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ABSTRACT

Schedule delays commonly appear in construction projects and result in delay claim
progressively. In any delay claim, the resolution usually cannot satisfy both of the contract parties.
The root causes of such circumstances are the responsibilities of any delay being hard to identify and
the computation results of used analysis technique being unacceptable. Several previous studies have
proposed various schedule delay analysis techniques. However, most of the techniques focus on the
analysis process and the developed tools are hard to be incorporated into available scheduling
software. It is necessary to establish a localized analysis technique and to develop a conjoint tool for
resolving the problems of schedule delay analysis in construction projects. This serial study has
established a localized analysis technique and has developed an analysis conjoint tool by Excel.
Study results are valuable for resolving the delay problems of construction projects in Taiwan.

Keywords: Delay Analysis, Construction Projects, Delay Analysis System.
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Asking “what was Determining the
Phase 1 supposed to baseline schedule
happen?”
& & O
Asking “what did Building the
Phase 2 happen?” currently schedule
& & O
Phase 3 Asking “what were Executing delay
the differences?” analysis
O & O
Asking “how did Allocating the
Phase 4 they affect the responsibilities of
project schedule?” delays
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Reams(1989)

Step 1: isolate in time when each alleged delay, impact, or acceleration directive occurred
Step 2: select the earliest occurring delay

Step 3: determine how previous delays and impacts have affected the delay under analysis
Step 4: determine the type of the alleged delay

Step 5: perform a schedule analysis




Step 6: interpret the results
Step 7: if warranted from Step 6, allocate time and sum adjustments
Step 8: update the schedule
Step 9: repeat Step3 through 8 for each alleged delay or acceleration directive
Zafar(1996) Step 1: review the bid documents and base-line schedule
Step 2: analyze the scheduling updated
Step 3: make a site visit
Step 4: review correspondence, memos to file, and photographs
Step 5: review the request for information (RFI) file
Step 6: review the change order files
Step 7: review the project progress meeting minutes
Step 8: review the superintendent's daily report and quality control report
Step 9: interview field personnel
Step 10: review the pay request/pay report
Step 11: prepare an as-built schedule
Bordoli(1998) Step 1: prepare as-planned network and classification of delays
Step 2: identify first delaying event
Step 3: identify progress at delay data
Step 4: update the network
Step 5: simulate the first relevant event
Step 6: consider mitigating action
Step 7: consider subsequent relevant events
Step 8: consider the effect of omissions
Step 9: make a conclusion and reassess if necessary
Step 10: collate and present results
ALK R (14, 17,27]
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Delay Analysis Methodology
v X v
. C ter-based
Mathematical model Process-based model omputer-base
model
/1 Method by Shi et al. /1 .Snapshot analysis /l .Method by Yate
2.Method by Oliveros method 2.Method by Aoude
and Fayek 2.Windows analysis 3.Method by
3.Method by Lee et al. method Abudayyeh
4.others 3.ISolated delay type 4.others
method
4.others
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A2 5 sV aE & 0 47 B e 35 Global impact technique ~ Net impact technique - Adjusted
as-built CPM -~ As-planned expanded ~ But-for ~ Snapshot technique ~ Time impact technique ~
Windows analysis 4 % Isolated delay type techniques % [24] - 1 & § 4|%* & ZH (70 &
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Process-based Delay Analysis
Methodology

I
v v v v

Forward pass Backward pass
method method

Concept method Dynamic method
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3. Linear Schedule ” sc-hedflle 3. Isolated delay
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4. Others 4 Oefher;;que 4. Others
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Reams’ systematic This method systematically isolates the impact in time of | None concept method
approach (Reams 1989) | each alleged delay, impact or acceleration directive

occurred, then determines the type of the alleged delay by

comparing the impacts of previous delays.
Global impact technique | This method represents all the delays and disruptions ona | None concept method

(Alkass et al. 1995)

bar chart, and then calculates the total delay by
summarizing all delaying events.

Net impact technique
(Alkass et al. 1995)

This method is similar to the global impact technique, but
only the net effect of all the delays. The method
determines total delay by calculating the difference
between the as-planned and the as-built completion dates.

Adjusted as-built CPM technique (Alkass
etal. 1995, 1996)

concept method

Dollar-to-time
relationship (Zafar 1996)

This method supports the direct relationship between the
project cost and time. However, delay value is hard to
calculate from the extra cost.

None

concept method

Bar chart analysis (Zack
2000, 2001)

This method compares the as-planned bar chart with an
as-built bar chart prepared by recording delays on
extended or added bars. This method systematically
ignores the lack of underlying logic between the activities.

