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Abstract
Forest-road construction costs monitored

at 23 sites totaling 4.8 miles are reported for
pioneering, right-of-way logging, clearing
and grubbing, subgrade excavation, and side-
cast pullback. The use of crawler tractors,
hydraulic excavators, and scrapers individu-
ally and in combination is compared for a
variety of road-site conditions. Two hypo-

thetical examples illustrate the effects of
construction alternatives on total road cost.
This information, added to existing data,
should help those designing and building
roads choose the most efficient techniques
to maximize production and minimize total
road-construction costs.

Introduction
In the last 10 years, several new tech-

niques have been utilized to build logging
access roads in steep terrain. Most were
aimed at improving the stability of the final
road. Central to many of these new tech-
niques is the proper use of hydraulic excava-
tors (backhoes), which are especially effec-
tive when the excavated material must be
endhauled (hauled away to a disposal site or
embankment area). Hydraulic excavators
also can precisely place excavated material
as well as sort debris and scatter it outside
the road prism. However, endhaul construc-
tion costs with hydraulic excavators can be
5 to 15 times greater than conventional side-
cast (pushed off to the side of the roadway)
construction costs with crawler tractors
(bulldozers). It is, therefore, important to
know which conditions warrant the use of
excavators. Once an excavator has been cho-
sen, care must be taken to employ the most
efficient construction techniques possible.

This bulletin describes the results of two
summers of research by Forest Engineering

Department personnel at Oregon State Uni-
versity. Production and cost information was
gathered by continuous on-site observation.
The use of crawler tractors, hydraulic ex-
cavators, and scrapers individually and in
combination (see Appendix A for equipment
specifications, as well as abbreviated ma-
chine names) is compared for a variety of
road-site conditions (see Appendix B for site
information). Two hypothetical examples il-
lustrate the effects of construction alterna-
tives on total road cost.

Note, however, that the information pre-
sented in this bulletin is not exhaustive.
Many aspects of road construction, such as
right-of-way staking and felling, burying
brush and debris, and surfacing, are not in-
cluded. The costs presented are derived from
lease prices and going rates for 1986. Nei-
ther production nor cost estimates are in-
tended for use in contract estimating. They
do, however, serve to show relative differ-
ences in construction techniques and equip-
ment.

Description of Road Construction
Process

The forest-road construction process can
be partitioned into seven main steps that
follow in order: (1) right-of-way felling,
(2) pioneering, (3) right-of-way logging,
(4) clearing and grubbing, (5) excavation and
embankment, (6) subgrade finishing, and
(7) surfacing.

(1) Right-of-way felling involves cutting
down and bucking the trees in the right-
of-way. Trees may also be felled and
left whole.
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(2) Pioneering involves building a temporary
construction access (pioneer road) along
the route of the road project.

(3) Right-of way logging involves removing
merchantable logs from the right-of-
way. Often, a crawler tractor is used to
skid (transport) the logs to a landing.

(4) Clearing and grubbing involve two sepa-
rate operations: (a) clearing (removing
unmerchantable logs, brush, and other
debris from the right-of-way), and
(b) grubbing (digging out and removing
stumps from the right-of-way).

(5) Excavation and embankment involve
construction of the subgrade. Excavated

Pioneering
As previously mentioned, pioneering in-

volves building a temporary construction ac-
cess (pioneer road) along the route of the
road project.

Pioneering with a
Crawler Tractor

Detailed observations were made of
50 stations (1 station = 100 ft) pioneered
with a crawler tractor. The resulting produc-
tion and cost estimates are shown in Table 1.
Note that crew size affects cost per hour;
if a job requires only one worker, a second
worker (the helper or witness) must be pres-
ent for safety reasons.

Pioneering with a
Hydraulic Excavator

Detailed observations were made of
12.4 stations pioneered with a hydraulic ex-
cavator. None of the sites required much ex-
cavation. At each, pioneering, right-of-way

material is sidecast, drifted (pushed) a
short distance, or endhauled. Fills also
are compacted.

(6) Subgrade finishing includes installing
ditches and culverts and shaping the
road bed.

(7) Surfacing involves laying the base
course (if needed) and surface course
(rock or pavement).

This bulletin focuses primarily on steps (2)
through (5). Most of the recent changes in
forest road construction, especially the use
of hydraulic excavators, pertain to these
four steps.

logging, and clearing and grubbing were
combined into one phase. The resulting pro-
duction and cost estimates are shown in
Table 2.

Summary

Side slopes at sites pioneered with a
crawler tractor were generally steeper than
those at sites pioneered with a hydraulic ex-
cavator. Pioneering costs for crawler trac-
tors were therefore higher than those for ex-
cavators. Where side slopes were the same,
pioneering with a hydraulic excavator was
less expensive than pioneering with a crawl-
er tractor.

When a hydraulic excavator was used for
road construction, the pioneering, right-of-
way logging, clearing and grubbing, and sub-
grade excavation operations were often done
in one pass (the one-pass method). The exca-
vators required about 16 ft of grade width to
swing 180°. As a result, the pioneer road was
often very near final grade.

2



TABLE 1.

PIONEERING WITH A CRAWLER TRACTOR.

Site No. of Crew
Side

slope soil Pioneering Production Costa
no. stations size Machine (%) type direction (sta/hr) ($/sta)

1 3.2 4 CAT D7G 40-60 Commonb Downhill 2.15 65
2 9.2 4 CAT D7G 60-80 Rocky Uphill 0.97 144
3 5.2 4 INT TD-20E 0-10 Common Downhill 3.27 43
4 4.9 3 CAT D7G 20-30 Common Downhill 1.61 33
5 16.5 3 CAT D7G 10-30 Common Downhill 3.39 35
7 11.0 2 CAT D7G 40-60 Common Downhill 1.60 62

a $100/hr for crawler tractor, 1 operator, 1 helper; $120/hr for crawler tractor, 1 operator,
1 choker setter, 1 chaser; $140/hr for crawler tractor, 1 operator, 2 choker setters, 1 chaser.

b Common refers to soil with little or no rock.

TABLE 2.

PIONEERING WITH A HYDRAULIC EXCAVATOR.

Site No. of Crew
Side

slope Soil Pioneering Production Costa
no. stations size Machine (%) type direction (sta/hr) ($/sta)

9 1.3 2 CAT 235 0-10 Common Ridgetop 7.50 13
10 5.5 2 CAT 235 10-20 Common Downhill 4.68 21
11 2.1 2 CAT 235 0-10 Common Downhill 5.87 17
12 3.5 2 CAT 235 10-20 Common Downhill 5.23 19

a $120/hr for hydraulic excavator, 1 operator. 1 helper.

