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Abstract

Schedule delays occur frequently in construction projects. There are many methodologies developed and
used in the anadlysis and measurement of construction schedule delays. The popular and comparatively
acceptable methodologies include the time impact method, the but-for technique and the windows
method. However, no one method is accepted by al project participants and suitable for al stuations.
How to help the methodology user to select a suitable one or the researcher to develop new one is a
critical issue in resolving delay claims. Severa studies have provided tabular information for guiding
users in selecting a suitable methodology. To provide additionally constructive information is required for
new methodology development. A knowledge map is a vital tool for better knowledge management and
learning. This study reviewed 28 articles regarding construction delay analysis techniques and then
developed a knowledge map with a representation of cross-citation tree for delay analysis in the
construction industry to represent methodology development. For rovices interested in learning delay
analysis knowledge, results of this study provide worthwhile information to know the key approachesand
research trends. For researchers, results of this study provide a front-end research map for reference.
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1. Introduction

Schedule delays occur frequently in construction projects. In 1989, Reams (1989) introduced a systematic
approach to provide a procedure that shows detailed necessary to accurately analyze the delay effects.
This approach may be the first introduced systematic method to quantify delay effects on contract parities,
i.e. owner and contractor. After that, there are many methodologies developed and used in the analysis
and measurement of construction schedule delays. The popular and comparatively accepteble
methodologies include the time impact method, the collapsed as-built method and the window method.
However, no one method is accepted by all project participants and suitable for all situations. To provide
a comprehensive review on available delay anaysis methodologies will advance the development of
delay anaysis. Although a knowledge map is a vital tool for better knowledge management and learning,
this study employs the tool of knowledge map to represent the development of schedule delay andysis.

Although the articles with regarding to delay analysis appeared in conference proceedings, periodical
journals or other types of reports, this study focused on the articles retrieved from periodical journas
because of their accessbility. 35 methodologies appeared or discussed in 28 articles were investigated in
this study. This study examined the presentation time of each methodology and then analyzed cross-
citation among al methodologies. Based on the analysis results, this study developed a knowledge map
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with a representation of cross-citation tree for delay analysis in the construction industry to represent
knowledge development.

The investigated delay analysis approaches include:

Reams’ Systematic A pproach (Reams, 1989);

What-if (Schumacher, 1995);

But-for (or termed collapsing technique) (Schumacher, 1995);
Contemporaneous Period Anaysis (or termed Windows Anaysis) (Schumacher, 1995);
Globa Impact Technique (Alkass et al., 1995);

Net Impact Technique (Alkass et al., 1995);

Adjusted As-built CPM Technique (Alkass et al., 1995);

Snapshot Technique (Alkass et al., 1995);

Time Impact Technique (or termed modified as-built) (Alkass et al., 1995);
Isolated Delay Type (Alkass et al., 1995);

Impacted Basdline Schedule (Zafar, 1996);

After-the-fact and Modified CPM Schedule (Zafar, 1996);

Dollar-to-time Relationship (Zafar, 1996);

Collapsed As-built Method (or termed As-built Less Delay Analysis) (Al-Saggat, 1998);
As-built Method (or termed As-planned vs. As-built) (Conlin and Retik, 1997);
As-planned Method (Conlin and Retik, 1997);

Affected Baseline Schedule (Al-Saggat, 1998);

Bar Chart Analysis (or termed As-built Bar Chart) (Bordoli and Baldwin, 1998);
Scatter Diagram (Bordoli and Badwin, 1998);

As-built Network (Bordoli and Baldwin, 1998);

As-built Subtracting Impacts (Bordoli and Badwin, 1998);

Baseline Adding Impacts (Bordoli and Baldwin, 1998);

B&B’sDelay Andysis Method (Bordoli and Baldwin, 1998);

Modified As-built Method (Bubshait and Cunningham, 1998);

Impacted As-planned Method (or termed As-planned Plus Delay Analysis) (Stumpf, 2000);
CPM Update Review (Zack, 2000);

Linear Schedule Analysis (Zack, 2000);

Construction Delay Computation Method (Shi et al., 2001);

Modified Windows Analysis (Gothand, 2003);

Impacted As-built CPM (Gothand, 2003);

New |solated Delay Type (Kumaraswamy and Y ogeswaran, 2003);
Apportionment Delay (Ng et al., 2004);

Daily Windows Delay Andysis (Hegazy and Zhang, 2005);

Modified But-for Method (Mbabazi et al., 2005);

Delay Section (Kim et al., 2005).
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2.Development Sequence of Delay AnalysisApproach

Table 1 shows the identified delay analysis approaches found in reviewed journd articles. Some
approaches are regarded as the same to others by certain researchers. This study tried to distinguish all
independent approaches. All analysis approaches can be classified into two groups: source-unknown (in
the citation column) and source-identified (in the development column). The approach listed in the
source-unknown group mears the origina development cannot be found in reviewed articles. On the
contrary, the approach in the source-identified group means its original can be identified.



