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ESTIMATING CONSTRUCTION COSTS

* The key to a good job and successful cost control
is the development of a good estimate as the
basis for bid submittal.

* Estimating is the process of looking into the
future and trying to predict project costs and
resource requirements.

* To minimize errors, a consistent procedure or set
of steps for preparing an estimate is needed to
minimize errors and achieve reliable results.

TYPES OF ESTIMATES

Data required

E/ITIELT/S
B /3 [0 [

Description Probable contingency as A%

Bid 6 |olo|o|a|o|o]efe]s]ele]ofe|e]]]" \
Engineer's 5 |eje|o|a|o|o|s|e|e]|e|a|a|la|a|s]|s

Definitive 4 s o|o|la|lo|a|a|o]|a|a|a]|a]|a]|s \
Preliminary 3 |e|e|e|aje]|a|a]|a|als \

Conceptual 2 |ofs|o|n]e]|e \ \

Magnitude 1 |o|e|e]" \
Basic data 5 1015202530 510152025
1. Craft wage rates and fringe benefits Green field plant
2. Payroll taxes and insurance without historic plant|Green field plants

3. Local sales use other taxes cost or work in with historic data
4. Design and construction schedule existing plants

5. Insurance requirements




TYPES OF ESTIMATES

A representative unit is multiplied
Prior to the commencement of by a price per unit to obtain a gross

Conceptual : X
ceptu design estimate (+ 10% accuracy) of the
facility cost.
By the architect or
. 40% completion of the total architect/engineer to reflect
Preliminary .
design expected costs based on more

definitive data.

¢ Total job cost minus markup
Engineer Detail design is accomplished ¢ Should achieve approximately
+3% accuracy.

¢ On the basis of the bidding

Bidding phase documents,
Bid &P ¢ Include a markup for profit.

Building Cost Index History (1923-2005)

* HOW ENR BUILDS THE INDEX: 68.38 hours of skilled labor at the 20-city average of bricklayers, carpenters and structural ironworkers rates, phus 25 cwt of standard
structural steel shapes at the mill price prior to 1996 and the fabricated 20-city price from 1996, plus 1.128 tons of portiand cement at the 20-city prics, plus 1,088
board ft of 2x4 lumber at the 20-city price.

AMNUAL
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193 186 196 262 1969 790 | Tamm o615 2 - 5
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188 1951 401 1974 1205 | 1003 2866 2836 2015 2006 3071 3066 3036 3014 3009 3016 3029 3046 2996

191 1962 416 1975 1306 | 4. 7
| e ey | e ime [tm 071 306 36 3127 5125 NS 307 3100 36 3116 310d 310 3t

Lres ] 1977 ipes | 1985 3112 3111 3103 3100 3006 3085 314 3121 300 3T H3 32 3N
131 1055 460 1978 1674 | 1996 3127 NI 3135 348 3161 TR 3190 3223 36 3o 3904 33N 3208
148 1056 491 1078 1B19 | 1997 3332 3333 3323 3364 3377 3396 32 3MS  33TE 337 30 30 364

17| ll M9 1w0 14 e 363 3w 36 IS 34 M9 IWD B MM M@ MM M1 3w
172 1968 548 1062 2234 1999 3425 7 3411 34N M2 3433 3480 3474 3504 3505 3403 3407 3456
196 1960 &G 1 2000 3503 3523 3536 3534 3558 3553 3545 3546 3539 3547 34 3548 3538

2001 3545 3536 3541 3541 3547 572 625 3605 asar 3602 3506 k=g k1]

197 | 1em 580 | fees 2 2002 3561 3581 307 3563 3612 3624 3652 3648 3655 3651 3654 3840 3623
3‘33 :::3‘: 2?‘; :I*' oM | a3 369 a2 660 %7 3684 T2 INT aTS M6 a8 36
27 | lms  g2r | ioes goep | 2004 36T 302 3650 308 3955 3996 4013 4027 4103 4129 4123 123 9984
2 | i 850 W05 4Nz A6 27

1945 2‘:39 1968 kel

BASE: 1713=100.

