1 SELECTING CONSTRUCTION EQUIPMENT

TYPES OF EQUIPMENT
e STANDARD EQUIPMENT
e SPECIAL EQUIPMENT

FACTORS IN SELECTING CONSTRUCTION EQUIPMENT
e DELIVERY

e VERSATILITY

e AVAILABILITY OF PARTS

e DISPOSAL

EQUIPMENT MAY BE:
e PURCHASED

e LEASED

e RENTED

| WHY COST OF OWNING AND OPERATING CONSTRUCTION EQUIPMENT
—> o ECONOMIC ANALYSIS TO COMPARE DIFFERENT EQUIPMENT
—> e UNIT COST FOR BIDDING PURPOSES

\L Unit Cost of Excavation — Hourly Cost of Owning and Qperating \l/
Hourly Rate of Production ,]\
_ $/hr
“md/hr
=$/m?
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FACTORS THAT AFFECT THE COST OF OWNING AND OPERATING

o INITIAL COST cul 5 el 5 e ajo Vpame il 0L offius adsl Cad S

SEVERITY OF CONDITIONS 358 53U 38 450 pasd dolse o4l i Ghey S b 5 43l ks L 5]

NUMBER OF HRS USED PER YEAR 355 s oolitul jShio il 5 pusee Caud 31 Uy 4l a2l ol sl olSzus S|
ECONOMIC LIFE OF EQUIPMENT St solal S0 jeass sle anpe ¥k Sl @ bl wiSen S5 ofSies
CARE IN MAINTENANCE AND REPAIR  ssise 355 alS sl ciag o 43 (S 5 il 53l olSias 5 bl 5]
DEMAND FOR IT WHEN SOLDbs-bee 358 250 (ialS Esly ably i 5l 05 oSt 5 publy a1dls |y oS (f5,8 153 3

e o o ./.

COST OF OWNING AND OPERATING
e FIXED COST (COST OF OWNING)
e VARIABLE COST (COST OF OPERATING)

FIXED COSTS ool #0555 555 & b 3 & d5s 55
e DEPRECIATION COST

SPARE PARTS COST

MAINTENANCE AND REPAIR COST
INVESTMENT COST 3,850 53 50 ol 13T olwd 3l ooldiul b juass digse 65 Olugs Cdde 4y 0 50l Guige Olojlo Gy diws

TRANSPORTATION-ASSEMBLING- DISMANTLING COST

standard method

| DEPRECIATION| IS THE LOSS IN VALUE OF A PIECE OF EQUIPMENT OVER
TIME, GENERALLY CAUSED BY WEAR AND TEAR FROM USE,
DETERIORATION, OBSOLESCENCE, OR REDUCED NEED.

REASONS FOR CALCULATING DEPRECIATION
e TOESTIMATE MARKET VALUE OF EQUIPMENT  (uss,a 15 oltws gualgsnse &5 Gila) 3 ol8wd Gyl s ¢l
e TO ASSESS UNIT COST OF PRODUCTION —_
e TAX PURPOSES 02210 53 L Sl 38 Cews 1 > 5o o8wd i)yl Doz 0 el sle ¢l
250 B 50 Jgame Ghs 8 Coad 50 1) didy Cewd ) byl Wb 5 oS 230l |y W olSwd 0w i 3 3l us
METHODS OF CALCULATING DEPRECIATION COST
STRAIGHT-LINE METHOD ool e3lital sly 88 p2slaze i sl 5 el 53
DECLINING BALANCE METHOD
SUM-OF-THE-YEARS DIGIT METHOD
SINKING FUND METHOD
SERVICE OUTPUT METHOD
ACCELERATED COST RECOVERY SYSTEM (ACRS)
MODIFIED ACRS

EXAMPLE

A CRANE WHICH HAS AN INITIAL VALUE OF $100,000 HAS AN ESTIMATED
USEFUL LIFE OF 5 YEARS. THE SALVAGE VALUE AT THE END OF THESE 5
YEARS IS $10,000. CALCULATE THE YEARLY STRAIGHT LINE
DEPRECIATION COST.
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SOLUTION