Right-of-way Logging
Three types of right-of-way logging were hydraulic excavator. Right-of-way logging

observed: (1) logging with a crawler tractor, itself often was combined with other steps
(2) logging with a crawler tractor and a in the road construction process (e.g., pio-
hydraulic excavator, and (3) logging with a neering, excavation and embankment).
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Logging with a Crawler
Tractor

When a crawler tractor was used to pio-
neer a road, right-of-way logging was com-
bined with pioneering. The crawler tractor
constructed the pioneer road until a felled
log obstructed the right-of-way. If the log
could not be safely pushed to the side, or if
it might be buried or lost downhill by further
pioneering, it was hooked and skidded to
a landing. A 4-person crew-1 operator,
2 choker setters, and 1 chaser at the land-
ing-commonly was used.

Right-of-way logging with a crawler trac-
tor was monitored at 3 different sites for a
total of 23.1 station (Table 3).

Logging with a Crawler
Tractor and Hydraulic
Excavator

A crawler tractor, in conjunction with a
hydraulic excavator, was also used for right-
of-way logging. In this case, the excavator
constructed the pioneer road, swinging the
logs around and laying one end of each log on
the road. The crawler tractor then skidded
the logs to a landing.

Right-of-way logging with a crawler trac-
tor and hydraulic excavator was monitored
at 2 different sites for a total of 23 stations.
Skidding was not monitored; only swing times
were recorded. The resulting swinging pro-
duction and cost estimates are shown in Ta-
ble 4.

Observations:

1. The swing rate at site 8 (70.1 MBF/hr)
was much higher than that at site 13
(25.9 MBF/hr) because the excavator at
site 8 was able to swing faster than the
excavator at site 13.

2. At site 8, the crew was instructed to re-
move right-of-way logs as quickly as
possible; pioneering and clearing and
grubbing were kept to a minimum. Once

logs were removed, the excavator re-
worked the pioneer road and cleared and
grubbed the right-of-way.

3. Because the hydraulic excavator swung
the logs onto. the pioneer road, less work
was required to "hook" the logs for skid-
ding. As a result, one less crew member
was required for skidding.

Logging with a
Hydraulic Excavator

A hydraulic excavator can be used to
construct the entire road in one pass. This
requires that the pioneering, right-of-way
logging, clearing and grubbing, and subgrade
excavation all be combined.

Right-of-way logging with a hydraulic ex-
cavator was monitored at 3 different sites.
The resulting production and cost estimates
are presented in Table 5.

Observations:

1. It is important to match the size of the
excavator to the size of the logs. The ex-
cavator must be able to handle the larg-
est logs.

2. There were very few logs (1 percent) that
the excavator could not reach and place
on the road grade.

3. The operators observed would swing 2 or
3 logs onto the pioneer road before pick-
ing them up and carrying them to the
deck.

4. Deck size was important. Operators were
expected to accumulate at least one
truck load of logs at each deck.

5. Although the excavator could carry sev-
eral logs at once, slow travel speeds
made skidding the logs very expensive.

Summary
Table 6 summarizes right-of-way logging

costs. Skidding right-of-way logs with a
4



TABLE 3.

LOGGING WITH A CRAWLER TRACTOR, STUMP TO LANDING.

Avg.
Skid No. log % of time spent

Site No. of Crew distance of size Setting Production Cost
no. stations size Machine (ft) logs (bd ft) chokers Skidding (MBF/hr) ($/MBF)

4 4.9 3 CAT D7G 300 144 400 21 45 12.41 9.67a
5 16.5 3 CAT D7G 200 274 560 - 64c - 11.47 10.46a
6 1.7 4 CAT D7G 85 73 430 18 54 12.15 11.52b

a $120/hr for crawler tractor, 1 operator, 1 choker setter, 1 chaser.
b $140/hr for crawler tractor, 1 operator, 2 choker setters, 1 chaser.
c Setting chokers and skidding were not monitored separately at this site.

TABLE 4.

SWINGING LOGS WITH A HYDRAULIC EXCAVATOR.

Avg.
No. log

Site No. of of size Production Costa
no. stations Machine logs (bd ft) (MBF/hr) ($/MBF)

8 21.5 BE 300-H 475 810 70.1 1.43
13 1.5 CAT 235 33 785 25.9 3.86

a $100/hr for hydraulic excavator, 1 operator (helper not needed).

TABLE 5.

LOGGING WITH A HYDRAULIC EXCAVATOR, STUMP TO LANDING.

Avg.
Skid No. log

Site No. of distance of size Production Costa
no. stations (ft) Machine logs (bd ft) (MBF/hr) ($/MBF)

9 1.3 70 CAT 235 30 500 30.33.95
12 3.5 150 CAT 235 122 500 24.6 4.88
11 2.1 225 CAT 235 60 500 13.8 8.67

a $120/hr for hydraulic excavator, 1 operator, 1 helper.
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crawler tractor was expensive because of the
hooking time required and the use of a 4-
person crew.

When a hydraulic excavator constructed a
forest road in one pass, the right-of-way
logging costs were comparatively lower.
However, these costs are much more sensi-
tive to yarding distance (Table 6). At longer
yarding distances, the cost of right-of-way
logging with a hydraulic excavator would
probably be higher than that of right-of-way
logging with a crawler tractor. Density of
timber also affects the relative costs.

When a hydraulic excavator was used to
swing right-of-way logs onto the pioneer

TABLE 6.

SUMMARY OF RIGHT-OF-WAY LOGGING COSTS.

road and a crawler tractor to skid logs to the
landing, size of the crawler tractor crew was
reduced to three people. This combination
seemed to best utilize the capabilities of
both machines.

Where conditions permit, a rubber-tired
skidder or small crawler tractor with grap-
ples might further reduce the cost of right-
of-way logging by reducing the skidding crew
to one person (the skidder operator).

Our observation is that right-of-way log-
ging was not planned out specifically. As a
rule, the equipment used for pioneering was
also used for right-of-way logging.

Cost ($/MBF)
Operation Low Average High Comments

Logging with a crawler tractor 9.67 10.60 11.52 85 to 300 ft
Swinging with a hydraulic excavatora 1.43 2.65 3.86 Swing cost only
Logging with a hydraulic excavator 3.95 6.31 8.67 70 to 225 ft

a Only swing times were recorded when sites were logged with a tractor and an excavator.

