INTEGRATING CPM SCHEDULE
EARNED VALUE

Causal Time and
the Resources Inputs Determine
Time



WHO
AM I?

» Successfully applied these analytics on major construction
projects and programs




CONSTRUCTION INDUSTRY FAILING
PERFORMANCE ANALYSIS THE PROBLEM

Integrated,

Advanced

performance “fruth”

Requires a root causal understanding A




GAO SCHEDULE ASSESSMENT GUIDE
INTEGRATED
FUNDAMENTAL PERFORMANCE ANALYSIS TOOL

difficult
to obtain

effort and
commitment

are existing analytics
adequate






CAUSALLY INTEGRATE



(1) The Problem - (2) The Solution
Symptoms, not Root — Root Causal
Causes (output-based) Input Analytics

&

MAP: ESCAPING
PERFORMANCE ) A

FAILURE Success
Story




Part 1

———






Integrated, fully
resource
loaded, bottom
up, Level 1
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* Performance Activities get the work done. Mainly labour (but also
equipment and machines performing work)

e Performance Activities are the controllable factor which determine time.



days isn’t one at all

badly flawed or

deliberately deceptive

coherence or common sense confusion, delayed projects

and lawsuits




A Schedule without Resources is a
performance “Black Box”

» Accepting a schedule without resources is like
buying a car without knowing what's under the
hood. Take it on faith?

e Resource information is required to
understand the plan, analyze performance to-
date, and reliably forecast the future.

» Resource information provides root causal,
deterministic_explanation for performance,

delays and disruptions.




OUTPUT
CAUSAL INPUT



What is the Root Cause of Duration?

Causation is: “something
that brings about an effect
or a result”

Root causes are the

essential cause

If root causes are not
known, guesses about
causation may be very

wrong?

Only “Symptoms”
are analyzed.

15



Did embedded conduit change “cause” this delay?

. Plan |
Form = 10d :
y

Actual/Forecast

What “caused” the

delay? “ Cause-Effect Matrix”

\

Primary Causes
Crwner/Designer lssues:

Access lssue at F1

Proposed Change (adding Conduit)

Scope Clarification (Penetrations)

Result in l

1sanbay o0
1sanbay 143

Result in I

uondnisig g Aej2q

Late RFI response

Late response to C.O. request

Changes to Scope




Classic Output-Based Cause-Effect Analysis: Root Causes?

Cause-Effect Matrix - Delay and Disruption Claim

Intermediate Effects & Secondary Causes

- Time-Based Costs Delay Costs -
® (Productivity Costs | (& | & | & (&&=
g Zlo
-l NEIRMEEIE
(=]
HEHEHEE
Primary Causes .;.5,__ 23 %" E w -';' Productivity
(=]
HEEIE 2 E 5| Loss
= & | &8
] " =3
' (2] = o
Owner/Designer Issues: - 5
W
"; .- Labour rate increases .- E
Access Issue at F1 LA o LA A N A A AR Man-hour growth LA E
Proposed Change (adding Conduit) | » E LRI # | Indirect costs - o
Scope Clarification (Penetrations) | = | ® = (@ @ o o s e Reduced productivity . |3
1 1B
Result in E =
8|= 213
HE Was there actually a £2
]
ﬁ . - - -,
2|2 productivity loss? 7|5
Resultin What about g
® (Late RFI response - resources |evelso - Direct Man-Hour Growth
- Late response to C.0. request - Basel | ne Prod & - # |Sire Overhead (Indirect) Costs
L] Delayed Shop Drawings - R n - # |Head Office Owverhead
€S.: - . Disruption/Productivity Costs







e Integrating Schedule and Cost

strong benefits for program enterprise planning and control.”

optimum program planning and

control.

primary purpose support integrated
program management
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ROOT CAUSAL

ANALYSIS

» FEarly risk identification, corrective action, replanning

* Requires root causes to be effective

entire cause-and-effect reaction

highest-level cause

leads to the problem
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Core Principle is Integration of

Schedule and Cost! No schedule
required?
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Seriously
bad
advice for
PMs!!]