YEARLY SL DEPRECIATION = %(P -9S)

WHERE

N = DEPRECIATION PERIOD
EXPRESSED IN YEARS

P =PURCHASE PRICE OF EQUIPMENT

S =SALVAGE VALUE OF EQUIPMENT

YEARLY DEPRECIATION = %(P -S)
= %(100,000 —10,000)
=$18,000/ yr
END OF YEARLY
YEAR DEPRECIATION BOOK VALUE
0 $0 $10,000
1 $18,000 100,000 — 18,000 = $82,000
2 $18,000 82,000 — 18,000 = $64,000
3 $18,000 64,000 — 18,000 = $46,000
4 $18,000 46,000 — 18,000 = $28,000
5 $18,000 28,000 — 18,000 = $10,000

DEPRECIATION ACCOUNTING FOR CONSTRUCTION EQUIPMENT

e STRAIGHT-LINE METHOD <——
e NO SALVAGE VALUE <——
e HOURLY DEPRECIATION = P4N1

LIFE OF EQUIPMENT

Wosieo o han sl il s Slgial Ul O350 o 4 S 0

ACTUAL LIFE
USEFUL LIFE

TAXABLE LIF

ECONOMIC LIFE

S o35 b s 55 5 Gl o085 ok & Ok
3,10 B &S Sl Guuds yos 90,5 0dlatul Gudle I Olge &S Sl
SERVICE LIFE  ssice gihe oaiig b o 3l 45 Gudle 31 oslitul Olo)
DEPRECIATION LIFE sy o a5 1l bl SVt oSas o il

E

3, golaBdl duz g3 Ll uiSls HIS 0l8itws &S il

SPARE PARTS COST

BROKEN

e ALL PARTS ARE SUBJECT TO FAILURE AND MUST BE REPLACED WHEN

| ALWAYS EXPRESSED AS A PERCENTAGE OF THE DEPRECIATION COST |

e HOURLY SPARE PARTS COST =0.53 P/N;
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MAINTENANCE AND REPAIR COST DEPENDS ON:
e TYPE OF EQUIPMENT

e SERVICE TO WHICH EQUIPMENT IS ASSIGNED
e CARE EQUIPMENT RECEIVES

MAINTENANCE AND REPAIR COST

e HOURLY COST OF MAINTENANCE AND REPAIR =0.13 P/N;

INVESTMENT COST S5 dolo jw didy Coawd 31 Cuo 8 sl digze lanl 9 azdlii 1) 503 slo dize dosyyieé |y oliaws ST aysSue diyze ool

e INTEREST COST s S S s 02 )
e INSURANCE COST e e Eoame ST L &R
: _?_;?(IE@GE COST Lo 0s BLe SMgzl § sazee 0.08 L gazme £ 93 ol

ol dald) 35 Jgo,8

Ol3ee Cawl sle) Clawloms Gl 9 9din 05 50 SVgtwl Jlo H0 Goz
1See Gl Hlse ool $l 2 3:Ske

INVESTMENT COST =00.20 x AVERAGE VALUE

AVERAGE VALUE OF EQUIPMENT

o Jlu -
P+[P-B]+[P -2£]+ ...... +[P-7(N 1)P]
p= N N N
S5 Jle N

NP-B[1+ 2+3+....+(n-1)]
P N

N

P (N-1)(N-1+1)
N 2
N

NP

p=

P (N-IN
N 2
N

NP

_ 2NP-P(N-1)
2N

ol

2NP-NP+P
2N

p=
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= _ P(N+1)
P= er year

N pery
_ P(N + ) AVERAGE VALUE WE USE IN INVESTMENT COST FORMULA
P= 2Nn per hour N= NUMBEROF YEARS WE USE THE MACHINE

n= NUMNBEROF HOURSWE USE THE MACHINEIN A YEAF

= +
P= P(N+1) per hour

2N,

AVERAGE COST OF INVESTMENT
(NO SALVAGE VALUE) <—

HOURLY INV COST = O.ZO{P(ZN +1)}

1

AVERAGE VALUE OF EQUIPMENT
(SALVAGE VALUE = S)