Clearing and Grubbing
The objective of clearing and grubbing is

to eliminate the intermixing of debris with
fill material. As previously mentioned, this
step involves two operations: (a) clearing
(removing unmerchantable logs, brush, and
other debris from the right-of-way), and
(b) grubbing (digging out and removing
stumps from the right-of-way).

In the past, where side slopes were not too
steep and the ground was dry, crawler trac-
tors were used to dig stumps and scatter de-
bris. Where slopes were too steep or un-
stable, stumps and debris were piled outside
the roadway or skidded out of the right-of-

way. The use of hydraulic excavators for
clearing and grubbing provides several alter-
natives. The following comparisons should
help relate the cost and effectiveness of
clearing and grubbing with the more tradi-
tional methods requiring a crawler tractor to
the cost and effectiveness of clearing and
grubbing with a hydraulic excavator.

Clearing and Grubbing
with a Crawler Tractor

On one site (2), a crawler tractor skidded
debris out of the right-of-way an average of
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300 ft (Table 7); 35 percent of the total pio-
neering, right-of-way logging, and clearing
and grubbing time was spent removing the
debris.

On another site (3), a crawler tractor piled
heavy debris outside the right-of-way (Ta-
ble 7); 62.5 percent of the total pioneering,
right-of-way logging, and clearing and grub-
bing time was spent removing the debris.
This site was dry when monitored. However,
under wet conditions and steeper side slopes,
production would have been lower.

On a third site (14), also dry when moni-
tored, a crawler tractor scattered light de-
bris outside the right-of-way (Table 7);
6 percent of the total pioneering, right-of-
way logging, and clearing and grubbing time
was spent removing the debris. Only a mini-
mum of clearing was done at this site.

Clearing and Grubbing
with a Hydraulic
Excavator

Once merchantable logs are yarded from
the right-of-way, brush, stumps, and other
debris can be scattered outside the right-of-
way with a hydraulic excavator. Using an ex-

TABLE 7.

cavator as opposed to a crawler tractor al-
lows debris to actually be scattered and not
just piled or windrowed.

Detailed observations were made of
57 stations over 7 different sites. The result-
ing production and cost estimates are shown
in Table 8.

Observations:

1. The cost of $120/hr shown in Table 8 in-
cludes the cost of a helper. Most of the
time, however, a helper was not needed
because either a crawler tractor operator
or pioneering crew member was nearby.

2. At site 7, the pioneer road was construc-
ted with a crawler tractor. The excavator
had to dig through the material sidecast
during pioneering to scatter the brush and
stumps.

3. At site 2, the road was constructed along
a ridgetop. Very little excavation was re-
quired. Brush and stumps were scattered
from either side of the pioneer road dur-
ing its construction.

4. The excavators did not leave a windrow
of brush and stumps at the bottom of the
road prism. Brush was more effectively

CLEARING AND GRUBBING WITH A CRAWLER TRACTOR.

Side Clearing
Site No. of slope width Production Cost
no. stations (%) (ft) Machine (sta/hr) $/staa $/acre

Skidding debris out of the right-of-way
2 9.2 60-80 50 CAT D7G 0.87 161 1400

Piling heavy debris outside the right-of-way
3 5.2 0-10 50 INT TD-20E 0.90 156 1360

Scattering light debris outside the right-of-way
14 8 30-40 30 CAT D7G 13.7 10 148

a $140/hr for crawler tractor, 1 operator, 2 choker setters, 1 chaser.
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TABLE 8.

CLEARING AND GRUBBING WITH A HYDRAULIC EXCAVATOR.

Site No. of
Clearing

width Production Cost
no. stations (ft) Machine (sta/hr) $/staa $/acre

8 21.5 50 BE 300-H 2.96 41 353
11 2.1 50 CAT 235 1.56 77 670

9 1.3 50 CAT 235 1.32 91 792
12 3.5 50 CAT 235 1.22 98 85
13 1.5 50 CAT 235 1.08 111 96

7 22.0 50 FMC 5400 0.77 156 135
2 5.6 80b FMC 5400 0.48 250 1361

a $120/hr for hydraulic excavator, 1 operator, 1 helper.
b Extra clearing width was required for a planned fill.

scattered below the road prism with ex-
cavators than with crawler tractors. summary

5. Excavator operators typically shook the
loose dirt and rocks from root wads be-
fore scattering them below the road
prism.

6. Excavator operators typically removed
stumps between the pioneer road and the
final grade during clearing and grubbing.
Crawler tractors were unable to reach
these stumps from the pioneer road.

Table 9 summarizes clearing and grubbing
costs. Under all but the most favorable con-
ditions (level, dry sites), a hydraulic excava-
tor seemed to be better suited for clearing
and grubbing than a crawler tractor, which is
limited to gentle slopes and dry ground. Even
then, we observed that debris was piled or
windrowed more than scattered. A hydraulic
excavator is not limited by site conditions
and can scatter brush over a wider area.

TABLE 9.

SUMMARY OF CLEARING AND GRUBBING COSTS.

Cost ($/sta)
Operation Low Average High

Skidding debris with a crawler tractor 161
Piling heavy debris with a crawler tractor 156
Scattering light debris with a crawler tractor 10
Scattering debris with a hydraulic excavator 41 146 250
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Subgrade Excavation
When a forest road is constructed, there

are many ways to excavate the subgrade.
Traditionally, crawler tractors have been
used to sidecast the excavated material and
form part of the road (a balanced section).
Where side slopes have been too steep, full
bench (excavating the entire width of the
road) construction has been specified, but
the excavated material has still been side-
cast. Where material has needed to be trans-
ported, crawler tractors have been used for
short distances and scrapers for longer dis-
tances.

In recent years, full bench construction
and endhauling have become more prevalent.
At first, crawler tractors were used to drift
the material to sites where front-end loaders
could load it into trucks. Now, however, hy-
draulic excavators are commonly used for
endhauling operations. They provide excel-
lent excavation and placement of material
and often prove to be more cost effective
than other techniques.

With so many options, it is important to
know which to choose. Where two or more
options are suitable, it is important to know
their relative costs so that subgrade con-
struction cost can be minimized.

Production and cost estimates presented
here are based on actual work times. Ex-
cessive delays, crew efficiency, "move-in,
move-out" time, and overhead costs are not
considered.