* Not integrated
* Defers
e Misunderstands root, deterministic cause
e Cost-centric
Resource Variance

no causal connection PMB performance & EV
metrics

CV not connected to SV






risk-driven

e Cost and schedule

risk drivers

not integrated

analysis not
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POST 2008

a degree of confidence

« PERFORMANCE BENEFIT

« ROOT CAUSES
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Risk Labour Loading: Hours not loaded

* No labor hours

* S1 dollar of budget assumed

to = 1 hour of labor

One Resource Res. Unit: Resource| Task Units per period | Remaining| Cost Per Cost of
Unit: ' '| Loading: | Duration: | ("Burn Rate"): |Resources:| Unit: Resource:
l'Dl |El lGl
lAl IBI |cl IF!
- IE' + Ic| - ICI x 'DI - IE' x IFI
/\
Labour S unit | dollar | Normal 1,020.00 255,000 | S 1.00 4§ 255,000 >

Daily (Burn) Labor Rate =

Budget Dollars ($) $255,000
Duration (d)

250 = $1,020 per day
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NASA JCL supports no labour hour loading

e “For a Joint Cost & Schedule Confidence Level (JCL), cost loading a
schedule is sufficient and a resource loaded schedule is not
required.”

e “Intent of JCL policy is not to recreate the lower level management
responsibility of ... managing resources (labor, etc.) but to instead
model macro tendencies ...”

* Basis for “confidence” when labor resources not considered?




Output-Based Tri. Distribution: Max/Min Errors?

CPM Algorithm models different
duration (output) valueS/[ Dur= 250d ]\

Out P ut e Are the maximum

(& minimum)

Productivity Resources
limits chosen by
MC : the analyst
X = /Duration ' deterministically
Duration outputs Iterations | correct?

o/l
95%  100% 120% 100% 120% 120%!
238d  250d 300d 250 d 300 d Max

If Prod + Res 20% lower, does the duration = 300 days?
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MC Output Error in Maximum calculation

DeterministicVolume = L xW x H = 4" x3' X 2" = 24c.f.

2)
Algorithm |
Add 25% --- 3’

Det.Max.Volume =5 X 3.75' X 2.5’ —(47 C. f

”Length”‘ ”Wldth”‘ ”Helght”‘ %

75% 100% ('125/ \ 75% 100% ¢ 125%, 75% 100% ’125‘V‘\ 75% 125%
N 30 ! \ 30, \ 30 Ry ~\

. I . o 150 % 2 = 20
Vol. instead » No MC algorithm for input dimensions. Max = 125% x 24 = 30 c.f.

of Length * Instead models the output - volume (24 c.f.)
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* Not integrated
Class 1

e Asserts that labour activity duration is determined by time
 Labour hours not loaded

output based
root causal inputs determine labour activity duration






P3 Risk Transfer Assumptions?

«“[In P3’s] the private sector assumes a
major share of the risks in terms of
financing and construction and ensuring

effective performance ... from design and

planning, through execution ... to long-term

maintenance.”

If performance is not analyzed, risk

transfer assumptions break down!



Integrated Project Delivery —
Improved performance without

accountability?

e |PD is built on collaboration, which
in turn iIs built on trust. ... mutual
respect and trust ... tolerance.”

* “No individual accountability for
poor performance ... because all

have a stake in success (Risk
Pool).”

Performance must be objectively and independently evaluated!

“Trust but Verify”



No Transparency about
performance means lower

productivity and increased cost

‘Many players in the
Industry benefit from
today’s market failures,
earning a substantial share
of revenue and profits from
change orders and claims,
and reducing exposure to
competition in an opague
market.’ [McKinsey Report]
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Output-based symptoms
because schedules are not resource loaded

Root Causes of duration
performance inputs productivity labour resources

determine duration

causal understanding

accountable



> Part 2

>




PART 2

A map through the Solution

Quantity
Productivity x Resources

2.1 New Causal Duration
& Cost Formulas

Causal Duration =

RV = Actual — Planned

EV,. . :SPI= CPIxRPI 2.2 New EVM

Metrics connect Time
to Causal inputs

2.3 Integrated EVM/CPM
Causal Analysis
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Causal Duration =

(Labor)Cost =

Quantity

Quantity

Productivity

Productivity X Resources

X $Labor Rate
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What Causes the Duration of a labor activity?

Output Based Duration Input Based (Causal) Duration
® What is the causal, ® Productivity and the Rate of
deterministic basis for Resource Supply determine
output? labor time duration per
Activity Duration = Quantity _ 10000(s./.) =10 days fO”OWing formula:

Daily Output 1,000 (s.f.)

— e

10,000 s
Activity Duration = 7 == d_ “t-\t 5 = S 75 s s+
(Causal Input Formula) '©.7 0ductivity X Resource Supp y, 10 hrs.