P(N+1) +S(N -1)
2N,

p=

AVERAGE COST OF INVESTMENT

(WITH SALVAGE VALUE =S) <——

HOURLY INV COST = 0.20[P(N +1) +S(N -1)}

2N,

EXAMPLE

ORIGINAL COST OF EQUIPMENT: $25,000

ESTIMATED USEFUL LIFE: 5 yrs

ESTIMATED HOURS OF WORK PER YEAR: 2,000

SALVAGE VALUE: ZERO

STRAIGHT-LINE METHOD OF DEPRECIATION

CALCULATE AVERAGE VALUE OF EQUIPMENT

CALCULATE AVE HOURLY INVESTMENT COST OF EQUIPMENT

ANNUAL DEPRECIATION = $25,000/5
= $5,000
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START OF ANNUAL BOOK
YEAR DEPRECIATION VALUE
1 $0 $25,000
2 $5,000 $20,000
3 $5,000 $15,000
4 $5,000 $10,000
5 $5,000 $5,000

TOTAL | $75,000

e AVERAGE YEARLY VALUE OF EQUIPMENT:
$75,000 /5 yrs = $15,000/yr

e AVERAGE HOURLY VALUE OF EQUIPMENT:
$15,000/yr / 2,000 hrs/yr = $7.50/hr

e AVERAGE HOURLY INVESTMENT COST:
20% x $7.50/hr = $1.50/hr

TRANSPORTATION - ASSEMBLING - DISMANTLING COST

e EQUIPMENT HAVE TO BE TRANSPORTED FROM SITE TO SITE
e ALWAYS EXPRESSED AS A PERCENTAGE OF A/n
e TRANSPORTATION-ASSEMBLING-DISMANTLING COST =|0.02 P/n

n= number of hours
using machine per
year

OPERATING COSTS (VARIABLE COSTS) «<——
e FUEL COST

e LUBRICATING OIL COST

e LABORCOST

FUEL COST

e DEPENDS ON HP

e HOURLY FUEL COST = (FUEL CONSUMED PER HOUR) x (UNIT PRICE OF
FUEL) /

e HOURLY FUEL CONSUMPTION = (UNIT CONSUMPTION in kg/HP.hr) x (HP)
x (OPERATING FACTOR)

d= dxao )

FUEL CONSUMPTION &
® FUEL CONSUMPTION WHEN ENGINE IS WORKING AT |[FULL POWER AND
160 MINUTES PER HOUR;
— GASOLINE ENGINE
0.200 kg/HP.hr
(0.06 gal/HP.hr)
— DIESEL ENGINE
0.150 kg/HP.hr
(0.04 gal/HP.hr)
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OPERATING FACTOR Coul 483 60 &y dids 60 55 03litul Glaj Corsd &S ilo) 5556
le  OPERATING FACTOR = (ENGINE FACTOR) x (TIME FACTOR) |
e ENGINE FACTOR = AVERAGE POWER GENERATED COMPARED TO FULL
POWER
e TIME FACTOR = AVERAGE TIME EQUIPMENT IS USED PER 60 MINUTE HR

EXAMPLE

CONSIDER A FRONT WITH A DIESEL ENGINE RATED AT 160 HP.
WHEN USED TO LOAD TRUCKS, THE ENGINE OPERATES AT MAXIMUM
POWER WHILE FILLING THE DIPPER, REQUIRING 5 SECONDS OUT OF A
CYCLE TIME OF 20 SECONDS. DURING THE OTHER 15 SECONDS, THE
ENGINE OPERATES AT HALF ITS RATED POWER. ALSO, THE SHOVEL
OPERATES 50 MINUTES PER HOUR ON AVERAGE. WHAT IS THE
CONSUMPTION OF FUEL?

