-causes: Imposition of New TaxesS2: Revision in Entry Tax,

S3: Revision in Excise DutyS4: Revision in Royalty Charges on Materi®21: Stoppage of Work by Employer,
S22: Improper Study by the Client$23 Improper Study by the Contracto§25: Ambiguous Contract Clauses,
S26: Lawyer Fees,S28: Natural Calamity,S31: Court Intervention ands33: Statutory Charges have no effect on
percentage Time Overrun (Delay). The most sigaificclaim-causes with p-value 0.05 are,S5: Delay in Land
Acquisition, S7: Delay in Environmental/Forest Clearan&9: Employer’s DefaultS11: Increased Guarantee Charges,
andS18: Poor Planning of Activities by the Contractor. Tdignificant claim-causes are grouped under 4 caieg based
on their p-value. The Table-5 shows the claim-caukstributed by their level of significance inrtes of their influence in

arriving at the prediction of percentage Time Ouwer{Delay).

Table 5: Significant Claim-Causes (Predictor: LeveR Claim-Causes after Removal of Outliers)

. No. of
Ségn\';";lﬁg;: € | claim- Claim-Causes
Causes

S5: Delay in Land Acquisition

S7: Delay in Environmental/Forest Clearance
Most Significant | _<0.05 5 nos. | S9: Employer’s Default,

S11: Increased Guarantee Charges, and
S18: Poor Planning of Activities by the Contractor
S6: Delay in Removal of Encroachments

S8: Delay in Compensation Payments (RAP)
S12: Idling of tools, plants, manpower

S14: Non-BOQ item rate and Payment

> 0.05 and €0.20 | 9 nos. | S16: escalation/price adjustment

S17: Poor quality construction

S20: Loss of Interest

S30: Strike, agitation, etc.

S32: Terrorism risk

S10: Losses due to EOT

S13: Derived BOQ item rate and Payment
S15: Delayed / Reduced Payment

Less Significant| > 0.20 andG70 | 7 nos. | S19: Non granting of Completion

S24: Change in scope by the client

S27: Cost of Arbitration

S29: Increase in Material / Fuel Cost

Moderately
Significant

Non Significant | >0.70 0 nos.

The TOPHIP-2 model can be written as follows. Theaties are the frequency of occurrence of claiosean

the contract.

Percentage Time Overrun (Delay) =71.425 — 40.731(S5) + 31.828(S6) + 40.926(S7) 62ZRS8) —
85.586(S9) — 9.258(S10) + 47.556(S11) — 24.083(S12).022 (S13) — 4.780(S14) — 4.425(S15) — 13.106)S
28.679(S17) — 24.557(S18) + 22.652(S19) + 13.62Y(S26.763(S24) + 30.804(S27) + 19.513(S29) + 5 4E30) +
30.235(S32) ...(1)

TOPHIP Model Using Groups (Components) of Level-2 @im-Causes (After Removal of Outliers)

The PC Method analysis is performed to reducedtitaset dimension on S1 to S33 (Level-2 claim-cgusier

removal of outliers. From the correlation matrixided through this analysis, it was observed that33 nos. of Level-2
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claim-causes (after removal of outliers) can beveaied in to 13 nos of components, named as Grénpke present case
Groups (components) are defined as G1 to G13. #lse derived from that analysis that 79.8% of [tetxiance is

explained by these thirteen Groups (componentssekaMeyer-Olkin (KMO) Measure of Sampling Adequabgst and

Bartlett's Test of Sphericity tests are also penat on the data and it is observed that the segnifi value (P-value) is
0.000< 0.05. The development of TOPHIP model isnaptted using 13 groups of Level-2 claim-causesbéaireed above
from the PC method analysis after removal of otgli® arrive at a better fit prediction/estimatioodel. The model
obtained from this analysis is a poor fit with Rug0.559 <0.7 and the p value 0.119 >0.05. Theeethis model cannot

be used to predict the percentage Time Overrurafel
Validation and Performance of TOPHIP Models

Multiple linear regression model generation attesrgre made for developing the TOPHIP models. Osewgén
attempts, two valid TOPHIP models could be gendraftOPHIP-1 uses Level-2 claim-causes as predictans
TOPHIP-2 uses Level-2 claim-causes (after remofraudliers) as predictors. Out of these two validdels TOPHIP-2 is

found to be a better fit model.

TOPHIP-2 model is showing R-value of 0.757 with glue of 0.009. The most significant claim-causes ar
S5: Delay in Land AcquisitionS7: Delay in Environmental/Forest Clearan&9: Employer’'s Default,S11: Increased

Guarantee Charges, a8d8: Poor Planning of Activities by the Contractor witfvalue< 0.05.