As-built bar chart (Bordoli and Baldwin
1998)

concept method

CPM update review This method examines each schedule update submitted on | None concept method
(Zack 2000, 2001) the project, and explains the cause of the delay on each

update, without performing any further analysis.
As-planned versus Similar to the bar chart analysis method, this method None concept method
as-built analysis (Zack simply compares the baseline or as-planned schedule with
2000, 2001) the final or as-built schedule. The time owed is calculated

by subtracting the time planned from the actual time

expended to determine.
Linear schedule analysis | This method is only used for linear type projects. The None concept method
(Zack 2000, 2001) method compares the as-planned schedule with actual

linear progress.
B&B’s delay analysis This method uses critical path techniques to simulate the None forward path
method (Bordoli and impact of events that have been identified as likely to method
Baldwin 1998) cause delays to the project. This method is a clear,

straightforward step-by-step approach with a dynamic

model considered by both experts and practitioners.
Snapshot technique This method divides the as-built schedule into a number of | None dynamic method
(Alkass et al. 1995) consecutive snapshot (time period) and updates the

as-planned schedule by imposing all delays that occur in

each snapshot and in succession. The method records the

delay caused by each update, and then summarizes all the

recorded delays.
Isolated delay type This method is similar to the snapshot technique, except None dynamic method
(Alkass et al. 1995) that it classifies delay types as excusable compensable

delays, excusable non-compensable delays and

non-excusable delays, instead of considering all the delays

together. The method imposes the delay to update the

as-planned schedule and summarizes all apportioned delay

values that have been recorded.
After-the-fact and Similar to the impacted as-planned method, this method None forward path
modified CPM schedule | uses a created new baseline or modified as-planned method
(Zafar 1996) schedule, instead of the original as-planned schedule.
Impacted as-planned This method starts with the as-planned schedule and adds As-planned plus delay analysis (Zack forward path
method (Zack 2000, delay one by one (generally caused by other party) to an 2000, 2001, Stumpf 2000); impacted method
2001) activity to demonstrate why the project was completed baseline schedule (Zafar 2001); what-if

later than planned.

(Schumacher 1995, Stumpf 2000);
affected baseline schedule (Al-Saggat
1998); as-planned method (Conlin and
Retik 1997)

Modified but-for This method designed to produce repeatable and accurate | None dynamic method
(Schumacher 1995) results by reconciling all parties’ points of view. This

method uses the Venn diagram representation for

three-party critical delays and the selected set of

compensation rules (Mbabazi et al. 2005).
Apportionment delay This method is a compromise between the net impact and | None dynamic method

method (Ng et al. 2004)

but-for techniques. It apportions the actual delay amount
according to the ratios of the compensable-delay,
non-excusable-delay and excusable -delay to the total
delays.

TR 2 1 R RSB T RS AR R AR A 45
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B B A 47 FHFZ G IR A 5 A AT [21]44% Global impact technique ~ Net impact
technique ~ Adjusted as-built CPM technlque » As-planned expanded technique - As-built
collapsing technique ~ Snapshot technique ~ Time impact technique ~ Modified as-built method -
Window analysis 12 2 Isolated delay type technique 3 P¥ 2 2f V& 4 47 Fprenig * (48 7 I >
4o 7 #15 o H ¢ 12 Windows analysis 14 % Isolated delay type technique #7 it A2 st & 4F
ABEZRE(FHUERFEDORLS ~ R PUEEAEJIINE RS, TE) -

2T BAYE G BT L

VB A T B e FEwRA £ g W pE LR i &
Global impact technique o
Net impact technique o
Adjusted as-built CPM technique o o LI
As-planned expanded o LI
As-built collapsing technique o o 11
Snapshot technique o o 11, IV
Time impact technique o o 111, IV
Modified as-built method o) o I, IV
Window analysis o o o 111, IV o
Isolated delay type technique o o o 1L, IV o
ML RARFIpEAe s I 3 L ATRAR I 23 L A7PFAR IV & B T 28 { 7R 4 o T4 &R © [21]

¥ ¢ Lovejoy [15]R] 4% Planned vs. As-built method ~ Impact as-planned method ~
Wlndows analysis ~ /2 % Collapsed as-built method ¥ w f&uf & 2 45 FpFenF AL 7 £~ A 475
PLFE A IR T o Ao gk 8 AT o ﬁ*év\’}"rrm_ FEEm 3 o R A7l i Ay
&£WFﬁvwﬁﬁm ATEARY LR L S d S T R R -