Tablel: Delay Analysis Approach with Citation

No. Approach Development Citation
1 Reams Systematic Reams(1989) Reams(1990)
Approach
2 What -if Schumacher (1995), Al-Saggat (1998), Kim et al. (2005)
3 But-for Schumacher (1995), Alkass et al. (1995), Zafar (1996), Al-Saggat (1998), Zack
(2000, 2001), Brennan and D’Onofrio (2002), Lucas (2002), Gothand (2003),
Kumaraswamy and Y ogeswaran (2003), Lovejoy (2004), Ng et al. (2004), Kim et
al. (2005)
4 Contemporaneous Period Schumacher (1995), Alkass et al. (1995), Finke (1997), Al-Saggat (1998), Bordoli
Analysis and Baldwin (1998), Finke (1999), Zack (2000), Stumpf (2000), Zack(2001),
Brennan and D’ Onofrio (2002), Lucas (2002), Lovejoy (2004), Hegazy and
Zhang (2005), Kim et al. (2005)
5 Global Impact Technique Alkasset al. (1995), Alkass et al. (1996), Gothand (2003), Kumaraswamy and
Y ogeswaran (2003), Scott et al. (2004), Ng & al. (2004)
6 Net impact Technique Alkasset a. (1995), Alkass et al. (1996), Gothand (2003), Kumaraswamy and
Y ogeswaran (2003), Ng et al. (2004)
7 Adjusted As-built CPM Alkassetal. (1995), Alkass et al. (1996), Kumaraswamy and Y ogeswaran (2003)
Technique
8 Snapshot Technique Alkasset al. (1995), Alkass et al. (1996), Kumaraswamy and Y ogeswaran (2003),
Ng et al. (2004)
9 Time Impact T echnique Alkasset al. (1995), Riad et al. (1995), Alkass et al. (1996), Conlin and Retik
(1997), Brennanand D’ Onofrio (2002), Gothand (2003), Scott et al. (2004), Ng et
al. (2004), Arditi and Pattanalitchamroon (2006)
10 Isolated Delay Type Alkassetal. (1995), Bordoli and Baldwin (1998), Kumaraswamy and
Y ogeswaran (2003), Ng et al. (2004)
11 Impacted Baseline Zafar (1996)
Schedule
12 | Afterthefact and Zafar (1996)
Modified CPM Schedule
13 Dallar-to-time Zafar (1996)
Relationship
14 Collapsed as-built Method Al-Saggat (1998), Sumpf (2000), Gothand (2003), L ovejoy (2004)
15 | AsbuiltMethod Conlin and Retik (1997), Abdulaziz and Michael (1998), Zeack (2000, 2001),
Stumpf (2000), Brennan and D’ Onofrio (2002), Lovejoy (2004), Arditi and
Pattanalitchamroon (2006)
16 | Asplanned Mehod Conlin and Retik (1997), Bubshait and Cunningham (1998), Gothand (2003)
17 | Affected Basdine Al-Saggat (1998)
Schedule
18 Bar Chart Analysis Bordoli and Badwin (1998), Zack (2000, 2001)
19 Scatter Diagram Bordoli and Badwin (1998)
20 | As-built Network Bordoli and Badwin (1998), Scottet al. (2004)
21 As-built Subtracting Bordoli and Badwin (1998)
I mpacts
22 Baseline Adding Impacts Bordoli and Badwin (1998), Scottet al. (2004)
23 B&B'sDelay Analysis Bordoli and Badwin
Method (1998)
24 | Modified As-built Method Bubshait and Cunningham (1998)
25 Impacted As-planned Stumpf (2000), Zack (2001), Brennan and D’ Onofrio (2002) , Loveoy (2004),
Method Arditi and Pattanalitchamroon (2006)
26 CPM Update Review Zadk (2000, 2001), Brennan and D’ Onofrio (2002)
27 | Linear Schedule Analysis Zack (2000, 2001)
28 Construction Delay Shi et al.(2001)
Computation Method
29 | Modified Windows Gothand (2003)
Analysis
30 | Impacted As-built CPM Gothand (2003)
31 New Isolated Delay Type Kumaraswamy and
Y ogeswaran (2003)
32 | Apportionment Delay Ng et al. (2004)
33 Daily Windows Hegazy and Zhang
(2005)
34 | Modified But-for Method Mbabazi et al.
(2005)
35 Delay Section Kimet al. (2005)
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Owing to some delay analysis approaches cannot be found in periodical journals, this study evaluated last
approaches that can be clearly identified in journa articles. Table 2 shows the source-identified
approaches with development sequence. It is clear that novel delay analysis methodologies emerged after
2000.

