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PREFACE

MODERN TECHNIQUES OF EXCAVATION is the third book of
a practical, generously illustrated series on earth-moving. It provides
complete information about the planning and execution of excavation
and grading projects of all kinds, but does not include details of the
construction and basic operation of equipment.

The text follows closely the section of MOVING THE EARTH titled
“The Work,” and describes each type of job the earthmover must do,
the problems that arise, and the planning, supervisory, and operational
techniques used in solving them.

Two chapters deal with financial management, estimating, insurance,
and certain aspects of equipment maintenance that are important to the
excavating contractor. New material includes a discussion of certain
undesirable features of present day equipment.

A glossary containing definitions of more than 1200 terms used in the
industry and a 32 page Appendix of technical information have been
reproduced from the larger book. There is a complete new index.

MODERN TECHNIQUES OF EXCAVATION has been prepared
to fill the special needs of the works planning and field men in contractor
and engineer organizations, in a briefer and more easily handled volume
than the all-inclusive MOVING THE EARTH from which most of its
material is derived.

The enthusiastic reception of the earlier books, as evidenced both by
substantial sales and high praise from reviewers in practically every
publication in earthmoving and associated industries has given confidence
in continuing a series of specialized books, each of which is directed
toward the needs of particular groups.

The text and illustrations have been checked and rechecked for ac-
curacy and completeness. The publisher will appreciate being notified of
any errors or omissions that may still be found, and will be interested in
descriptions of practical techniques that differ from those described.

Herbert L. Nichols, Ir.
GREENWICH, CONN.
January, 1956
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CHAPTER ONE

CLEARING

Areas which are to be excavated, filled,
or graded often must be cleared first.

Clearing usually involves removal of
vegetation, which may be grass and weeds,
brush, trees, and stumps. Other material
which may be taken away before actual
dirt work starts includes boulders, walls,
and buildings or their foundations.

HAND CLEARING

Hand cutting may be the most economi-
cal method of removing the aboveground
part of small patches of brush, or clearing
larger areas so swampy or rugged as to
make use of machinery difficult. In ad-
dition, some handwork greatly facilitates
most types of machine clearing.

The brush is usually burnt, although in

narrow rights of way it may be piled at the
sides. 1f conditions permit, it is best burnt
immediately upon being cut to avoid re-
handling. If smoke nuisance or fire hazard
prohibits this method, it can be piled and
burned after the cutting crews are out of
range, or after it has dried out.

Cuttings may also be ground into chips,
hauled away, or both, to avoid having fires
on the job.

MACHINE CLEARING

Dozers. A dozer is the standard machine
for clearing. It works best when the ground
is firm enough to support it, and is without
pot-holes, gulleys, sharp ridges, and rock.
Uneven surfaces make it difficult to keep

the blade in contact with the ground, and
lead to burial rather than removal of vege-
tation in hollows. However, there are few
places where a dozer cannot aid hand clear-
ing crews, by clearing areas where it can
work, moving logs and cut brush, cutting
roads for supply trucks, or firebreaks.

Dozers have a particular advantage over
hand crews where briars and vines are
abundant, as these are very tedious to cut
but can be readily stripped off by the blade,
provided the operator does not take too
long a pass and get caught in the tangle.

Light dozers, of the two-ton class, can
work on very soft ground if it is crusted
or covered with sod.

Brush and small trees may be removed
by a bulldozer walking with its blade in
light contact with the ground. It will up-
root or break off a number of the stems,
and bend the rest over so that by a return
trip in the opposite direction, it can take
out a number more. If the distance is short,
it is best to doze the whole patch in one
direction, then across or backward.

Individual small trees are first knocked
over then pushed out with another pass in
the same direction.

Results will vary with the type of vege-
tation and the condition of the soil. Hard-
baked soils will cause a high percentage of
broken stems, while wet or sandy condi-
tions favor uprooting, which is more satis-
factory for most purposes. The work can
be speeded by having a laborer cut out or
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pick up individual bushes that would other-
wise require another pass by the dozer.

If the job requires removal of light
stumps and roots, they may be overturned
in one pass and pushed out in the next.
It may be necessary to dig several inches
into the soil to get a grip on them, then
backblade the soil into the holes.

Brush heaps may be largely freed of dry
loose dirt by rolling them over with the
blade and shaking the blade up and down.
If this is ineffective, rolling them over back-
ward or pushing them from the side may
be tried. A dozer with a blade which can be
easily tilted down on either end is very good
at this work, as one corner can be used for
taking out roots, and pushing piles without
taking a bladeful of dirt along with it, and
the blade returned to flat position to skim
off surface brush.

Rake Blades. The best tool for grubbing
is a special dozer blade having teeth pro-
jecting downward from a solid edge. These
brush rakes enable the teeth to work be-
low ground level, taking out roots as well
as surface material, while most of the soil
may sift back to the ground through the
spaces between the teeth. These machines
will remove small or loosened stumps and
loose rock in the same operation.

A shoveldozer with a hydraulic dump
bucket fitted with teeth does the same job,
except that the teeth are shorter and there-
fore do not penetrate as deeply or sift dirt
as well. This machine can also pick piles
up and carry them or put them on trucks;
build very high piles; dump brush on top of
fires; can compact brush over a sulky fire
by patting with the bucket, and pep it
up with the forward moving air current
from its reversed radiator fan.

Any sort of mechanical removal of brush
that is to be burned should be done when
the soil is dry for best results. If it is dug
in the wet, a lot of mud will stick to it.
This can sometimes be shaken out again
when dry by rolling and pushing the piles.

1

Fig. 1-1. Piling brush with dozer

Work Patterns. In agricultural clearing,
vegetation is frequently pushed into straight
windrows, where it is burned after drying,
or is allowed to decay. The width of cleared
aisles will depend on dozer power and the
heaviness of the growth. Single pushes may
range from fifty to over two hundred feet.

The simplest method of windrowing,
Figure 1-1 (A), is to push from two di-
rections toward a center line. This has the
disadvantage of burying some vegetation
without loosening it, which will increase
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difficulties in burning or moving the pile,
and require further clearing after burning.

The pattern in (B) avoids this difficulty
by building the windrows on cleared land.
However, any windrow or large pile of
brush, particularly if it includes trees, may
be very difficult to rehandle. Brush, roots,
trees, stumps, and dirt are crushed into a
mat which often cannot be moved again by
the dozer that built it. Except in highly in-
flammable growths, such as fat pine and
palmetto, the mat may be difficult or im-
possible to burn, even after long drying.

If it becomes necessary to remove a
tangled heap, a larger dozer, or a clam-
shell, dragline, or hoe shovel may have to
be used. Taking it apart by hand might be
more costly than the original clearing.

When piling coarse brush or trees, it is
often advisable to have them cut into
lengths of ten to twenty feet, after uproot-
ing. This will enable the dozer to handle
larger loads and to place them more ac-
curately. Piles can be more readily sepa-
rated or moved if necessary.

When a right of way is cleared, and im-
mediate burning is not required, the brush
may be stacked in windrows, as in (C)
or in piles as in (D), outside of the work
area.

Burning. In general, however, it is the
best practice to burn machine cleared vege-
tation at the same time that it is piled. A
hot fire, including heavy wood, is prepared
and brush piles pushed up on it. A new fire
is made when the push gets too long.

Best results are obtained if the vegeta-
tion is uprooted and allowed to dry at least
a few days before burning. This may be
done by backing the dozer into the woods
from the cleared edge, and uprooting small
patches, or individual trees, pushing them
clear of the ground, and then leaving them.

The trash dries more rapidly scattered
on the ground than in piles. Dirt will tend
to dry and break away from stumps, and
to sift out of roots and stems.

When burning, the brush nearest the fire
is put on it first.

Fires fed by a dozer tend to get choked
up with dirt. In general, matted light brush
is more difficult to clear and to burn than
heavy brush or small trees, as it tends to
slip under the blade, or to bring too much
dirt with it.

The ideal combination for heavy clear-
ing and burning is a large dozer and a clam-
shell shovel. The dozer can uproot and
push in brush and trees, and the clamshell
can pick them up, shake the dirt out, and
pile them on top of a fire. The clamshell
can also move unburned ends in and main-
tain the fire.

A clamshell is also the best tool for use
in piling brush for future fires, and for
burning old piles or windrows which re-
quire rehandling.

Dozer Protection. When a dozer is clear-
ing dense undergrowth, there is the danger
that it will fall into some hole, natural or
artificial, whose presence is concealed by
the brush. This may be guarded against by
scouting the area on foot, and by moving
forward in a succession of short pushes
overlapping each other on the side, as in
Figure 1-2. This enables the operator to
watch from one side, without getting
branches in his face, and to observe the
nature of the ground. In addition, it avoids
tangling the dozer in branches and vines.

Any dozer used for clearing work should
be thoroughly protected with crankcase and
radiator guards; the latter including screen
with holes not over one quarter of an inch,
and accessible for removal of leaves and
trash. Care should be taken not to let
branches jab into the fan or radiator while
backing up, or to allow them to tangle
with hydraulic hoses or other vulnerable
parts at any time. The operator should
carry hand pruners and an ax or machete to
cut himself out of tangles.

Accidents have been caused by branches
moving throttle and clutch controls.
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Fig. 1-2. Clearing thick brush

Cable Drag. Two powerful dozers or
tractors may start land clearing by moving
through the growth on parallel paths, drag-
ging a heavy cable between them. This
cable should be strong enough to take the
pull of both tractors, and long enough not
to pull trees on top of them. On the first
pass, the cable will pull over most of the
vegetation, uprooting or breaking off some.
A return trip is made on the same path,
uprooting most of the remainder under
favorable conditions. The loosened material
is then piled by clamshells, or by dozers,
preferably with rake blades.

A third dozer may follow closely to help
with any tree which the cable cannot
handle, and push out overturned stumps.

This method is not effective against low
stumps, which can be avoided by support-
ing the cable on a hollow steel ball.

