\1NORKSHOPW

March 6-9, 2025 | Park Hyatt Aviara Resort, Golf Club & Spa, Carlsbad, CA




| Abstract

Instead of considering the fully progressed update the natural as-built
schedule, forensic schedulers have for decades resorted to manually
creating a simplified as-built schedule and to use as-planned vs. as-
built methods or as-built schedule collapsing heuristics to measure
delay impact. In the early 2000s, time impact methods that use CPM
software to reprocess archived schedules showing what was supposed
to-happen gained ground over collapsed-as-built methods. By
algorithmically crashing delays from.a fully progressed update, as-built
schedule compression:epitomizes a forward leap.in-forensic schedule
analysis that:is consistent with original CPM schedule compression.
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l. Problem Statement

When first introduced, CPM schedules were
prospective models, devoid of actuals; " f-l_
calculations were based solely on logic and

activity durations (Kelley & Walker 1959) {

IBM CPM software changed this by keeping

the project start date, iIntroducing the Circa 1966 TO DATE!!!
concept of the progress cut-off date aka

data date along with actual dates, and not

applying the forward pass/backward pass

algorithm left of the data date (IBM 1966)
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http://ekt.bme.hu/Cikkek/12_27_1966_IBM.pdf

CPM Software Fully Progressed Update Dilemma

Quoting from RP 29R-03, left of the data
date, without total floats, finding the as-built
critical path is a showstopper (] 1.5.B.2):

» “Note that the critical path and float can be

|
computed by commonly available commercial ﬂ
CPM software only for the portion of the

schedule forward (future) of the data date.”

Noted delay analysts’ perspective:

» There is no ready-made CPM software
function that calculates the as-built critical
path (Winter 2004, Avalon et al. 2019)
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Act. 1D | Activity Name Dur. Start Finish Total 2022
Floal| sep Oct | Mov | Dec | Jan [ Feb | Mar | Apr | May [ Jun Jul Aug | Sep | Od
2 Design NTP 0| 03-Oct-21 A
5] Start Process Installation 0| 03-Oct-21A
7 MOBE Crane 0| 03-Oct-21A
8 SD Set 21 03-Oct-21 A 23-0Oct-21 A
] DD Set 28 24-0Oct-21A 20-Nowv-21 A
5 Design Freeze 0 20-Nowv-21 A
11 | Bid/Award Steel 25 01-Dec-21 A 25-Dec-21A
13 | FDM Pemnit 28 01-Dec-21 A 28-Dec-21A
14 | Permit Set 14 01-Dec-21 A 14-Dec-21 A
22 | Comp.CD Set 28 01-Dec-21A  28-Dec-21A
12 | Shops, R&A, Delvery B0 02-Dec-21A 19-Feb-22 A
17 | Buy-Out & Award, GMP, Mob 28 05-Dec-21A 01-Jan-22 A
18 | Buiding Permit 60| 05-Dec-21A 02-Feb-22 A
10 | BOD Process Equip 60 22-Dec-21A 19-Feb-22 A
15 | Gather Equip Quotes 42 23-Dec-21 A 02-Feb-22 A
23 | Elevator Shops 35| 26-Dec-21A 209-Jan-22 A
32 | Elec Equipment Shops 50 26-Dec-21 A 13-Feb-22 A
GMax Lock 0 01-Jan-22 A
19 | Earthwork 18| D2-Jan-22 A 19-Jan-22 A
FDMs 18 O7-Jan-22 A 24-Jan-22 A
41 |UGEP 10 25-Jan-22 A 03-Feb-22 A
24 | Elevator FabiDelivery 98| 30-Jan-22 4 O07-May-22 A
16 | Equipment Procurement 160 | 03-Feb-22 A 12-Jul-22 A
33 | Elec Equipment Fab/Delivery 95 14-Feb-22 A 19-May-22 A
20 | Steel, Joists, Decking 28| 20-Feb-22 A 19-Mar-22 A
21 | S0OG, Pour & Seal Decks 35| 20-Mar-22 A 23-Apr-22 A
26 | Walls, Windows, Doors 49 20-Mar-22 A O07-May-22 A
27 | Roof 14| 24-Apr-22 A 07-May-22 A
29 | Pipng/HVACIFS Rough-in 63| 24-Apr22 A 25-Jun-22 A
30 Power/Lighting/Low Volage 70 24-Apr-22 A 02-Juk22 A
25 | Elevator Install 35 08-May-22 A 11-Jun-22 A
28 | IntWalk & Ceiling 21| D8-May-22A | 28-May-22 A
34 | Elec Equip Installation 24 20-May-22 A 12-Jun-22 A
31 | MEP Confrols 24 29-May-22 A 21-Jun-22 A
37 |Finishes 21| 12-Jun-22 A 02-Juk22 A
4 Perm Power Available ] 21-Jun-22 A
35 | MEP Process Equip 14 03-Juk22 A 16-Juk22 A
38 | Punchist Core & Shel 28 D3-Juk22 A 30-Juk22 A
36 | InstallConnect Process Equip 42 AT-Juk22 A 27-Aug-22 A
1 Ready for Commissioning a 2T-Aug-22 A
53 | Process Equipment Complete a 27-Aug-22A | | T T T T e T
52 | Startup/Commissioning 14 28-Aug-22 A 10-Sep-22 A
0800, X0 0N NN,
SEREEREEE
E—ll Actual Work [M=T1 Critical Remaining Work FU”'}" PFOQFESSE‘d Update
C—T1 Remaining Work & # Mikestons
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Upshot of the Fully Progressed Update Dilemma