\

208~ PHATA A 7R B 0t A

S FALE R S Ly il
Planned vs. As-built Extensive Average Fair
Impacted As-planned Moderate Average Good

Windows analysis Extensive Major Excellent
Collapsed as-built Extensive Significant Very good

T &R 1 [15]

* 48 [10]4- 4% Global impact technique ~ Net impact technique ~ As-planned expanded
technique ~ Collapsed as-built analysis ~ Snapshot analysis technique ~ Window analysis ~ Isolated
delay type % = & ¥ L cPpFARas ¥ 0 35 H T 4742 F 1 R S 4T % ik~ BB 7 A
17 0 4ok 9 A7 o

Fo 9~ ¥ R pFAras B A 47 Hope RO T 4

2 % BE
AT N P& AR B | e bR
RN & ! N il 4 -4 3 it e ‘
B + e oat & Ll gi3 At BAES 1 IRIE $ 555
Global impact technique - - - - - - -
Net impact technique - - - - - - -
As-planned expanded technique o - - - o - -
Collapsed as-built analysis o - - - - - _
Snapshot analysis technique o o - o - o
Windows analysis o - o o o o o
Isolated delay type o o o o o o -

o: with the capability; -: without the capability. ~ F# k& : [10]
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Global impact technique o o o o - o o -
Net impact technique o o o o - o o -
As-planned expanded o 5 5 o o o
technique ]
Collapsed as-built analysis - o o o o - o o
Snapshot analysis technique o o o o - o
Windows analysis o o - o o - o
Isolated delay type 0 o - o o - o
o: with the capability; -: without the capability. F 42 & & : [10]
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As-planned vs. as-built method

Global impact technique

As-planned technique

Impacted as-planned technique

Net impact technique

Time impact technique analysis

But-for

Isolated delay type technique

Snapshot technique

Windows analysis

O|O[O|X|O|X|X[X]|X]|X

OO | X|X|[O|X|X[X]|X]|X

Ofo|o|Oo|x|[xX|xX|[xX]|X]|X

X|X|X[X|X|X[X]|X[|X]|X

o: with the capability; x: without the capability.

3. ]

NER it

FA KR [16]

D). @A d wppad g s 0¥ 2N FaBivEad 3fF
o Tt oo 0L g AR AL PR ATER  chuf B g 0 R P R endp N B enf T 5F
Braz g At o ER g B PR B AT R ] P 0 G e B e i TR 3
DO kY EFREFA N RAF Y TRt EFEREL AR

Bt AR e ko OB A B R pEAR A B 4T 2 I e

L

#’ ' 2
P * oz

16




Big AR G2 A AuE DA F R (non-excusable delay, NE) ~ ¥ R ¥
A 1§ 28 & (excusable compensable delay, EC)/2 2 ¥ R i 2 ¥ 47 1F 2 & (excusable
non-compensable delay, EN) % = #f o ¥ ¢b » e EF @@ i F M B Fh4- & L8
BB ERLHEERET LI TN E IR AR E S P L Ra o dogt 2T
fe LT B R R T agd s T ﬂ\FUL AR Eut A Iif@;”’7ﬁf‘}i{@a“rjr%
FAFEARES T AT FL RIEBDPFEF R R R RR TR

2). ﬁﬁﬁﬂﬁﬁﬁﬁﬂﬂﬁﬁﬁlﬁ&?ﬂiﬁmé%%%%%é’%%%ﬁw%?ﬂ
e B s T E s RO A M- R R R X LR BT
PR ROT AL BarE 1 TS SRR HT L g R 2 0 PR (T
AR AR S AT S - A EEAT o ¥ M REF B R ARACE AR R R T 4
BFEBESTNL FPARTE e FUBTREHEF LT EPRT A R EE R
TR FIRETNR o LB TR B A T 4 chat B AT RN 2% 5 p b seag
R L

(») FREELSITRA
WP FEERAUBERT > Ko FLFEPIDPUELDRT] > d R OEP DR
i > T #:»Lrﬁr; PER AT E > X ﬁlu,\i’vz{" pEA I AR fikfv}qu;&:—r faat £
IPFRAE > R FrEIReF R A&Ep@‘i Pz 4FL s ¥ oRke R xjé’rjﬁix)iﬁpf"*
AT R AR A 0 FIA AT AR E P AL S AREET 13 L BT R endf
X oo gHgE B AT R IE > AR > FH[10]5) i Al-Saggaf(1998) » KL E F 4T H B