Disc Harrows. Weeds, soft sod, and light
to medium brush may be chopped up by
a heavy disc harrow. The discs should be
notched and be 24 inches in diameter or
larger. It should be weighted down and
towed by a tractor powerful enough to
travel several miles an hour, as speed in-
creases its effectiveness. Tt is dragged

1-4

through the standing brush (after scouting
on foot), and in soft ground may uproot
and chop to pieces most of the growth. The
loose pieces may be removed by hand or
by a pushing or raking machine.

Several passes may be required. When
the brush becomes loose enough so that
it moves back and forth freely under the
discs, the harrow will cease to be effective.

Plows. Sod and weeds may be turned
under by a mold board or disc plow, then
be chopped by a light disc harrow.

A single bottom plow, particularly of
coulter-knife variety called brush-breaker
plow, may put brush and even saplings
underground when pulled through them by
a heavy tractor. The field can then be
disced lightly and seeded to some crop not
requiring cultivation. In a season or two
all of the original vegetation except occa-
sional trunks will have rotted, and these
may be removed by hand when plowed up.
This is strictly an agricultural operation.

Sickle Bar. A heavy duty hay cutter will
usually cut brush up to 34", and single
stalks 1" or more, although with some wear
and breakage. If the area is cut over about
once a month for a while afterward most of
the growth will die, and any survivors can
then be grubbed out.

Oversize plants should be cut flush with
the ground before using the sickle bar.

Rotary Choppers. The Bushwacker dis-
integrator will tear up brush and trees up
to six inch diameter, and leave the fine
fragments as a ground mulch.

A rotary tiller of sufficient weight will
chop brush, roots, and small saplings into
fragments which may be mixed with the
soil by leaving the rear door of the tiller
down, or scattered on the surface for
raking and burning by leaving the door
open. Best results will be obtained by
equipping the machine with special brush
knives that will reduce the winding of
branches and vines around the rotor.

Cleanup. When the final cleanup of any
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kind of brush clearing is done by hand,
it is helpful to furnish laborers with stick
carriers, which may consist of a piece of
heavy canvas, six or more feet long, and
two to three wide, with handles on the
ends, as in Figure 1-3. This is laid on the
ground, and sticks and branches piled
across it. The handles may then be picked
up and several armfuls carried at a time
with minimum effort.

LOGGING

Subcontracts. If trees are to be removed
which are of no value on the job, an at-
tempt should be made to sell them. To
the contractor desiring to confine himself
to dirt work, the best arrangement 1s to
get the customer, whether sawmill, fire-
wood dealer, or whatever, to buy the trees
on the stump and cut and remove them. A
danger is that the logger may fail to do
the work in the time specified, and so force
the contractor to do it himself at the last
moment. In making such an arrangement,
the disposal of the scrap wood and brush
and the height of the stumps should be
specified.

A sawmill operator is interested only in
large sound trunks, whereas a pulp or fire-
wood man can use bulky branches also.
Fhe mill will ordinarily pay the best prices,

but do the least work toward cleanup of
the tract, unless it has an arrangement with
pulp or firewood users to take its tops and
limbs.

No one wants the rotten trees, crooked
branches, and brush, but the lumbermen
may agree to burn them, if this is a part
of local logging practice; or if the contrac-
tor accepts a complete cleanup job as part
or full payment for the wood.

Cooperative clearing arrangements may
be made in which the logger is assisted by
the contractor’s tractors or trucks.

Stump Height. Stump height may be de-
termined by local law or lumbering custom.
From a clearing standpoint, high stumps
are more easily removed than low ones,
and are especially desirable when the ma-
chinery is undersize for the job, or depends
primarily on winches. Low stumps are more
difficult to cut, particularly where the trunk
flares out widely at the bottom, but do not
impede machines as much, and can often
be filled over and lefi.

Cutting. If the trees are valuable and
lumbermen will not clear them out in time,
the contractor may cut and stack them for
future sale. This, as a logging proposition,
is somewhat out of the field of this book
and will be considered very briefly.

The undergrowth should be first cleared
out to reduce danger to personnel and
tangles with fallen trees.

Small trees may be chopped or sawed,
large ones sawed. The saws may be of

Fig. 1-4. Use of saw and wedge
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the power chain type operated by one
to three men crews, or two man hand cross-
cut. The tree should be notched on the
side toward which it should fall, then cut
through from the other side, as in Figure
1-4, Unless very much out of balance, it
can be forced to fall in the desired direction
by inserting wedges behind the saw, then
driving them in with a sledgehammer. This
will widen the cut, relieve possible binding
against the saw, and tip the tree in the right
direction.

When the tree starts to fall, its full weight
is carried by a narrow strip at the back of
the notch, and the wood at that point may
be crushed. If the saw is caught there, a
handsaw may lose its set, and a chain saw
be so pinched as to need immediate repair.
The saw should therefore be pulled back
toward the wedge, or clear out of the cut
if possible, as soon as the fall commences.
Inexperienced workers will do well to cut
with a chain saw to the critical point, take
the saw out, and complete the cut with a
hand crosscut and wedges.

In any case, personnel should be alert to
pull the saw back as the tree starts to
lean; and to move rapidly if it falls in an
unexpected direction, or if it breaks off
overhead. It is at this time that brush or
litter underfoot may have fatal conse-
quences.

A chain saw that is not being used, or the
generator for an electric saw, should be put
behind another tree or other protection.

Leaners. A tree may fall against other
trees and be held from reaching the ground.
If machinery is available, the butt may be
chained and pulled until the top falls. A
small or medium tree may be moved by
putting a log or other fulcrum beside it,
prying it up with a pole, sliding it a
short distance, repeating this as many times
as mecessary.

If the trunk will not move, it must be
cut in the air. Because of the strain this
position places on the trunk, cuts from the
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top will be difficult to keep open even with
wedges, and these are often difficult to
drive. The trunk may be notched on the
top with ax or saw, then cut from below.
Logs bucked in this manner are liable to
split.

Trimming. When the tree is down, the
branches should be cut off nearly flush
with the trunk, before any other trees are
dropped across it to make a tangle. Light
branches and any heavier wood which is
to be wasted, should be piled, burned,
chopped up, or taken away by methods
described for brush.

Removal. The trunks may be dragged
out of the woods by tractors, or cut
(bucked) into lengths where they fall. Saw
logs for small mills may be from eight to
sixteen feet long, the size being largely
determined by the use for the sawed wood,
the capacity of the mill, and of the trucks
that carry the logs. Piling, which may often
be made from thinner trunks than saw
logs, is left full length. Cordwood is usu-
ally in four foot sections, and split to a
size that one man can handle. Pulpwood
varies in length in different localities and
is usually peeled but not split.

Dragging Logs. Crawler tractors are the
standard tool for dragging long logs. Their
efficiency may be increased by mounting
winches and dozers, and by use of log
carriers and various rigs too specialized for
description here.

A log is usually pulled by means of a
chain or cable fastened around its butt,
choker fashion, and attached to the tractor
drawbar or winch. The most important
consideration in arranging this is to get
the butt off the ground, or riding on it very
lightly, as digging in will take greatly in-
creased power and will rip up the trail. A
short line, particularly to the top of a
winch, is helpful unless the log has a
greater diameter than the height of the
drawpoint.

The log may also be pulled onto a
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Fig. 1-5. Skid-pan log hitches

stoneboat, or other sled, and the line
passed through the eye, or two lines used
as in Figure 1-5.

If the tractor is sufficiently powerful,
several logs may be pulled at a time by
attaching them individually to different
lines. If only one line is available, they
may be fastened with one choker, as in
Figure 1-6, which should be fastened well
back, as such piles often come apart while
being towed.

Wheel tractors can drag logs through dry
terrain, and although the loads will be
smaller, they may move much faster. 1f
the tractor has a hydraulic lift drawbar
which can be chained to the log to lift its
butt off the ground, its efficiency is more
than doubled, as the weight on the driving
wheels is increased, and friction greatly
reduced.

Bucking. If the trunk lies on uneven
ground, or is partly supported by the
stump and branches, it will settle as it is
cut from the upper side, closing the slot
and pinching the saw. This may be pre-
vented by raising the trunk at or near the

Fig. 1-6. Fastening poles for towing

cut by means of auto or house jacks; or,
for small trees, by raising with a pole used
as a crowbar, and blocking it up. Another
method is to drive a wedge or wedges
behind the saw to hold the cut open. Or, be-
fore the tree is cut, a log may be placed
so that the trunk will rest on it where it
is to be bucked.

Proper bucking may be prevented by
obstacles such as stumps, brush, rocks, or
dirt. Sometimes the obstacle can be moved,
sometimes the trunk can be slid, rolled, or
lifted free, or cuts may be made at other
places until the trunk can be moved. The

Fig. 1-7. Sideboards to hold cordwood

most frequent trouble is the tree partially
burying itself in soft earth, so that cuts
cannot be carried all the way through.
This may be prevented by dropping the
tree on logs placed to support it, or over-
come by trenching the dirt for the saw, or
jacking up the trunk.

Moving Short Wood. When trucks can
get in the woods, cordwood and pulpwood
are usually cut to size and trucked out. As
wood is much lighter than dirt, a dump
truck can carry several times its body ca-
pacity, if the pile will stay on. Figure 1-7
shows a method of placing planks, poles,
or thin split logs vertically along the body
sides to permit high piling. These are held
in place by the piled logs. If the road is
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Fig. 1-8. Cordwood on stoneboat

rough, it is wise to pass a chain from the
body over each row of logs and to tighten
it with a load binder.

If the wood is cut short, and rain or
unforeseen mud conditions make trucking
impractical, it may be dragged out by trac-
tors. If a stoneboat is available, logs may
be piled on it, and the tractor line threaded
through the eyehole over the pile and
anchored on the back. The eyehole should
be beveled so that a chain or cable can
slide freely through it, as the tractor pull
will then hold the logs to the stoneboat. See
Figure 1-8. If no boat is available, the
logs may be piled on the line which is then
looped around it as a choker. Parts of the
piles may be chained by snaking the line
under them, without repiling.

