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4.4

PLANNING TIME & COST ESTIMATION

4.3.3 Total Indirect Cost Once the template of Figure 12 is filled, the total indirect
cost is obtained by adding up the project overhead and the general overhead compo-
nents. The total indirect cost can then be expressed in the following straight line rela-
tionship:

Total Indirect = a + b X
= Fixed Indirects + Variable Indirects ($/day) x Project Duration

Finalizing a Bid Proposal

When the O&P is added to the estimate as percentages for labor, equipment, material,
and subcontractors costs, as in the R.S. Means approach, the O&P become fairly dis-
tributed among the contract items and the final bid can be easily summed. On the
other hand, when the direct and indirect costs are calculated separately, as explained
in the previous section, two more steps are needed to finalize the bid: (a) estimating
a proper markup percentage to cover for profit and risk contingency; and (b) adding
all the cost components to formulate the final bid.

The markup is usually assessed at what is considered to be possible in the pre-
vailing market conditions. However, the following factors should be taken into con-
sideration when deciding the markup:

Competition.

Contractor’s desire for work.

Level of project uncertainty.

Project type, size, and complexity.
Contractor’s experience on similar projects.
Market conditions.

Estimating a percent markup is more of an art than it is science and relies heavily
on experience and the gut feeling of contractors. Many statistic-based models have
been developed in the literature to support contractors” decision on bid /no-bid and
markup estimation. The key to theses models is storing information related to past
bids and analyzing the bidding behavior of competing companies. One approach is
also to analyze the behavior of the lowest bidder in past bids. This analysis helps in
determining an optimum markup value that makes the bid low enough to win the job,
yet high enough to attain a fair profit.

Once a markup percentage is decided, the total of direct cost, indirect cost, and
markup form the total bid price. This works fine for lump-sum contracts because the
contractor is obliged to submit only one figure of his final bid. However, in unit price
contracts, the contractor is required to submit unit prices associated with the bid
items, which embed all the costs. While direct cost are estimated for each item inde-
pendently, contractors need to distribute the total of the indirect cost plus markup
among the items to determine the final unit prices. Generally, there are two ways by
which the contractor can allocate the indirect cost and markup to the bid items. A
straightforward method is to distribute these costs to all items according to their rel-
ative direct costs. This is known as “balanced bidding.” Alternatively, a contractor can
perform “unbalanced bidding” by raising the prices on certain bid items and de-
creasing the prices on others so that the total bid price remains the same. There are
two main reasons for unbalancing:

1. Improving project financing; and
2. Adjusting the bid under expected quantity change.
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To improve project financing, a contractor can raise the unit prices for the bid
items that come early in the schedule and also reduce the prices for later items. This
enables the contractor to charge more for early work and accordingly will receive a
higher owner payment such that his own financing cost is less. Also, when the con-
tractor knows by experience that the bid quantities are inaccurate, he or she can ad-
just his or her prices to attain a competitive edge and possibly a more potential profit.
For example, when a certain item is expected to have much less quantity than stated
in the bid package, the contractor may reduce the bid price on this item to produce a
competitive bid, yet without much loss since the item is going to have less quantity
than specified. Also, when the contractor expects that a certain item will increase in
quantity, he or she may increase the unit price on such an item to increase his or her
potential profit. In all cases, however, bid unbalancing is a risky task to the contrac-
tor. Some owners analyze the bids to detect bid unbalancing and disqualify the bid-
ders who employ this approach.

5 Commercial Estimating Software

Computers have clearly added speed, power, and accuracy to construction cost esti-
mation. A wide variety of software systems for estimation have been developed for
commercial use (Table 3). Many of these systems also provide integration with vari-
ous modules for quantity take off, scheduling, and CAD.

These software tools can organize the estimate, link it to resource databases, pro-
vide reports, and possibly integrate with other systems. In principal, they do the same
functions as the Excel estimating system presented in this chapter. They, however,
vary in their strengths and weaknesses. Also, in many situations, they involve a rigid
structure that is different from what the user is familiar with. A thorough investiga-
tion of their capabilities is, therefore, highly recommended before purchasing soft-
ware. Experimenting with a working demo version may be a good evaluation for the
suitability of certain software to the requirements of the user. A good Internet search
can also be helpful in this regard.

