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Construction Project Management

Decision to Bid

Project Planning (develop WBS and CMS)
Project Estimating and Scheduling
Resource Allocation and Leveling

Submit Bid (proceed if awarded contract)

Estimate then forms basis of budget during construction
(both use similar WBS and CBS)

Schedule forms basis of execution plan (use similar WBS)
Cost control: compare actual to budgeted costs
Schedule control: compare actual to planned progress

Detect deviations and implement timely corrective
actions
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Job-based Cost Control

Two types of systems for job cost data collection:
e Financial control system: payroll, accounting, etc.

e Cost control system: man-hours spent on work packages,
cost and productivity data, data on labour, material,
equipment

Where are Cost Data Initiated?

e Labour: time sheets, foreman’s daily work report,
company’s payroll system

e Labour data collected: craft, level (apprentice,

journeyman), hours (regular, overtime), work package(s)
worked on

e Equipment: equipment time sheets (similar to labour)

e Material: purchase orders, material delivery slips, material
cost records (materials management system)
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Project Control

Monitoring Productivity

¢ Another component of control is tracking productivity on
basis of manhours/unit (i.e., input/output)

e Three methods of measuring output:

. Estimated % complete
. Physical measurement
. Earned value

Estimated % Complete

Based on observation
Simple and inexpensive

Subjective and not sensitive to scope changes

Estimated quantity complete

= total quantity * estimated % complete
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Project Control

Physical Measurement

e Output based on actually counting or measuring number of

work units completed (e.g., diameter inches of pipe welds,
m3 of earthwork)

e Objective, detailed, accounts for scope changes
e [Ime consuming, expensive
Earned Value

e Actual manhours taken from time sheets

e Actual quantities based on “rules of credit” agreed upon in
advance of work being undertaking (for budgeting and
payment purposes)

e €.9., 80-20 rule: 20% credit given for commencing activity,
80% credit given for completing activity
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Project Control

e Earned Value
e More common is milestone approach: e.g., formwork
activity:

« Fabricate = 60% credit, Erect = 20% credit, Remove forms = 15%
credit, Clean forms = 5% credit

¢ Rules of credit may reflect effort or work involved

Earned value for manhours

= earned value for quantities * estimated (budgeted)
productivity

e EV (mhrs) = EV (m3) * estimated mhr/m3
e Performance (Productivity) Factor (PF)
= Earned value mhrs / Actual mhrs
(PF > 1.0 is good in this case)
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» Period PF used for immediate control purposes to remedy trends.

« Cumulative PF used to forecast costs at completion.



BETTER SUPERVISION PUMPSTATION PROJECT

PROGRESS AND PERFORMANCE REPORT
AS OF 13-JUNE-94

5/1380
100 L 7X6 | 7X5 | [1079 ]
1 2 3 4 5 6 7 8 9 10 11
% % Eamed | Eammed | Spent | Perf.
iD Description Dur| Start | Finish | Mhrs | Value | Compl| Value | Mnhrs | Mnhrs | Factor
1|CONTRACT AWARD 0| 30-May| 30-May 0f 0.00 | 100% 0 0 0 1.00
2|MOBILIZE 4| 30-May| 2-Jun azZr 232 80% 1.86 256 22 0.86
3|SPOOL DWGS 3| 30-May| 1-Jun 24 1.74 | 100% | 1.74 24 26 1.08
4|DEL. PIPE & FITTINGS 8] 30-May| 4-Jun 4| 0.29 | 100% | 0.29 4 4 1.00
5|DEL. PUMP & VALVES 10| 30-May| 8-Jun 2| 0.14 | 100% | 0.14 2 2 1.00
6|DEL. PMPHSE BLD'G PKG 7| 30-May| 5-Jun 2] 0.14 0% 0.00 0 0 1.00
7|SURVEY 1] 3-Jun| 3-Jun 16] 1.16 | 100% | 1.16 16 12 0.75
8(FAB. PIPE SPOOLS 6] 2-Jun| 7-Jun 64| 4.64 60% 2.78 38.4 36 0.94
9|DRILL AND CAST PILES 2| 4-Jun| 5-Jun 64| 464 | 100% | 4.64 64 72 113
10|EXCAVATE FOR FDN'S 3] 6-Jun| 8-Jun 48| 3.48 100% 3.48 48 41 0.85
11{FORM FDN'S & REBAR 5] 9-Jun| 13-Jun| 120/ 8.70 100% 8.70 120 130 1.08
12|POUR CONC. FDN'S 1] 14-Jun{ 14-Jun 40| 2.90 | 100% | 2.90 40 45 1.13
13|STRIP FORMS 2| 15-Jun| 16-Jun 321 2.32 100% 2.32 32 30 0.94
14| BACKFILL 5| 17-Jun| 21-Jun| 120| 8.70 | 60% 5.22 72 63 0.88
15[INSTALL PUMP 3| 17-Jun| 19-Jun 48| 3.48 0% 0 0
16|CONC. SLAB 1] 22-Jun| 22-Jun 48| 3.48 0% 0 0
17|INSTALL PIPING 10 23-Jun| 2-Jul] 240] 17.39 | 0% 0 0
18|ERECT PUMPHOUSE 12| 30-Jun| 11-Jul| 300| 21.74 0% 0 0
19{INSTALL INSTRUMENTS 2] 3-Julj 4-Jul 321 2.92 0% 0 0
20{INSTALL DOORS 3| 12-Jul] 14-Jul 32| 292 0% 0 0
21|PULL & TERM. CABLE 4] 5-Julf 8-Jul 64| 4.64 0% 0 0
22|DEMOBILIZE SITE 3] 15-Jul} 17-Jul 48| 3.48 0% 0 0
23|PROJECT COMPLETE 0| 17-Jul] 17-Jul 0| 0.00 0% 0 0
Total 1380| 100.00 35.22 | 486.00 | 483.00] 0.99