Storage. Wood should be stored outside
of the work area where it will be accessible
both during and after the digging. Poles
and logs may be very useful in shoring up
banks, making corduroy roads, getting ma-
chinery out of the mud, and other purposes.
A buyer might be found for the wood at
any time. Stored logs or cordwood should
be stacked so as to be off the ground and
well ventilated. This makes it easier to
remove them later and delays damage from
rot and borers. Cordwood is wusually
stacked in easily measured units.

Personnel. If possible, experienced log-
gers should be employed for lumbering.
They will be able to do it much more
efficiently than equally energetic and re-
sourceful men not used to the work.

STUMP BLASTING

The most serious problem in tree clear-
ing is the stumps. A few species are valua-
ble enough in certain localities so that they
can be sold for more than the cost of
digging, but the vast majority of them are
worthless and present a difficult disposal
problem.

Dynamite may be used to blow stumps
clear of the ground, to loosen or lighten
them, or to break them into pieces. Stumps
respond best to slow acting dynamites, but
the standard 40 percent grade will usually
give satisfactory results.

Underground Charges. A hole, or sev-
eral holes can be made under the stump
by punching with a crowbar, or paving
breaker, or drilling with an auger. Easiest
penetration is usually obtained close to the
trunk, between heavy root buttresses. Sev-
eral tries may be necessary. If no hole can
be made deep enough exploding about a
tenth of a stick of dynamite in a shallow
one may soften up the resistance.

A heavy enough charge should be placed
to blow a crater in the ground large
enough to include the stump and its major
roots. A pound of dynamite should move
about a yard of dirt, but the charges should
be varied according to results obtained.

If the stump has a taproot, a substantial
part of the charge should be in direct con-
tact with it in order to shatter it.

If one charge is placed, it may be ex-
ploded by either fuse or electric caps. If
more than one, electricity should be used
so that they will go off together. If the
charge is too small, it may merely create an
underground chamber; if too large, it may
carry the stump or its fragments into for-
bidden territory. The desired result is to
split it, and lift it clear out of the ground,
without excessive after-travel.

Wood Drilling. A stump may also be
blasted apart with a smaller charge by
drilling directly into the wood. A one and
one quarter inch drill will make a hole
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Courfesy of The Thunderbolt Company
Fig. 1-9. Thunderbolt splitter

large enough for standard dynamite sticks.
If smaller drills are used, the dynamite may
be obtained in thinner sticks, or unwrapped
and stuffed into the holes. Hand extension
bit drills are generally used, but if a quan-
tity of stumps are to be blasted this way, an
electric drill powered by a portable genera-
tor will be a big time saver.

A stump blasted in this manner is usually
shattered but not blown out of the ground.
The pieces are generally easier to pull or
dig out than the whole stump, but not al-
ways.

Mudcapping. If it is impossible to get
under the stump and no drill is available,
it may be broken by placing charges be-
tween the root buttresses and packing mud
over them. The mud turns the force of the
explosion inward and lessens the noise and
concussion. The mud must be free of stones
and pebbles as they fly like bullets. A stump
blasted in this manner is easier to dig out
than when whole, but may be more diffi-
cult to pull.

This type of stump may also be loosened
by cutting the main roots with blasts several
feet out from the trunk. The dynamite is
removed from its wrapping, packed closely
against or around the root, and covered
with mud or damp earth.

If the first blast does not loosen the
stump sufficiently, another can be placed.
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In circumstances where the charges cannot
be properly placed because of rock, lack
of tools, or danger of damage to nearby
property, a series of blasts may be needed.
If the dirt has blown away from the roots,
their effectiveness is greatly reduced and
an ax may do better work than more
powder. If the roots are entangled with bed-
rock or massive boulders, the rock may
have to be drilled and blasted.

A standing tree may be blasted in the
same manner as a stump, but a much
heavier charge is required to lift it enough
to break the roots. However, a moderate
off-center blast may cause the tree to fall,
in which case its own weight will snap
a large number of roots. Trees felled by
blasting are likely to be badly split and
useless for lumber.

If a large stump must be removed by
hand, or with small machinery, it may be
necessary to break it up after getting it out
of the ground. A Thunderbolt splitter,
shown in Figure 1-9, is effective at split-
ting loose stumps and heavy logs. A charge
of black powder is inserted in the hollow
at the narrow end, and held in with wad-
ding while the tool is driven into the
stump. A fuse is inserted and lit, and the
explosion usually tears the wood apart and
throws the tool a considerable distance. Ty-
ing a large brightly colored rag to the split-
ter reduces its travel and simplifies finding
it

Precautions. Stump blasting is dangerous
work at best because of unpredictable con-
ditions underground. Particularly, a rock
may be held just over the charge by roots
in a position that will cause it to take off
like a mortar shell. Split pieces of wood
will also fly long distances. Mud or earth
packs over charges should be free of stones
or pebbles, and personnel should move
a long way back from the blast, unless
good shelter is available.

All stumps should be accounted for after
a blast, as they are sometimes blown up
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in trees, where they stay until dislodged
by wind or another blast, with serious re-
sults to persons underneath.

If the blasting is to be done near build-
ings, logs or saplings chained together
should be piled on the ground on the side
of the stump toward the building, to stop
stones and fragments from flying. Regular
blasting mats are safer, but if machinery
capable of handling them is on the job, it
generally can pull the stumps without the
necessity of using explosives in close quar-
ters.

Applications. Blasting ahead of stump
moving machines has several uses. It re-
duces the power requirement, which is good
when the stump is big enough to argue
with the machine, and saves time in any
case. A factor which is often more impor-
tant is that blasting the stump loosens the
mass of earth held by the roots, so that
much or all of it will fall off during han-
dling. This earth is a large part of the
weight of many stumps and increases the
difficulty of moving and burning them.
Blasting is ineffective at removing the dirt
once the stump is out of the ground.

Stump blasting is generally ineffective in
sandy or powdery soils, as the force of
the explosion flows around the roots with
minimum breaking effect. These soils also
fall off the stump rather readily without
blasting.

The relative size of holes left by blasting
and by pulling varies with tree species and
soil conditions.

PULLING STUMPS

A standard method of taking out stumps
is to pull them by means of a line around
the trunk. The line may be a chain, cable,
or rope, and the power may be direct pull
by a machine or animal, winding in of
cable on a winch, either machine or hand
powered, or a combination of these meth-
ods with pulley blocks.

The stump line is generally a choker type

which tightens its grip as the pull increases.
In smaller sizes, chain is preferred because
it is easier to carry, safer to handle, and
more resistant to abuse. However, it is
much heavier than cable for the same
strength, and in large sizes is too weighty
to be practical.

Line pulling is preferred when the
ground is too rough or soft to allow ma-
chinery to get at stumps directly, and when
available force needs to be increased by
multiple lines.

Chains. A more detailed description of
chain and fittings will be found in Chapter
21. A standard tow or logging chain is com-
posed of short straight links, carries a
round hook on one end and a grabhook
on the other. The round hook may be fas-
tened to the chain by a ring, or a ring may
be used instead of this hook.

Either the round hook or the ring can
be used in chokers. The hook is easier to
attach and to detach, but may fall away
from the chain when it is slack. The ring
may be used by passing the grabhook
through it and pulling from the grabhook
end; or for stumping, the chain near the
ring may be pulled through it to form a
loop that is dropped over the stump.

The grabhook fits over any individ-
ual chain link, and will not slide along
the chain. It is used to adjust the length
of chain by increasing or decreasing the
amount of double line, by moving it toward
or away from the choker end, or passing
the chain behind a tractor drawbar pin,
and preventing it from being pulled out
again by attaching the grabhook to the
slack side, making it too large to be pulled
through the space. In this case the surplus
chain is slacked, and if it is long, must be
hung on some part of the tractor. See Fig-
ure 1-10.

Grabhooks are used to anchor a chain
to a tree that is to be saved. The lack
of sliding pressure makes it possible to
protect the bark by pads and sticks placed

1-10
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which are in one plane should lie in a
straight line.

Alloy steel chains weigh only about a
third as much as standard chains in propor-
tion to strength. If a crew is careful enough
not to lose chains, and is conscientious
enough not to abuse them by kinking or
gross overloading, alloy chains will amply
repay their much higher cost in reduced

Fig. 1-10. Grab hook uses, and stump choker

on the side receiving the pull. The grab-
hook may also be used to make a ring
which can be used to make up a choker.
Figure 1-11 shows three ways of fas-
tening a chain to a stump. In each case,
the stump is shown to be grooved by an
ax at the back. This cut is quickly made
and will prevent the chain from squeezing
off during the pull, and will delay its slip-
ping off as the stump leans. (A) is the easi-
est and most usual method, pulling at the
center; (B) is a side pull, a little harder to
arrange, but which puts less of a kink in the
line, so that it can be used with cable as
well as chain, and gives the advantage of
a twist on the stump; and (C) the over-
head method which requires an inverted T
notch. This gives the greatest leverage but
is more likely to slip off than the others.
Care should be exercised not to put
loads on a chain that is twisted or kinked
as it will be broken or damaged. It can be
readily checked for straightness as the links Fig. 1-11. Fastening line to stump
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labor and fatigue, and by greater efficiency.

As an example, one 38" alloy chain,
weighing 1.6 pounds per foot, is thirty per-
cent stronger than the same make of 38"
ordinary chain, weighing 4.1 pounds per
foot.

It is recommended that the alloy chain
be dipped in bright red paint so that it can
be easily recognized, and recovered readily
if mislaid.

Broken Chains. A broken chain is best
repaired by having new links forged into it
by a blacksmith. However, good field re-
pairs may be made with a variety of patent
repair links, or by shackles with removable
pins. Links that have been stretched thin
may not admit the proper size repair piece,
and may have to be cut off with a chisel
or hacksaw, or opened by supporting on a
block with a hole in it, and spreading with
a punch and hammer.