CPM software limitations left of data date have o

acted as a deterrent to using the fully progressed = .':I_—r_

update as the inherent as-built schedule even . s
after RP 29R-03 discussed the concept (] 2.2.A) I_

Delay analysts instead measure delay by:

» Dbuilding, from scratch, highly simplified as-built
schedules using actual dates/logic in the
contemporaneous updates and/or the project €irca 1966 TO DATE!!
record and using observational as-planned vs.
as-built methods or as-built schedule collapsing
heuristics (O’Brien 1976, 1984), or

» Impacting the as-planned schedule ‘
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The Rise of Retrospective Time Impact Analysis

In 1979, the Corps of Engineers begun requmng
prospective use of the contractor's CPM
schedule to forecast the presence and extent of
impact of a contract modification (USACE 1979)
» Theory: Well-prepared and current project CPM

schedules can be used prospectively to predict
the impact of delay events on completion

In time, analysts applied time impact analysis
retrospectively, a hypothetical that predicts delay
Impact after the actual impact has occurred, i.e.,
it predicts yesterdays’ weather (Sanders 2024)

©2025 PMA Consultants LLC
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ll. Solving the Delay Problem Post-Completion

Theory: The fully progressed update can and
should be used to extract, with reasonable certainty, Circa 2024
the actual impact of delays on project completion

Methods that use updates seek to predict impact of g -
delays that already occurred (Agrawal et al. 2024, 3 l—_r
Sanders 2024) and must be based on the following: 'F' Fl__

1. The parties in interest, for the sake of resolution,
mutually agree to a hypothetical analysis

2. When completed, negative-float paths and the finish
date match those in the fully progressed update

3. The analysis explains why the delay protocol/s
followed reasonably apply/ies to the facts of the case '
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Contemporaneous vs. Post-Completion Analysis

Theory: It is unreasonable fo equate a delay to a
CPM schedule early finish date to a delay on the Circa 2024
date completion of the project may be achieved

1. A schedule predicts but one of many probable finish
dates; without a simulation, it is not a reliable b
predictor of when the project will be completed or of "'l_-"_

which activities are likely to control completion

2. Drop in completion date P-value is a more valid
measure of impact on completion than delay to the
update finish date (Ponce de Leon and Puri 2014)

3. CPM schedules may be used prospectively to
hypothesize delay impact for the sake of resolution

©2025 PMA Consultants LLC A
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lll. Graphical Path Method (GPM) Synopsis

Several papers introducing GPM were presented
at PMI| and AACEI conferences from 2008-2011

1. CPM and GPM scheduling algorithms yield the
same early and late dates, total floats, and critical
paths (Ponce de Leon 2008, Mather et al. 2011)

2. Total float: Whereas CPM uses early and late
dates, GPM uses link gaps (Ponce de Leon 2008)

» Gap on a link equals the extent a predecessor
may be delayed and not delay the successor

3. The GPM scheduling algorithm is not limited by
CPM software limitations (Ponce de Leon 2010)

©2025 PMA Consultants LLC

Circa 2010

|

=




The Power of GPM Forensic Algorithms

The GPM scheduling algorithms calculate for
completed activities (Ponce de Leon 2010):

» early dates, which reveals pre-used total float,
» late dates, which reveals unused total float, and
» as-built total floats and as-built critical path/s

GPM allows activities to be started between early
and late dates—called planned dates

» Left of the data date, actual dates are planned dates
GPM simplifies delay analysis and algorithmically

explains delay features better than CPM, yet it is
deliberately ignored (Hertwig and Engel 2016)
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Gaps and Total Floats Both Sides of the Data Date