Construction Management, 3/E by Daniel W. Halpin
Copyright © 2006 by John Wiley & Sons, Inc. All rights reserved.




Construction Cost Index History (1918-2005)

= HOW ENR BUILDS THE INDEX: 200 hours of commeon labor at the 20-city average of common labor rates, plus 25 cwt of standard structural steel shapes at the mill
price prior to 1996 and the fabricated 20-city price from 1898, plus 1.128 tons of portland cement at the 20-city price, plus 1,088 board it of 2x4 lumber at the 20-city
price.
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WS89 | vz @b | 195 1019 Ges 4me0 4573 4574 A5VT 4578 4399 4S08 4613 4658 465 4668 does 461D
1920 251 1944 290 1968 1155 | 1990 4GB0 4585 4601 4680 4TQ7 4T 4TI 4TR2 4174 4TT L N
w202 145 308 1060 1260 | 1991 ATTT  4TT3 4772 4TE6 4801 AFIB 4854 4892  4BS1 B3P 4896 4BE9 4835
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Example 1: A 5M GPD desalinization plant was constructed in 1995 at a cost of 20M.
What would be the cost of 15M GPD in 2005, if the cost capacity factor is
0.37, and Desalinization Index Dl,,,=107, and DI, 4,,=99.

c ' .
Cost-Capacity formula is of the form : =% = Q , Where x = cost — capacity factor (<1)
X 0.37 2 2
C,=C, % - zo(%] = 203" =30M
1

C,(now) = 30*107/99 = 32.4M

Example 2: You are required to submit an estimate for 6m high, 3000 m? warehouse
construction. You looked up your cost file and found that you had built an
8m high, 2500 m?2 for 2.5M, 7 years ago when the cost index was 120. If the
cost index is now 165, what is your cost estimate per cubic meter?

Cost/m3(-7) = 2,500,000/(8*2,500) = 125

Cost/m3 (Now) = 125*165/120 = 171.88

Estimate = 171.88*6*3000 = 3,093,840




DETAILEDESTIMATE DEVELOPING
STEPS

1.Break the project into cost centers.

2.Estimate the quantities required for cost centers that
represent physical end items (e.g., cubic yards of earth,
lineal feet of pipe, etc.). For physical systems this
pro-cedure is commonly called quantity takeoff. For those
cost centers that relate to nonphysical items, determine
an appropriate parameter for cost calculation (e.g., the
level of builder's risk insurance required by the contract
or the amounts of the required bonds).

ESTIMATE DEVELOPING STEPS (Cont’d)

3. Price out the quantities determined in step 2 using historical
data, vendor quotations, supplier catalogs, and other pricing
information. Price development for physical work items may
require an analysis of the production rates to be achieved
based on resource analysis. If this analysis is used, the
estimator must:

a. Assume work team composition to include number of
workers (skilled and un-skilled) and equipment required.

b.On the basis of team composition, estimate an hourly
production rate based on the technology being used.

c. Make an estimate of the efficiency to be achieved on this
job, considering site conditions and other factors.

d. Calculate the effective unit price.

4. Calculate the total price for each cost center.




Jefferson Starship Contraciors. Iac,

ESTIMATE SUMMARY

Estimatc No. 6692 By. DWH Date: | August 2xxx _

Owner:  NASA Project: _ Adwmin Building

. . —
Ty p Ica I E stl m ate Cade Deseription MH  Labor Material  Sub  Owner  Total
) Site improvements
02 Demolition
Summa ry Sheet 03 Earthwork

04 Concrete
05 Structural stecl 1653 18768 15033 33,901
06 Piling
07 Brick & masonry
08 Buildings
09 Major cquipment 2248 26059 1794 27.853
10 Piping 2953 34,518 571417 1.500 AL 127976
n Instrumentation 33,000 33.000
12 Blectrical 126,542 126,542
13 Painting 14034 14034
14 insulation 4230 4230
15 Fireproofing 530 1110 1.640
16 Chemical cleanmg
17 Testing
18 Const. cquipment 35666 35660
19 Misc. directs LO0R (0608 2050 2000 14,658
20 Field extra work