Table?2: Development Sequence of Source-identified Delay Analysis Approach

No. Delay AndysisApproach Year
1989 1990 1991 | 1992 1993 | 1994 | 1995 1996 ] 1997 1998 1999| 2000{ 2001| 2002| 2003| 2004| 2005| 2006
Reams' Systematic Approach 1
What-if
But-for
Contemporaneous Period Analysis
Global Impact Technoque

Net Impact Technique

Adjusted As-built CPM Technique
SnapshotTechnique

Time Tmpact Technique

Isolated Delay Type

Impacted Baseline Schedule

After-the-fact and Modified CPM Schedule
Dollar-to-time Relationship

Collapsed As-built Method

As-built Method

As-planned Method

Affected Baseline Schedule

Bar Chart Analysis

Scatter Diagram

As-built Network

As-built Subtracting Impacts

Basdline Adding |mpacts

B&B's Delay Analysis Method 1
Modified As-built Method
Impacted As-planned Method
CPM Update Review

Linear Schedule Analysis
Congtruction Delay Computation Method 1
Modified Windows Analysi 1
Impacted As-built CPM
New Isolated Delay Type 1
Apportionment Delay
Daily Windows 1
Modified But-for Method 1
Delay Section 1
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3. Discussion Time

For identifying which delay analysis approach is the most popular one among all approaches, this study
accumulates the discussion times in al reviewed articles. Table 3 shows the results of the accumulation
for al approaches. As information shown in Table3, the years of 1996, 1998, 2000, 2003 and 2004 have
discussion times over 10. Furthermore, the popular delay analysis approaches as shown in Table 3 include:
But-for, Windows Analysis (Contemporaneous Period Analysis), and Time Impact Technique which have
been discussed over 10 times.



Table3: Discussion Time of Delay AnalysisApproach

. Year
Delay Andysis Approach 1565] 1989] 1690] 1901 ] 1992] 1993] 1694] 1606] 1996] 1997] 1998 1699] 2000] 2001] 2002] 2003] 2004] 2005] 2006] ' O
Reams' Systematic Approach 1 1 2
What-if 1 2 2
But-for 1
Contemporaneous Period Analysis 1 1 2 1 2 1 2
Globa Impact Technoque
Net Impact Technique 1
Adjusted As-built CPM Technique
Snapshot Technique 1
Time Impact Technique 2
Isolated Delay Type 1
Impacted Basdine Schedule

After-the-fact and Modified CPM Schedule
Dallar-to-time Relaionship

Collapsed As-built Method

As-built Method 1
As-planned Method 1
Affected Baseline Schedule
Bar Chart Andysis

Scatter Diagram

As-built Network

As-built Subtracting Impacts
Basdline Adding Impacts
B&B's Delay Analysis Method
Modified As-built Method
Impacted As-planned Method 1
CPM Update Review 1
Linear Schedule Andysis 1
Construction Delay Computation Method
Modified Windows Andysis 1
Impacted As-Built CPM 1
New Isolated Delay Type 1
Apportionment Delay 1
Daily Windows

Modified But-for Method
Delay Section

P4
o

N
N
[
[N
[
[

RN e

Hlw o o

oo |N|o |ua|s]w N |-
=

N
NN GRS
N
l—‘
=
=

=
o

oy
=y

i
N

oy
w

I G G G

=
N

=
o

=
(2]

[
=]

=
[o2]