Table 3. Cost Estimation Software Systems

Computer Software

Description

Win Estimate

Success

Design 4/Cost
Microfusion for Windows

Timberline
G2 Estimator
Best Estimate

Building construction estimator assigns WBS tags to each item.
Cost estimation and cost management with a link to scheduling software.
Preliminary estimate based on square foot system.

An advanced integrated planning, estimating, proposal preparation, and per-
formance management system.

A cost estimating software with modules for CAD and scheduling.
Cost estimation based on previous experience.
Cost estimation software.

6 Back to Our Case Study Project

In terms of the road map to our case study, the material in this chapter continues the
planning (shaded box) by estimating the resources, durations, and costs of the activ-
ities” methods of construction.
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Figure 13. Case
Study Outline

6.1

Figure 14.
Components of the
Excel Project
Management
System

PLANNING TIME & COST ESTIMATION
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Construction Methods Brainstorming
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- Leveling
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Microsoft Project,

- Scheduling Primavera, or Excel

- Resource Constraints Microsoft Project,
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- Multi-Skills
- Time Constraints TAmngl-st?:t Manual or Excel
- Cash Flow Constraints Schedule Excel Model

- Actual Progress Data Optimization

A Spreadsheet-Based System

With our knowledge of the basic equations for cost and time estimation, this section
presents you with a simplified Excel system that uses the Excel functions. The system
represents an integrated approach for planning, estimating, schedule optimization,
and project control (see Figure 14). The whole system fits into a single Excel file Case-
Study.xls. All the data in this file belong to our case study project but you can use the
same file as a template for other projects. You can experiment with the various sheets
of this Excel file and view the underlying formulas (shaded cells). The two main com-
ponents of the system are:

a. a depository of project-independent data.
b. a project management system for estimating, scheduling, and project control.
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Figure 15. Labor
Sheet

Figure 16.
Equipment Sheet
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6.1.1 Data Depository The data depository of the system is needed to provide data
for the project management system in a manner that reduces redundancy, saves time
and cost, and increases productivity. Similar to the way we did in Example 2 before,
the design of the data depository in Excel involved setting up several data lists, es-
tablishing relationships among them, and designing related reports. As shown in Fig-
ure 14, it incorporates the following six worksheets. A description is these sheets is
provided next along with various screen shots:

m 5 Resource Sheets: Labor, Equipment, Crews (combination of labor and equip-
ment), Materials, and Subcontractors;
m 1 Construction Methods Sheet.

Labor: The labor list (Figure 15) contains five fields: code; description; total hourly
rate (Rate/hr); basic hourly rate; And availability constraints (not used here). Ba-
sic rates are obtained by a means-based average of wage rates from 30 major U.S.
cities. The total rate (rate/hr) is then calculated by multiplying the basic rate with
a constant, 1.58, which is an average of the adjustments used by means to the ba-
sic rate for workers’ compensation, overhead, and profit (O&P).

Equipment: The equipment basic rate (Figure 16) includes not only rental cost,
but also operating costs such as fuel, oil, and routine maintenance. An average of
10% is added to the basic rate for O&P to calculate the rate/hr.

Crews: Crews were defined by assigning up to five labor and equipment re-
sources, using their codes as reference (Figure 17). Accordingly, the calculations
in columns N to R use the VLOOKUP function to determine the individual costs
per day of the five resources. These costs are then summed in column C to deter-
mine the total crew rate per day, Rate/d.

Material: The material basic unit cost (Figure 18) includes delivery to the site,
without including the sales tax or allowance for wasted material. An average 10%
is added to the basic unit cost for O&P to calculate the Cost/Unit.