The sensitivity analysis of the most significardial-causes shows that TOPHIP-2 model is most semsid the
claim-causes11: Increased Guarantee Charges. Even though thim-clailse may occur less frequently, but when it does
occur, it definitely would bring in the claim/disiguoccurrence. The second most influential clainseaisS18: Poor

Planning of Activities by the Contractor.

TOPHIP-2 model is generated using the data fromda0 of contracts. The data from randomly seletfedos.
of contract is kept aside for its use in validatihg accuracy of the model. These data are not imsémmulating the
model. The results of validation are presentefigure-2 below. The validation shows very good p#ehs compared to
the actual values with ARE values ranging from @2 2.94%. MARE and RMSE values are 1.43% and,1.44

respectively.

140.000

120.000 -

100.000 +

80.000 0% Time Overrun (Predicted)
8% Time Overrun (Actual)

60.000

40.000 - I I I I

20.000 +

9 10 22 24 28 31 42 63 T
Contract No

Figure 2: Validation of TOPHIP-2 Model

% Time Owerrun

Further, full data validation is also carried ouding the TOPHIP-2 model. The predicted percentaieeT
Overrun (delay) and actual percentage Time OvdDatay) is presented using the scattered plotguie-3 below.
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Actual % Time Overrun (Delay)

Predicted 2o Time Overrun (Delayv)

Figure 3: Whole Data Validation Using TOPHIP-2 Modé

The scattered plot of full data validation showsyvgood correlation between the predicted and &ctirae

Overrun with ARE values ranging from 0.00% to 7.4496ly about 4% data set having the error valuebéd\b%.

Table 6: Error Profile of Whole Data Validation

Percentage ARE| No. of Contracts | % of Total Contracts
Upto 1% 30 nos. 41.7%

> 1 and <2% 20 nos. 27.8%

> 2% and 3% 8 nos. 11.1%

> 3% and <4% 4 nos. 5.6%

> 4% and 6% 7 nos. 9.7%

> 5% 3 nos. 4.1%

The Table-6 presents the various ranges of pegem&E and number of contracts showing the AREache

range. Further, MARE and RMSE values for whole dafalation are 1.82% and 2.61, respectively.

FINDINGS

Important findings are as follows

Two numbers of TOPHIP models could be developedpfediction of Time Overrun (Delay) from the severa
attempts made. The validity and performance chegierformed on TOPHIP-2 model and it shows promisin
outcomes. The absolute difference between the lagmimentage Time Overrun (Delay) and the predicted

percentage Time Overrun (Delay) is very minimal.

The full data validation shows that more than 698athe contracts are having the error value with#b. 2
This shows the strength of the model developedvalidated in this study. Further, only about 4%t contracts

show the error value beyond 5%.

Performance evaluation of TOPHIP-2 model using mmess such as MARE and RMSE is also performed.
The MARE for the partial validation is 1.43%, whiler the full data validation is 1.82%. The MARElwes are
reasonably low and hence, the model demonstratéghdevel of validity. Similarly, RMSE for partialalidation
is 1.44, while for the whole data validation it2$51. It is observed that the performance paramstkres are

within reasonable limits and hence, this modeksly to give valid predictions.

TOPHIP-2 model can be used for predicting the pegegge Time Overrun (Delay) during the currency tod t

construction contract, where one or more claim-eaappear. This will facilitate early predictionTame Overrun
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(Delay). It will also establish the need to takelyeaction to mitigate the claim-causes to avoidn&iOverrun
(Delay).

« The TOPHIP models have predictive property. They ba very effectively used for early predictions of
dispute/claim scenarios. They can be a very effectvol for early mitigation measures to be appliedhe
highway construction contracts. The wide and vabiase of the data collected in developing theseetaquovides

a higher level of reliability and comfort in puttithese equations to use in the real world corgract
CONCLUSIONS

The claim and dispute events in the Indian highwagstruction projects have become very dominaribfac
causing the time overrun for majority of the coustion projects being undertaken. The classificatind grouping of the
claim-causes responsible for dispute and claim tsvieelp the project stakeholders in developingeathderstanding of
risks and pitfalls during project execution. Thisderstanding provides a useful tool in taking octive and preventive

actions to avoid the circumstances (claim-causes)ihg to time overrun.

The models developed using the claim-causes prs\lue prediction of time overrun by taking into @act the
multiple claim-causes acting simultaneously. Thiédadion of this model demonstrates a reasonablydgtpredictive”
power and robustness in predicting time overruaniy highway construction project in India. This rabdan be used as a

preventive tool as well as investigating tool fagghway construction contracts.
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