(PF < 1.0 is good in this case)



Project Control

e Earned Value Management (EVM)

Developed as Cost/Schedule Planning Control Specification
(C/SPCS) by US Air Force in 1966

Primary EVM users include US, Europe, England, Canada, Australia,
China and Japan.

e Objectives of EVMS

Relate time phased budgets to specific contract tasks and/or
statements of work

Provide the basis to capture work progress assessments against
the base line

Relate technical, schedule, and cost performances

Provide valid, timely, and auditable data/information for proactive
project management analysis and action
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Project Control

e Project and Budget Performance

e BCWS (planned value - PV) = budgeted cost of work
scheduled

e BCWP (earned value - EV) = budgeted cost of work
performed

e ACWP (actual cost - AC) = actual cost of work performed =
commitments + payments due + payments made
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Project Control

e Cost Performance

e CV = cost variance
« CV =BCWP-ACWP = EV-AC

e CPI = cost performance index (periodic)
. CPl =BCWP/ACWP = EV/AC
« CPIl < 1.0 indicates cost overrun
« CPI > 1.0 indicates cost underrun

e Cumulative cost performance index (CPIC) (sum of periodic
values for each index):
. CPIC = EVC/ACC
« Used to forecast project costs at completion
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Project Control

e Schedule Performance

e SV = schedule variance
. SV =BCWP-BCWS = EV-PV

e SPI = schedule performance index (periodic)
. SPI =BCWP/BCWS = EV/PV
« SPI < 1.0 indicates behind schedule
« SPI > 1.0 indicates ahead of schedule

e SPI used to predict project completion date, and in
conjunction with CPI to forecast costs at completion
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Earned Value Technique

Budget at
Completion
{(BAC)

Planned
\Value

(PV)

Actual s
Costs

Cumulative Values

Data Date
Time

Figure 7-7. Illustrative Graphic Performance Report
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e Budget at completion (BAC):

« BAC = total cumulative PV at completion

e Estimate to complete (ETC): estimate for completing
remaining work

e ETC can be calculated based on 3 different scenarios
Scenario 1:

e ETC based on new estimate:

» Revised estimate for work remaining
« Original estimate assumptions flawed or no longer relevant

Scenario 2:

e ETC based on atypical variances:
. ETC=BAC-EVC
. Current variances atypical and will not occur in future
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Scenario 3:

e ETC based on typical variances:
. ETC = (BAC - EV®©)/CPIC
. Current variances typical of future variances

Estimate at completion (EAC): projected or anticipated total
cost when project is completed. Accordingly, EAC can be
calculated based on 3 different scenarios

Scenario 1:

e EAC based on new estimate
« EAC =ACC + ETC (new estimate)
. Original estimate assumptions flawed or no longer relevant
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Scenario 2:

e EAC based on atypical variances:

. EAC = AC® + BAC - EVC©

« Current variances atypical and will not occur in future
Scenario 3:

e EAC based on typical variances:
. EAC = ACFC + ((BAC - EV©) / CPI¢)
« Current variances typical of future variances
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Task |Budget| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
6 6
T H
8 12 16 12
7 21

18
4 18

4 8 10 6
T EEeEaE

8 8

b 150 6 14 12 16 19 21 22 8 10 6 8 8
CuMm - 6 20 32 48 67 88 110 | 118 | 128 | 134 | 142 | 150

Figure 1-4. Work Plan—Gantt (Bar) Chart
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Example

Task |Budget| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1
2
3
4
5
6
3 150 6 14 12 | 16 19 | 21 | 22 8 10 6 8 8
Cum - 6 20 32 | 48 67 | 88 | 110 | 118 | 128 | 134 | 142 | 150
48 6 14 | 12 16 | 19 | 21 | 22 8 10 6 8 8
6 20 | 32 | 48 67 | 88 | 110 | 118 | 128 | 134 | 142 | 150
32 6 14 12 0 0 0 0 0 0 0 0 0
6 20 | 32 | 32
AC 40 6 14 | 12 8 0 0 0 0 0 0 0 0
CUM 6 20 | 32 | 40

Figure 2-6. Work Plan and Status for Project EZ (As of April 30)
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Figure 2-7. Cumulative Planned Value, Earned Value, and Actual Cost for Project EZ
(As of April 30)
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Example

L N v R B

VARIANCES VAC cv sV

INDICES TCPI CPI SPI

VAC = BAC-EAC CV = EV-AC SV = EV-PV
FORMULAS TCPI = (BAC-EV)/(BAC-AC) CPI=EV/AC SPI = EV/PV

P

Figure 3-1. EVM Performance Measures
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e Schedule Analysis and Forecasting
« SV=EV —PV =32 —48 = —16 {unfavourable}

SV _ 16 _
« SV%=—=—-=-33% {unfavourable}
« SPI = i—l‘j = % = 0.67 {unfabourable}
BAC 150

Gpp)

o EAC, = —557— =227 = 18 months > 12 months

(months 12

e Cost Analysis and Forecasting

CV =EV — AC = 32 — 40 = -8 {unfavourable}

CV% = Z—K = —3% = —25% {unfavourable}
CPI = j—‘g = z_(z) = 0.80 {unfabourable}

BAC _ 150 _
FAC = pT = o080 = 187.50 > 150

BAC—EV __ 150-32

TCPI = =
BAC-AC  150-40

Abraham Assefa Tsehayae (PhD) Project Management
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Project Control

e Other Approaches to Output Measurement
. Elapsed time vs. estimated duration
. Resource usage vs. estimated usage

. Budget spent to date vs. total budget

e Problems with above approaches?

Abraham Assefa Tsehayae (PhD) Project Management Project Control 24/36



Project Control: Research Findings

e Cost Performance Index (CPI): Stability - Fact or Fiction

e Christensen, David S., and Kirk Payne. 1992. “CPI Stability
— Fact or Fiction?” Journal of Parametrics 10:27-40 (April).

e It has long been asserted that the CPI does not change
more than 10 percent once the contract is 50 percent
complete.

e Stable CPI:

. |Is evidence that the contractor’'s management control systems,
particularly the planning, budgeting, and accounting systems, are
functioning properly.

. “Estimated at Completion,” are reliable.

. Capability of a contractor to recover from a cost overrun by
comparing the CPI with other key indicators, such as the To-
Complete Performance Index.
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Project Control: Research Findings

Cost Performance Index (CPI): Stability - Fact or Fiction

Hypothesis Testing

Once a contract is 50 percent or more complete, the CPl is

stable.

. 1. Range of the CPI after 50% complete, if < 0.20 CPI is stable;

« 2. An interval of plus and minus 10 percent of the CPI at the 50%
point, within the interval stable.

. Sensitivity of the results at earlier points of completion (40, 30, 20,
10, and 0 %) and narrower intervals (7.5 and 5.0 %).