= 10days
_____________________ \ s < 100 74y day J

|
Output = 1,000 sf./d
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ACTIVITY DURATION: EFFECT OF VARIANCE FROM PLANNED

RESOURCE OR PRODUCTIVITY TARGETS

per CAUSAL FORMULA
PRODUCTIVITY
Below Plan Per Plan Above Plan
Longer Longer,
R | Below g. Longer &
Duration i Shorter or
E| Plan duration
(worst case) No change
S
(o}
Longer Planned Shorter
U |Per Plan . . .
R Duration duration Duration
¢ L Sh
’ t
E | Above onger Shorter or -er
Shorter or ) Duration
S Plan Duration
No change (best case)
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A

Increased Duration

Duration effect of Productivity & Resource Deficits

| 1 factor: 20 d

| 2 factor: 40 d

) 10,000 s.f.
Duration = s T = 40d

X 503 73

\
|
Both factors 50% below plan:
Exponential growth

10,000 s. f.

f. hr
Sh xlOOday

1 factor 50% below plan
Linear growth

= 20d

Duration =
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Correcting Risk Theory: Productivity determines labour cost; not time

hrs. $
Output Cost formula Cost($) = Duration(d) x (Burn Rate)RRS —— X Labour Rate —

/ d hr.

Causal Duration Formula  (Burn Rate)RRS(--) = Quantity(s. f.)
d Duration(d) x Productivity(sh'—f

/

Quantity {s——
Duration-{d) X Productivity (%)

Cost($) = Duration{d) X X Labour Rate(h—r)

_ Quantity(s.f.)

Cost($) = 5]
Productivity (h_r)

X Labour Rate (h_r)
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Correcting EVM cost assumptions

Per EVM ...

* Productivity alone does not
determine duration

e Time does not determine cost

e Productivity not necessarily impacted
by level of resources.

e Adding resources should not be
assumed to have no schedule benefit




Forecasting Duration & Cost with new formulas
=

1203 als 678|001 |2]13]1]5]16]17]] ™| " | romcos | prog.
Hrs: Rate: Duration:

PLAN: .
F1 Formwork i
F k: . . [ :
ormuor Early Mitigation? E=77%, :
Reduced Resources 1,000{ $50.00 | $ 50,000 | 13 10
Reduced Productivity 1,300( $50.00 | $ 65,000 | 13 | 7.69

-

1,300 $50.00 |'$_65,000 ' 17 | 7.69

10,000 s-£ - = 10,000 s-£ -
Cost = — — — %X $50 per hr. —'$65 000, Activity Duration = —'17 days )
7.69 51 --- 7.69 Sy 77 BEE -
7 hrs hrs: day

Red. Prod. & Res.

-
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SV/SPI Primary Metrics because PMB is Objective

e Recall EVM: “SPI not
recommended after 80% of the
work” because ultimately
equals 1.0”

e |f a deficit in project progress
there is deficit in time vs. (PMB)
THE PERFORMANCE
OBJECTIVE!!

* Root cause of negative SV/SPI,
which translates to time
variance, is always productivity
(CV/CPI) and/or resources
(RV/RPI)




CPM Late Curve is SV Threshold

e CPM Late Curve: all
activities start on late
date. Likely critical
after.

e Late curve is SV(PMB)
threshold!

e Threshold @ 33% of
time: SP1 =0.71

* Any float consumption
increases time risk
(path convergence)




Resource Variance: the Missing Metric

e Resource Variance (RV) =
Actual hours — Planned hours

e Resource Performance Index
(RPI) = Actual + Planned hrs.



Output Variance @: Variance in Causal Inputs

Output : Variance in Causal Inputs
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CAUSAL INPUTS
Quantity

Productivity X Resources

Quantity

X Labor Rat
Productivity apor ate

CPI X RPI

(Productivity) (Resource Supply)

4 + RV

51



e~vwxmCOT

INTEGRATED CPM & EV

Projected Cost Overrun

SPI = CPI x RPI

SPI = x 1.33
" Progress 44% behind
PMB

= More resources (+33%)
than planned

* Deficit in progress

caused by low

productivity

mHECcoOEHIO®
HOpPp""—=Hw

I
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Connection between CV & SV

e Calculate RV
- e | ate Curve

SV =CV +RV — ,,/’/ threshold

-—

-
-
—
—
—
————
—-—
e

L. Curve thr.
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23% fewer

hours than planned

e Productivity as per plan
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Window 2: No mitigation & Rebar Risk!!

g

12 ¢. 12
F1 Rebar Duration Plan :@2 X@PZ F1 Rebar Duration Forcast = 5 019943 =
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Causal Formula