Sidecasting

Sidecasting is the least expensive option
for subgrade construction. On gentle slopes,
the excavated material can be used to build
the roadway, minimizing the required exca-
vation. On steep slopes, the excavated ma-
terial is allowed to roll or slide down the
hillside.

Either a crawler tractor or hydraulic ex-
cavator can be used for sidecasting. How-
ever, using the excavator makes it possible
to sidecast on steeper slopes, with better
sorting and placement of excavated ma-
terial.

Sidecasting with a Crawler
Tractor

Sidecasting with a crawler tractor was
monitored on 2 different sites for a total of
27.2 stations (Table 10). In both instances,
excavation proceeded downhill.

Sidecasting with a Hydraulic
Excavator

Sidecasting with an excavator was mon-
itored on 2 different sites for a total of
5.5 stations (Table 11).

TABLE 10.

SIDECASTING WITH A CRAWLER TRACTOR.

Site No. of Soil

Average
subgrade
width

Final
grade

Side
slope Volume Production Cost

no. stations type Machine (ft) (%) (%) (yd3/sta) (yd3/hr) ($/yd3)

7 22.0 Common CAT D7G 20 10 0-60 648 300 0.33a
15 5.2 Common CAT D8H 15 8-15 40-60 270 420 0.29b

a $100/hr for crawler tractor, 1 operator, 1 helper.
b $120/hr for crawler tractor, 1 operator, 1 helper.
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TABLE 11.

SIDECASTING WITH A HYDRAULIC EXCAVATOR.

Site No. of Soil

Average
subgrade

width
Final

grade
Side

slope Volume Production Costa
no. stations type Machine (ft) (%) (%) (yd3/sta) (yd3/hr) ($/yd3)

12 3.5 Common CAT 235 17 5-10 20 107 270 0.44
16 2.0 Common CAT 235 18 5 30 180 370 0.32

a $120/hr for hydraulic excavator, 1 operator, 1 helper.

Drifting with a Crawler
Tractor

In steep, sensitive areas, full bench con-
struction with no sidecasting is often re-
quired. Situations do exist where the dis-
tance in such areas is short enough that
drifting material away from the steeper
slopes and sidecasting it onto gentler slopes
or stabler ground are economically feasible.
For shorter distances, material can be drift-
ed with a crawler tractor. For longer distan-
ces, however, scrapers are often more effi-
cient. Drifting material downhill and away
from the excavation site was monitored on
3 different sites (Table 12).

Observations:

1. Sites 17-A and -B involved construction
of a ridgetop road. Several fills were en-
gineered to reduce final road grade.

A trench method of excavation was used
at site 2 to facilitate drifting larger
quantities. Production was high because
the crawler tractor was able to drift as
much as 30 yd3 of material at a time.
With this method, the crawler tractor be-
gan by excavating a blade-wide trench.
At first, some material escaped over the
side of the road as the blade filled, but
the outside berm retained this material
as the trench deepened. Material that es-

TABLE 12.

DRIFTING WITH A CRAWLER TRACTOR.

Site
Drift

distance Soil

Average
subgrade
width

Final
grade

Side
slope Production Costa

no. (ft) type Machine (ft) (%) (%) (yd3/hr) ($/yd3)

17-A 200 Common CAT D8H - - Ridgetop 160 0.75
2 300 Rippable CAT D8H 18 15 60-80 135 0.89

17-B 400 Common CAT D8H - - Ridgetop 75 1.60

a $120/hr for crawler tractor, 1 operator, 1 helper.

10
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caped over the side of the road was re-
trieved later with a hydraulic excavator.

Excavating and
Endhauling with
a Scraper

Scrapers can be used to excavate soil with
some rocks and to endhaul up adverse grades,
but they are not very practical for doing so.
Where conditions are not ideal, scrapers gen-
erally require an assist from a crawler trac-
tor when loading.

Scrapers were observed at 4 different road
sites where 35 loads were drifted up to
575 ft (Table 13). The costs shown In Ta-
ble 13 do not include a helper for the scraper
because a crawler tractor operator was al-
ways nearby.

Observations:

1. At sites 17-C, -D, and -E, a crawler
tractor was working nearby, but was not
used to assist the scraper. The scraper
leveled the road grade, and material ex-
cavated from high points along the grade
was used for fill at lower points.

2. At site 18, a crawler tractor was used to
push the scraper during loading because
some rock was encountered. This in-

TABLE 13.

creased costs but also allowed the scrap-
er to load more material per cycle than
at sites 17-C, -D, and -E.

Excavating and
Endhauling with a
Hydraulic Excavator
and Dump Trucks

Endhauling is required where sidecasting is
not allowed and drifting is not feasible. It is
the most expensive method of construction,
costing 5 to 15 times as much as sidecasting.

The production and cost estimates shown
in Table 14 are based on 238 truck loads at
9 different road sites. Excavating and end-
hauling cycle times are presented in Appen-
dix C.

Observations:

1. Sites 19-A through -E: These road sites
were pioneered with a crawler tractor.
The excavator had already made a single
pass over the pioneer road to scatter
brush and debris immediately below the
road. Throughout construction, the exca-
vator and trucks worked from the pioneer
road. The excavator dug to grade on one
side of the road, then swung 180° with
each bucketful to load the truck on the

EXCAVATING AND ENDHAULING WITH A SCRAPER.

Site
Drift

distance Soil

Average
subgrade
width

Final

grade Production Cost

no. (ft) type Machine (ft) (%) (yd3/hr) ($/yd3)

17-C 300 Common TS-14B 12 5-10 240 0.42a
17-D 400 Common TS-14B 12 5-10 213 0.47a
18 525 Common TS-14B 20 -- 190 1.06b
17-E 575 Common TS-14B 15 5-10 195 0.65a

a $100/hr for scraper, 1 operator (helper not needed).
b $200/hr for scraper, 1 operator, plus crawler tractor, 1 operator.
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TABLE 14.

EXCAVATING AND ENDHAULING WITH A HYDRAULIC EXCAVATOR AND DUMP TRUCKS.