SOLUTION
ENGINE FACTOR WHEN FILLING THE DIPPER = (5/20) x 1
=0.250
ENGINE FACTOR IN THE REST OF THE CYCLE = (15/20) x 0.5
=0.375
ENGINE FACTOR =0.250 + 0.375
=0.625
TIME FACTOR =50/60
=0.833
OPERATING FACTOR = (ENGINE FACTOR) x (TIME FACTOR)
=0.625 x 0.833
=0.520

FUEL CONSUMED PER HOUR = 160 HP x 0.520 x 0.150 kg/HP.hr
=12.48 kg/hr

LUBRICATING OIL COST DEPENDS ON

SIZE OF ENGINE

CAPACITY OF THE CRANKCASE

CONDITION OF THE PISTON RINGS

NUMBER OF HOURS BETWEEN OIL CHANGES

CONSUMPTION OF LUBRICATING OIL
CONSUMPTION OF LUBRICATING OIL = (QUANTITY PUT DURING CHANGE)
+ (MAKE-UP OIL IN BETWEEN)
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EMPIRICAL FORMULA:

_ HPxf x0.006 (Ibs/HP.hr) , ¢
7.4 (Ibs/gal) t

WHERE

q =QUANTITY CONSUMED (gal/hr)
HP = HORSE-POWER OF ENGINE

f = OPERATING FACTOR s Jsas o
t =HRSBETWEEN OIL CHANGES
¢ =CRANKCASE CAPACITY (gal)

TYPICAL LUBRICATING OIL CONSUMPTION WHEN ENGINE IS WORKING AT
FULL POWER AND 60 MINUTES PER HOUR:
0.003 kg/HP.hr
(0.0009 gal/HP.hr)

LABOR COST
e CONSISTS OF FOREMAN, OPERATOR, MECHANICS, OILERS
e [ISNOT INCLUDED AS PART OF VARIABLE COST IN U.S. PRACTICE

COST OF OWNING AND OPERATING (PEURIFOY-SCHEXNAYDER-SHAPIRA-
SCHMITT)
e OWNERSHIP COST
DEPRECIATION COST
COST OF CAPITAL
TAX SAVINGS <——
MAJOR REPAIRS
TAXES, INSURANCE, AND STORAGE
PERATING COST
FUEL
LUBRICANTS
MAINTENANCE AND REPAIR <«<——
TIRES AND HIGH-WEAR ITEMS <—

[
O O O O QOO O0OOoOO0oOO0

COST OF OWNING INCLUDES (PEURIFOY-SCHEXNAYDER-SHAPIRA-
SCHMITT)

e DEPRECIATION
Co=(P-S-T)/Nn
or
Co=[(P—T) (AP, i, N) - S(A/F, i, N)] / n

T=COST OF TIRES
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Where P = Purchase price
S = Salvage value
T = Price of the tires
N = Life of equipment (years)
n = Hours eqt is used per year

COST OF CAPITAL

P(N+1)+S(N -1)
2Ny

CC = MARRXx |: :| average value of equip

Where P = Purchase price
S = Salvage value
N = Life of equipment (years)
N1 = Life of equipment (hours)
MARR = Min attractive rate of return

TAX SAVINGS

N
P x z D,
C; =TAXRATEx —'% —
1
Where P = Purchase price
D = Depreciation rate in MACRS
N = Life of equipment (years)
N; = Life of equipment (hours) N1=n"N

MAJOR REPAIRS

ANTICIPATED MAJOR REPAIRS ARE ADDED TO THE BOOK VALUE OF
THE EQUIPMENT ON THE YEARS THEY HAPPEN AND THE
DEPRECIATION COST, THE COST OF CAPITAL, AND THE TAX SAVING

HAVE TO BE ADJUSTED ACCORDINGLY.

