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in addition, feeder trucks would be useful where the source of the mate-
r1al 15 not close. We estimate three feeder trucks per distributor. At $25.00
per nour each, the total equipment cost is $108,80 per hour.

For personnel, five driver- -operators are approprwate. The extra driver
would be uvul!ub!c for re}1ef or ful cqulymcna upcraLrJu on the dist?ibutﬁr.
The billing cost far heavy-truck drivers, according to Means, is $19,75 per

nour., Therefore, the total labor cost is $98.75 per hour.

Following the information from the Washingt~n State Department of Trans-
portation, we assume an average vehicle speed of three miles per hour, The
assumed application width is ten feet. The coverage rate is, then

3 mi/hr x 5280 ft/mi x 10 ft wide x 0.0929 m?/ft2 x 7/8 adj = 12,890 mé/hr

Road oil costs $0.31 per sq meter. Multiplying this by the hourly
coverage gives an hourly material cost of $3995.90. Total cost comes to
$4199.55 per hour. Dividing each of the hourly cost categories by the hourly
coverage gives the cost per sgq meter as shown in Table A.1.5.10.2. Because o
their consistency with each other, these f1uures are taken as the representa-i

L.lvt: L-Ubl,b IU! dpyllbdblu" Ul ruau UI!. ldUIE H L.J ].U J SUiiiiatr ILE) LHE
information on the application of road oil.

TABLE A.1.5.10.2. Costs Per Square Meter for Road 0il Distribution

Total Labor Equipment Material
$/hr 4199.55 98.75 104,90 3995, 90
$/m% 0.3258 0.0077 0.0081 0.31

TABLE A,1.5.10,.3. Summary of Road 0il1 Application Data for Asphalt Roads

Rate Cost {1932 $/m J
Source (mzlhrlf Total  ‘Labor Equipment Materi
Wash. Dept. of Trans. 15,468 0.52 - - 0.31
Means 12,890 0.326 0.008 0.008 0.310
Representative 12,890 0.326 0.008 0.008 0.310

A.1.5.11 Thin Asphalt Overlay

Three sources provided information On'thé cost of p]acing a thin layer
pavement--one to two inches thick. Such a pavement layer is most likely to
‘app11ed after the road surface has been‘p‘ When a new surface of aspha
1s put on an asphalt base, the new as receded by application of a t
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(oat also wrll fix any existing radiation on the road surface, While the cost
ot applying a tack coat was listed separately above, the following applications
of aspnalt on asphalt include the cost of a tack coat in the total.

The volicy Planming unit of the U.S. Federal Highway Administration pro-
vided selected data from a Federal Highway Administration publication entitled
The Status of the Nation's Highways: Conditions Performance, published in

January, 1981, In Tables 4-4 through 4-83 the ¢«
tabulated by varigus factors is presented. For

rpqurfacvng a one- to three-lane minor collector in a rural area on flat ter-

rain was given as $69,000., In contrast, the cost
undivided highway in a built-up area is listed
Fedgral Highway Administration's estimate of
per sq meter of resurfacing varies from $1.42
for a minor collector on flat terrain in a ru
feet of shoulder on each side of the road. e
overlay on two lanes plus shoulders of an urban u
area. Neither the tables nor personal conve
cost of resurfacing a road was so highly vari b1e
of area. Also, no data are available descr1b1ng
magnitudes of their costs. After adJust1ng for ra
these figures range from $1.62 to $26.97 per sq me

The State of Washington Department of Transp
of putting a one- to 1l.5-inch Tayer of asph
$1.50 per sq yard, or about $1.79 per sq met
the source advises that an extra ten pe t
tion." This involves getting the eqqume to
including the extra ten percent and one hour

This paving operation requires a mobi le .a phal

two tanker trucks to supply asphalt, a
trucks. The personnel required would be three
and the loader, two teamsters for the a
thetpav1ng machine and the three rollers,
laborers.

According to this source, pav1ng is abo
meaning that the speed for paving is nine 1a
one hour per shift lost to radiation control a
production is:

9 mi x 5280 ft/mi x 10 ft wide x 0,093 m2/ftl x

The Los Angeles Department of Public Works reported that resurfacing co
added that a ton of asphalt wil’

$29.80 per ton of asphalt placed. This sou

rtation reports that the cost’

d be included for "mobiliza-

(ities, the average hourly

‘of resurfacing rpads cross-
mple, the cost per mile of

resurfacing a four lane
89,000 per mile. Using the
for lane width, the cost
.60. The former figure is
a and includes six to eight
er figure is for a pave
ivided highway in a built-up
made it quite clear why the
and so sensitive to the type
he inputs or the relative
diation control measures,
ter.