=
©o

8

N
=

NS
N

N
w

L e N N S N R I G R

N
=

N
(%)

N
(=2}

N
N

N
Lo
Sl e

N
©

8

[
=

KR |88

S R R N [ S [ DN 2NN (50 S [ (R (SN [ P [PV [ [l BN BN S P P (3]

o |~ |- |-

Total 0 1 1 0 0 0 0 8 12 5 19 1 12 8 6 15| 14

4.Citation Timesand Knowledge M ap Develpment

Citation means that a short note recognizing a source of information or of a quoted passage. For the
articles published in any periodical journal, the literature review in articles almost gives an observation
about related studies. Citation usually appears in the literature review. This study analyzed the citation
times from the source-identified approaches to all approaches. Table 4 shows the citation analysis results.
For the approach whose original publication source has been identified, three approaches (B&B's Delay
Andysis Method, Modified Windows Anaysis and New Isolated Delay Type) have received much
attention.

Although the number of citation times is various for different approach, the close related references will
be identified by this anaysis. Based on the results of citation analyss, this study developed a draft
knowledge map that represents the connections between dl delay analysis approaches. Figure 1 showsthe
knowledge map for delay analysis methodology devel opment. From this knowledge map by cross-citation
tree, users can identify the used schedule type (as-planned, as-built or both) and its correlations between
all approaches for each approach.
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Table4: Citation Timesof |dentified Delay Analysis Approach

No.

Citation Approach

Development Approach

Reams'
Systematic
Approach

B&B's
Delay
Andysis
Method

Construction
Delay
Computation
Method

Modified
Windows
Andysis

New Isolated
Delay Type

Daly
Windows

Modified
But-for
Method

Delay
Section

Total

Reams Systematic Approach

What-if
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5 & 18 [8

Delay Section
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Total

5. Conclusions and further research

Providing a comprehensive review on available delay anadysis methodologies will advance the
development of delay analysis approaches. This study employed the tool of knowledge map, a vital tool
for better knowledge management and learning, to represent the development of schedule delay analysis
approaches. Excluding the articles from conference proceedings or other reports, this study analyzed the
articles from periodical journals with investigations on delay analysis methodology development and
discussion. This study analyzed delay analysis approaches in the aspects of development chronology and
cross citation among al approaches. Study results reveal following findings. (1) There are at least 35
approaches been developed from 1989. (2) The most cited approaches are the But-for, Windows Anaysis
(Contemporaneous Period Analysis), and Time Impact Technique approaches (3) For the source-
identified delay analysis approach, B&B’s Delay Anaysis Method, Modified Windows Anaysis and
New |solated Delay Type are the most cited approaches
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Figure 1. KnowledgeM ap for Delay Analysis M ethodology Development

Furthermore, a knowledge map for delay analysis methodology development is established to represent
the cross-citation of identified novel delay analysis approaches. For novices interested in learning delay
analysis knowledge, results of this study provide worthwhile information to know the key approaches and
research trends of delay analyss. For researchers, results of this study provide a front-end research map
for reference in developing new approach.
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Although the source for knowledge map development is limited on the articles from periodical journals,
the analysis procedures and preliminary results are vauable for further investigation. A complete study on
all referred articlesincluding periodical journas, conference proceedings or other reports will be executed
shortly.

6. Acknowledgements

The authors would like to thank the National Science Council, Taiwan (ROC), for financial support of
this research under Contract No. NSC95-2211-E-216-048 and the Chung Hua University for providing
partial funding (Funding No. CHU95-2211-E-216-048) to this research.

7. References

Alkass, S., Mazerolle, M., Tribaldos, E. and Harris, F. (1995). “Computer aided construction delay
analysis and claims preparation”. Construction Management and Economics, Vol. 13, No. 4, pp. 335
352.

Alkass, S, Mazerolle, M. and Haris, F. (1996). “ Construction delay analysis techniques’. Construction
Management and Economics, Vol. 14, No. 5, pp. 375-394.

Al-Saggat, H.A. (1998). “ The five commandments of construction project delay analysis’. Cost
Engineering, Vol. 40, No. 4, pp. 37-41.

Arditi, D. and Pattanalitchamroon, T. (2006). “ Selecting a delay analysis method in resolving construction
clams’. International Journal of Project Management, Vol. 24, No. 2, pp. 145-155.