A B c D E F G H |
1 MNotes: 1. The database starls with field names in row 8. One blank row (7) is lad o sep the datab
2 2. For large tables, use the "Window-Split” and "Window-Freeze Panes” menu oplions al cell A9.
3 3. The "Data" menu provides simple tools for data-entry, sorting, and filtering the data, etc.
4 4. Shaded cells contain formulas that can be copied from one row to the other.
5 5. The formula in €9 is "=D9 * 1.58", as an average adjustment to the basic rate, for workers' compensation, overhead & profit, elc.
8 6. The "Data-Form" menu option is a useful data-entry tool that coples fion calls II
7
B Code |Description | Rateihr [ BasicRate| Avail |
9 L1 Labour "1" $25.0 $i58
10 L2 Labour "2" $25.0 $15.8
11 L3 Labour 3" $25.0 $158
12 L4 Labour "4" $25.0 $15.8
13 Ls Labour "5" $25.0 $158
u‘l‘_l W' Instfiichions ) Labour  Eguiperace [ Crena £ Waterials [ Subs { Wethods [ Extimats [/ Feperts [ Schedin ( Progress J_S-Curs Conirel_{_EaradValue Conirol [ Progress indic | 4]

| A | B | C o E F
1 |Notes: 1.Shaded cells contain formulas that can be copied from one row to the other.
2| 2. BasicRate includes equipment Q&M cost.
B3 3. Rate/hr Is the sum of (BasicRate), multiplied by 1.1, representing
4 | average of 10% overhead and profl.
5
6|
7|
8 |Code Description | Rate/hr | BasicRate| Avail |
9 [E1 Equipment "1" $50.0 $45.5
10 |E2 Equipment "2° $50.0 $45.5
11 E3 Equipment "3" §50.0 $45.5
12 |E4 Equipment "4" $50.0 $45.5
13 ES Equipment "5" $50.0 $45.5
II1:' » WY Instruchions f Labour 3 Equi  Crews £ Materials Jf Subs { Methods [ Estimate [ Feponz / Schedule [ Progress [ 5-CY

105


https://www.pearson.de/9781292053561

106

Figure 17.
Crews Sheeft

The easiest approach
to add new crews is to
copy the last row to a
new one and then
modify its data.

Figure 18. Materials
Sheet
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L A| B c e T = 2 3 O S O = P a R s
2 Notes: 1. A crew contains up to five labour and equipment resources, | LS j LS
3 2 Select LABOUR or EQUIPMENT using the combiobaxes [ E1 E] E1
4 and then copy their codes from celis 02 or 03
5 to resource fislds Res1 to ResS, and
L] 3. Shaded cells contain formulas that can be copied from one row to the other
T
8 Code |Description| Rateld [NoR1]|Res1[NoR2[Res2[NoR3[Res3[NoR4|Resd | |[Ress| sRes1 | $Res2 | $Res3 | SResd [ SRess5 [ Avail |
9 |CR-D1 l rew “1 $50008 025 E1 200 L1 $125 $500
v 800 0.5 E E 2 L1 $250 $250 $500
$1400 ° L1 100 L4 $1000 $500 $250
$2.600 L2 400 L1 $1500 $750 $1000
$800 2 $500 $500
§1.800 E $50.0 #$1250 $500
$1.400 L $500 $250 $1000
$2.000 L $50.0 $250 $250 $1500
$700 LS $500 $125 $125 $125
656 L1 $250 $500 §107
$3.000 E E3 100 L3 $100.0 $1500 $100.0 $250
$2.000 2.0 ) | L3 $500 $1000 $500 $500
$1,800 E1 400 L1 10 $1000 $1000 $250
$2.200 E2 300 L2 40 L1 $1000 $750 $1000
$200 L1 $25.0
$400 L1 $500
$500 L1 §75.0
$800 L1 $100.0
fola e ml nstnactions f Labour f Equipment ) Crews | Materisls  Subs [ Methods [ Esbrmate f Feports [ Schedule f Progress [ S-Curve Contrd [ Esmed-Value Cortrel | Progress india | 4|

A B C D E F
1 Notes: 1. The "Avail" field can be used la link this table to other inventory shests. )
2 2. An average 10% is added o the Basic$/Unit for overhead and profl.
3 3. Material costs Include delivery fo the site. Mo sales tax included or allowance for wasted material.
4
5
6
i
8 Code |Description | costiUnit [BasicS/Unit] Unit | Avail |
9 M1 |Mmaterial "17 $100.0 $90.9 unit
10 M2 Material "2" $100.0 $90.9 unit
i M3 Material 3" $100.0 $90.9 unit
2 M4 Material "4” $100.0 $90.9 unit
13 M5 Material "5" $100.0 $90.9 unit

Subcontractors: The subs sheet (Figure 19) defines various subcontractors, pro-
viding their unit cost (SubCost) for the required tasks. An average of 10% is added
to the SubCost for O&P to calculate the Cost/Unit.