xisting pavemeat is about
addition to this amount,

ite and so forth. The cos
ment, is $2.25 per sq meti

t plant, a front-end loader
ne, three rollers, and ten
rators for the asphalt plant -
y trucks, five operators for
rs for the trucks, and two

e times faster than p]anjng,
s per day. Adjusting for

7/8 adj * 8 hr = 4834 mé/hr
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caover 160 sg feet, one inch deep. This 15 a surface area of 14.88 sg meters,
Thus, the cost per sg meter, with the one=hour adjustment, is

$25,80/ton

[LON_ y 8/7 adj = $1.98/m°
14,85 m" /ton

This source explaine? that their paving machine is capable of applying
600 tons of asphalt per hour. This represe about 1.8 lane miles per ho
or, equivalently, 8928 sq meters per hour, r, they cannot achieve
rate, since their asphalt plant only produ tons of asphalt per da
Even so, their actual paving rates do not ilize the asphalt plan
capacity. In a very good day, 1000 tons are a ed. In a normal day,
imately 800 tons are applied. Adjusting f of a shift hour for
radiation control activities, 700 tons per '
for paving in a contaminated environme
lane miles. The average coverage rate is

Information taken from Means Site W
Engelsman's 1981 Heavy Construc 10
but. differ significantly from c di
Department of Transportat1on and
As can be seen in Table A.1.5,11.1
clgse to each other but very much bel
reported in the two volumes are somewha
two governmental agencies. We can off

TABLE A,1.5.11.1., Summary of Cost and Productivity Data for Paving Asphalt
‘ Roads with a One-Inch Layer of Asphalt

Rg ________Cost (1982 $/n°)
Source /hr) otal Equipment

Wash. Dept. of Trans. 4834 -
L.A. Pub. Works 1302 - -- -
Means 453 #35 0,19 1.81

Engelsman 320 0 .4 0.30 2.29

Representative 453 2,34 0.3 0,19 1.81

~ Because the Means publication pr tively consistent setg
far this and other operations, and a 0}
adjustments are used for other o

dedtail here, To apply an inch-
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fgr a crew consisting of one foreman at $2
byt lding laborers at $19,40 each, and two o
$44.45,  The total nourly labor cost com .05, The equipment required
includes a8 paving machine which costs 6 : hour and a ten-ton roller at
$10.51 per hour, bringing the total equxpment cost to 338,56 per hour,

ar hour (billing cost), seven
pquipment operators at

Multiplying the hourly production by the cost per sq yard gives the tota
ngurly cost:

3300 ydzfday

S
T day X 32.-87/yd" = $1183.88/hr

Subtracting the hourly labor and equipment charge from this amount gives the
hourly material cost:

$1183.88 - ($158,05 + $88.56) = $937,27

Next, it is necessary to calculate t
of sq meters per hour. There are thr
convert from sq yards to sq meters.
shift lost to radiation control measu
the figures to reflect a pavemen
1.5 inches. The method for dea
W
t

tive application rate in ter
ts to be made. One is to
s to adjust for one hour per
ird adjustment is to convert
0 inch rather than )
t adjustment becomes appar
ionship between d
and the cost per sq ¥
the pavement thickness res
t per unit area. Therefor
kness to 1.0 inch requires

hen it is noted that there is
hicknesses of pavement, the ra
Specifically, the Means data sh
in halving the coverage rate an
adjusting the app11cat1on rate
multiplying by 1.5. Thus, the adju

= 453 mé/hr

412.5 yd®/hr x 0.836 m?/yd? x 7/8 adj x 1.5

¢t to the one hour in ej
calculate the cost of m
steps are taken to conve

The material cost per unit area is n
adjustment for radiation control,
per sq meter at one-inch thickness,
the material cost per hour:

5937 27/hr
412.5% yd /hr x 0.836 ml2

£ = $1.81/n°
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The labor and equipment costs per s e calculated by simply
diyiding the hourly cost by the hourly p

= $0.19/m’

The total cost per sq meter is the sum"': three input categor
52 34 per sq meter.

- The disparity in the rates ult)
representative data for this o data was seli
sentative. There are seve ne is the co
thpse data with other oper Second is the
sistency among the input ca

to the average of all four

than the average, it is one 0

hagardous environment may m

ones. Finally, this rate 1

that the associated cost :

A.1.5.12 Resurface
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A.1.5.13 Medium-Thickness Asphalt Over]

ln Section A,1,5.11 the representative cost of paving asphalt with a one
*m;ﬂ ayar Qf new asphalt 1is dev : he for these figures is pr
. partment of Transpartation and
tne Los Anqeles Department af Puﬁl?g Hn to a lesser extent, Means'
Byr1ding Construction Cost Data 1982 hese s es are also used to develop
consistent estimate of representative costs and the rate for paving a three
thch layer of asphalt.