TAXES, INSURANCE AND STORAGE

TAXES, INSURANCE EXPENSES AND STORAGE COSTS ARE ESTIMATED
AS A PERCENTAGE OF THE AVERAGE EQUIPMENT COST.

Crs = PERCENT{P(N +1;;S(N '1)}
1
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DEPRECIATION PERCENTAGES FOR MACRS CLASSES

RECOVERY | 3-YEAR | 5-YEAR | 7-YEAR | 10-YEAR | 15-YEAR | 20-YEAR
YEAR CLASS CLASS CLASS CLASS CLASS CLASS
1 33.33 20.00 14.29 10.00 5.00 3.75
2 44.44 32.00 24.49 18.00 9.50 7.22
3 14.81 19.20 17.49 14.40 8.55 6.68
4 7.41 11.52 12.49 11.52 7.70 6.18
5 11.52 8.92 9.22 6.93 5.71
6 5.76 8.92 7.37 6.23 5.28
7 8.92 6.55 5.90 4.89
8 4.46 6.55 5.90 452
9 6.55 5.90 4.46
10 6.55 5.90 4.46
11 3.28 5.90 4.46
12 5.90 4.46
13 5.90 4.46
14 5.90 4.46
15 5.90 4.46
16 2.95 4.46
17 4.46
18 4.46
19 4.46
20 4.46
21 2.23
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COST OF OPERATING INCLUDES (PEURIFOY-SCHEXNAYDER-SHAPIRA-

SCHMITT)

FUEL COST
CALCULATED THE SAME WAY AS BEFORE:

AVERAGE CONSUMPTION = 0.150 kg/HP.hr (0.04 GAL/HP.HR) FOR DIESEL
ENGINES

AND

AVERAGE CONSUMPTION = 0.200 kg/HP.hr (0.06 GAL/HP.HR) FOR
GASOLINE ENGINES

COST OF LUBRICANTS
CALCULATED THE SAME WAY AS BEFORE:

_ HP xf x0.006(lbs / HP.hr) L C
7.4(Ibs/gal) t

MAINTENANCE AND REPAIR 5395 5 SzsS 65 9 s slo dizo yslhaie
ANTICIPATED REPAIR AND MAINTENANCE COSTS OBTAINED FROM
HISTORICAL RECORDS ARE DISTRIBUTED EVENLY ACROSS THE LIFE OF
THE EQUIPMENT.

CHANGES BETWEEN 50-100% OF DEPRECIATION COST.

COST OF TIRES
TIRES ARE REPLACED SEVERAL TIMES DURING THE LIFE OF
EQUIPMENT AND ARE COSTLY.

THEIR DEPRECIATION COST IS CALCULATED BY DIVIDING THE
PURCHASE PRICE OF THE TIRES BY THE LIFE OF THE TIRES.

THE|DEPRECIATION COST OF TIRES AND THE COST OF CAPITAL FOR
THE INVESTMENT IN TIRES HAVE TO BE CALCULATED.

REPAIR COST OF TIRES IS GENERALLY EXPRESSED AS A PERCENTAGE
OF THE DEPRECIATION COST

EXAMPLE

FRONT SHOVEL

100-HP DIESEL ENGINE
BUCKET CAPACITY: 1%cu yd
INITIAL COST: $147,000
SALVAGE VALUE: $0
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UNIT PRICE OF FUEL: $3.40/gal