Site No. of
Truck

size

Haul
dis-

No. of tance Soil

Final
grade
width Production (YO/hr) Costc

no. Machine trucks (yd3) loads (RTM)a typeb (ft) Excavator Truck ($/yd3)

19-A FMC 5400 1 10 4 2.9 A 18 24.6 24.6 5.77
19-B FMC 5400 2 10 21 0.8 A 18 86.9 43.4 2.12
19-C FMC 5400 3 10 14 2.9 A 18 69.9 23.33.23
19-D FMC 5400 3 10 12 3.1 A 18 64.8 21.6 3.49
19-E FMC 5400 5 10 20 3.3 A 18 100.9 20.23.07
20 CAT 235 2 10 17 1.8 B 18-20 83.9 43.6 2.16
21 CAT 235 2 10 37 0.3 B 18-20 110.4 54.3 1.68
22 CAT 235 2 10 14 0.3 B 18-20 130.9 65.9 1.40
23d HIT UH122 3 10 99 0.6 C 30-40 183.5 65.1 1.19

a RTM = round-trip miles.
b A = rippable rock with some common soil; B = mostly common soil with some rippable rock;

C = common soil only.
c $100/hr for hydraulic excavator, 1 operator, plus $42/hr for dump truck.
d Landing construction.

other side of the road. Truck positioning
times were high because the trucks often
had to back several hundred feet from
their turnaround site to the excavator.

2. Sites 20-22: Sites 20 through 22 all used
the same excavator and operator. No
separate pioneering step was included.
Throughout construction, the excavator
and dump trucks worked from the final
grade. The excavator dug on one side of
the road, then swung 180° with each
bucketful to load the truck on the other
side of the road. A crawler tractor
smoothed the final grade and managed
the dump site. Truck positioning time was
higher at site 20 than at sites 21 and 22
because trucks had farther to go when
backing into position to be loaded.

3. Site 23: At site 23 a small landing was
being built along a narrow ridgetop. The
excavator constructed the subgrade from
the pioneer road while the trucks stayed
on the newly constructed final grade. The
excavator always dug between itself and
the trucks, eliminating the need to swing

180° with each bucketful. Truck position-
ing times were extremely low because
the landing was wide enough for two
trucks to park side by side; one truck
could back into position while the other
truck was being loaded.

Summary
Sidecasting with a hydraulic excavator was

only slightly more expensive than sidecast-
ing with a crawler tractor (Table 15) while
maintaining better control over the place-
ment of sidecast material during excavation.
Sidecasting with an excavator may be a via-
ble alternative to endhauling in marginally
sensitive (unstable) areas. Where road grades
are steep (i.e., >15 percent), the excavator
has the advantage of being stationary during
excavation; the crawler tractor, on the other
hand, is limited to downhill excavation.
Drifting with a crawler tractor was 2.6 to
4.8 times more expensive than sidecasting
within the ranges observed. And the cost of
excavating and endhauling with a scraper
varied considerably depending on site.

12



TABLE 15.

SUMMARY OF SUBGRADE EXCAVATION COSTS.

Cost / d3
Operation Low Average High Comments

Sidecasting
With a crawler tractor 0.29 0.31 0.30
With a hydraulic excavator 0.32 0.38 0.44

Drifting with a crawler tractor 0.75 1.18 1.60 200 to 400 ft
Excavating and endhauling
With a scraper 0.42 0.74 1.06 300 to 575 ft
With a hydraulic excavator

and dump trucks 1.19 3.48 5.77 800 to 8700 ft

On the basis of Table 15, excavating and
endhauling were 4.1 to 17.5 times more ex-
pensive than conventional sidecasting. How-
ever, endhauling costs could be reduced by,
for example, using the right number of

trucks with a hydraulic excavator. Because
both drifting and endhauling are affected by
the drift/haul distance, costs would be higher
for distances greater than those observed in
this study.

Sidecast Pullback
The purpose of sidecast pullback, imple-

mented only recently in the Oregon Coast
Range, is to eliminate or at least reduce any
extra weight on the slope just below the road
cut. In sidecast pullback, a hydraulic excava-
tor moves along an existing road or landing
and removes any excess burden (soil and de-
bris placed on the original ground slope dur-
ing road construction and making the result-

ing slope unstable) from the shoulder of the
road or landing. Any stumps and debris en-
countered are pulled out and scattered
downhill.

Sidecast pullback was monitored on a site
on which the road had been constructed with
the sidecast method (Table 16). One dump

TABLE 16.

SIDECAST PULLBACK WITH A HYDRAULIC EXCAVATOR AND DUMP TRUCK.

Site No. of No. of
Haul

distance Production (yd3/hr) Costa
no. Machine loads trucks (ft) Excavator Truck ($/yd3)

2 FMC 5400 34 1 500 96 96 1.48

a $100/hr for hydraulic excavator, 1 operator, plus $42/hr for dump truck, 1 operator.
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truck hauled loads of debris, rock, and soil up
to 8 stations (average, 5 stations) from the
excavator to the dump site. While the truck
dumped a load, the excavator picked up de-
bris and rocks and scattered them outside
the road prism. The excavator also used this
time to smooth the final side slope.

As with any endhauling operation, produc-
tion and costs are contingent on the number
of trucks being used and the haul distances
required. Other excavator operators involved
in sidecast pullback cited production esti-
mates of 60 to 70 yd3/hr where haul dis-
tances were longer.

Total Road-Cost Examples
The following two examples show the rel-

ative effect of several construction alter-
natives on total road cost. Values of some
components (grade preparation, rock, mis-
cellaneous) are held constant while values of
other components (pioneering, right-of-way
logging, clearing and grubbing, subgrade ex-
cavation) are varied. The values of the var-
ied components have been selected from ta-
bles in this bulletin. The first example illus-
trates high road-construction costs. The sec-

ond example illustrates how those costs can
be reduced by using different methods to
construct the same road.

In this hypothetical road-construction pro-
ject, 12 MBF/station of merchantable timber
must be yarded an average of 200 ft. Me-
dium to heavy brush must be cleared. Some
600 yd3/station of soil (no unrippable rock)
must be excavated. Surface rock is to be
placed on the final grade.

14



Example 1
A crawler tractor and crew will pioneer

the road. Logs, brush, and stumps will be
yarded from the right-of-way. Brush and
stumps will then be piled and burned. A hy-
draulic excavator and conventional 10- to
12-yd3 dump trucks will endhaul the exca-

Operation

vated material an average of 3.1 mi round
trip.

In example 1, excavation is the major cost
component. If we were to use the highest ex-
cavation cost presented ($5.77/yd3), the to-
tal road cost would be $231,052/mi.