Methods of Construction: Various methods of construction were defined in a
separate worksheet, Methods, following the R.S. Means approach (Figure 20) so
that they become ready for use in any project estimate. The Methods sheet defines
the resources used in each construction method (crews and material, or subcon-
tractor), the overtime strategy they use, daily production rate, and assumed sea-
sonal productivity factors. To facilitate user input of the resources used in each
method, some screen elements such as combo boxes are used on the sheet, as
shown in Figure 20. The same coding system of the means can be used in this
worksheet. The regular daily production rate RegPr/d is obtained directly from
the means or input by the user according to experience and/or company records.

Three seasonal productivity rates (winter, spring, and fall) can be specified to
each method. These factors adjust the daily production rates, depending on the sea-
son in which the activity planned to be constructed. For activities that are insensitive
to weather conditions, the user can use a value of 1.0 for the three factors. It is noted
that the use of these factors becomes advantageous when the estimate is integrated
with a scheduling module. These factors, as such, make it possible to refine the cost
based on the scheduled time of the activities.
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Figure 19. A B C D E F |
Subcontractors i
2 Notes: 1.Anaverage 10% Is added lo the SubCost for overhead and profit.
Sheet 3
4|
5 i
6
7
8 Code |Description | Costiunit| Sub-Contractor | tunitl  Unit |
9 |s1 Type of Work 1 $4,000.7 Sub-conlractor *1" $3.637.0 LSUM
10 s2 Type of Work 2 $3,601.0 Sub-conlractor "2" $3.2736 LSUM
The Iump sum 11 s3 Type of Work 3 $213  Sub-coniractor "3" 3194 LsSum
values can be 12 s4 Type of Wark 4 $5,601.3  Sub conlractor "4” LSUM
quoted directly —Jt3 S5 Type of Work 5 $200  Sub-conlractar 5" $18.2 LSUM
from local 14 s6 Type of Work 6 $12.800.6 Sub-conlractor 6" $11,636.9 LsSuUm
b 15 s7 Type of Work 7 $12,600.6 Sub-conlractor “7" 114551 LSUM
subcontractors. 16 s8 Type of Work 8 $15,800.2 Sub-conlractor "8" 5143638  LSUM
17 s9 Type of Work 8 $7.600.4 Sub-conlractor "9" $6.909.5 LSUM
|1La| W nsinuchions f Ldbou J Equipment [ Gewe . Mdleiais ), Sulis | Methods f Eshmats [ Reports { Scheduls [ Progress § 5-Curve Conirel | Eared-Valus Conlral . Progress i
LA ] B E1 T~ N - [T ] =T (= ) [ S e T [ i [ F I e I P T (T P
1 al, &4
2 Nules. 1. Select 2 CHEW [or & SUE] arvd a MATERIAL usng the cembebuses, hen cop e cods [ReaiE] =Y} =] Crew =
3| fromcells J2 J3. B M4 bo fields Crew! SUBIMateri al Ml e =] Material
4 2 Shaded cellz cortain Formulas that can be copied from one row to the other =] b
5
8
7

3 Aszumplions Weak is Sdays, Shaurs Dvertinne bour is 9002 prodhuctivile and
Firet 4 ovmrtima houre, eatmie 12 of nesmal rals, sfterusrds, | 5 e

fl |Coce

|
[ 8 Jesu  Jad

10 Cst-01-2 b

11 Csi-01-3 Md3
12/ CS102-1 bidd
F|co02-2  M4s
(o2 midE
18 |CO1031 M4y
1B |CS1-03-2 Mg
A7 CS041 M43
18(C1-04-2 M40
18{CS1-06-1 M1l
| CSI-06-1 412
2| CR06-2 M43
2 ce-ur-1 man
23 CoI07-2  Ma1s
24 |CS1-08-1 Md 18
25 |Csl082  MdIT
26 |CS-08-3 b8
i