Pata in Means (p. 47) indicate that the costs and rate of paving remain
cgnstant with the volume of pavement applied. s, doubling the pavement
thickness will halve the application rate and double the cost per unit area.
Using this relation, the costs and rate developed in Section A.1.5.11 for
paving a one~inch layer can be transformed to gvthree-inch layer. The result
are summarized in Table A,1,5.13,1.

TABLE A.1.5.13.1. Representative Data for Paving Asphalt Roads with a
' Three-Inch Layer of Aspha]t

R te = g Sy — T i -
(m/hr) Total abor Materials
151 7.05 5.43

An overlay of asphalt will reduce meas le radiation by shielding and
revent1ng resuspension, N1thout an oval of radioactive particles
e d radiation by half.

Means' Site Work Cost Data 1982 ts the cost of removing

ackhoe and a hydrauli¢ di
1l percent of the costs exc

rquipment accounts for 49 pe xcluding overhéadvand~
and 39 percent of costs incluc rofit.

The production rate for pa listed at 390 sq yards ﬁer/
day. With one hour per shift control, the average ho
productlon is 35 sq meters. er is $3.05. ’

; Means (p. 75} lists asph r thicknesses up to
inches. To standardize to a ches, costs are adjt
by twice the amount that i ree to four inches.
Eal}y, costs in 1982 dc en as shown in
Table A.1.5.14.1. Tot: sq yard when thi
increased by one inch This cost per

to the increase of two inches Thus $4.00 are ad
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TABLE A.1,5.14.1. Means Cost Data for Aspnalt Paving

Lost (3982 3)

Total, incl.

Overhead &
Thickness Material ~ Labor  Equipment  Total Profit
3 3.80 .70 .40 4.30 5,60
4" 5,10 .97 .54 6.61 7.60
6" (est) 7.70 1.31 .82 9.83 11.60

ng the total to $11.60 per st
ories are adjusted in a sim

duction rate is estimated
omes out to 50 sq meters per

$7.60 listed for the four-inch thickness, bri
yard for a six inch thickness. Other cost ca
manner, The cost per sq meter is $13.87.
550 sq yards per day. After ad;ustment
hour and a unit cost of $15,85 per sq me

Engelsman's 1981 Heavy Cons:
of removing asphalt paving over
ing the da11y output of 1000 sq
duction is 91 sq meters. :
breakdown is 40 percent for labor and

~at $0.82 per sq yard
e implied average hourly ‘

.12 per sq meter. The cos
for equipment.

portation estimates the

0 per sq yard. With ‘adju:
To replace the same
ring the cost per sq meter

The State of Washington Departm”

costs $8.75 per sq yard. The same adjust
§11,96, s

¢ Works lists a combi
f asphalt placed. T
on. The d1fference )

The City of Los Angeles Department o

est1mate asphalt placement cost at $25.8
ton, is the cost of pavment rem
cubic feet, these costs refer t
inches th1ck These figures a _
After adjustments, this comes to $10.01
much higher than those given p
this difference.

The paving cost at $25.80 comes t.

f The Federal Highway Admini
tables from The Status of th
{1981), As mentioned previo
pverlay, these data consist
be much higher than costs
to all road construction m:
replacement run from $8.34 per s

|

{

on of app]ylng;a
it costs that ge
ces. Further, t
d costs for remo A
ral minor collector our
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or mare wige on flat terrain, to $112.49 per sy meter for two lanas' widtn of
ar yrbaen freewdy 'n 4 butlt-up area, These figures nave beern adjusted to
accnunt tor radiation control measures,

The regresentatiyve unmit cost of removal 15 calzulated as the average of
the aspnalt removal costs, excluding tnose for the Los Angeles Public Works
Jepartment, AJl of tne replacement £osts are averaged to get the reprasenta-
tive cost, Representative 1nput c0Sts are hased on the percenrtage of total
costs for the inputs as reported by Means and Ingelsman., These percentages are
averaged between the two sources, and then the average percentage 15 applied !
the corresponding representative total cost, Representative production rate
are averages of the reported rates. The representative cost data for caoncre
surfaces are all calculated as averages. The rate for the combined removal
replacement operation is set at 71 sq meters per hour, the rate of the more
costly replacement procedure. This implies that there will be 71/63 = 1,13
removal crews per replacement crew. 1hese data are summarized in
Table A,1.5.14.2,

TABLE A.1.5.14.2, Summary of Pavement Removal! and Reconstruction Cost and
Productivity Data

Rate Cost (1982 $/m%) |
Source Procedure (m®/hr) Total Labor Equipment Material
ASPHALT SURFACES

Means

Removal 35 3.05 1.22 1,83 --

Replacement 50 15.85% 2.06 3.17 10.62
Total 18.90 3.28 5.00 10,62

Englesman

Removal 91 1.12 0.45 0.67 -

Replacement 91 11,78 1.65 0.94 9.19
Total 12.90 2.10 1.61 9.19

Wash. Dept. of Trans.