A broken chain may be used temporarily
by making a square knot and tying the end
links together with wire or string. If there
is not enough chain, a half knot should be
used and the ends fastened with a bolt. A
bolt may be used without any knot, but will
pull apart more easily than a link. Two
grabhooks connected by a ring can be used
for temporary repair and for shortening.

If the chain is too weak for the job, an
attempt should be made to double it. It may
be looped around the load and fastened by
its two end hooks or rings to the drawbar.
If it is looped around the drawpin, links
may be bent or crushed.

Cables. Only the method shown in Fig-
ure 1-11 (B) should be used in pulling a
stump with a cable choker, as the sharp
bends involved in the others will cause early
breakage of the cable.

If a double cable line is used to reduce
strain, or to shorten the rope, it should not
be bent around sharp angles. A stump is
generally round and smooth enough not
to cut a cable wrapped around it, and the
end hooks or loops can be attached to the

drawbar. If the load is angular, it is better
to fasten a snatch block to it with a chain
or sling choker, and to run the long cable
through the block pulley.

If a double cable is so wrapped around
the load that it cannot slide around it, great
care must be taken to adjust it so that both
ends share the strain equally, unless a sin-
gle line is strong enough to take the entire
pull alone.

Root Hook. A root hook may be used
when a stump is too big to pull directly
Enough soil is dug away to expose the
lateral roots, the hook is placed to grip one
of these, power is applied, and the root
torn out. This process is repeated until the
stump is sufficiently weakened to be taken
out on one of the root pulls, or by direct
pull on the butt.

The root hook may also be laid on top
of a stump, with the teeth in a notch on the
back. A pull on this gives excellent lever-
age, but the edge of the stump is liable to
tear off.

Taproots. The presence of a taproot in-
creases resistance of the stump. If the
ground is hard, this root may be broken or
pulled apart. If the ground is soft, or the
wood very tough or pliable, the pivot point
may crush and the root bend so that the
pulling power is exerted directly against
the length of the root, without benefit of
leverage. In such a case, the upper roots
of the stump may be torn up sufficiently so
that an ax, or a special long chisel, can
reach and cut the taproot. The cut should
be made while pulling as tension makes the
wood part more easily.

Pulling Clear. If the force is sufficient to
uproot a stump, the roots opposite the pull
break first, then those at the side, permit-
ting the stump to be pulled onto its side, as
in Figure 1-12 (A). If the line does not
slip off, the stump may be rolled and
dragged out of the ground, but this often
takes much more power than overturning
the stump, and may be beyond the capacity
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Fig. 1-12. Stump pulling

of the machine that is doing the pulling.

If the stump will not come all the way,
the line may be slacked and a log placed or
chained against the stump, as in (B). This
log will provide a new fulerum and aid the
breaking out. Or the line may be taken off
and the tractor moved to pull in the op-
posite direction, which should free it with-
out difficulty. If a number of stumps are
being pulled, all of them may be over-
turned one way, before pulling the tough
ones in the opposite direction.

Half uprooted stumps are easily
knocked out by dozers, and may be left for
them to save the trouble of re-rigging.

Resistance, A stump’s resistance varies
in different directions. If on a slope, down-
hill pull is most effective, Otherwise it
should be pulled toward its strongest roots,
as these are easier to bend than to pull
apart, and can be dealt with more casily
when the rest of the stump is loosened.

The most obvious variable in stump re-
sistance is its height. Greater height means

greater leverage and easier pulling. Limit-
ing factors are difficulty of high cutting, of
fastening heavy chains at a height, and of
the trunk breaking under pull.

A buried stump is the hardest of all
to pull and usually must be dug out. On
filled land, two separate systems of lateral
roots may be found, one under the old
ground level and the other near the surface,
in which case it may be necessary to cut the
trunk below the upper roots, in the same
way as a taproot.

A stump which yields to pull but will
not break loose, can often be uprooted by
moving it as far as possible, slacking off
to allow it to settle back, and pulling again,
repeating this process a number of times.
This is most effective if done slowly and
smoothly, whether with winch or traction.
This method is very effective with trees,
as the trunk will bend with a whipping mo-
tion that exaggerates the force of both the
pull and the snap back.

Chopping the roots on the side opposite
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the pull, while they are under maximum
tension, weakens the resistance. A moder-
ate amount of digging will generally expose
the main lateral roots.

When a stump has been split by blasting,
the pieces are most easily pulled away from
the center, rather than across it.

Uprooting Trees. If trees are so large
that their stumps will be difficult to remove,
it may be advisable to pull the trees over
rather than to cut them down. This gives
the opportunity to fasten lines as high as
desired and to make use of the weight of
the tree. As soon as the tree is pulled
toward the tractor, its center of gravity
shifts to that side and aids greatly at break-
ing out the roots. If a large log is chained
to its base, on the pull side, the force of
the tree’s fall will be more effective at
breaking roots on that side. The log will
also serve to prevent the trunk from digging
into the ground where it would be difficult
to cut.

If the tree tends to break or split instead
of uprooting, additional chokers may be
used below the main pull point to distribute
the strain and bind the trunk together. This
can be done by pulling with two or more
machines, or with multiple lines and blocks
that will be described later.

If the trunk is smooth, a ladder will be
needed to get a high grip. The chain may
be.held from sliding down by a nail, when
Necessary.

Pulling trees is apt to be wasteful of lum-
ber as the bottom of the trunk may be put
under such strain that it will split when cut.

Pulling Small Growth. Brush and small
trees often grow where they cannot be
reached by pusher machinery, because of
soft or rough ground, or nearness to build-
ings. A landowner may wish to do his own
clearing without hiring a dozer. Hand cut-
ting may not be satisfactory because of
sprouting. In such cases pulling techniques
will be applied to small growth.

An automobile has sufficient power for

pulling some brush and small, stifi-trunked
trees, but the work doesn't do it any good.
Trucks and farm tractors usually put more
power on the job and are less likely to be
damaged by the exertion.

If the stems are stiff, fastening may be
made high for leverage. If they are flexible,
height does not matter, and the greater
strength of the base may make it the best
place.

Chains tend to slide along smooth stems
and they often can be made to grip by
wrapping once or twice around before fas-
tening. Light chain with small links holds
much better than coarser types. A round
hook or ring should be used to make a
choker. If stems are close together, it is
often possible to pull several at a time by
putting a single choker around the group.
It will slide up until it can pull them all
tight together and then should hold.

Brush tongs get a good grip on small
trees and flexible plants, and are easy to
attach and to remove, but their weight may
outweigh these advantages.

Plants too well rooted to respond to the
power available may be weakened by dig-
ging out and cutting roots, or pulleys may
be used to step up the power.

WINCHES

Power to pull stumps may be supplied by
almost any machine or by animals. The
crawler tractor is preferred for heavy work,
but wheel tractors, trucks, and oxen may
also be used. However, the most powerful,
most convenient and best controlled pull
is obtained from winches. These are most
efficient mounted on crawler tractors, but
may be on wheel tractors or trucks, or be
portable units operated by a hand crank.

For general clearing work, the most ef-
fective tool is a bulldozer carrying a power
winch. The winch consists of a heavy spool
drum that is mounted on the back of the
tractor and driven by the power takeoff. It
is controlled by the tractor main clutch and
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the power takeoff engagement lever. In
addition, it may have a transmission, giving
rotation of the drum in either direction, and
in large machines permitting several speeds
of rotation. A jaw clutch or neutral gear
is used to disconnect the drum from the
drive shaft, to allow it to turn freely when
the cable is being removed. A brake 1s
provided to slow or lock the drum when
necessary.

The winch may hold two hundred or
more feet of cable of a size proportionate
to its power. Additional cable can be car-
ried on a separate spool and connected to
the winch cable by a choker device when
needed.

In small sizes, the winch cable generally
is fastened at the working end to a short
piece of chain equipped with a round hook.
Larger cables may be fastened directly, or
through a swivel or single link, to a round
hook, or a wide face cable grip hook. The
cable is generally underwound on the drum,
that is, leads from the work to the lower
part of the drum. This gives better stability
under heavy load than overwinding.

Stump Pulling. To winch out a stump, the
tractor should be placed facing directly
away from it, and both brakes locked on.
The winch jaw clutch should be released
and the brake set to drag very slightly, and
the cable pulled to the stump by hand. If
the brake is not used, the drum may con-
tinue to spin after being pulled, and unwind
and snar| the cable.

If the winch will not freewheel, or the
cable is very heavy, the drum is turned
backwards by the engine to pay it out. It
is convenient to have two men, one to
operate the winch and the other to pull
the cable. If no helper is available, the
operator can stand near the winch while
it turns, stripping the cable and coiling it
on the ground until he thinks he has
enough. He then stops the winch and drags
the cable to the stump. The cable must then
be whipped up and down and twists
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worked out to avoid kinking when pulled.

The winch cable may be put around the
stump directly, hooked to a choker chain
or cable, or may be run through one or
more snatch blocks.

Power is applied to the winch and the
cable is reeled in, care being taken to see
that it feeds onto the drum properly. The
stump may come out or the tractor may
be dragged backward. If the latter, the trac-
tor may be anchored by a chain from the
blade or front pull hook to a tree. Resist-
ance to pull may also be increased by back-
ing it against a log or bank, or by trying
to pull the stump by tractor pull and allow-
ing the tracks to spin until they have built
mounds behind them. If the anchoring or
blocking is effective, the stump will come
out if nothing breaks or slips and the
engine does not stall.

The drum carries a number of layers of
cable so that it has a greater spool diameter
full than empty. It therefore reels in cable
more slowly and powerfully on a bare drum
than on a full one. On a bare drum, log-
ging winches will give 50 to 100 percent
more pull than the tractor itself; on a
full drum, the same pull as the tractor or
somewhat less. Special heavy duty winches
may be obtained with much more power.