$/Station

Pioneering . . . . . . . . . . . . . . . . . . . 144
(from Table 1; crawler tractor, site 2)

Right-of-way logging . . . . . . . . . . 126
(from Table 3; crawler tractor, site 5s
$10.46/MBF x 12 MBF/sta)

Clearing and grubbing . . . . . . . . . . . . . . 181
(from Table 7; crawler tractor, site 2:
$161/sta + $20/sta for pile/burn)

Subgrade excavation . . . . . . . . . . . . 2094
(from Table 14, hydraulic excavator and
dump trucks, site 19-1l: $3.4 9 /yd3 x 600 yd3fsta)

Grade preparation . . . . . . . . . . . . 60
(includes grading, compacting, and ditching),

Rock . . . . . . . . . . . . . . . . 303
(2000 yd3/mi at $8/yd3)

Miscellaneous . . . . . . . . . . . . . . . . 100
(includes culverts, foreman, water truck, etc.)

TOTAL COST/STATION . . . . $3,008

TOTAL COST/MILE . . . . . . . . . . . . . $158,822
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Example 2

A hydraulic excavator will construct the
same road as in example 1 in one pass (no
separate pioneering step). The excavator will
scatter brush and stumps and swing the mer-
chantable logs so that one end sits on the
road grade to facilitate skidding. A rubber-
tired skidder will skid the logs to the landing.

One-half of the excavated material will be
endhauled, the other half sidecast, taking
advantage of the excavator's ability to se-
lectively place material on the slope.

Using some combination of excavation
methods that suit the terrain reduces exca-
vation costs significantly. The total per-mile
cost for example 2 is roughly 40 percent
lower than that for example 1.

Operation $/Station

Pioneering . . . . . . . . . . . . . . . . .

Right-of-way logging . . . . . . . . .

(from Table 4; hydraulic excavator,
site 8: swing $1.43/MBF x 12 MBF/sta,
assumed skid $3.00/MBF x 12 MBF/sta)

Clearing and grubbing . . . . . . . . . . . . .

(from Table 8; hydraulic excavator, site 8)

Subgrade excavation . . . . . . . . . . . . . .

(from Table 11; sidecasting with hydraulic
excavator, site 16: $0.32/yd3 x 300 yd3/sta)
(from Table 14; excavating, endhauling with
hydraulic excavator and dump trucks,
site 19-D: $3.49/yd3 x 300 yd3/sta)

Grade preparation . . . . . . . . . . . . . . .

(includes grading, compacting, and ditching)

Rock
(2000 yd3/mi at $8/yd3)

Miscellaneous . . . . . . . . . . . . . . . . .

(includes culverts, foreman, water truck, etc.)

TOTAL COST/STATION . . . . . . . . .

TOTAL COST/MILE . . . . . . . . . . . .

. 0

. 53

. 41

. 1143

. 60

303

. 100

. $1,700

. $89,760
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Appendix A: Equipment Specifications
Crawler Tractors
Caterpillar D6D (CAT D6D)1

Engine: Caterpillar Model 3306
6 cylinders, 4-cycle diesel
Flywheel horsepower:

140 at 1900 rpm

Tracks: Shoe width: 18 in. (0.457 m)
Ground contact area:

3348 in.2 (2.16 m2)

Ground clearance: 12.2 in. (0.31 m)

Travel speed: Maximum forward:
6.7 mph (10.8 km/h)

Maximum reverse:
8.0 mph (12.9 km/h)

Blade: Straight
Width: 12 ft 9 in. (3.89 m)
Height: 3 ft (0.91 m)
Digging depth: 17.4 in. (0.44 m)

Caterpillar D7G (CAT D7G)

Engine: Caterpillar Model 3306
6 cylinders, 4-cycle diesel
Flywheel horsepower:

200 at 2000 rpm

Tracks: Shoe width: 20 in. (0.51 m)
Ground contact area:

4270 in.2 (2.76 m2)

Ground clearance: 3.7 in. (0.35 m)

Tracks: Shoe width: 24 in. (0.61 m)
Ground contact area:

6059 in.2 (3.91 m2)

Ground clearance: 20 in. (0.51 m)

Travel speed: Maximum forward:
6.5 mph (10.5 km/h)

Maximum reverse:
8.1 mph (13.0 km/h)

Blade: Straight
Width: 13 ft 1 in. (3.99 m)
Height: 53 in. (1.36 m)
Digging depth: 18.4 in. (0.47 m)

International TD-20E (INT TD-20E)

Engine: International Model DVT-800
8 cylinders, 4-cycle diesel
Flywheel horsepower:

210 at 2100 rpm

Tracks: Shoe width: 22 in. (0.56 m)
Ground contact area:

4774 in.2 (3.08 m2)

Ground clearance: 18.1 in. (0.46 m)

Travel speed: Maximum forward:
6.4 mph (10.2 km/h)

Maximum reverse:
7.5 mph (12.0 km/h)

Blade:

Travel speed: Maximum forward:
6.3 mph (10.1 km/h)

Maximum reverse:
5.8 mph (9.3 km/h)

Blade: Straight
Width: 14 ft (4.27 m)
Height: 3 ft 2 in. (0.97 m)
Digging depth: 18.9 in. (0.48 m)

Caterpillar D8H (CAT D8H)

Engine: Caterpillar Model D342
6 cylinders, 4-cycle diesel
Flywheel horsepower:

270 at 1280 rpm

1 Abbreviated names are used in main-text tables and
Appendix B.

Semi "U"
Width: 11 ft 6 in. (3.5 m)
Height: 51 in. (1.3 m)
Digging depth: 18.4 in. (0.47 m)

Terex 82-30B (82-30B)

Engine: Detroit Model DV-71T
8 cylinders, 2-cycle diesel
Flywheel horsepower:

260 at 2100 rpm

Tracks: Shoe width: 22 in. (0.56 m)
Ground contact area:

5456 in.2 (3.52 m2)

Ground clearance: 18.3 in. (0.46 m)

Travel speed: Maximum forward:
7.0 mph (11.2 km/h)

Maximum reverse:
8.4 mph (13.5 km/h)

Blade: Semi "U"
Width: 12 ft 3 in. (3.73 m)
Height: 54 in. (1.37 m)
Digging depth: 20 in. (0.51 m)
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Hydraulic Excavators Bucket size: Width: 36 in. (0.91 m)
Capacity:

Caterpillar 235 (CAT 235) 0.75 yd3 (0.6 m3) struck
d3) hd3 1 180 eapem( .y1.5

Engine: Caterpillar Model 3306
6 cylinders Tracks: Shoe width: 24 in. (0.6 m)
Flywheel horsepower: Ground contact area:

195 at 2000 rpm 10593 in.2 (6.83 m2)