[_Costid ] TotPrid ] Unit Cost [ Units | Crew [ Sub] RegPrid [ Mat@d [ Material | Hrsid | OTadi | MatCost [ CrewCost] SubCost | WinProd | SpeProd [ FallProd |
%

R
§1657
$2,000
$3533
$2000
52250
$5000
$1.500

3750

FH
§1067
2000
52700
$B500
i1 Eal
51687

$#00
£1.000

10000 wit | CRAOI 100,000 500 | e 19552 10 100 100
00 87 il CROZ 100000 %67 M2 800 80D SEE7T 79393 100 100 100
5000 420wt CRO3 12450 1LW M3 000 1040 Lis0ls 181988 10 100 100
20000 328 Lt CR-18 53 0000 473 Ml ann gon 47265 7985 476081 oo 100 100
12500 415 Lt CR05 125000 1200 (1] ano ann 120000 79988 [Kiu] o0 100
175m 13 Lt CH-G 1/5.0m 450 rl oo ann 45007 179883 (R3] 1og 1.00
12500 140 unit CHRO7 125,000 e i M2 aao .00 JE0017 133989 1w 100 1.00
5.00 £300 unit CR-16 @ S5 200 10,00 M3 a0 8.00 100000 39993 100007 (Rx) Loo 1.00
006 $1200 ol CRO3 0E | 0m " 200 800 W0 700 10 100 1.00
007  $12400 wit CR1D o7 2m M 200 &m 1WHE TS 100 100 100
0og ¥12.800 Lnit CR-17 Sd nea3 00 BOD 539 89 4BETT 1o 1on 100
013 BIGO0 unt CRHIG | SE 016 ann 00 643 0007 10 100 1.00
o 16200 unit CH-17 S5 0167 ooo Bo0 589989 2mn [Kia) 1oo .00
050 517000 unit CH17 58 050 o0 g.o0 89989 e [ 1] 100 1.00
017 $10000  unt  CRG | S3 CI67 800 a0 3993 1267 100 100 1.00
gi7  $10000 unl  CRIE S1 0J§7 600 MG 800 B0 GY  mwEes EEE LD 100 100
010 48000 wit CRIG | S 800 80D 33993 0o 1w 100 100
on 15,000 Lt CR-17 52 ann gon 59989 40011 [Eia] 100 100
¢
414 b [W) Insmucione f Labour f Equipment { Crews /| Materisls [ Sube ) Methards  Estimate ( Paports { Schaduls f Procress { S-Curve Conirol { Famed-Value Corirol { Progresslndies | 4| | ®IC

Figure 20. Construction Methods Sheet

1/10 or 0.1 units per day. Here, Regular Production = 1 / Duration.

When the user specifies working hours per day (hrs/d field) that are greater than
8, the total daily production, TotPr/d, and the total daily cost, Cost/d, are automati-
cally adjusted for the overtime. The assumptions made are as follows:

m=  Normal working hours are 8 hours/day.
m  Overtime hour has 90% productivity of a regular hour.
m  The hourly rate of the first 4 overtime hours is 1.2 the normal hourly rate, Af-

terwards it is 1.5 of the normal hourly rate.
®m  Two methods can be identical except work hours are different.

Itis noted that the methods that involve subcontractors may need special care. As
shown, the regular production rate, RegPr/d, is a fraction that is determined based on
the duration quoted for the job. For example, if the subcontractor is doing a lump sum
job (i.e., quantity = 1) that takes him 10 days to finish, then his production should be

6.1.2 Project Management System Added to the six worksheets of the data depository,
the Case-Study.xls file incorporates various other sheets that form a comprehensive sys-
tem for estimating, schedule optimization, and project control. The latter sheets relate to
the specific project being analyzed. The first sheet that needs to be set up is the Estimate
sheet. This sheet, in addition to the Reports sheet, are described in this chapter.
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