1. W3 Bl TR

(DEATRREFFE ZH> ERAF oo HFERTFA BRI PYE BRI R
eI HPFERIEEE > T fRER K E N R E AR

Q)EATHRAE 92 2 AR mEiE ﬁﬁﬁiﬁl¥%?ﬂﬁﬁﬁ*$%lwﬁﬁ£?w
oo FgFRF PRI ES R Y RSN ET o R G -

(€)):4 %%g4vg%%n@ag,,vf%Aﬁg%gﬁﬁaaimﬁﬂb* i

%”E%ﬁﬁﬁ+% CEAW R R {ATRASIY > B R R TR TR
%ﬁﬁ‘f’{@ PELEEx1h2rBM-

(4)1‘%*1‘“3“‘ H_iﬁ? CERES . - A RFY BT ARG S AiF u B iR o g 3R
e FFMPEILTHARLFREFHAR RN T 0T #@4¢&W4n11tp
ﬁ{?pmiiﬁiﬁﬁ wmﬁ&’ﬂumﬁwmgﬁ&égiaw@mggn

Gyt 7 2 Fp - B2 % 22§

T

El“llk'p\g\lti%u? ?fg‘safﬁ?,'(f‘_,ﬂ ~ X 0E S
= MR kAT pER2 FIME o TERFIE X 2Ed gy BV EE
PR A e e P AL

(O) et L KM% %'#iﬁy%%%ﬁ‘iﬁﬁﬁﬁﬁ RIMAE 12 Ko P

boF R (L hm QER LS F ﬁ\%@ﬁﬁﬁﬁiwﬁ’ﬁﬁww%ﬂﬁ*ﬁiﬁ
BOEE e EFEF L PN F AR EL AR NS LR Reha & kR o

(MEFARE R&RT T gq‘i’;ﬁ'fﬁ;,if ﬁ» AR L RS EREE T TR S 1 s
BRF - GHREAHL RIpF LA ERE 2P0 AT VAPIHARER S P
%11EEWHL§5§%£R&J&E F BRI AL A JlF-ﬁwddﬁﬁo

(8)15171%3}3,}5—‘?% ,ﬁxrﬁf{i’\ﬁfpéfég\@‘};/ﬂ\ﬁ/\ﬁ;g"]}?;’ "]}‘;;’_—1_ #,
@W?ﬁﬁJﬁﬁm@ﬁﬁ°$%?ﬁ1%ﬁ%4ﬁ@ﬁ?§#¢k AR A
ERAR R PEARSFELEFIENFE SN ELR T B EERY o {?4§@



LAY AP R o

QPRI IFAR > FIZ 8B PR EFESIEA > m L ¥ LT R4 ok (78
ﬁ»;y&%@gﬁﬁﬁﬁ Lt R ] o

(10) 85 ka1 Fpdpad > - R ELIRE > ¥ 1 (F30 0 & & RAFIPFAE- R 373
BRRFRAEFEE VTV HEHTREFL VR 37 BRI RID 2L 0 BT
e ez pmEhs R EFHPE - AR EREARFFRLIER -

2. BAEEBELSIFER KRNE BT LapuEl PR
(Diedp? ¢ B2 FEPE Y EAWA AR T2 LT 2 B2 7% S 45T 2
LB B 2 1 ARt I e 7 HIE (7 AR AL B A 47 o
QU RABFREFELIFHRVHLERE ISR B OFRF 1 v AP
m’w%*lﬁﬁwﬁﬂo@Kﬁ%%w@wiﬁﬁgﬁg$ﬁﬁilmﬁﬁlwﬁ
1A AL P T RF T UEBE TP TR FRALE TR D o FRER
Wﬁﬂbwéﬁﬂﬁﬂwﬁﬁ CPE D RS A IR R A s - B
Q)Fsnk IR M e R R TR %ﬁ%@ BEoirsb Y - 105
PREPER ~1FBp FEMGEFRR ISR el i n RAITRATE R
f{ﬁwiéup&ﬁmﬁw’ﬁﬂuﬂi&ﬂ* ER TP EAZE R AP B R
%%W’WW“iﬁﬁﬁu\ ﬁuﬁga ’ﬁ#%4wﬁﬁwﬁfg&@°ﬂﬁ
TR L B AL R Do