Jammed Cables. Using a nearly bare
drum not only gives the greatest pull but
reduces damage to the cable. If a long cable
is wound smoothly onto a drum under
moderate tension, and a heavy pull applied
when it has built up several layers, the last
wrap may squeeze between the wraps be-
low, as in Figure 1-13 (A). This scrapes
and wears the cable and jams it so that it
will not spool off again. The best way to
free it is to turn the drum until the catch
is in the position shown in (B), and jerking
it, or anchoring the end and driving the
tractor away. Or, in the same position on
the drum, the cable may be given a couple
of wraps around the drawbar, and the
winch turned backward as in (C).
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Fig. 1-13. Freeing winch cable

If the cable is wound unevenly onto the
drum, with the wraps crossing each other
at random, it cannot cut down between
lower layers readily, but may put severe
kinks in sections of cable that cross under
it, and this cross wrapping may not entirely
prevent it from squeezing in and sticking.

In spite of these difficulties, a long cable
is desirable for general work. If reasonable
effort is made to spool it in evenly while
working, it will usually be rough enough to
prevent excessive sticking, without too
much bending or crushing.

Two-Part Line. Where the distance to
the stump is less than half the cable length,
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a two-part line may be used by attaching
a pulley to the stump and by running the
line from the winch around the pulley and
back to the drawbar. The useful strength
of the cable and the pull between the trac-
tor and the stump are doubled.

The tractor may have to be backed
against a heavy log or an outside anchor
used in the manner to be described below.
The tractor should not be anchored by the
front pull hook while using a double line
anchored on the drawbar, unless the manu-
facturer will state that it is strong enough
to take the strain.

Rocking. The winch and tractor pulls
differ in quality and it may happen that
the pull of the tracks will do jobs that the
winch will not. Use of the tractor drive
helps in “rocking™ stumps or trees out. The
line is left slightly slack and the tractor
moved forward in low. As the line tightens,
the stump may lean a few inches, then stop.
When the tracks start to spin and the clutch
is released, the weight of the stump, com-
bined with the spring in the roots and in
the line will pull the tractor back. The
clutch is immediately re-engaged and held
until the tracks spin or the engine lugs
down again.

If the stump is within the tractor’s power
range, repeating this maneuver should
gradually break it out. A long cable has
more elasticity than a short one, or a chain,
and will be more effective at rocking,

This procedure should not be allowed to
degenerate into yanking, where the tractor
is given a long enough slack run to be
brought up with a jerk when it tightens.
This will break more tractors and cables
than it will pull stumps.

Cable Breakage. Cable or chain break-
age is a serious danger to both operator
and helpers. A cable particularly stretches
under strain, and if it breaks suddenly, may
whip with great force. The danger to the
operator is greatest if the break is fairly
near him. The cable used should be the
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Fig. 1-14. Temporary cable repair

best quality, in the largest size recom-
mended by the winch manufacturer, if the
tractor is to be anchored or used for rock-
ing; and it should be inspected frequently
for weak spots.

Another danger inherent in the use of
cable is cutting and tearing of the hands
and clothing on broken wires. Preformed
cable gives minimum trouble of this kind
and should be used when possible. Leather
palmed gloves are good protection for the
hands.

Either hemp center or wire center cable
may be used, according to preference or
manuafcturer’s recommendation. Wire cen-
ter is about 10 per cent stronger, size for
size, is stiffer, and is not as easily deformed
by crushing. It is more difficult to handle,
and when kinked or crushed is much harder
to straighten. Standard 6 x 19 constructions
are usually recommended.

It is good practice to work a winch at
less than its maximum capacity, and to
avoid anchoring the tractor unless abso-
lutely necessary. Moderate loads give long
life to cables and winch parts, and avoid
severe catching on the drum. If the work
is heavy, strain can be reduced by the use
of pulleys and multiple lines.

Broken cables can be repaired by splic-
ing, but the length of cable used in the
splice, and the labor involved, may be too
great to justify this method for the short
cables ordinarily used in land clearing.

A rough repair may be made by trim-
ming back the broken ends, overlapping
them as in Figure 1-14, and fastening
them with two or three cable clamps, for
sizes up to half inch or five eighths, or with

three or more for larger sizes. Or two inter-
locked loops may be made, as in (B),
fastened with clamps, or any type of loop
fastening. Cables repaired in this manner
are weakened but may last a long time.
The patch will not go through pulleys
and is inconvenient in other ways.

Winches on Wheel Tractors. If a winch
is mounted on a wheel tractor or truck, it
is usually necessary to anchor it for heavy
pulls. The anchor chain or cable should
be attached to the winch frame, or to a
heavy member as near to it as possible, to
reduce strain on the tractor.

An important consideration in the use
of these winches is the fact that the cable
will tend to take a straight line between the
work and the anchor. In making a high
pull, as in Figure 1-15 (A), the tightening
cable may lift the tractor and turn it over
sideways. In (B) the downward pull may
blow the tires, unless the axle housing is
blocked up, as in (C).

If a wheel tractor is not anchored, a rear
winch must be underwound, and care must
be taken that the machine does not over-
turn through rising on the front, a danger
which is particularly serious if the tractor
is driven to move the load.

Winches that will pull loads up to fifty
tons can be mounted on rather light wheel
tractors.

Truck Winches. Truck winches may be
of the spool drum type, and may be
mounted in the front bumper, on a flat bed
body, or between the body and the cab.
Gypsy spool winches or catheads are gen-
erally mounted vertically on the forward
part of a flat body.

The principal handicap of a truck winch
is the difficulty of maneuvering it into posi-
tion for a straight pull. One or more pulleys
may be required to obtain a proper direc-
tion of pull and a straight line onto the
winch. The truck should have all the
wheels blocked, or be anchored by a line
from a frame member near the winch.
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Fig. 1-15. Vertical effects of winch pull

The gypsy spool or capstan, Figure
1-16, does not carry cable. A hemp rope
is looped around it two or three times, with
one end attached to the work and the other
end held by the operator. If the operator
leaves it slack, the spool will turn inside
the rope; if he pulls it tight, the working
end of the rope will be pulled with great
force. The slippage on the spool absorbs
shocks that would break the rope and en-
ables it to do very heavy pulling, under
exact control. However, the gypsy is not
ordinarily used for stumping.

Hand Winches. Hand winches are turned
by a hand crank, operating through one or
more sets of reduction gears. Under most
conditions, it is not possible to make a full
turn of the handle because it strikes ob-
structions, or passes through awkward po-
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sitions. A large part of the work of winch-
ing consists in removing and replacing this
handle, and if much work is to be done, a
ratchet handle should be purchased, or
made up by adapting one from a heavy
socket set.

The winch is usually equipped with a
friction brake and a pawl that can be en-

Fig. 1-16. Capstan winch
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Fig. 1-17. Stump pulling layouts

gaged to prevent it from turning backward
when the handle is released.

Operation of these devices is tedious be-
cause of the number of crank turns which
must be made to reel in the cable; and
exhausting because of the force which must
be applied to the handle to develop the
rated pull of the winch. It is important that
it be thoroughly lubricated.

Hand winches can be used in places in-
accessible to power equipment, are com-
paratively inexpensive and are surprisingly
powerful. Sometimes they can take out
tougher stumps than a power winch of the
same pull because the line can be left taut
and tightened gradually or from time to
time as the stump yields. Their weight, with
cable, may be from 75 to 300 pounds, so
that carrying one of them any distance is at
least a two-man job. Carrying or dragging
it with a small tractor is often advisable.

Hand winches are sometimes mounted
on a truck, in which case they serve largely
as a spool to carry cable, most of the pull-
ing being done by the power of the truck.
If the job is too heavy for the truck, it may

be anchored or blocked and the work done
with the winch handle.

If not mounted on a truck or other car-
rier, the winch should have a V-shaped
towbar, or a subframe by which it can be
anchored. Blocks should be provided to
build up a base in line with the pull, as, if
this is high, the winch will be lifted off the
ground and will not be steady enough to
allow turning the handle.

MULTIPLE LINES

Snatch Blocks. If pulling stumps takes
the full power of the tractor or winch, it
may be advisable to use snatch blocks to
obtain greater power at slower speed. These
devices, also known as blocks and as pul-
leys, are pulleys set in frames that are pro-
vided with one or two round hooks or rings,
usually on swivel connections. For most
field work, single pulley wheels, with a
latch arrangement permitting insertion of
a cable at the side, are best, as cables usu-
ally carry attachments too large for thread-
ing; a tedious job even when possible.

These blocks can be obtained in sizes to
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Fig. 1-18. Use of sling block

match any cable or strain. In large sizes
they are very heavy, and several men, or
a small wheel tractor, or light donkey
winches may be used to move them.

Figure 1-17 shows several riggings us-
ing pulleys. If the lines are approximately
parallel, and the pulley bushings lubricated,
each additional line will add about 90 per
cent to the single line pull. This puts no ex-
tra strain on the winch cable, but the chokers
holding the blocks must take the combined
pull of all the lines fastened to them.

The advantage obtained from the use of
a block is decreased when the lines are not
parallel, bcoming zero when the angle
between the lines is 114°, Still wider angles
result in loss of power.

The number of lines that can be put on
one stump may be determined by the num-
ber of blocks on hand, the space available
for fastening them, the strength of the
available anchorage, or the amount of
cable. Light machines may use six or
eight blocks on a heavy stump.

Rigging is simplified by the use of series
and sling blocks as in Figure 1-18, (A).
The tractor line passes around a block
pulley to an anchor, doubling the pull at
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the block frame. This is attached to a
heavier line which passes around another
pulley to an anchor. The second pulley is
pulled with almost four times the power of
the winch.

The sling block makes possible use of
a double choker on the tree being pulled.
The choker cable is approximately centered
in the sling pulley, and both ends are
hooked around the tree. Such a double
choker can be of lighter and more flexible
cable than a single choker.

Rigging. Multiple blocks require care in
rigging and pulling. Two anchors are better
than one as they spread the cables over a
wider space where they are less apt to
interfere with each other. Each block is best
fastened to a separate choker, but one may
be fastened to each end of a chain passed
behind the stump if it is strong enough to
take a double pull; or one to both ends of
a chain given one turn around the stump.
It is good practice to notch the stump for
each chain used so that the chains and
blocks will not slide into each other as it
yields.