2024 _ | _ 2025
ep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Project BOD Project
Start BOD Process Equip Delay Gather Equip Quctes Equipment Procurement Completion
101312024 812712025
’10124 1222 10 92 42 212 2113 _ 107 |53 7122 16 @
04 of4¥-4 0[4)i-4 0p44-4)
ol g B ,
Bid/Award Stezl  Award Shops, R &A Delivery .
| 3 Drift, Float, Total Float .
112 25 1277~ 1212 80'_‘ n
| 1 of10)10} o010} 0-10)-10) t { S:antPlrloi:_ess
) nstallation
D:ﬁr'gn Design GMax MOB v v 7126 f
x ’ ‘ 11!2?Freeze Lock “ 6 e @(1_1) 5@
[ 102 0 174137 033 1020310 perm Powgr |
’ DD sbt 1 U/G { Available
.| Del d FDN Permit il Earthwork 1_5-_ EP i @%TF *
’ 1 ;51 111 11126 . 12?81? 12123 14 1!7’ ioioa 126 2;11WOE;3g;21 ‘, 414 e 1 0|: \
o | I -14%-14 K14}
| ook { ' 0. FM . Steel, Joists, FM vep 1 { f Install/Connect
Set ' FDNs 1 Wegather 13 Decking Weatger Roof 4 Controls : Process Equipment
| 10/24 = 14 33 11125 M2 20 131 2122 52126 inz 28 4/8 5 ¥413 511?; 12 528 6/26 24 7N9 ?* 8/8 40 9116
20%-2 ) -20) 7} L14%-14) -20%-20)
@ T L e | 088 to[7)3 RO O o) oFisH i om@
g SD Set GMP, Mob " & Seal Decks Piping/HVAC/FS Rough-in 4 Process Equip
103 21 10/23 ' 12110 28 i 16 4114 33 snefbsn7 1449 7118 126 13 g7 1
o202 % s ; ooz | o3 1 TER ) |
Ready for
' ﬂuwlding Pemit Permit Delay Power/Lighting/Low Voltage | f Commisysioring \
' ;21?10 } 272/8 32 am 517 14|56 . 7125 9!13911
C'- L20V-20" Voo
Femit t Quot éD nge'omer D@@ﬁ = L2_'rtllilet:Equipr’nent 1% *
(& Set ger Redesign Elec Equipment Shops Elec Equipment Fab/Delivery Installation '
—_ 13--—
1126 14 :129 123 20 4119 1120 50 310 311 _ 81(14 g136M14 24 777
020} 20 2 comp ¢y o2 022 o[22 0f2)(2) cunchiiet |
CD Set Elevator Shops Elevator Fat/Deliivery Elevatoy Install Finishes Core & Shell
1213 28 12030 12/31 41 212110 20 510 511 2020 6196120 21 71011 28 e
of2y2) 0/20}20 0120420 0:24:20 0/20)20 02020
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IV. Flaws in Methods That Use But-For Heuristics

Quoting from RP 29R-03 (] 3.9.K.4.b)

» “Stepped extraction: The delays are extracted q f‘f‘iﬂxr_ﬁ‘ ‘
individually or in groups, and the impact is l‘j
. . . . ”” .
determined after each iterative extraction

. -
Stepped extraction flaws (Mbabazi et al. 2005) E

» First flaw: extracting a delay even if such
removal doesn’t collapse the as-built
schedule

» Second flaw: extracting delays in groups,
Ignoring concurrency, leads to inconsistent,
non-algorithmic owner and contractor results
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The Longest Path Non-Algorithmic View

2024
May
Longest Path View As-Planned
Finish
520
513 3 515 ) Finish
l:E #}n llIlOl\Ier:eIEII:I):EIIEIlzl(I:E)IIIII 5123
§!16 J2_ 5/175/18 3 52 D (3)
) & ONE Longest Path
E Ff21 fl 5/23  3-Day Owner Delay on
O‘}TFE}EE?‘_E?E‘}’.(_% C(2) O {3) Longest, Least-Float Path
5/16 2 5/175/18 2 5/19 1 2-Day Contractor DE|ay on
2) 2 Next Least-Float Path
s 'L_. .
As-Built
A(3) B(2) Finish But-For
. Owner Delay
513 3 51516 2 517 Owner View 5/22
2 0 (O Owner Delay (3) \ 4 3-Day Owner Delay
{ 0 { on Longest Path
0 2 D (3) Fully Recovered aka Extracted
T T S 3 53 Yields Only 1 Day
Eontractor Delay (2 C(2) 2) of Schedule Recovery
516 2 517518 2 519
-2} -2
ot 5
As-Built
A(3) ) Finish But-For
Contractor View Contractor Delay
5113 3 5/1 523
@ B(2) Owner Delay (3) T
2 an IIIIIIIIIII:;IIIIIIIIIIII 2_Day Cmtractor Delay on
p/16 @) 5117518 ) 52 D (3) Next Least-Float Path
Contractor Delay (2) = o/ Fully Recovered
g { ce) pr21 | % | 523 Yields NO Schedule Recovery
516 2 517 3
0
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The Algorithmic Schedule Compression View

2024

May
As-Planned
Finish X
A (3) 520 ' As-Built
Finish
/ 3 5/23
o/13 @u 13 B(2) Owner Delay (3) N}
6/16 2 5/175/18 3 520
{'_3 \ﬁ; D (3)
/21 3 5/23
tc:';'ﬁrﬁﬂ?;gﬂﬂl(.z C(2) . F 3) Longest Path -3 days Total Float
516 2 5/175/18 2  5/19 1 | Next Longest Path -2 Days
{@ @} Shortened
AQ) B2 ' Finish.
5/13 3 5/196/16 2 517 5/22
2) 2) .9‘.“.’??{.?3'? /(2 t \V Longest Path Only Critical by
i One Day of Negative Total Fioat:
@ i D)
- So, First, Critical Owner Delay
t /20 3 5/22 i
ontractor Delay (2 Cc(2) i is Crashed by One day,
AENEENEINENEENE AN </ It Justifies One Day of
5/16 r2_ 5/175/18 r2_ 5/19 i §/222024 (We2 ompensable Extension
2 2 Shortened
As-Built
Ugwo w., ; A(3) B(2) -
5 ,u":.’fg:gg 5/13 3 5/155/16 2 5171 F;n%h Two Longest Paths After
0 | 0 (? Owner Delay (0) t} Crashing Owner Delay:
0
3 1 : Thus, Concurrent Critical
i Contractor Delay (0) ¢ 1 0 " Owner & Contractor Delays
o < { 4 are Crashed by Two Days,
. C(2) D(3) It Justifies 2 Days of
516 2  5/175/18 3 5/20 Excusable Extension
0 0
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V. CPM vs. GPM Schedule Compression