Data:

. Database of U.S Air Force Systems Command Aeronautical

Systems Division (ASD), and consisted of cost performance data
from 26 cost performance reports for seven aircraft procurement

programs.
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Project Control: Research Findings

e Cost Performance Index (CPI): Stability - Fact or Fiction
e Results
e CPIl range was stable from the 50 % completion point

CPI RANGE STABILITY

Percent Complete 0% 10% 20% 30% 40% 50%
Total Contracts 19 25 25 25 25 26
Contracts w/ stable CPI 10 24 25 25 25 26
Percent stable 53%  96% 100% 100%  100%  100% FIGURE 1 CPI RANGE STABILITY
Maximum Range 0.719 0206 0.163 0123  0.108  0.093
Minimum Range 0.031  0.030 0.016 0.015 0.015 0.015
Mean Range 0236 00920076 0060 0052 0.044 08 COST PERFORMANCE INDEX STABILITY RANGE
Standard Deviation 0.152  0.047 0.042 0027 0.023 0019 :
0.7
0.6
o 0.5
c
e 0.4
S 0.3
0.2 ‘
0.1 ‘
0 F - L L
0% 10%  20%  30%  40% 50%
Initial Percent Complete
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Project Control: Research Findings

e CPIl interval did not change by more than 10% from the
CPI measured at the 50 % complete point

CPI INTERVAL STABILITY

Based on CPI at 50% complete

Percentage Interval 10.00% 7.50% 5.00%
Number of Contracts 26 26 26
Number of Contracts with Stable CPI 26 25 21
Percent of Contracts with Stable CPI 100% 96% 81%
Based on CPI at 40% complete
Percentage Interval 10.00% 7.50% 5.00%
Number of Contracts 25 25 25
Number of Contracts with Stable CPI 24 23 16
Percent of Contracts with Stable CPI 96% 92% 64%
Based on CPI at 30% complete
Percentage Interval 10.00% 7.50% 5.00%
Number of Contracts 25 25 25
Number of Contracts with Stable CPI 23 20 14
Percent of Contracts with Stable CPI 92% 80% 56%
Based on CPI at 20% complete
Percentage Interval 10.00% 7.50% 5.00%
Number of Contracts 25 25 25
Number of Contracts with Stable CPI 21 17 15
Percent of Contracts with Stable CPI 84% 68% 60%
Based on CPI at 10 % complete
Percentage Interval 10.00% 7.50% 5.00%
Number of Contracts 25 25 25
Number of Contracts with Stable CPI 17 15 7
Percent of Contracts with Stable CPI 68% 60% 28%
Based on CPI at 0% complete
Percentage Interval 10.00% 7.50% 5.00%
Number of Contracts 19 19 19
Number of Contracts with Stable CPI 7 4 3
Percent of Contracts with Stable CPI 37% 21% 16%
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Project Control: Research Findings

e Shall Ethiopian Road Authority Use S-Curves?

e Abraham. A. Tsehayae. 2008. “Time-Cost Relatior.}ship of
Ethiopian Road Construction Projects” MSc Thesis, AAU.

Construction Progress Chart with

November 2005
2000 2001
S o N Dy

Contractor: DRAGADOS-J&P (Hellas) Jv
R d contract time: 44.4 MONTHS
REPORT BY CATEGORY
Date commenced: 15 OCTOBER 1997
Completion date: 15 OCTOBER 2000

Revised completion: 9 NOVEMBER 2001

(REVISED SCHEDULE - Last Revision Feb. 01)