3.ﬁw9ﬁm%wwb S 2 Rk
(it it > Ep A7 BTE F4 PP EL2 8 p o RRUELDR T 2 )
@%%wﬁaﬁ&;\%’:ﬁﬁ%ﬂ&’w<gb%*ﬁw&ﬁﬁw?ﬁﬁlwi
ﬁi@&?’ a2 By B Fiio
(D%%Qﬁ%%éiiﬁ’LW%ﬁgﬁmé1%%%’w§mv AR DB A
= ,

PREAPE o ANEKRBEOEIRETR

AR I R

T At

(=) A*mE

Isolated Collapsed But-For Method(# = 12 ICBF f# #£)i& * 7 Isolated Delay Type('2 ™ 14
mTﬁﬁWW$’E$HHQﬁ%&*%WFéKBFQﬁé%Qﬁ%?@é?%ﬁl$
Bl g A B Acde B w o A R 2 L A B2 VWA SRR D R RlY TR
%m%?a@iﬁiﬁﬁﬁﬁﬁéimﬁ@uﬁﬁ%alﬂ°KBFﬁﬁm%@%ﬁ
CBF(Collapsed But-For Method) 4" +7:% &2 IDT 4 47;# cnig 8k > { 5. R 7 CBF & 17/ & IDT
@ﬁm~Wm¢4 f§ 8 k3 > ICBF ~ 472 % 5 CBF #4792 &2 IDT ~ 472 2 e & - 5 B
ICBF & 4772 22 A M P& 4Tit 4T

32 ICBF A {72 o frens - BREERm 2 > 4okl gd > A FL %%
e ?ﬁﬁif’%ﬁi— BEITerpr Rl o X g B - BE 2ard A RE FE A ke
&R B R poe TRABSOPFER RS L - BRI AR o otz - BAEBTE EH
%ﬁﬁgémﬁW RAV LAY BATAS hA RS TSP R BT da 2
Feri B WPL P o 50 LR TS B AEE 0 AR P E L T4
gmmﬁﬁgqamAﬁggﬁaﬂwﬁ@W A e (7 At et
'\?‘;bg ZHBITE o

;
-3
ki
¥
5
"
=

(=) #¥infe
B8 5 ICBF & 17i 2 A 47in 2l > o A 4552 F B 1 T 50 oz A > ©3F

18



e 22T o S BN (F R o BT RN T A
ﬁi,&@&ﬂiﬁgﬁ%wﬁiraa’iﬁf“ﬁé&% E é’@ﬂ¢F?
1

MHEIVHAR R I I F B RFEL T RRlRGE

FEE s 7 pEAR L > T B R 2 BAp AP o ICBF #4722 ﬁ w; Qﬁﬁ
Fenft¥m (spr A ghen1 8 2 BHBR % > 2B B D E O E - B
PRl v HarEAo et Henf R e R o ot 3L & IDT & 4702 4 5 %5 02
15 EL 2 PE AR Bl 15 0 ICBF 2 4972 ¢ 4 » 3 B b= chplgh o o § ¥ 1 ¥ é
BTROURELI VG AR ERIMEAS BN T TR A 2 B A ¥
FREA » (EL1iBE4 » 7 RFueddp e ke 'ﬁﬁm@ﬁ/\z?@%izﬁﬂp
R z%iﬁ&ém&ﬂ%—xﬂ’ ts PR e ) > ﬁ» HOAEFIELRE K P

~%i2~lﬂ’#ﬁ”%%$%4 IppE o TELFLE S F I AR
P2 p e Aol AFQﬁ%1@§7&@5&’%é%%i%¢@5&1$%°

—\\

=0

o

A.
As-built schedule

Dividing the schedule into digestible periods

v

1. Setting start date of each period as analysis start point
2. Modifying duration and relationships for the activities before
— 3
and after the start point
3. Setting adjusted schedule as the baselines for analysis

B.
] Adjusted schedule for
current period

Owner Determining
analysis
viewpoint

Contractor

1. Inserting excusable delays 1. Inserting non-excusable
into adjusted schedule delays into adjusted schedule
2. Reserving relationships and 2. Reserving relationships and
durations for the activities durations for the activities
after the end of current period after the end of current period

C. D.
Adjusted schedule with Adjusted schedule with
delays due to owner delays due to contractor

C>B D>B

Delay value due
to owner

Delay value due to
contractor

B=C B=D
— final period? final period? —
YES YES
Summarizing delay Summarizing delay
values from all values from all
periods (owner’ s | |periods (contractor’ s
liability) liability)

No delay due Delay caused Delay caused No delay due

to owner by owner by contractor to contractor

) 8 ~ ICBF 4 7 /2 42. 1]
FH kR [34]
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