Removal -- 3.42 -- - -

Replacement -- 11.96 -- -- --
Total -- 15,38 -- -- --

L.A. Pub, Works

Removal ~- 190,01 -- -- --

Replacement -~ 11,90 -- -- -
Total -~ 21.91 -- -- --

Representative

Removal 63 2.53 1.01 1,82 --

Replacement 71 12.87 1.67 1.80 9.40
Total 71 15.40 2.68 3.32 9,40

A.113
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A.l.6 Other Asphalt Surfaces

"Dther asphalt” refers to paved areas of smaller size than roads or 1a
par='ny lots, Other asphait surfaces are mare !'kely to have restricted ac
than asphalt roads., Examples of other aspghalt surfaces 1nclude drivewa :
parts, sidewalks, and patios., Many of the operations described for asgha?t
raads are also appiicable to other asphalt areas. However, because these o
aspnalt surfaces are smaller and have restrigted access, production rates
tikely to be slower. Thnis could result from such things as the inabiiity to
use large-scale equipment. Therefgre, where better date are lacking, costs
nperations on other asphalt are estimated by doubling the labor, equipment,
fuel costs per sq meter and ha%vtng the production rate for the correspand
operation on asphalt roads. In some cases, independent cost and rate esti
for operations on other asphalt are developed 'n the corresponding sections
asphalt roads.

A.l.7 Concrete Streets, Roads and Parking

Most of the operations for concrete roads are the same as for asphalt
roads. Therefore, for many of the operations on concrete roads, the reader ™
directed to the section describing the corresponding operation on asphalt
roads. Where significant differences exist, they are noted.

A.1.7.1 Vacuum

See Section A.1.5.1.

A.1,7.2 Low-Pressure Water Wash

See Section A.1.5.2.

A.1.7.3 High-Pressure Water Wash

See Section A,1.5.3.

A.l.7.4 Very High-Pressure Water Wash

See Section A.1.5.4.
A.1.7.5 Foam

See Section A.1.5.5,

A.1.7.6 Strippable Coating

See Section A,1,5.6.

A.1.7.7 Planing

Planing is described in Section A.lyb ? According to the Los Angel
Department of Public Works, planing con ‘takes about 20% more time th
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planing asphalt, Therefore, the
Section A,1,5,7 are adjusted to i :
costs constant, The rate'for planing

total cost is $1,09 per sq meter, of which

equipment accounts for 30,67,
AJ1.7,8 Tack Coat
See Section A,1,5.8.
A.1.7.9 Sealer
See Section A,1.5.9.
A.1.7.10 Road 0il
See Section A.1.5.10,
A1,7.11 Thin Asphalt Overlay

Currently, asphalt is the p
sxtpattons. While a new asphalt surf
post no partlcular d1fficu1t1
Because concrete is r1g1d, crack
ac%oss it. This rocking can r
unless the coating is falrly t
Works Department never uses ']

concrete at 1 to 1.5 1ncTes;

In this report it is assu

.5.11, data in Means'
b11ng the pavement thi

§25 sq meters per hour,
ounts for $0,42 and

n, the Los An
asphalt on a !

phalt base.

two 1nches of

s per hour
into $0.70
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TABLE A.1.7.12.1, Sumiaéx of Con Road Resurfacing Data

Rate

Procedure  (m2/hr)  Total Equipment

Plane 625 1.09 2 0.67

Pave 227 4.70 k 0.38
Total 227 5.79 .12 1.05

A.1.7.13 Medium-Thickness Asphalt Overlay
See Section A.1.5.13.

A.1.7.14 Removal and Replacement

See Section A.1.5.14 for a general di cussion of removal and replaceme

of pavement. The data collected and the representative data are shown in
Table A.1.7.14.1, P

TABLE A.1.7.14.1. Summary of Pavement Re,'yal and Reconstruction Cost a
Productivity Data

Source ost (1982 Slmal

Rat
Procedure glhfl otal 0 Equipment  Mat

Means

Removal

Replacement
Total

Englesman

Remaval

Replacement
Total

Representative

Removal 46

Replacement 171
Total 171

A.1.8 Other Concrete Surfaces.
AL B |
The relationship be! urfaces and concrete ro
same as that between ot roads, as described i

tion A.1.6, Moreover, r concrete surfaces ar
in the same manner as descr -
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