Rigging is done with the lines slack.
When they are pulled tight an inspection
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should be made to make sure that no pulley
latches have fallen open, as a pull on an
open block will bend it and cut the cable;
that no pulleys are jammed with debris,
or liable to pull into each other, and that
no chain hooks have become disengaged.
As the line is wound in, all blocks should be
watched to make certain that they do not
collide. Lines should not be allowed to
drag on each other.

If the winch does not carry sufficient line
for the distance or the number of lines in-
volved, extra line can be added by the use
of a take-up block, as in Figure 1-19 (B).
Standard practice is to use the winch line
from the tractor to near the first snatch
block, and the extra line for reeving. The
take-up cannot be pulled through a snatch
block, and is liable to cause trouble if
included in the multiple lines.

The extra line is often carried on a spool
supported on a pipe axle and brackets. This
should have a drag brake of some kind to
prevent spinning when paying out. The
spool is sometimes mounted on a tractor or
light truck, and the engine power used to
reel in surplus cable.

Anchors. It is often a question of
whether the stump or the anchor will yield.
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Anchor lines should be as low as possible
and stump lines high. It may be best to
pull the largest stumps first, using several
smaller ones for anchorage if necessary. In
a clean clearing job, there is always one last
stump for which there is no anchor, and if
it is small, it may be pulled out directly;
or in any case it wil respond to less elabo-
rate artificial anchors than a large one. On
the other hand, a large stump will be a
dependable anchor, and will prevent the
need of frequent re-rigging when anchors
pull out.

The final stump may be pulled by use of
a living tree as an anchor. A choker should
not be used under any circumstances on a
tree which is to be preserved; padding and
blocks should be used with a grabhook loop.

If no anchor is available, one may be
made, ground conditions permitting, by
digging a T shaped trench, two or more feet
in depth, as shown in Figure 1-20. A log
is placed in the crossbar, the cable an-
chored to it and led up through the sloping
trench toward the work. Load and local
conditions will determine the depth of cut
and size of log. In medium soil, a standard
railroad tie two feet down should hold a
horizontal pull of five tons.
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Fig. 1-20 Artificial anchor

Advantages of Blocks. Stump pulling
with a winch and blocks takes more time
and care than direct winch pull, but results
are generally more satisfactory. Jerks and
jars which are destructive to machinery and
cables are largely eliminated. Lighter cable
may be used and a sufficient number of
lines will reduce the tension on any one
so much that squeezing and crushing on
the drum will not occur,

A snatch block may be used to advan-
tage with an anchored winch to avoid shift-
ing its direction for each stump. Figure
1-21 shows a plot in which a number of
scattered stumps are to be pulled. A snatch
block is anchored to one of them and the
line led through it. The line can then be
attached to stumps straight in line with the
winch, or to any on the opposite side from
the anchor, as the pulley will lead the line
almost straight in, at the price of a small
friction loss. The pulley is best placed at a
moderate distance from the winch so that
the cable can feed evenly onto the drum,
instead of tending to pile up in the center.
The line from pulley to anchor should be
short to keep shifting of the pulley to a
minimum.

PUSHING AND DIGGING OUT

Bulldozer. Trees and their stumps may
also be pushed over or dug out by a
bulldozer. The blade is raised as high as
possible to contact the stump near the top,
and walked into it in low gear. If the tree
yields, the push should be continued until
the blade loses effective contact, or the
roots under the tractor bulge. The dozer

Fig. 1-21. Use of guide pulley

should then be backed and the blade
dropped under the upturned roots. By mov-
ing forward gradually and lifting steadily,
the stump may be rolled out of the ground,
although extra passes may be needed to
break all the roots clear.

A number of small trees may be pushed
over at a pass, and the dozer backed to
take out the upturned stumps on the next
trip.

Before ramming a tree with any type of
machine, the operator should look to make
sure that it is alive or at least sound. If a
rotten tree is pushed near the base it may
break high up and a top section fall on the
dozer. Large dead branches are sometimes
dropped with equally disastrous conse-
quences. A dozer to be used extensively for
tree pushing should carry overhead guards
for the operator.

A tree may bend or split without affect-
ing the roots, in which case the push should
be applied lower on the trunk, or from a
different direction.

Digging Out. If it does not yield at all
to pushing, it must be dug out. This is
done by trenching around it with the dozer
to cut the roots. If done systematically, this
may follow the pattern in Figure 1-22, but
it is frequently unnecessary to go through
the whole procedure. Each time the dozer
cuts a big root, it may turn and push the
stump to see if it is loosened. The operator
will often be able to tell when it has been
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Fig. 1-22. Digging out stump
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softened up by the way it shakes as the
roots break. Many operators do not bother
with cut number 4, but it helps with very
heavy stumps, particularly when cut low.
The ramp need be built only after an at-
tempt to uproot from a lower level has
failed.

Roots should be cut as close to the stump
as the power of the dozer permits, but it
is a waste of time and power to buck at a
heavy root repeatedly when it could be
easily broken a foot or two farther out and
the stub crumpled back.

Pushing over a stump may leave a hole
so large that the dozer cannot cross it to
complete the tearing out. In this case, the
dozer may be stopped at the edge with
brakes locked and the blade holding the
stump up. The operator can climb down
and block the stump from settling back
with stones or a log, then back the machine
and push dirt into the hole, or break down
its edge so that it can walk into it.

If an area is to be excavated after clear-
ing, stumps may be left until digging has
undermined them and cut many of their
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Fig. 1-23. Stumping with shovel dozer

roots when they can be easily removed.
Shovel Dozer. A shovel dozer can re-
move stumps in the same manner as a
bulldozer, or make use of the hydraulic
control bucket in special techniques. A
stump of small to medium size may be dug
by tilting the bucket floor downward from
thirty to sixty degrees and forcing it into
the ground close to the stump, as in Figure
1-23, using both down pressure and for-
ward motion. With the machine pushing
forward, the bucket is then flattened and
may be driven under the stump, cutting and
tearing the roots, and then lifted, breaking
the stump out of the ground. If it falls off,
the bucket is dropped to contact it and to
roll it out of the ground. If it stays in the
bucket, it can be carried to a pile or loaded
directly on a truck.
The high lift gives the dozer shovel ex-
cellent leverage for pushing over trees.
Bucket teeth are desirable for stumping
as they aid penetration, get a better grip on
the stump, and are useful for knocking dirt
off the ball, and for raking out roots.
Methods of handling stumps with a
dozer bucket are described in Chapter 16.
Selection of Machinery. Big machines,
and special machines, greatly reduce time,
effort, and breakage in clearing work, and
should be used whenever a job is large
enough to justify their purchases or hire.
Stumps that can be knocked right out
of the ground may be removed at the rate
of one a minute or better; moderately re-
sistant ones may take two to five minutes;
and those which are definitely oversize may

1-23



CLEARING

take an hour or more. It is easy to see the
time that can be saved by applying over-
whelming power.

A good clearing team may be made from
a heavy tractor with a stumper, assisted
by a smaller one with a shovel dozer. If
these machines work together closely, the
stumper can devote its entire time to break-
ing out the big ones, while the dozer takes
out small stumps, knocks down brush,
finishes off loosened stumps, piles and re-
moves them, and smooths off the ground.

Revolving Shovels. The backhoe is prob-
ably the best stumper among the shovel at-
tachments. Usually, the operator tries to
take the stump by a direct pull first. If it
resists, it can be weakened by chopping
roots on the far side and by trenching at
the sides. Except in the case of very large
stumps, digging and removal can be done
from one position. It may be necessary to
put blocks against the tracks to prevent the
shovel from dragging toward the stump
when power is applied.

A dragline is used in the same manner
but is less efficient at chopping roots, and
does not have as strong a pull. However, it
can often take out a number of stumps
without changing position, and is able to
backfill the holes and grade the area at
the same time.

A dipper stick is used in somewhat the
same manner described for a dozer shovel.
It has more penetration and can trench to
cut roots more readily but is less maneuver-
able.

The hoe and the dipper are more effec-
tive than dozers in rocky ground and
among interlocked stumps as they can ap-
ply their power in smaller spaces. It is
often necessary to devote time to digging
out rocks before the stump can be attacked.
If the roots are strongly entrenched in bed-
rock or oversize boulders, the rock may
have to be blasted before the stump can be
pulled.

Rippers and Pans. Rippers may be used
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to cut stump roots and to dig out stumps
directly if they are low enough for the rip-
per frame to clear. The teeth are lowered
into the ground, pulled under the stump,
and raised as the forward motion contin-
ues. Two teeth are generally used.

Scrapers may be used in much the same
manner, the edge getting under the stump
and lifting it out. It may also be possible to
leave the edge low and to scoop in the
stump with a chunk of surrounding earth.
However, a stump may become wedged
into the bowl so as to be very difficult to
eject.

If the stump is low enough the tractor
can straddle it. If it is high, the tractor
should pass close on one side, then cut over
sharply so that the blade will contact it.

Hand Digging. Often trees are so located
that uprooting them would damage pave-
ments or buildings so a trench must be dug
around the tree by hand, and the main
lateral roots cut. This is a very tedious job
as much of the dirt between the roots must
be dug with a trowel, or even with smaller
tools. If space is available, the roots may
be chopped with an ax, but a hatchet or
wood chisel and hammer may be better.

After the main roots are cut, the smaller
laterals are liable to break so that the trunk
will come out with very little heaving of
the soil. If a taproot is present, it may be
cut with long chisels while pulling. Any
tendency to heave will show the presence
of heavy roots which have not been cut, so
that further digging and chopping may be
required. This same technique may be used
to weaken trees or stumps that are too re-
sistant for the pulling power available.

Men accustomed to grubbing out stumps
by hand can do the job in a fraction of the
time required by ordinary laborers.

Tree Killing. Under most conditions
dead stumps are easier to remove than live
ones because of the disappearance of the
hair roots which bind them to the earth,
and the weakening of the larger roots. Soft
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woods in well drained soils may show per-
ceptible weakening in a few months, while
rot resistant stumps in saturated ground
may remain firm for many years. In any
case, dead stumps contain lighter wood and
hold less dirt than live ones.