The CPM prospective schedule compression
algorithm crashes activities provided shortening
the schedule day per day with activity crashing

» The objective function minimizes increases in
project cost by trading off activity direct costs
and general conditions costs

The GPM retrospective as-built schedule
compression algorithm crashes delays provided
reversing as-built schedule prolongation

» The objective function exhausts compensable

and excusable as-built schedule prolongation
reversal per day of delay crashing

©2025 PMA Consultants LLC
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Step 1—Out-of-Sequence (O0S) Logic

As-planned schedule: early dates and late
dates result from as-planned logic ties

As-bulilt schedule: as-built logic ties result
from as-built dates of the linked activities

» An OOS as-built logic tie contradicts the
tenets of its as-planned logic tie counterpart

When using CPM software to de-status and
recalculate a fully progressed update, as-
planned logic ties supersede as-built logic ties
» This forces different early/late dates and total

floats than the algorithmic early/late dates and

total floats in the fully progressed update
©2025 PMA Consultants LLC




Converting OOS Logic into As-Built Logic

2024 2024
Feb Mar Feb Mar A
7 [ 7 7 [ 5 3 7 [ 10 % 1 T 18 % 1
31299024
3/29/202
Start 00S Logic--Negative-Gap (-6 Days) FS Changed to Zero-Gap SS Finish
Start ) . Finish
XMZ ) S sz 00S Logic--Negative-Gap (- 5 Days) SS Changed to Zero-Gap FF i
+ | ]
t CritA Crit B CiitC s *
212 10 223 226 15 15 18 10 329 critA C#} cnte
00} 0p 0p 202 10 03 226 15 35 318 10 3129
5 FS 0051 1 } | o0 0o 00
2121 9 34 ‘
i 29 Out-Of-Sequence: successor actually started * | I SS 008 1.1 o Out-Of-Sequence: successor actually s:tartsﬁ:ir
! 6 days BEFORE predecessor finished, 3 :2,,21 S 3/1: 5 5 days BEFORE 3 days after the predecessor started
i ) but not before predeccessor started f { 21 but it didn't finish before the predecessor finished
t *
i * i SS0051.2 5SS 00513
O ) S —
i FS00S 1.2 FS00S1.3 f * 2119 j4 3 13 Dm 3122 3
O} -~ ——————————————) 26 115
2% 5 3 5 31 12 e 3 '
‘ (s 13 J SS 00812 SS 00813
i ! FS 00S 12 FS 00S 13 - e eee——————Ce——) - ) g
,<3°6°¢°0°m°° OO ooc'.';v In-Sequence, Zer*)=Gap $83, H*" i — *C_}*‘ 3 ‘ 219 4 } 3 ! 3'|H-Sequencé0 322
'o°b°(s°n°r-=g°°°°ﬂ°o‘ ngegoﬁogog successor started 6 days FIZS 5 31 5 kIl 12 3/26 In-S 45
s 28 1A n-Sequence I
AFTER predecessor started 4 13 t
> F§ 005 1.1 e O S
- -—- 5
221 g 34 19 221 385 n
28 In-Sequence: successor actually finished
FS0toSS3 4 days AFTER predecessor finished SS3toFF4
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Step 2—Algorithmic Fully Progressed Update

Open in GPM software a fully progressed
update, right click on the Data Date icon, and
select “Reset to the Project Start Date”

» Actual start dates at once become planned start
dates and the schedule reverts to an algorithmic
mode (Ponce de Leon and Puri 2024); and

» label activities as confractor activity or owner
activity and, if not already so labeled, label
delays in the schedule as owner delay, force
majeure delay, or contractor delay

Delays modeled in the fully progressed update
with activities and logic are overt delays