. 1998 1999
I:’:L Description Amount % wt. ACC:’H}) : O ND|J F M A M JiJIAls|o|lnN[D]J FiMiAImM[o|[aTA SjoIN(D|J[F[m AIMiJlo]aA FiMiAIM|s[J]aA $ O N D %
P o1 1021274 395 456|847) 553 859 84/ 70| 575 81| 503 15| 2] 620| 1 007] 42| ans) 5 a2 7 701 718 730 744 753|712 785|801 815029 843 a5 a7 a8 500) 14 938 542958 57.1 905 100 100 100 10| 100] o
A |GENERAL 1763671230 475%  4,68% L
A 75 160 257 48| 40|53/ 598 842 847 557 559|504 592 598 0.4 09 6156201 626 801 897 $42 67 671/ 898 99 713 727|742 756 170|784 798|812, 826|041 355 889|003 a0y 911 926 940 954 26% 082 %83 33
P 23| Q9113 124] 193] 42) 198| 24| 280] o 2] 17| 462] 53] 475 40| 101 405] |50 s03 eem 74 778 826 672 895|905 915|925 935 945 55| 065 974 6.4 90, 1901067100 100 100 100| g
B SITE PREPARATION 16367896.83  441%  432% L
A 04| 10] 12| 13) 18] 26 48] 102]142] | 221 242] | 282] | 202] 200] 507|114 13| s2g 393 346 350 371 390|418 575 695 740 806 847 870,007 a24 y/és %2 %67 979 979 a0 588
P 181 S8l 87)10|112) 120|163 192) 228/ 2751 o14] 3591 a0 405] | 445] 5| 00|17 st sag 611 648 685 722 749 777 805 833 852 8449657991 100 100 100 100 100 100 100] gy
C |EARTHWORKS | 3141863814  847% o027% 5
A 12| 29| 22) 33| 81 87) 90| 90| 98| 108] 1e6| 07 222] 5| 287) 25| 34 72| 305 s22] 4 455 560 606 638 690 742 66 709 791 831695 9167577 982 969 92 993 99| 107 109 103 104
e | P 08 14 23/ 32 4150 53| 69 78|14/ 151 16824 201 274 20 297 314370 431 491 550 610 670 730 760 X ©12 829 846 563 880 897 914 93,1 948 %66 983 100 100 100, 100 70
IAGE & SLO [
2738408128 7,38%  7.64%
©" [PROTECTION WoRKs Ll 5
A 21| o8] 14] 27) 35| 45| 80] asf a4] 82]103] 117] 134] 15a] 157 174] 18| 0| z52) 342|270 200 9| 4a| 0] 07| 28] 73 s07| 84503 e26) 2 635) 70| 743 18] 2011, 00| 10] 18] 118
e P I 04108148 181 233 215 918 333/ 48 33 583|427 486|505 543 582 5 a5 000 710 720 729 743 767/7190 813 857 860|884/ 507 330 954 77 100) 100) 100 100 100 &
0, -
E 269887752  24.99%| 2530%
CONSTRUCTION RecEerioz( o o0 9
A 07/ 22| 95 40) 48| 62| 90]110|134) 154| 18| 21| 21| 28] 255 280] 26| 25| 07,1 250|02) 21 484 02 s49) e95fen| 723) s 1) s3] o1 0f 5| e 5] 557 ees) 0] 1o2] 0] 1o
P 2 e3]104) 140|1831229) 71| 208} 01| 313|331 74| 417] 101855 545|500 oot | 7l s0al 13 7 [1° 799 790 011 852 853 674 295 916/ 907 958 579 100 10| 100 10| g

BITUMINOUS
PAVEMENT

-

172250247,99|  46,43%  42,00%

165|494 829 587 626/ 655 692 729 753 798 845 872 8521 %04 %05 914 916

P 49| 98 145 195 220 244 205 594 550 303|135 475 520 1 712 740 769 792 615 238 262 503 %8 531 854/ 97| 100 100 40| 00| 4

®

ROAD FURNITURE 673901881  1,82%  1,28%

09 16 16| 20 ©7] 88| 71/159|27.1| 279/ 345 398  410| 406, 449, %02/ 504|576 22 636 656703 703 885 885,

P 38 76 84 91 99 137 175 213 251 289 497 531 o8 702 738 710 717 784 791|159 18| 36| 895 73| 092) 910|923 947 308 994] 100| 100 100] 100 2

=

TRAFFIC MEASURES 623209699 1,68%  1,62%

A 03 06 06 11 11 38 68 368 376 391 442 491 552 599 637686 703 740 74T 793923 940 950 966 966 966 066

100/ 100/ 100/ 100 100 100/ 100| o

Dayworks instructed by
variation orders

22868500  0,06%  0,06%

100 100 100 100 100 100, 100

TOTAL 370956254,86| 100,00%  96,25%

PREVIOUS PROGRESS Lo
PROGRAMMED ACCOMPLISHT, MONTHLY 941 o4} 04] o4| o] oz] oz 7] 02 oa] oz| 12| 28] 57| 3a] s8] 45| 43 28| 141 13} 42| 18] 4] a] a1l ax) 41| 41| ao] 4a] 18] 14] 1] va] 2o 20| 2] 20| 20| 20| 20| 20| 20| 18] 18] 12| 00| 00| 00
(%)

Scheduled Accomp.