Sub Total Direct Cost 7862 89953 76924 180416 72207 9500
21 Con. tools/sup 7.361 7.361
22 Field payroft/burden 16580 16,580
23 Start-up asst
24 Ins. & taxes 5268 5268
25 Field sprvsn. 480 7200 2038 92
26 Home off. exp 2454 2454
27 Field emp. ben 10395 10,395

Sub Total Indirect Cost 480 7200 7361 36,735 5129

Adjustment Sheets

Total Field Cost 8342 97,153 84285 180416 108942 470796
28 Escalation
29 Overhead & profit R342 5057 9021 10190 32610
30 Contingency 18076
31 Total Project Cost 521482

QUANTITY TAKEOFF
(SURVEYING)

¢ The development of the quantities of work to be placed in
appropriate units (e.g., square feet, cubic yards, etc.).

e The procedures employed by the estimator to calculate these
quantities should incorporate steps to minimize errors.

¢ Five of the most common errors experienced during quantity
takeoff are:

1. Arithmetic: Errors in addition, subtraction, and multiplication

2. Transposition: Mistakes in copying or transferring figures, dimensions,
or quantities

3. Errors of omission: Overlooking items called for or required to
accomplish the work

4. Poor reference: Scaling drawings rather than using the dimensions
indicated

5. Unrealistic waste or loss factor.




Work Breakdown Structure WBS

Foundation
Excavation Concrete Steel
Work packages

* A work package is a well-defined scope of work
that usually terminates in a deliverable product.

* Each package may vary in size but must be a
measurable and controllable unit of work to be
perform.

* |t also must be identifiable in a numerical
accounting system in order to permit capture of
both budgeted and actual performance
information.

» A work package is a cost center.




CSI MasterFormat 95™ Titles for Divisions 1-16

10. SPECIALTIES

11. EQUIPMENT

12. FURNISHINGS

13. SPECIAL CONSTRUCTION
14. CONVEYING SYSTEMS
15. MECHANICAL

16. ELECTRICAL

1. GENERAL REQUIREMENTS

2. SITE CONSTRUCTION

3. CONCRETE

4. MASONRY

5. METALS

6. WOOD AND PLASTICS

7. THERMAL AND MOISTURE PROTECTION
8. DOORS AND WINDOWS

9. FINISHES

Division Numbers and Titles

PROCUREMENT AND CONTRACTING REQUIREMENTS GROUP
Division 00 Procurement and Cortracting Requirements

SPECIFICATIONS GROUP

GevewaL RequinewenTs Sussrour
Division 01 General Requirements

Facimy ConstrucTion Susaroue

Division 02 Existing Candificns

Division 03 Concrete

Division ™4 Masonry

Division 05 Metals

Division 06 Wood, Plastios, and
Composites

Division 07 Thermal and Moisture
Protection

Division 08 Cpenings

Division 08 Finishes

Division 10 Specialties

Division 11 Eguipment

Division 12 Fumishings

Division 13 Special Construction

Division 14 Conveying Equigment

Divisign 15 Resenved

Division 15 Re

7 Re

R
Division 18 Resenved

FaciuTy Services Sussroup

Division 20 Resenved

Division 21 Fire Suppression

Dvision 22 Plumbing

Division 23 Heating, Ventilating, and
Alr Conditioning

Divisign 24 Resenved

Division 25  Integraled Automation

Division 26 Elecirical

Division 27 Communicaticns

Division 28 Electronic Safety and
Security

Division 29 Reseved

CE 321 - Construction Management

SiTE AND INFRASTRUCTURE SuBaRouP
Division 30 Reserved
Division 31  Earthwork
Divisien 32 Exierior Inprovements
Divisien 33 Utilties
Divisien 3 Transporiation
Divisien 35 Waierway and Marine

siract

orved

PROCESS EQUIMENT SUBGROUR
Divisien 40 Process integration
Divisien 41 Material Processing and
Handling Equipment