UNIT PRICE OF LUBR: $7.00/gal

HOURS WORKED PER YEAR: 2,000
USEFUL LIFE: 8 yrs

CRANKCASE CAPACITY: 4.2 gal

OIL CHANGES: EVERY 150 HOURS
OPERATING FACTOR: 0.60

COMPANY’S TAX RATE: 40%

MAJOR REPAIRS: NONE

MIN ATTRACTIVE RATE OF RETURN: 5%

SOLUTION 1 - STANDARD METHOD

e OWNERSHIP COST

— DEPRECIATION COST

3 $147,000
8 yrsx 2,000 hrs/yr
=$9.19/hr

— SPARE PARTS COST

C,, =0.53x P

1

y $147,000
8yrsx 2,000hrs/yr
=$4.87/hr

=0.53

— MAINTENANCE AND REPAIR COST

P
C. o =0.13x—
mé&r N

1

y $147,000
8yrsx2,000hrs/yr
=$1.19/hr

=0.13
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— INVESTMENT COST

o _020(N+1)P
inv 2N1

~0.20x (8+1) x$147,000

~ 2x8yrsx2,000hrs/yr
=$8.27/hr

— TRANSPORTATION-ASSEMBLING-DISMANTLING COST

Cous :0.02><% <

y $147,000
2,000hrs/yr
=$1.47/hr

=0.02

OWNERSHIP COST (FIXED COST)
Cow=Cq+ Csp+ Cinart+ Cinv + Crad
Cow=9.19+4.87+1.19 +8.27 + 1.47
Cow=9%24.99 /hr

OPERATING COST

— FUEL COST
C,q = HPxconsumption x op fact x unit cos t
=100HP x(0.04gal / HP.hr{x 0.60 x $3.40/ gal
=$8.16/hr

— LUBRICATING OIL COST

HP f nsumpti .
C, = x 0p actx(_:o sumption - S unit cos t
density t

_[100HP x0.60x0.0061b/HP.hr 4.2 gl < $7.00/ gal
7410/ gal 150hrs

=$0.54/hr

OPERATING COST (VARIABLE COST)
Cop = Ctuel + Cyy
Cop = $8.16/hr + $0.54/hr
Cop = $8.70 /hr
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COST OF OWNING AND OPERATING (FIXED + VARIABLE COST)
C=Cum+ C0p
C = $24.99/hr + $8.70/hr
C =$33.69 /hr

SOLUTION 2 — PSSS METHOD

e OWNING COST

o DEPRECIATION COST (CONSIDERING TIME VALUE OF MONEY WITH
MARR=5%)

C, - Px(A/P,i,N)
n
_ $147,000x (A/P,5%,8yrs)
- [2,000hrs/yr |
_ 147,000 0.1547
- 2,000
=$11.37/hr

o COST OF CAPITAL (WITH MARR=5%)

c. = MARRX[P(N +1) +S(N -1)}

2N,
$147,000% (8 yrs+1)
2x8yrsx 2,000 hrs/yr}
=0.05x41.34

=$2.07/hr

= 0.05X|:
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o TAXSAVING (7-YEAR CLASS)

N

> (PxD;)
C, =TAX RATExi:lN—

1

8
Z ($147,000x 0.1429) + ($147,000 x 0.2449) + (...
0.40x -t

8 yrsx 2,000 hrs/yr
147,000
16,000
=$3\68/ hr

:.40)(

TOTAL OWNING COST

Co = Cp + Cc[- Crl+ Cr
=$11.37/hr + $2.07/hr - $3.68/hr + $0/hr
= $9.76/hr

OPERATING COST
o |FUEL COST =$8.16 /hr no difference
o |[LUBRICANT COST = $0.54 /hr
o MAINTENANCE AND REPAIR COST
= 100% OF DEPRECIATION ($11.37/hr)
=$11.37/hr

TOTAL OPERATING COST

= (FUEL COST) + (LUBRICANT COST) + (MAINTENANCE AND REPAIR
COST)

= $8.16/hr + $0.54/hr + $11.37/hr
= $20.07/hr

OWNING AND OPERATING COST

= (OWNING COST) + (OPERATING COST)
= $9.76/hr + $20.07/yr
= $29.83/hr

CSTANDARD = $3369 /hr
Cpsss = $29.83 /hr

STANDARD METHOD MORE CONSERVATIVE
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