CUMULATIVE | 00 04 05| 13 17 22 29 36 43 48] 47 43] 61 90 126|165 204 204 284 322 336 349 380 37 410 460/ 501|842 883 624|654/ 705 724/ 738/ 761 770 790 8101 830|851 871 891 911 931 952 970 988 100 100 100 100

MONTHLY 041 04 04| 04 04| 04 02| 02] o3 o8| os| o7] o8] 1] 22] 24] 27 24| 30| 31| 14| 12| 18] 1] 18] 22[ 1] 20] 24| 24] 20| 28] 34] 37 1] 1] 48] 45| 30| 33 s8] 23] 26] 36] 19] 12| 2] 12| 07] 02
CUMULATIVE | 00| 04| 08| 12| 17| 21] 28] 27| 20| 22 36 43 50 58 68| 90/114 141 165 195 226 239 251 786 276 291 318 90,350 37,1391 414 43 477 51.4 555 606 654 700/ 730 763 0.4 824853 889 907 21 950 962 97,0 972
()

()

ACTUAL ACCOMPLISH'T (%)

Report period

SLIPPAGE

121,108 90 87 73 63 63 67 50 38 30 28

01 01/ 01 01 01 04 o9 75 90103 119

26/ 110 109 109 113/ 143 169 189|211 233 253 27.3 291 281 281 237 215 184 156 131
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Project Control: Research Findings

e Shall Ethiopian Road Authority Use S-Curves

Almgena - Butajira

CONS I KUU 1 IUIN I 1N s sano g s

ALEMGENA - HOSSANA - SODO ROAD UPGRADING PROJECT

lovember 7th,2000 CONTRACT NO.1: ALEMGENA - BUTAJIRA CONTRACT PRICE:

May 6th,2003 EMPLOYER: ETHIOPIAN ROADS AUTHORITY [AMOUNT OF VARIATION ORDERS! ETB 3,499,436.50
1247 Days CONTRAGTOR: CHINA ROAD & BRIDGE CORPARATION FINAL COMPLETION COST: ETB 237,889,773.88
W GONSULTANT: INTERCONTINENTAL CONSULTANTS and TECHNOCRATS of INDIA [CONTRACT EXCHANGE RATE: USD1=ETB8.2335
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1.43 Z 4
I - ‘ ‘- 0.15 0.93 0.93 0.88 v 0.72 ‘ 0.74 117 265 4.56 4.49 1.60 1.54 12.86 | 13.00 | 13.05 12.24 | 11.91 L o
o so0 | 2o i ;
24.96 ",L
Gz B . || 0 2 R I e 0 I N I I R K
2 30
4

4.70 69.18
7 R I R K R e )
i
s 000 oo [ ouo [oon [ ra | 247 | oae | 100 | 402 [sas] soo [ 570 0 R T
o (o aoo T ose Lo oso [om [ooo oo Lo lom L ose Loze o Lop Lo Lo

o ol
P35 ‘op] 00 | oo | oo | 1ee [2a7 Lese It

1

P
5 61.40

A

P
39 | 020 | 192

jiecl
| 000 | 000
i)
sl

ETB 223,651,990

S

1}
mmmmmmmmmmmm 0.14 -o.oz - m-os -02 m---
B

548 | 548 | 522 | 289 0.26
]
78 i I 0 A e

TTonoalzanalazaslanas | 9379 | 97.65 | 100.00] 100

Monthly.

327 | 381 | 518 | 551 | 551 | 569

Cumulative.

Abraham Assefa Tsehayae (PhD) Project Management

ES

N
a7

2
8

©
8

g |
208 N I I K

Project Control

30/36



Construction Progress on 'S' Curve

Awas

Project Control: Research Findings

e Shall Ethiopian Road Authority Use S-Curves

h - Hirna

July 2004
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Project Control: Research Findings

e Problems and Pitfalls of EVM (Baldwin and Bordoli, 2014):

e Requirements for the system are not clearly identified and
documented

e Progress is not monitored against updated schedules
e Progress of the construction work is incorrectly assessed

e Cost analysis is performed with inaccurately allocated cost
data

e [here is no agreed understanding of what comprises the
PV of the work

e Failure to prepare a fully completed WBS integrated with
cost estimate and time schedule

Abraham Assefa Tsehayae (PhD) Project Management Project Control
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Project Control

e Critical Chain Project Management (CCPM)

. CCPM is based on the concept of a project buffer and argues that
managers should manage production by monitoring the buffer time
available and allocating resources to critical chain tasks.

. CCPM was presented by Goldratt, 1997. Since then, CCPM has
been used successfully across different industries including the
construction industry.

. Goldratt argued that resource dependencies determine the critical
chain as much as activity dependencies.