©2025 PMA Consultants LLC
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2023 2024
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar A
: Resubmit ;
Project H :
Start Mech Submitals Review  Con Dela Fully Progressed GPM Update : c:ﬂ;ﬁ_‘m 4/52024
222023 |
.23 63 s10 11 526 19 623 97  Rereview : mun ®
7 71724 186/24 18624  Con Delay Fab/Del Mech Equip Fab/Del Repl Equipment
' Rebar Fab/ m a3 8/4 48 10011 17 16 c54. 5 1123 *
Shops R&A Del Mats 18624 181624 sfge 12
10 \\ Drift/Float/Total Float
20 33z 15 apzana 19 ams o ans 2 Weather 1 \ | |
of1s)1s) 15)(1s)  ofrs)Cag) 7[22)1g) ' FM Dela Conc Walls Mech/Elec Check-Out
| Field @H-— - e Oe——) - Access
Order 724 §I2803 29 9N 30 toze 23 e 0213 18, 1M Hold
rde == { o
| nr Delay 208 TR0y 28424 [ 3 Ownr Delay
lMass 69 o 622 | 21 7121 §xt. Mats | a2 20 s
arshios e B 2 Con Doty 1 e
AAAAA 3“63'2 Weather 2 n 5 /21 Ext. Walls | Refurbish
| “E/ 2 “Eﬂ = Excav FM Delay Mats 0§22)32) Conc Walls ConDelay ~ Mech ! Elec Testing Equip
v 30 411} 6/21 13 7110 711 4 an3 9122 40 1NG107 10| 124 18 122820 15 qnol22 128 120 4
e — —~ =\ v gt 1 —\ oo\
| “@Eﬂ 4 of-22)22) ng.{z) n@-:zg 2@ 0f22)(22) e er L B2 €2 0f22)(22)
* d Soil eather 3
: r Delay Dela !
* O=0 Change M !
L NTP 412 48 Order 1578 ExtWalls & ; Tie-in
02222 Ownr Delay Excav Fdns Framing Roof Elec Int Constr Punchlist & Test
21
t 419 75 T 718 8/248/25 28 10/410/5 2 HH411S 1rgens 1 32 qpign 15 apramp. 4
' BE oGy | oF9 o o) o9 ST A SO o N
f t : :
r Ext. Delivery i - E4
2 20 Deck Submittals Review Fab/Del Precast Decks Con Delay 1' ' ' Required
r 330 39 s23524 1T 616 BA9 55 9saB 20 105 1 i Finish £2)
2137 20137 20[13)7 20f13)7 | 5 : 38\
I \
r ' i Pong & MEP MEP  Ext. Testing
Elec & Instr Suomitals Review Fab/Del ElecEquip Trimout Testing
256 78 spe o e 19 @28 100 714 58 1014 19 1222 117 an7ing 18 g 29 17 ¥4 3 10 318
20202 711522 17/5/22 s[E0E) SDE sk sEE
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2023 [ 2024
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar |
- Resubmit :
e Mech Submitals Review C::llli)ela e
Rl ,,,,b De-Statused Fully Progressed GPM Update | Completion
.23 63 510 1526 19 623 978 Rereview ! mrz024
7 717124 188/24 18624 Con Delay Fab/Del Mech Equip Fab/Del Repl Equipmént
HSEREREENEEER —
. Rebar Fab/ m 2 8/3 8/4 43 1011 17 1. 54" i 1123 l
Shops R&A Del Mats 18624 18161124, sfsyze 12
100y Drift/Float Total Float
20 afar 15 apoa3 | 19 apns T ame 2 oig Weather 1 \ e o: '
ofisiis) | ofisifs)  ofrsirs YERSE | Eﬂ) Delay ~ ConcWalls Mech/Elec Check-ut
| Field uH‘ P ; Accesh
Order 724 @R813 29 an 30 1026 23 1ee 10 1213 18 , 19 Hold
| cémr Dela 25 S =2 SE 28[2) 24 3[4 e L OvnrOley’
Ill 1 AEREENAEENEDR
Mass 69 g 622 721 Bxt. Mats | 212 20 | 3
Award/Mob Excav 7205 7t "5:' Con Delay : i { of2)22
[ i
Ed Weather 2 M & P21 Ext. Walls : t Refurbish
\ “E}E P o Excav FM Delay Mats 0 ZEH—?zi Conc Walls ConDelay ~ Mech ! Elec Testing * Equip
HIENEER [ B 11
* 330 q11+ 6/21 13 710 M 46 913 9722 40 MNGypq7 10 1214 18 122312?29 15 119122 128 am 20_\4‘.‘5‘
| 2 | o[22 o[22 o2(z) 2z ‘PR mm 22 of22)z2)
d Soil ther 3 H o :
| J’ r Dolay “Def; Advantage over CPM De-statusing: NO : !
OO Ch lll . . . |
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| NTP o@}(.zz! ownr Delay Excav Excav Fdns Framing Roof Elec Int Constr Punchlist & Test
212 SIEEANREEEENREEERER N
* 419 29 5/305/31 15 6120 75 17 72728 20 8248025 28 10/810/5 29 1nanmns 21 pngens 1 22 312115 2121222 '
’ o[22 ofigte | o9ty UIDED UEDATY UIDED; JED D DD DD D
f il ! .
r Ext. Delivery 1 - F14 | !
2 20 Deck Submittals Review Fab/Del Precast Decks Con Delay {' ’ i Required
- - LTI T :q h X .
r 0 39 sp35n4 17 6HB 619 55 9596 20 105 1 : nis 2}
2[13)7 20[13)7 201347 20137 ' 5 : 36 N
I \
’ | i Pbng & MEP MEP  Ext. Testing
Elec & Instr Submittals Review Fab/Del ElecEquip HVAC Trimout Testing  Con
——— (1 11]]
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Step 3—As-Built Drifts Become Drift Activities

GPM forensic algorithms replace any positive-
gap link that generates as-built drift for the
successor with a contractor drift activity if
preceding a contractor activity and an owner
drift activity if preceding an owner activity