Divisien 42 Process Hesting,
Caoling, and Orying
Eauipment

Divisien 43 Process Gas and Liquid
Handling, Purification,
and Storage Equipment

Divisien 44 Polution Contro
Eauipment

Division 45 Industry-Spesific

Manufacturing

Eauipment

45 Resrved

47 Reserved

Division 48  Elestrical Power

Generation
Division 49 Reserved

Division 3 — Concrete

1. Concrete:
* Plain Concrete

 Reinforced Concrete: Substructure
» Reinforced Concrete: Superstructure

2. Formwork

» Foundations
e Columns

e Beams
 Slabs

3. Reinforcing Steel

CE 321 - Construction Management




Plain Concrete

» Concrete is classified by , strength, and

» Concrete volume is measured from detailed drawings
in cubic meters, rounded to the nearest 0.5 meter

» Concrete Mat « Slab on grade

» Foundation (Spread, * Columns
Continuous, Raft) Beams

* Pedestal » Slabs

» Grade Beams » Retaining Structures

» Shear Walls * Stairs & Landings

» Use 5-10% waste factor

CE 321 - Construction Management

Foundation Details

S.S.L: 38191
FOR EXTERIOR AND INTERIOR
COVER SEE DETAIL-1
CLEAR TO COLUMN TIES,65 FROM FOOTING T DOWELS T0 MATCH BARS
TO_STRUCTURAL SLAB(OR GRADE LEVEL) 40
ABOVE STRUCTURAL SLAB(OR GRADE LEVEL) IN' COLUMN  ABOVE
SEE DETAIL —1
WATERPROOF MEMBRANE WITH
 PROTECTION BOARD BELOW GRADE
LONG BARS RECTANGULAR FOOTING 1 1 s
SEE FOOTING SCHEDULE /(j/
7pGL o 5 WATERPROOF MEMBRANE WITH
i o} PROTECTION BOARD
T \
M i
e ,\“} g . o« 4 0 O . D
35.345  ulT L J BOTTOM OF
3 FOOTING
5 " @L e y ELEV. SEE
DS | T A ) FOUNDATION
+“°'r T T T T T I Pl

- g‘ }14.} “AA,AA
NESMESINEN

_10%_

WATERPROOF MEMBRANE WITH
SHORT BARS_RECTANGULAR FOOTING TION BOARD
SEE FOOTING SCHEDULE ROUGHENED CONSTRUCTION
JOINT (TYP.

UNREINFORCED CONCRETE
ON VAPOUR RETARDER | EQUAL (UNO) | EQUAL (UNO) |

SEE FOOTING SCHEDULE

CE 321 - Construction Management




ASTM Standard Reinforcing Bars

Soft

Metric

Size

10
13
16
19
22
25
29
32
36
43
57

Nom
Diam
mm

9.5
12.7
15.9
19.1
22.2
25.4
28.7
323
35.8
43.0
57.3

Area
mm?

71
129
199

387
510
645
819
1006
1452
2581

Weight
Factors

kg/m

.560
.994
1.552
2.235
3.042
3.973
5.060
6.404
7.907
11.384
20.239

CE 321 - Construction Management

Bar Size

6
8
10
12
14
16
20
25
28
32
40
50

(kg/m)

0.222
0.395
0.617
0.888
1.21
1.58
2.47
3.85
4.83
6.31
9.86
15.4

Area (mm?2)

28.3
50.3
78.5
113
154
201
314
491
616
804
1257
1963

CE 321 - Construction Management




Prepare:

Activity list
Activity material list (estimate)-include work sheets
Material recap sheets