Bucket size Width: 42 in. (1.07 m) Ground clearance: Not given
Capacity:

1.25 yd3 (0.96 m3) struck Working range: Level reach: 35 ft (10.67 m)
2.50 yd3 (1.91 m3) heaped Maximum depth:

23ft 7in.(7.18m)
Tracks: Shoe width: 36 in. (0.91 m) Maximum travel speed:

Ground contact area: 1.9 mph (3.1 km/h)
9936 in.2 (6.41 m2)

Ground clearance: 21 in. (0.53 m)
Hydraulic system: 3600 psi (24.8 MPa);

rpm not given

Working range: Level reach:
39 ft 1 in. (11.91 m)

Maximum depth:
26 ft 6 in. (8.08 m)

Maximum travel speed:
2.3 mph (3.7 km/h)

Hydraulic system: 4000 psi (27.56 MPa)
at 2000 rpm

FMC Linkbelt LS-5400 (FMC 5400)

Engine: GM Model 6-71N, 6 cylinders
Flywheel horsepower:

208 at 2100 rpm

Bucket size: Width: 42 in. (1.07 m)
Capacity:

1.25 yd3 (0.96 m3) struck
2.50 yd3 (1.91 m3) heaped

Tracks: Shoe width: 36 in. (0.91 m)
Ground contact area:

12168 in.2 (7.85 m2)

Ground clearance: 21 in. (0.53 m)

Working range: Level reach:
38 ft 11 in. (11.58 m)

Maximum depth:
25 ft 9 in. (7.85 m)

Maximum travel speed:
2 mph (3.2 km/h)

Hydraulic system: Variable volume/pressure

Hitachi UH122 (HIT UH122)

Engine: Isuzu Model E120, 6 cylinders
Flywheel horsepower:

164 at 1750 rpm

Bucyrus-Erie 300-H (BE 300-H)

Engine:

Bucket size:

Detroit diesel Model 6V-53N
6 cylinders
Flywheel horsepower:

176 at 2500 rpm

Width: 36 in. (0.91 m)
Capacity:
0.75 yd3 (0.6 m3) struck
1.38 yd3 (1.05 m3) heaped

Tracks: Shoe width: 30 in. (0.76 m)
Ground contact area:

8310 in.2 (5.36 m2)

Ground clearance: 21 in. (0.53 m)

Working range: Level reach:
32 ft 9 in. (9.98 m)

Maximum depth:
20 ft 10 in. (6.35 m)

Maximum travel speed:
2.5 mph (4.0 km/h)

Hydraulic system: 5000 psi (34.45 MPa) maximum

Scraper

Terex TS-14B (TS-14B)

Engine:

Capacity:

Two 471 Detroit diesel Model
4-71N, 4 cylinders

Flywheel horsepower:
160 at 2100 rpm

48000 lb (21773 kg)
20 yd3 (15.3 m3 heaped)
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Appendix B: Road-Site Information
Appendix B provides brief relevant information

about each road-construction site monitored in
this study.

Site 1

Site 1 (3.2 stations; side slopes 40 to 60 percent)
was pioneered and right-of-way logged with a
CAT D7G crawler tractor. After the road was pio-
neered, it was cleared and excavated with an FMC
5400 hydraulic excavator.

Site 2

Site 2 (9.2 stations; side slopes 60 to 80 percent)
was pioneered with a CAT D7G crawler tractor,
cleared and grubbed with an FMC 5400 hydraulic
excavator, and excavated with a CAT D8H crawler
tractor. Because portions of the road crossed what
were believed to be sensitive headwalls, extra pre-
cautions were taken to reduce the potential hazard
for mass soil failure of the road. Brush and stumps
were completely removed from the road prism.
Excavated material was drifted out of the head-
walls to more stable ground along the road project.
In some areas, excavated material was pulled back
to reduce side slopes. All of the equipment opera-
tors observed were skilled and efficient.

Site 3

Site 3 (5.2 stations; side slopes 0 to 10 percent)
was pioneered, right-of-way logged, and cleared
and grubbed with an INT TD-20E crawler tractor.
The operator was not as skilled as many of the op-
erators observed at other sites. Most of the sub-
grade was actually constructed during pioneering.

Site 4

Site 4 (4.9 stations; side slopes 20 to 30 percent)
was pioneered and right-of-way logged with a
CAT D7G crawler tractor. The monitor for this
site noted that the crawler tractor operator did a
very poor job of decking right-of-way timber.

Site 5

Site 5 (16.5 stations; side slopes 10 to 30 per-
cent) was pioneered and right--of-way logged with
a CAT D7G crawler tractor. The monitor at this
site noted that poor construction staking slowed
pioneering.

Site 7

Site 7 (22 stations; side slopes 0 to 60 percent)
was pioneered with a CAT D7G crawler tractor
(only 11 stations were monitored). Clearing and
grubbing with an FMC 5400 hydraulic excavator
were monitored at all 22 stations. Because the
road at site 7 was constructed through a regenera-
ting stand, no merchantable logs were encountered
during pioneering. After pioneering, the hydraulic
excavator cleared and grubbed the right-of-way.
The excavator had to dig through the material
sidecast during pioneering to reach the brush and
stumps. After clearing and grubbing, the crawler
tractor excavated the subgrade (all 22 stations).

Site 8

Site 8 (21.5 stations; ridgetop) was right-of-way
logged and cleared and grubbed with a BE 300-H
excavator and a 82-30B crawler tractor. The mill
was in a hurry for logs, so the excavator did only
enough pioneering and clearing and grubbing to
facilitate logging the right-of-way timber. The
excavator also swung one end of the right-of-way
logs onto the pioneer road, where the crawler
tractor hooked and skidded them to a landing.

Site 9

Site 9 (1.3 stations; ridgetop) was pioneered and
right-of-way logged with a CAT 235 excavator.
The excavator yarded the logs an average of 75 ft
to deck them. The road was constructed along a
ridgetop with very little brush and no stumps. A
CAT D7G crawler tractor was used to excavate
the subgrade, which amounted to little more than
smoothing out the grade left by the excavator.

Site 10

Site 10 (5.5 stations; side slopes 10 to 20 per-
cent) was pioneered, right-of-way logged, and
cleared and grubbed with a CAT 235 hydraulic
excavator. This was a balance-section road. As
with site 9, a CAT D7G crawler tractor smoothed
the subgrade when the excavator was finished.