» This step is a prerequisite to identifying covert
delays arising from pre-consumed total float

A negative-TF drift activity becomes a delay,
should it be on a path with overt delays and
other drift activities with sum duration equal fo
less than the subject drift activity TF overrun

©2025 PMA Consultants LLC
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Step 4—Zero-Total-Float Longest Path

In the fully progressed update, to change the
longest path from the most negative total float
to zero, and base criticality on zero total floats:

» links connecting activities to a finish benchmark
marking the project completion date are deleted;

» an as-built finish date milestone is added and
activities linked to the finish benchmark are
linked to the as-built finish date milestone; and

» the project completion object is made calculated
mode so it tracks the as-built finish milestone
during and at the end of each crashing cycle
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Step 5—In-Series Delays vs. In-Parallel Delays

In-series delays are delays that are linked by a
link or through a path

» Crashing a delay will cause a day-per-day earlier
start for a downstream in-series delay ‘D‘

Two delays not in series are in parallel

» Crashing a delay will not impact start dates of
any in-parallel delay

A recursive logic matrix algorithm establishes
any two delays as in series or in parallel

» The logic matrix is reduced to a delay-only
matrix that codes in-series vs. in-parallel delays
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Step 6—Crashing Algorithm

Exhausts compensable and excusable as-built
schedule compression by crashing zero-TF, aka

eligible delays, based on the following priority: o @ e

| '|:' - ’

» Compensable compression: crashing an eligible R -4 y.
owner delay or concurrent eligible owner delays/s R

» Excusable compression: crashing and eligible
force majeure delay, concurrent eligible force
majeure delay/s, or concurrent eligible owner delay,
and/or force majeure delay, and/or contractor delay

Besides not crashing in-series delays in the same
cycle, rules control: 1) delay/s crashed for competing
crashing; 2) crashing limit; and 3) when crashing ends

©2025 PMA Consultants LLC



2023 | 2024
n Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
Project Owner Resubmit X oo
- Mech Submitals Drit _  Review Con Dela As-Built GPM Schedule--Start of 1st Crashing Cycle As-Buit
2112023 C—C)“" un&) | Completion
con 2 1 526 20 e@@2310 | Rereview : e
i 0 3 § 0/g8 ojge 0128 Con Delay FabiDel Mech Equip Con Drift Refurbish / Del Refurbishgd Equipment
¢I [LIALIR]]]] ENNENNERN
p b7 Mmoo 20 a3as 48 101 fonz 17 1158 57 ! 1123
08 088 088 | 01313 013113 | * 1 As-Built
L | Finish
Fab/  Con } Con | t Date
Rebar Shops RE&A Del _Drit Mats Dritt Check-Dut
|_j 0""9 ; Accesd 4/5 V
22 20 ¥2 15 323 |19 y1zpg 48 30 Yeietd Order Weather 1 1012 10 Con f212 20 . * Hold 0/oio
01040 0]010 0040  (ojojo 0[0/0 FMDeia Conc Walls 0[8/8, Mech/Elec Drift 0B/8 Own Delay .
| &' H——- ( 1_{}% - 11)12:;1-0- ' 8 (= TITD T uj{ 'I
Award/Mob _ Mass Excav _ Excav 6/9| Mats i ojere 0}8'8 : * [ 2112 i Removal |
1 9 5 3/8 &lnstall
. 2 pz B 36094 iExL Mats | f Refurbished
|. 000 000 olo : 0/0/0 r$ela 10/5/2023 (Thu) { 4 20 o Equip :'
i/ 4(? H
' Bad Sl Weather 2 o Ext. Walls | * 4 I 20 45
| own M Delay Mats Conc Walls Con Mech 1 Elec _ Tesfing 0j0:0
% OIIIII(I—:) s ’ .
i 4/12 621 1B 7m0 48 an3 22 40 M 2e 19 12/29 18 12215 219
| t oo/ 0jo}0 0l0)0 o5 oo | oo ojo/0 :
5! : | !
i Change Order \Prleatner 3 Ext Walls & : Tie-in 3
| f |
NTP Own Delay Excav  FM Dela Excav Fdns Framing Roof Elec Int Constr Punchlist & Test i
o i S IOITTTEL. - T LT m
) 4/19 30 53115 garp7s 17 78 20 8125 29 10/5 29 1ns 22 s | 34 2n 15 222 24 326
000 0las 088 088 088 | 038} 01848 { 108:8 088 088 i
\ /\ ' 4 [ =
ﬂ Ext. Delivery- {Con Required
; "* , O Con Drift DeckSubmitals Review Fab/Del Precast Decks Con Delay | ‘ Ot | Completi
%;vpomw NEEEEEEEER IEREERENER | Date
::oﬁonopoﬁ,’:’\:ﬂ::ozzg::ogeg Con w2 330 39 524 17 616 55 91 20 gp8 1215 5 F122Bhng & MEP -
i - Drift 012112 0112512 012,112 012512 011212 " 0/14'1 HVAC Trimout 141
2212 Con Con | 1222119 118 16 MEP Ext. Testing
Elec & Instr Submittals Drift  Review Drift Fab/Del ElecEquip 0|14,14 0j14,14 Testing Con Delay
(11} —-— ! [ ]]
26 79 Sgez 20 63010 714 59 10/4 19 E 29 17 s 10 318
02727 02?2? 02727, 027.27 027527 | 01414 ol1414