. Defines the constraint for multiple projects as the constraining
company resource. It links projects through this resource, using
buffers to account for activity duration variability.

o Control: buffers as an immediate and direct measurement
tool to control the project schedule.
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Project Control

(a)

Al

(b)
Al

A2

Critical Chain Project v A
Management (CCPM) N .

© A1

A2

A3

Project buffer

Figure 5.1 The critical chain project buffer. (a) Critical path activities with original
duration. (b) Critical path activities with best estimate duration. (c) Revised critical path
with the project buffer.
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Variance Analysis

e \ariance Analysis

e \ariance analysis conducted for labour and material

e \ariance can result from variation in actual vs. planned: (1)
unit cost = cost/price variance (2) quantity consumed =
usage variance

¢ Quantity and cost variance differ depending on order of
calculation (net variance is same)

e (Can result in owner-contractor and contractor-
subcontractor disputes
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Variance Analysis

Adapted from:
Construction Cost Analysis and Estimating, Ostwald, 2001, Prentice Hall

Actual material cost
per unit X actual
units used
$17.05 X 210 = $3580.50

Actual material cost
per unit X estimated
units used
$17.05 X 200 = $3410

Estimated material cost
per unit X estimated
units used
$17.38 X 200 = $3476

[

$3580.50 — $3410

$3410 — $3476

= + $170.50 quantity variance = — $66.00 material cost variance
(unfavorable) (favorable)
T ]
Total variance
+ $104.50
(unfavorable)
(a)

Actual material cost
per unit X actual

Estimated material cost
per unit X actual

Estimated material cost
per unit X estimated

units used units used units used
$17.05 X 210 = $3580.50 $17.38 X 210 = $3649.80 $17.38 X 200 = $3476
| | ]

|

$3580.50 — $3649.80
= — $69.30 material cost variance

$3649.80 — $3476
= + $173.80 quantity variance

(favorable) (unfavorable)
| ]
1
Total variance
+ $104.50
(unfavorable)
(b)

Figure 9.7 Finding material cost variance: (a) quantity first, and

(b) unit cost first.

36/36



Suggested Method for Variance Analysis

=
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“27

Material cost/unit
M
o
I
Labor rate/hour

5 MH, MH,
Quantity Hours
(a) (b)

Figure 9.8 (a) Variance for material; and (b) variance for labor.
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V.= (N, - N,)C, (9.9)
Vi =€, ~ C N,

net material variance = V,, + V|,

where V.. = variance for material due to quantity change, dollars
V! = variance for material due to cost-per-unit change, dollars
N, = actual quantity, number
N, = estimated quantity, number
C, = estimated material dollars per unit
C, = actual material dollars per unit
Number
of Units $/Unit Total
Estimate 200 17.38 $3476.00
Actual 210 17.05 3580.50

Material Variance

Vim = (210-200) units * $17.38/unit = $173.80 overrun

V'm = ($17.05/unit - $17.38/unit) * 210 units = -$69.30 underrun
Vinpet = Vm + V'm = $173.80 - $69.30 = $104.50 overrun
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V, = (MH, - MH,)R, (9.10)

V; = (R, - R,)MH,

net labor variance = V, + V]
where V, = variance for labor due to difference from estimated man hours, dollars
V| = variance for labor due to difference from estimated hourly labor rate,
dollars

MH, = actual total hours for job

MH, = estimated total hours for job
, = actual labor hourly rate, dollars per hour

R, = estimated labor hourly rate, dollars per hour

Wage Rate, $/hr  Hours Total
Estimate $18.67 283 $5,283.61
Actual 17-32 325 5,629.00

Labour Variance
Vi = (325-283) mhrs * $18.67/mhr = $784.14 overrun

V' = ($17.32/mhr - $18.67/mhr) * 325 mhrs = -$438.75 underrun
Viet = Vi + V1 = $784.14 - $438.75 = $345.39 overrun
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Project Control

Factors Influencing Original Plan

Changes in time or cost objectives for completion
Changes in operating policies

Changes in technical specifications

Changes in construction methods

Changes in owner’s needs

Revised activity time estimates

Inaccurate planning of activity relationships

Failure of suppliers or contractors to deliver on time
Reassessment of resource requirements and usage
Unexpected technical difficulties, environmental conditions,
market fluctuations
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Project Control

Maintain Site Records

e Daily Report CBE HQB21112017 .pdf

Maintain daily site diary

Lost time per day due to exceptional rain, cold or heat
Labour on site

Issued instructions, drawings

Material and Equipment on site

Daywork record
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Project Control