It may therefore be advantageous to kill
trees well in advance of removal in cases
where plans are made early enough. This
may be done by cutting, girdling, poison-
ing, burning or drowning. Cutting and gir-
dling are ineffective with trees that sprout
from the stumps, unless the sprouts are cut
back several times, or poison is inserted
under the stump bark. Poisoning may be
done without cutting by nicking the tree
in late summer or fall and putting sodium
arsenite or weed killing chemicals in the
cuts. The same methods are not equally
effective in different localities so advice
should be obtained from local tree experts.

Burning peat soils in the dry season will
kill trees and loosen the stumps, but be-
cause of smoke and smell nuisance, and
danger of spreading, it should be done only
under carefully controlled conditions.

If it is possible to dam a stream so as
to flood a wooded area for several months
during the growing season, some or all of
the trees may be killed. Unfortunately this
is usually possible only in swamps, and
swamp trees are more resistant to drown-
ing than those in dry locations.

Burning Stumps. Partially rotted stumps
may be difficult to pull because they fall
apart. These should be pushed or dug out,
or burnt.

The best tool for burning stumps is a
large keroseme blowtorch. It may be
blocked up and left turned against a stump,
and one man can operate several of them,
or do other jobs while taking care of one.
When the wood starts to burn, the torch
may be moved to another stump and
brought back if the fire dies down. Green
wood will require continuous heat for
many hours.

The torch will operate most effectively
if directed into a cavity with an opening in
the far end so that a draft can move through
it. If the flame is aimed into a dead end
hollow, very high temperatures will be at-
tained, but because of lack of oxygen the
wood will distill rather than burn and will
be destroyed slowly. If the flame is used
against the outside of the stump, it should
be directed upward to draw a current of
fresh air between the flame and the wood.

Dry stumps may also be burned by
starting a wood fire alongside them, and
keeping it supplied with logs and snags
placed to almost touch the stump. The
draft and reflection of heat will keep both
surfaces burning, but the loose wood must
be moved in rather frequently. This method
may remove only the top and outside of
the stump, leaving a conical core.

Care should be taken to avoid spreading
stump fires. Roots may burn underground
to start surface fires at a distance. Soils rich
in humus, such as swamp peat or forest
loam, may burn unless saturated with
water, and are very difficult to extinguish.

Disposal. Fire is the only stumping pro-
cedure that avoids the problem of disposal.
Stumps, except in very small sizes, are too
heavy and bulky for convenient transpor-
tation or burial, are often too green or
filled with dirt and stones to burn readily,
and are too unsightly to be left around.
They can be buried in very deep holes,
often dug for the purpose; but they are
not suitable fill for support of engineer-
ing structures. Because of their awkward
shape, the hole should be deeper than their
longest dimension unless they can be low-
ered to position with a crane. Handling
will be simplified by cutting all roots back
as far as possible.

Burning is the usual method of disposal.
A hot fire is built and the stumps pushed
or lowered into it as they are taken out, or
after they have been allowed to dry for
a time. In localities with sticky soil, it may
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Fig. 1-24. Starting a fire

be necessary to blast the stumps before
pulling to avoid choking the fire with exces-
sive amounts of dirt. Another way to re-
duce the dirt ball is to overturn the stumps
and leave them with roots exposed for a
few weeks, then finish knocking them out
of the ground when the dirt is drier and
falls off more readily. Dirt may also be dug
out of them with hand tools.

Instead of putting the stumps directly on
a fire, they may be piled up and allowed to
dry for six months to two years, then
burned. Such a heap may be difficult to
light unless piled on brush or other kin-
dling, but once any part of the pile is burn-
ing strongly, the fire should spread to other
parts readily. Stump fires are very hot and
burn for weeks.

BURNING BRUSH

A great deal of time and effort are
wasted in ineffective attempts to burn
brush, and for this reason proper procedure
will be discussed in some detail.

Even green, wet brush and logs will burn
vigorously once properly started, but con-
siderable heat is required to boil off the sap
and water, and to ignite the wood. This
heat may be obtained originally from a
carefully built fire, or by use of inflam-
mable chemicals.

Building a Fire. The fire should be on
level ground, or on a hump. If built in a
hollow or against a rock or stump, inward
flow of air will be hindered, and brush
added to the top of the fire will be held

1-26

up away from the heat. All inflammable
material should be cleared or burnt away
from around the site, particularly down-
wind. Fire fighting tools should be avail-
able.

Figure 1-24 illustrates two ways of
starting the fire—andirons and tepee. The
“andirons™ consist of a pair of small logs,
or rocks, or ridges of dirt. Twigs and
sticks, preferably dry, are laid across the
andirons. These should be laid in one
direction so that they will lie close to-
gether, but should not fit together so well
as to prevent air and heat going between
them. No leaves or grass should be in-
cluded.

This pile is ignited by burning paper,
dry grass, or chemicals under it, renewing
the fire until the sticks burn briskly. More
and heavier sticks are added, then partly
trimmed branches, and finally, when a good
bed of embers and strong flames are pres-
ent, untrimmed bushes and branches. It is
a good plan to put a few logs or snags on
at this time to give the fire staying power.

The tepee is similar in principle. The
sticks are piled on end around the kindling.
As heavier pieces are added, the tepee is
crushed, but if it is burning well this will
not matter.

A danger in transition from the hand
tended fire to the roughly piled one is that
the untrimmed brush may include so much
air space that the heat cannot cross it ef-
fectively. The fire may burn a dome shaped
hole over itself, then die down. In such a
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case, sticks should be poked into the fire
itself to build it up, and the brush over it
should be compacted by rearrangement or
piling on of heavy sticks. This is tiresome
work and may fail. It is better to tend the
fire longer before piling on loose material,
to be sure it will not have to be worked over
afterward.

Artificial Helps. OId tires provide excel-
lent material for starting a fire. Trimmed
brush can be piled on them as soon as they
are burning.

A dying fire may be pepped up by use
of kerosene, fuel oil, gasoline, or similar
fiuids. To be effective, these must be ap-
plied at the base of the pile. Because of its
explosive qualities, gasoline should be ap-
plied only as a stream from a blowtorch or
similar pressure device with a fine nozzle,
and only when it burns as it is ejected. If it
does not burn, it may accumulate in suf-
ficient quantity to cause an explosion.

Putting inflammable fluids on the heap
itself may produce a fine flame, but it will
have little kindling effect as the evaporating
fuel will absorb the heat that radiates
downward.

Large kerosene blowtorches, called
flame guns, may be used to advantage. A
hot flame six inches in diameter and twenty
inches long can be obtained from some
models, and when directed into the base of
a compact pile of brush, should be quite
effective. It can also be used cold to spray
fluids into the bottom of the pile.

If the fire dies down in spite of nursing,
it may be best to build a new fire nearby,
with greater care to avoid air spaces and
coarse green wood early in its life.

Transferring Embers. Once a good fire
is burning on the job, its embers may be
shoveled out and used for starting other
fires. This should be done rather frequently
as a long brush carry adds greatly to labor
COsls,

Four or five shovels of hot embers may
be laid on the ground in a pile, and fine
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brush, or dry twigs and wood, piled on it.
Or the embers may be sifted down through
piled brush. The embers give a sustained
heat and consume little oxygen, so that a
strong new fire starts quite quickly.

Feeding. It usually takes at least two
men cutting and dragging brush to keep
one fire burning briskly. If it is allowed to
burn down, it is good practice to put the
unburned ends in the center hot spot, be-
fore piling on more brush.

When a dozer is used, ample supplies
of fuel can be brought to the fire, and it is
usually well packed by the pressure of the
blade and the weight of the machine if it
climbs up on the pile.

The principal problem of dozer feed-
ing is dirt. This tends to block the fire
from spreading into new material, and to
smother parts already burning. Every effort
must be made to reduce the amount of
dirt by rolling and jostling piles, holding
the blade high enough not to dig in, and
giving the vegetation and mud a chance
to dry before bringing it in.

A hot fire will burn through quite a lot
of soil, but it will seldom burn clean. After
it cools, the remaining stems and stumps
can be sifted out by the dozer and used in
building the next fire.

Best results in fire feeding are obtained
if at least part of the new materiai can be
placed on top of the flames.

Banking Fires. If the job is not extensive
enough to justify the employment of a night
man to watch the fires, and any inflamma-
ble material is nearby, they should be
buried under a few inches of clean dirt at
the end of the work. Humus or rich topsoil
should not be used. The soil cover will
prevent sparks from blowing, preserve a
hot bed for use in the morning, and, if
the cover is not removed, may make a fair
grade of charcoal.

Burning Piles. If the brush is piled a long
time before being burnt, dropping a match
in it on a hot day may accomplish its com-
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plete removal. If it has been piled only a
few hours or a few days, a fire may be built
on the windward side against it but not
under it. This fire may be caused to spread
into the heap by keeping it buried under
compact brush, so that the fire is fed and
the heat reflected into the pile. If the brush
has leaves, it is good practice to cover any
place where flames show through. A strong
fire cannot be smothered with hand piled
brush.

Brush piles may be pushed on top of fires
by a dozer, placed by a clamshell, or rolled
on by a number of men using long poles.

If brush is being cut in an area present-
ing unusual fire hazard, or the cutting is
in small, scattered areas, it may be desira-
ble to truck it to a central burning place.
A continuous fire may be maintained with
incoming loads dozed or hand piled onto
it, or the brush may be piled to dry and
burnt off occasionally.

Brush up to a few inches in diameter can
be reduced to chips by a chopping machine
after which it can either be left on the
ground or easily trucked to a dump.

FIRE CONTROL

Any contractor burning brush in an area
subject to brush or forest fires is subject
to heavy responsibility if one of his fires
spreads. Also, in the presence of extensive
forest fires from any cause, the contractor
may be required by authorities to use his
men and equipment to control them. At
such a time there might not be experienced
fire fighting personnel available to direct
his work. A brief outline of fire fighting
techniques is therefore considered appro-
priate.