©2025 PMA Consultants LLC




JANE
T

O 0 AASOIONA D D O O
- e s

0.0 00
o
>

©2025 PMA Consultants LLC

2023 | 2024
n Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Ma
Project Owner Resubmit . i ;
Start Mech Submitals Drit Review  Con Dela As-Built GPM Schedule--End of 3rd Crashing Cycle As-Buit
222023 T llllé ! Completion
Con 21 3 g1 1 526 20 e@e310 | Rereview ; 3/6/2024
fi Oj4 01414 04 0]4r4 Con Delay Fab/Del Mech Equip Con Drift Refurbish / Del Refurbished Equipment
¢I [LLIRLILI]]] ENRENEEEN
o b7 7M. 20 g3k 48 1011 onz 17 16 57 : 1123
i 0444 044 099 0l9\g ' i 3 As-Built
; f | Finish
Fab/  Con { Con ! ' Date
Rebar Shops R&A Del _Drift Mats Drift Check-Out
[ O l(? ; AOtEas 36 V
22 20 2 15 ¥23 | 19 4’ ans 30 Field Order Weather 1 1012 10 Con n213 20 | wg } 0o
00:0 0jo)0 0/0j{0 0010 00j0 Own Delay FM Dela Conc Walls 414 MechElec Drift D[4y Own Delay |
| O(? Oll_}—— -_— . - d-)lul : 4 (@) '
6/ S s 8 7128 30 g 34 1026 24 1129 10 : ‘_ 272 |
AwardMob Mass Excav _ Excav 00 ? Mats g 0:0 o[oso | 0j4d 04, : ’ *0 Removal |
m % D " o | &lnstall |
22 f2 9} 616 {Ext Mats : t | Refurbished
l 0040 0l00 uuui 0j0:0 Con(ﬁelay ' Equip :
' 1
. = ety
“ Bad Sdil Weather 2 ¥ Ext. Walls , t | 28 20 3%
! own M Delay Mats  do ConcWalls Con Dela Mech i Elec _ Testing oo
%‘O O O —————) LT , |
f 2 "5 & ens 13 T 48 o7 918 40 13 M o1es 19 122816 4n6 15 |78
1 00 Weather3 f 000 0/0/0 ofoo 0lo)0 i0jo’0 0/00 '
{ FM Delay 01949 ! \
| t | Change Order 6151 o Ext Walls & : Tie-in |
NTE Own Delay Excav | Excav Fdns Framing Roof Elec Int Constr | Punchlist & Test
Km t OIIIIIIIIIIIIIIII
419 28 sps 18 ens 17 7o 20 a7 2 o023 fﬁg? 2 1028 22 17 34 | 12 18 22 24 e
| ojoj0 0010 000 0/0}0 o8> 000', 0j0j0 i ofoyo, | 000 0/0/0 |
! Ext Dewetfy- 4 Con | Required
Con Drift Deck Submittals Review Fab/Del Precast Decks n Dela } Drift : Complet
ANEEREEEEEE [ 1] w : Date
chn w2 3730 9 s24 17 616 55 or1 10 9114 " 127 5§ 121 pppg & ! MEP '
Drift 00:0 00/0 0jo:0 0/0/0 000 066 HVAC | Trimout i
2 con Con | 124 19 1dee 16} yep Ext. Testing
Elec & Instr Submittals Drift.  Review Drift Fab/Del Elec Equip 0166 { 068 Testing Con Delay
(111} 1 llll( )-.-
218 79 spe 56z 20 630 10 714 59 1014 5 5 2 7 214 10 2727
0lss 055 0545 055 0(5)5 | 0866 olevs




- GPM As-Built Schedule Compression Method Case Study | Completion
. Compensable Reversal . Reversal
As-Built Schedule Crashing W/C Days Excusable Crashing W/C Days 04/05/2024
Access Hold—8
First Cycle days 8/10 03/26/2024
Field Order &
e e evs W Change Order—4 4/6 03/20/2024
days
Access Hold, Weather 3, and
Third Cycle Ext,. Delivery—10 days 10/14 03/06/2024
As-Built Schedule Compressed to
P 12/16 10/14