Bordoli, D.W. and Bddwin, A.N. (1998). “A methodology for assessing construction project delays’.
Construction Management and Economics, Vol. 16, No. 3, pp. 327-337.

Brennan, F.J. and D’ Onofrio, M.F. (2002). “ Techniques and methods for assessing delays’. Cause &
effect, Vol. 1, pp. 1-2

Bubshait, A.A. and Cunningham, M.J. (1998). “Comparison of delay analysis methodologies’. Journal of
Congtruction Engineering and Management, Vol. 124, No. 4, pp. 315-322.

Conlin, J. and Retik, A. (1997). “The applicability of project management software and advanced I T
techniquesin construction delays mitigation”. International Journal of Project Management, VVol. 15, No.
2, pp. 107-120.

Finke, M.R. (1997). “ Contemporaneous analyses of excusable delays’. Cost Engineering, Vol. 39, No.
12, pp. 26-31.

Finke, M.R. (1999). “Window analyses of compensable delays’. Journa of Construction Engineering and
Management, Vol. 125, No. 2, pp. 96-100.

Gothand, K.D. (2003). “Schedule delay analysis: modified windows approach”. Cost Engineering, Val.
45, No. 9, pp. 18-22.

Hegazy, T. and Zhang, K. (2005). “Daily windows delay analysis’. Journal of Construction Engineering
and Management, Vol. 131, No. 5, pp. 505-512.

Kim, Y., Kim, K. and $hin, D. (2005). “Deay analysis method using delay section”. Journal of
Construction Engineering and Management, Vol. 131, No. 11, pp. 1155-1164.

Kumaraswamy, M.M. and Y ogeswaran, K. (2003). “ Substantiation and assessment of claims for
extensions of time”. International Journal of Project Management, Vol. 21, No. 1, pp. 27-38.

Lovegoy, V.A. (2004). “Claims schedule development and analysis. collapsed as-built scheduling for
beginners’. Cost Engineering, Vol. 46, No. 1, pp. 27-30.

Lucas, E.D. (2002). “Schedule Analyzer Pro—an aid in the analysis of delay time impact analysis’. Cost
Engineering, Val. 44, No. 8, pp. 30-36.

Mbabazi, A., Hegazy, T. and Saccomanno, F. (2005). “Modified but-for method for delay analysis”.
Journal of Construction Engineering and Management, Vol. 131, No. 10, pp. 1142-1144.

572



Ng, S.T., Skitmore, M., Deng, M.Z.M. and Nadeem, A. (2004). “Improving existing delay analysis
techniques for the establishment of delay liabilities’. Construction Innovation, Vol. 4, No. 1, pp. 3-14.

Reams, J.S. (1989). “Delay analysis. a systematic approach”. Cost Engineering, Vol. 31, No. 2, pp. 12-16.

Reams, J.S. (1990). “ Substantiation and use of the planned schedule in adelay analysis’. Cost
Engineering, Vol. 32, No. 2, pp. 12-16.

Riad, N.I., Atditi, D. and Mohammadi, J. (1995). “Computerized time impact analysis for project
acceleration”. Microcomputers in Civil Engineering, Vol. 10, No. 2, pp. 131-146.

Schumacher, L. (1995). “Quantifying and apportioning delay on construction projects’. Cost Engineering,
Val. 37, No. 2, pp. 11-13.

Scott, S, Harris, R.A. and Greenwood, D. (2004). “ Assessing the new United Kingdom protocol for
dealing with delay and disruption”. Journal of Professional 1ssues in Engineering Education and
Practice, Vol. 130, No. 1, pp. 50-59.

Shi, J.J,, Cheung, S. O. and Arditi, D. (2001). “Construction delay computation method’. Journa of
Congtruction Engineering and Management, Vol. 127, No. 1, pp. 60-65.

Stumpf, G.R. (2000). “ Schedule delay analysis’. Cost Engineering, Vol. 42, No. 7, pp. 32-43.

Zack, J.G. (2000). “Pecing delays-the practical effect”. Cost Engineering, Vol. 42, No. 7, pp. 23-28.

Zack, J.G. (2001). “But-for schedules-analysis and defense”. Cost Engineering, Vol. 43, No. 8, pp. 13-17.

Zafar, Z. Q. (1996). “Construction project delay analysis’. Cost Engineering, Vol. 38, No. 3, pp. 23-27.

573