Key Performance Indicators (KPIs): Used to measure the overall
performance on projects

Client satisfaction

Defects

Safety

Time and cost predictability
Productivity and Production
Profitability

Meetings: Part of the Control Process

Weekly progress meetings
Monthly site meetings
Subcontract coordination meetings

Abraham Assefa Tsehayae (PhD) Project Management

Project Control
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Project Control
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attending and
apologies for

absence

Weather report -
record of
inclement weather

to date

Design issues -
anticipate future
requirements

Financial review

Confirmation of
minutes of
previous meeting

Progress report

Subcontractor and
specialist supplier
report

Project completion
date review

Matters arising
from minutes

Drawings and
information
requirements

Health and safety
report

Any other
business

Source: Cooke and Williams (2009)
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Confirmation of

matters raised at

intermediate site
visits

Construction
queries - related to
materials or
design

Variation orders
and dayworks

Date and time of
next meeting
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Project Control

Change Control

e Changes required to: (1) correct errors or omissions (2)
changes in scope due to economic or functional reasons

e Project manager must establish formal procedure for
control of changes

e Authorization of changes required - becomes a change
order

¢ Risky for contractor to implement changes prior to
obtaining written authorization

Abraham Assefa Tsehayae (PhD) Project Management Project Control
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Contractors - Owner
Deviation or
Potential
Suppli Change Architect/Enginee
i Identified e
__Valid P.M.
(Scope Change) Review (No Scope Change)
Develop
O.M. Estimate
Reject
Notify
Owner
Develop
Detail Estimate
Reject

r’“\ e

PM. - Project Manager for Owner
C.0. - Change Order

OM. - Order of Magnitude

LT.C. - Indicated Total Cost

Review

Approve
! +
Issue Revise
C.O. 1P

Contractor Begins
Work on Change

FIGURE 14.1 Change Control Procedure
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JONES AND SMITH
PROJECT MANAGERS
GANDER,NFLD-
CONTRACT CHANGE ORDER
Project: Airport? Terminal Building

Revised Contract Amount

Previous contract amount 5,762,634 -00
Amount of this order

“decreease) (increase) 5,478-00

Revised Contract Amount 5,768,//2-00
An-<tincreose) (decrease) (no change) of days in the contract time s
hereby authorized-

This order covers the contract modification hereunder described :

Providing and installing 50mm dia- copper pipe as shown

ond described by Suppiementol Drawing GB 25
a’tached herefo

The work covered by this order shall be performed under the same terms and
conditions as included in the original construction contract-

Changes Approved Jones and Smith, Project Managers
by

(Owner)

by

(Contractor)
by

Change Order No-_/_
For: Dep?t- of Transporiation Date July 27,19 ___
To: The Labrador Construction Co-,L1d-
Churchill , NFLD-

FIGURE 14.2 Contract Change Order
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Updating the Schedule

Why do it?

e [o reflecl current project status
= To implement corrective action
= To revise plan for future activities

= To develop recovery plan

e To restore its usefulness as a forecasting and
communication tool

= To reflect current status

= To plan resource requirements

= To communicate with the client

= To coordinate subs, materials, procurement

= For progress payments

e To explain and quantify delays
= For damages/bonuses

= For potential claims
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Updating the Schedule

How to do it?

e Walk the site — record actual start/finish times, %
complete for each activity

e Mark project status on bar chart or network
diagram

e Revise activity durations on partially completed
activities

e Revise activity logic if necessary
e Recalculate the schedule

e Develop a recovery plan, if necessary

Always keep a baseline copy of the original project
plan, schedule, and progress curves.
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CIV E 406 - MS Project Highway Schedule

Page 1
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12 Open Highway
L
! |
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FIGURE 12.3

UPDATED BAR CHART FOR
WAREHOUSE PROJECT

PROJECT: ACME Warehouse Project

Updated As Of: End of B th Week
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Project Closeout

Data to Collect at Project Closeout
« “As-built” CPM network from design to construction
. Crew composition, mhrs per unit measure
. Equipment usage per unit measure
« Materials consumed per unit measure
. Overhead expenditure as % total job cost
. Learning curve effects
. Progress at different stages in project

. Special difficulties, problems encountered
. Effective techniques and corrective actions

. Evaluation of consultants’, contractors’, subcontractors’
performance

. Comparison of sub-element cost in design estimates with actual
costs at completion

. Actual vs. estimated contingency and profit
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