Contractor Forecast

23 days
instead of 3

casually-
based early
warning to
mitigate
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e Contractor

e low productivity

* Increased labor
lowered productivity

contractor-caused
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e Direct

* Root Causal produces the effect

but-for test. Sine qua non
productivity and resources

* Deterministic, direct cause of delay

e Proximate

impacts productivity and resour
» Potentially

without having an impact

balance-of-probabilities.

e Not deterministic
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— o o o oy,

A New Causal Chain

ACT — INJURY

Direct/But-For/Sine-Qua-Non/Root Cause Proximate Cause
PRODUCTIVITY deficit — » Delayed shop drawing review? Prove which
» Delayed RFl response? of these
I cCPM > Contract Change Orders? ! conditions,
LABOUR (perf.) RESOURCE Delay > Curr.iulative ImPact of COs? eve-.nts or
Effect? Z_Equipment Delivery delays? actions
l -2 Congested work space? | explains the
_____________________ 'l » Overtime hours? ! productivity
’ Integrated CPM/EV Analysis ™\ _>_I\7|u_lt_ip_le_v;o_rlz shifts? and/or
: » Impeded work access? resource
: > Abnormal inclement weather? effect
I No » Labour shortage?
e ouantity : v » Lack of skilled labour?
Y Duration = o etivity & Resource Supply I

Delay
demonstration

- o o o o o e e o o Em e o e e o =

< Insufficient > > Design Errors and Omissions?




No by-passing Direct Causes

DETERMINISTIC DIRECT CAUSE

If duration Delay, then

Direct Cause is ...

mmmmmmm) Productivity x Resources < —

Proximate Causes
for one or both
prod. & resources:

Weather

RFIs

Changes
Overtime
Delayed Shop
drawings

Work stoppage
other

I
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Rethinking Risk Drivers

TYPICAL RISK DRIVERS: ROOT CAUSAL RISK DRIVERS:

® _Duration_uncertainty,
@ _|nstallatian experience.

coqrdipation_issues
® Shortage of labor resource

® Design and fabrication issue

® Productivity
@ Resources

Proximate Causes

® Schedule duration unrealistic

@ Productivity lower than
planned
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New Algorithm for MC Labor Analysis?

Time Activity ‘N |~
Output

ACtiVity ‘B’ Durations

. Quantity .
Causal Duration Formula = = Iterated Durations

Productivity X Resources

I

I

Direct (root) Causal
Inputs

Resources

Productivity

Proximate

] . Delay shop drawings, Inclement Weather, Change Orders, Congestion; Over-
Risk Drivers

Time; RFIs; design issues; labor shortage, etc. ...
68



> Part 3

>
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Pre-Construction Risk Assessment: Planned Duration not possible

2 0o o T — — ® x — —

(3) AP =2,241 m3 after
March 08 (reflecting
minimum production <

over Ist winter)

*(1) CPMis the low estimate

(2) Average pour
(AP)=2,087 m3/
month

*(2) Extremely aggressive schedule to be

| tested by actual performance.
/% y p
/ ‘ \ \ +(3) Early dates assumed. Late dates
) N are much higher risk because peak
; f N monthly pour rates are much higher.

( ).~ decision to postpone full
concrete operations until spring 2008

‘U K \C
/ ‘E E Kased average monthly pours.
L
/ o
/ : N
S
/ \T
AP=500m3/
‘ mnnth
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
(1) CPM LOW Possible Duration (months)
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All of this on
D-B-B

Projects!!!
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......

Delay

<

$33$ Costly
Acceleration made
necessary by

Contractor?
Wait for !

Owner-caused
Delay!

TIME =
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No Productivity problem (CPI = 1.00), but

30,000

25,000 +

20,000 +

15,000 +

10,000 +

5,000 +

Resource supply below plan (RPI < 1.00)

60,000
20,160 (or 40%) fewer e |
hOUfS than planned I Per period neg I 150000
resource Cum. Res. Var =-
20,160 hrs.
: 1 40,000
i 2
/‘__4?1986 1 30,000
// 120,000
110,000
] 1
3 X L T [ S } | } 0
Oct-07 Now07 Dec-07 Jan-08 Feb-08 Mar-08 Apr-08 May-08
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new challenge sound reasoning about causes and
effects need for a causal model
kip the hard step of constructing
... a causal model and rely solely on data

Statistics alone which is the cause and which is the
effect.
causal model predict the

result of an intervention
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Integrated, Class 1, fully resource loaded, CPM schedule optimal causal
performance analysis tool

Productivity and resources root causal performance factors determine
labour activity duration

EVM and CPM formulas fully integrate performance analysis

causal-based early warning

Dramatically improved
rethinking of causation

Challenge must be met

Buyers of construction effect change
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