Site 11

Site 11 (2.1 stations; side slopes 0 to 10 percent)
was pioneered, right-of-way logged, and cleared
and grubbed with a CAT 235 hydraulic excavator.
Average yarding distance for right-of-way logging
was 225 ft.

Site 6

Site 6 (1.7 stations; ridgetop) was right-of-way
logged with a CAT D7G crawler tractor. Right-of-
way logging was the only operation monitored at
this site.

Site 12

Site 12 (3.5 stations; side slopes 20 percent) was
pioneered, right-of-way logged, and cleared and
grubbed with a CAT 235 hydraulic excavator. Av-
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erage yarding distance for right-of-way logging
was 150 ft.

Site 13

Site 13 (1.5 stations; side slopes 50 percent) was
right-of-way logged with a CAT 235 hydraulic ex-
cavator and a Terex 82-30B crawler tractor. The
excavator also cleared and grubbed the right-of-
way and swung logs around for the crawler tractor
to skid. This made efficient use of both machines.

Site 14

Site 14 (8 stations; side slopes 30 to 40 percent)
had brush and stumps scattered with a CAT D7G
crawler tractor.

Site 15

Site 15 (5.2 stations; side slopes 40 to 60 per-
cent) was pioneered with a CAT D6D crawler
tractor. A CAT D8H crawler tractor excavated
the subgrade using the sidecast construction
method.

Site 16

Site 16 (2 stations; side slopes 30 percent) had
the entire road constructed with a CAT 235 hy-
draulic excavator. Excavated material was side-
cast. Later, after the area had been logged, the
excavated material was pulled back onto the road,
and the road was abandoned.

Site 17

Sites 17-A through -E (30 stations; ridgetop)
were pioneered with a CAT D7G crawler tractor.
Some portions of the subgrade were constructed
with a CAT D8H crawler tractor, other portions
with a TS-14B scraper.

Site 18

Site 18 was excavated (16 cycles) with a TS-14B
scraper assisted by a CAT D8H crawler tractor.
The tractor assist was needed because of the rock-
iness of the subgrade.

Site 19

Sites 19-A through -E (side slopes 80 percent)
were pioneered with a CAT D7G crawler tractor
and cleared and grubbed and excavated with an
FMC 5400 hydraulic excavator. Most of the exca-
vation was in rippable rock. Seventy-one loads of
material were endhauled with the excavator and
1 to 5 dump trucks (12-yd3 capacity).

Site 20

Site 20 (side slopes 80 to 100 percent) was pio-
neered, right-of-way logged, cleared and grubbed,
and excavated with a CAT 235 hydraulic excava-
tor. Seventeen loads of excavated material were
endhauled with the excavator, a 12-yd3 dump
truck, and a 17-yd3 dump truck.

Site 21

Site 21 (side slopes 80 to 100 percent) was pio-
neered, right-of-way logged, cleared and grubbed,
and excavated with a CAT 235 hydraulic excava-
tor. Thirty-seven loads of excavated material
were endhauled with the excavator, a 12-yd3 dump
truck, and a 17-yd3 dump truck.

Site 22

Site 22 (side slopes 80 to 100 percent) was pio-
neered, right-of-way logged, cleared and grubbed,
and excavated with the same equipment used at
site 20.

Site 23

Site 23 (side slopes 90 to 100 percent) was exca-
vated with a HIT UH122 hydraulic excavator.
Ninety-nine loads of excavated material were
endhauled with the excavator, two 12-yd3 dump
trucks, and a 17-yd3 dump truck. The site was
actually a small landing (widened road) along a
ridgetop. The landing area provided enough room
for two trucks to park side by side. In addition,
the excavator was able to work from the landing
grade, with the trucks on the final grade. In this
manner, the excavator minimized the distance it
had to swing to dump each bucket load.

20



Appendix C: Excavating and
Endhauling Cycle Times

Appendix C provides detailed information on ity for each site is broken down by time element
excavating and endhauling cycle times for the (Table C-1).
sites listed in Table 14 of this bulletin. Productiv-

TABLE C-1.

EXCAVATING AND ENDHAULING TIME ELEMENTS.

Site No. of No. of Cycle time Productivity "OA
no. trucks loads Machine (min) Idle Position Load Dump Excavate

1 1 4 Trucka 24.4 0.0 4.3 11.5 84.2
Excavatorb 24.4 38.3 4.4 11.6 45.7

2 2 21 Truck 13.8 17.6 0.0 26.6 55.9
Excavator 6.9 10.3 0.0 53.1 36.6

3 3 14 Truck 25.7 1.6 5.3 11.1 82.0
Excavator 8.6 3.3 16.0 33.2 47.4

4 3 12 Truck 27.8 1.1 2.9 10.4 85.6
Excavator 9.3 31.8 8.6 31.3 28.3

5 5 20 Truck 29.7 4.3 5.9 8.7 81.1
Excavator 5.9 2.3 29.4 43.6 24.5

6 2 17 Truck 13.7 10.5 10.2 29.0 50.3
Excavator 7.2 8.2 11.5 55.8 24.5

7 2 37 Truck 11.1 30.0 6.8 30.7 32.5
Excavator 5.5 2.5 13.8 62.4 21.3

8 2 14 Truck 10.4 25.3 9.7 31.9 33.1
Excavator 5.3 0.0 6.8 63.4 29.8

9 3 99 Truck 10.2 5.9 0.0 26.7 67.4
Excavator 3.6 17.1 0.0 75.2 7.8

a .Dump truck

Idle: Time spent waiting to position for loading. Starts when a truck returns from dumping a load
and ends when the truck starts backing up to the excavator.

Position: Time spent backing up to the excavator for loading. Starts when a truck begins backing up to
an excavator and ends when the excavator starts loading the truck.

Load: Time spent being loaded; ends when the loaded truck pulls away from the excavator.

Dump: Time spent dumping a load and returning to the turnaround nearest the excavator.

b Hydraulic excavator

Idle: Time spent waiting for the next truck to load.

Position: Time spent waiting for a truck to back into position to be loaded; purely a function of the
configuration of the turnarounds near the excavation site.

Load: Time spent loading a truck; ends when the loaded truck pulls away.

Excavate: Time spent actually excavating a load; the portion of excavation that occurs during loading
is included under "Load" and is not recorded here.
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British/Metric Conversion

1 ft = 0.3048 m
1 bd ft = 0.00236 m3
1 acre = 0.4047 ha
1 yd3 = 0.7646 m3
1 mi = 1.609 km
1 hp = 746 W
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