the Required Completion Date

DOEREIEEREeE

©2025 PMA Consultants LLC



2023 [ 2024
in Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
- Owner Resubmit : . :
Project ) .
= Mech Subimtals — Review  Con Mb RP 29R-03--After FII’?t Extracting ALL aner Delays Cotpend
201212023 " nn Followed by Extracting ALL Force Majeure Delays Completion
con 21 63 sm 1 526 20 eEE3 10 | Rereview ! 372072024
i 0|16416, o/t/16  O116/16/  016/16, Con Delay FabiDel Mech Equip Con Drift Refurbish / Del Refurbished Equipment
& OIIIIIIIIIII HIENENRD
o7 m 20 83 8/4 49 10/1 o2 17 18 57 H 1123
015 — 0[16)16 011616 | 02121 0021121 : i 5 Collapsed
y ’ Finish
Fab/l  Con { Con | 1 Date
Rebar Shops R&A Del  Drift Mats Drift Check-Out v
[ Ollll(_? Access 320
22 20 ¥2 15 323 | 19 4nene” 428 30 | Field Weather 1 1012 10 con f213 20 1/91 ﬁu 0/oto
025/25 0/25)25 02525 002525 0/25/25 order FM Delay ConcWalls 016,16 Mech/Elec Drift 0/16/16 own .
il Delay —— —-— —-— e (—— B1EL1 : '
619 7111 9111 30 82 47 10026 24 1129 10 . ‘ 131 1
Award/Mob Mass Excav _ Excav he§ = Mats 0 2% 2 02525 } 01616 pnex1e : ’ 1‘ € Removal
20 20 330 n 22 ' &Install |
0 2 . 9] ) gn Mats Co Refurbished .
, oo 0fa1)4 0/41 ‘11 0[25/25 on Delay ! Y Equip ,
| H“‘ e |
‘ Bad Soil { Weamer 2 0-f25 £ Ext. Walls : ' ’1’31 20 20z
Own De ConcWalls Con Dela Mech Elec _ | Testing 01616 '
- { M | TTLT |
i mzf 105 1 1 18 126 18 tomo 15 1m0
0/41)(41 i '
| Change Order 0 56 56 025 25 olz8\25 02525 025,25 | 0/16:16 |,
‘ Own Delay 2 ' H
| an Weamers ExtWalls & : Tiedn |
; NTP e ExcafM Delay Excav Fdns Framing Roof Elec Int Constr Punchlist & Test
, 22 ‘ 41215 @e 17 Eps 20 6123 2 41 19:29 2 e 2 12111 134 16 15 216 24 320
0500 041/4841,41041 41 0/41/41 0/41/41 000', 0/0/l0 | 000 0foj0 0(0/0 i
AR | Ext. Delivery- } Con ' Required
!' Con Drift Deck Submittals Review Fab/Del Precast Decks Con Delay ‘ Drift H Completi |
Oimnnnninn LTI th) : Date
oooo% 0503%000000 cbn v2 20 ¥30 8 sS4 17 61186 55 o1 20 o8 1211 5¥1215ppng & MEP %
DR ””""““ Drift 0010 olo0 o0 0010 0jo0 { 08 HWC Trimout b
2 Con Con | 1218 19 2 18 1 MEP Ext. Tesing
Elec & Instr Submittals Drift Review Drift Fab/Del ElecEquip 0 5:5 17172084 §Thu) Testing Con Delay
[ 1 ]]] { mnnng h—-—
26 79 speSez 20 63010 7n4 iy 1004 15 ; s 17 22810 32
0l1815 01515 0151015 0115:15 0/15/15 | 066 066

©2025 PMA Consultants LLC




RP 29R—AIll Owner, Then All Force Majeure

Fully Progressed

Compensable C/Days Excusable C/Days Finish Inexcusable
Crashing y Crashing y Date Prolongation

First Stepped
Extraction

Change Order—30
days

Bad Soil—5 days

Second Stepped in 1—
. PP FM Rain 1-8 03/20/2024
Extraction days

FM Rain 2—-13
days

days

Collapsed Schedule 16 0 14
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RP 29R—AIll Force Majeure, Then All Owner

Fully Progressed

Excusable Compensable Finish Inexcusable
i E/Days i C/Days )
Crashing Crashing Date Prolongation
First Stepped FM Rain 1—8
Extraction days
FM Rain 2—10 10 03/26/2024
days
FM Rain 3—10
days
_ Access Hold—20
Second Stepped
= days 03/20/2024
Extraction
Change Order—
30 days 6
Field Order—5
days

Bad Soil—5 days

[T
o
(o)}

Collapsed Schedule 14
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As-Built Compression vs. RP 29R Collapsing

Total C:tr:,r::::lanbgle Excusable Shortening Inexcusable Shortening

Payment to

Contractor Days S to Contractor CalDays §$to Contractor Cal Days

Sto
Contractor

To monetize the three outcomes, assume liquidated damages $15,000/day and general conditions $20,000/day

GPM As-Built

. $320,000 16 $320,000 14 0
Compression

Collapse
Owner &
Then Force
Majeure

$110,000 16 $320,000 0 14 -$210,000

Collapse
G988EE0E008: Force
- | Majeure &
Then Owner

-$90,000 6 $120,000 10 S-0- 14 -$210,00
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| Takeaways

°E A CPM schedule shows one of many probable outcomes. Without a
> simulation, it is not a reliable predictor of when the project will be
completed or of which activities are likely to control completion.

It is not logical for analysts to use updates to contemporaneously
analyze delay impacts onlyto set aside the fully progressed update
simply because it is rendered non-algorithmic by CPM software.

The two algorithmically correct options to quantify delay impact are:
1) a contemporaneous-statistical|analysis that calculates probable
impact from the dropin completion date P-value, or 2) a post-
completion analysis that extracts impact from the fully progressed
update using GPM as-built schedule compression. 64th Annudl
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QA WORKSHOP™
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