Small Wall Construction

Activity
Material
List

Project
Activity Activity . Cost
Pt description Mater:a' description Quantity unit G
1 Layout Syakes 2x 4 <24 Sea 103 BF | 0ic0
2] Fiace rebar #5st. 2P0 6 -2 323 LF {0320
Tie wire 1 Roli | 0320
4 [Cost and care footing
Conereze .23 cY_| 0330
Curing compound 25 Gal | 0337
5] Erect CM L wall
CMU B B x tretcher 143 Ea 0412
CMU B x & x 16 sorner 4 Ea 0412
CML 8 x & x & zorner (] Ea o412
Scaffoldng 4 « &' x & 2 Sec. | 0100
Mortar 27 oy 0412
7 Form bond beam
2x4{4-15 - 2" 435 er o310
2x2 127 BF 0310
1x2 20 BF | 0210
574" ext pl 60.3 S5F c310
Snapties 8" 24 Ea 0310
Naiis 8a 1.5 Lb | 0310
Nails &d 4 Lb 0310
Form oil .07 Gal | 0310
B Piace vond beam rebar
#O rebar {str. 2867 LF 0320
9 Cost and cure Bond beam
Concrete 35 oy ] 0330
Curing compound 05 Gal | 0337
10__ | Striv forms and rub bond beam
Grout 1 CF_|0339.2




Unit Price

* |f the work is fairly standard, the cost can be calculated
by simply taking dollar per unit cost from company
records and applying this cost with a qualitative
correction factor to the quantity of work to be
performed.

* Unit pricing values are available in many standard
estimating references:

— R. S. Means Company, building Construction Cost Data

— F. R. Walker's The Building Estimator's Reference Book

— The Richardson General Construction Estimating
Standards

3.1 | FORMWORK CREW DALY UNIT BARE COSTS ToTAL
JUTPUT YT TS v AR L
25 | FORMS (N PLACE, COLUMNS
650 | 24" X 24’ plywood columns, 1 use c-1 190 SFCA | 260 4.20 6.80 EES)
General work descriptan Square Foot T
Contact Area
Orew C- 1
Crew No. | Bare Costs L incl. Subs0&P |
Crew C-1 Hr Daily Hr. Daily
3 Carpenters $  2520]% 604.80(|$  40.25|$  966.00
1 Laborer $  1980{$ 15840({$  3160($ 25280
Power tools $ 3500 $ 3850
32 M.H. Daily Tctal § 798.2C $ 125730
Line item determunation: (These figures are printed above)
BARE COSTS are developed as fallows:
Major UCI subdiviston = 3.1 WAT. is $2.60

Maior ciassification within subdivision = 25 INST. Crow 0-1 Daily Bare Cost = $798.20 - $4.20
Line item number = 650 Daily Output 190
Complete line aumber: 3,1-25-65C TOTAL = MAT. + INST. = $2.60 + $4.20 = $6.80 per S.F C.A.

{QOnly tre total of these frgures is printed above)

TOTAL COSTS INCL. O&P are developed as follows:

MAT. is BARE MAT. + 10% = $2.60 + $0.26 = $2.86

INST.  Crew C-1 Daily Bare Cost = §1,257.30 - $6.67
Dai'y Outpul 190

Llne Item COSt Development TOTAL = MAT. + INST. = $2.86 + $6.62 = $9.48 say $9.50
Using R.S. Means —




171 | 5.F., C.F. and % of Total Costs
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Avoiding Errors in Estimates

e The accuracy of an estimate is a measure of
how accurate or correct the numbers in the
estimate are

e The completeness of an estimate is a measure
of whether the bid has all the items needed
for the project without duplicating items




Avoiding Errors in Estimates

List Cost Codes
Spend More Time on Large Costs
Prepare Detailed Estimates

Mark Items Counted During the Quantity
Takeoff

Avoiding Errors in Estimates

Double Check All Takeoffs

Include Units in Calculations

Automate with Spreadsheets

Use Well Tested and Checked Formulas

Double Check All Calculations




Avoiding Errors in Estimates

Perform Calculations in Two Ways

Drop the Pennies

Have Someone Review the Estimate

Review Each Cost Code as a Percentage of the
Total Costs

Avoiding Errors in Estimates

e Check Unit Costs for Each Cost Code
e Compare Costs to another Project

e Allow Plenty of Time




Questions