Hand Tools. Where the material burning
is largely grass and associated weeds, or
thin brush, fire can be beaten out. House-
hold brooms, occasionally dipped in water
if possible, are very effective. Shovels or
leafy bushes or branches can be used with
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good effect. Each blow should be directed
so that flying sparks are knocked toward
the burned area.

The fire may also be starved by scrap-
ing away the vegetation just beyond the
flames. This may be done with shovels,
hoes, rakes, grub axes, or almost any piece
of metal. A special type of fire fighting
tool, shaped like a heavy rake and fitted
with sickle bar teeth instead of tines, is
quite effective. Bushes may be cut with
axes, machetes, bush hooks, or pruners.

Extinguishers. Back pack fire extinguish-
ers, which consist of a water tank carried
like a knapsack, a flexible hose, a hand
pump, and a nozzle are important pieces of
equipment. If the grass is low or thin,
spraying in the path of the fire may stop it.
If the fire is strong and moving rapidly,
the water may be most effectively used for
putting out smoldering spots behind the
beaters. Addition of a wetting agent—a
small quantity of synthetic powdered soap
will do if regular compounds are not avail-
able—increases the effectiveness of the wa-
ter by enabling it to soak through vegetable
litter and punky wood.

Pumps. If streams or ponds are avail-
able, the contractor’s pumps, particularly
the light centrifugal type, are very valua-
ble. A welder or machinist can usually
make adapters quite quickly that will per-
mit fire hose to be attached to the pump
outlet. The high pressures used in regular
fire pumps will probably not be developed,
but sufficient pressure will be available for
wetting down firebreaks, or making direct
attacks on anything short of a crown fire.

Sprayers. Tree spraying outfits make
good fire fighters. These usually consist
of a tank holding from two to five hundred
gallons, a high pressure pump driven by
a small gasoline engine, or by the power
takeoff of a towing tractor, or a carrying
truck; a reel of hose, and a nozzle. Those
having an engine are generally mounted
on a wagon chassis that can be towed by
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almost any motor vehicle. If the pump is
tractor driven, adaptation to most wheel
tractors can be made quickly. The handiest
models are those mounted on a motor
truck,

Such equipment can generally be rented
or borrowed in almost any area. The vol-
ume of water delivered through the nozzle
is small, but pressure is high and results
are usually excellent.

Dozers. A bulldozer can put out a grass
fire by starting behind the fire and strad-
dling its line as in Figure 1-25. It may be
able to scrape off the grass without cutting
much into the ground. If this is not prac-
tical, it can skim off the sod until the load
is heavy, then swing it into the burnt area,
or raise the blade and spread the sod over
the next few feet of flames, smothering
them. An angle dozer can side cast the
sod into the burnt area, and a hand beater,
or extinguisher, should follow to put out
any spots that are missed.

Method of Attack. Windblown fires
should not be attacked directly at the front
as this procedure is both dangerous and
ineffective. A new fire running before a
wind will assume a shape similar to that
in Figure 1-25. A direct attack on the
front means fighting flames several feet
deep. If these should be put out, fire blow-
ing up the sides could rekindle them in a
few seconds. A crippled man or machine
ahead of the fire could not escape being
burned.

Pinching off the sides is both effective
and reasonably safe. The fire is extinguished
starting at the back so that the heat and
smoke are blown away from the workers.
Provided a constant watch is kept behind
them for rekindled spots, the fire cannot
repossess the extinguished area. When the
front is reached, it is attacked from directly
behind as well as on the sides.

If the fire is too strong for the force fight-
ing it, the front will continue to advance,
but the work on the flanks will limit its
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Fig. 1-25. Fire-fighting with dozers

width and make easier the task of stopping
it with firebreaks or backfires, or after a
shift in wind direction. It can sometimes be
turned by concentrating on one flank.

Firebreaks. A firebreak is any strip bare
enough of inflammable vegetation to de-
lay or stop the spread of fire across it.
Roads, open water, plowed fields, close cut
lawns, and even footpaths may be used. In
addition, breaks may be prepared in antici-
pation of fire along the crest of hills or
mountains, at property lines, or at the edge
of the areas being cleared.

Advantage should be taken of any exist-
ing breaks when deciding where to place
one to stop a fire already burning. A short
line is preferable, and valuable property or
highly inflammable areas should be pro-
tected. The break should be far enough
from the fire to allow time to finish it and
to start backfires; it should be in vegetation
least apt to make a spark-producing or a
high fire, and on terrain favorable to oper-
ation of machinery. A compromise among
these features must usually be made.

A bulldozer may be walked along the
line of the break, alternately cutting and
filling, so as to mix the vegetation with
dirt. Hand workers with cutting or digging
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tools follow to cut out any spots where fire
might cross. If the brush is heavy, the
dozer may turn to push heaps of it out of
the path. An angledozer or a heavy grader
might be able to make a single clean cut in
each direction, turning the sod and brush
out from the center.

In grass or light brush, a plow or heavy
disc harrow might do a better or faster job
than a dozer. The plow makes a rather
narrow strip with each trip, and is subject
to jamming with brush but does not have
to go back over its work. A harrow may
require several trips and might not be
effective.

The hand tools listed earlier may be used
to build a complete break, or to work one
over after the machinery has passed.

Backfires. A strong fire adds to the force
of the wind which is moving it, somewhat
as a blowtorch builds up its fuel pressure.
The combined force may be enough to
project a sheet of flame many feet in front
of the burning line, and to shower sparks
for long distances ahead. For this reason,
the fire may cross a break of any practical
width and make the area too hot for fire
fighters.

The principal use of the firebreak is to
provide a line from which backfires can be
started. Since the break is made on the
downwind side of the fire, a new fire started
on that edge burns upwind. The backfire
should be made in a continuous strip along
the break so that it will not be able to turn
and blow back toward it. It will increase in
strength as it progresses, but will be stead-
ily farther away from the protected side.
When it meets the main fire, there is liable
to be a spectacular flareup and heavy pro-
duction of sparks. If the backfire has been
started in time, this should be far enough
away from the break so that few sparks
will cross it, and those can be extinguished
by men patrolling the break. If no shift
in wind occurs, the sides of the fire can
then be put out by the crew working from
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behind, aided by the firebreak crewmen.

If the break is made in a forest where
the flames might crown (burn in the tops),
the trees on each side of the break should
be bulldozed or cut so as to fall away from
the center.

Since a change in wind direction may oc-
cur at any time, care should be taken not
to start backfires prematurely, and to keep
men and machines in positions where they
can get away if the fire turns toward them.
The burnt-over area, ponds or wet swamps,
plowed land or well grazed pastures, are
suitable retreats.

Men on the fire lines must be kept pro-
vided with food, water, and tools, and re-
lieved for rest periods. Machinery must
have fuel but may be skimped on other
maintenance in sufficiently dangerous situa-
tions.

Backfiring, and possibly other phases of
fire fighting, may be regulated or prohibited
by local laws.

Re-Kindling. After the spreading of a fire
has been checked, it must be patrolled un-
til all danger of its making a fresh start has
passed. A grass fire in a clean field may
be safe to leave within an hour, while
wooded areas containing dead or fallen
trees, or rich dry soil, may be dangerous
until after several soaking rains.

Dead stumps may burn a long time and
are difficult to extinguish unless ample sup-
plies of water are available. Fires burning
under and between logs on the ground can
often be put out by moving the logs apart,
or can be caused to burn out more quickly
by piling additional wood on them.

The worst hazards are standing dead or
hollow trees, called snags by the lumbermen.
If close to the line, snags may set fire to
the unburned area by falling into it. They
frequently produce sparks that may drift
long distances. Even thorough soaking may
not extinguish them, and it may be neces-
sary to cut them down or maintain an ex-
pensive patrol for days or weeks.
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Cutting a burning tree is a tricky and
dangerous job as the cutters are in con-
stant danger of being hit by falling pieces,
and temperatures at the base may be too
high for them or their tools. This job is
best left to experienced fire fighting crews.

Snags may be pushed over by bulldozers
but the tops are apt to fall on the machine.
An overhead shovel, because of its heavy
roof, gives good protection to the operator.

The best time to check a burned area
for hot spots is immediately after a rain,
or a heavy dew, as the moisture near the
fires will steam. _

Underground Fires. Underground fires,
such as occur in rich forest soils and dried
out swamps, constitute a special problem.
When fire gets in them, often by smolder-
ing down a dead root, they will burn hot
and persistently. Plain water has little ef-
fect on such a fire unless applied in such
quantities that the area is flooded. Smaller
quantities do not penetrate the deeper
burning zones, which have sufficient heat to
evaporate quantities of water from sur-
rounding peat, and then spread through the
dried material.

Special nozzles consisting of pipes long
enough to reach the bottom of the fire are
helpful. The lower end is plugged and a
fairly large hole is drilled in the plug to
wash humus out of the way as the pipe is
pushed down, and smaller holes in the side
spread a soaking spray. The use of wetting
agents will substantially reduce the amount
of water required, and may make the dif-
ference between success and failure where
the water supply is limited.

Such a fire may be confined by trench-
ing down to inorganic or saturated soil. The
digging may be quite difficult because of
roots, and a backhoe or dragline shovel
might have to be used.

Peat fires spread very slowly unless they
ignite surface vegetation or litter which
set fire to the soil at new points. If equip-
ment is not immediately available to ex-
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tinguish or ditch the fire, leaves and
inflammable trash should be removed for
ten or more feet around it, to prevent rapid
spreading while arrangements are made to
put it out.

BOULDERS AND BUILDINGS

Boulders. An area may be so strewn
with loose or partially buried boulders that
work is difficult, and the removal of these
rocks may properly be considered clearing.

If large enough machinery and suitable
disposal points are available, the rocks may
be turned or dug out and pushed away.
If they are too large for easy handling and
disposal, it is usually advisable to dynamite
them down to size.

If blasting techniques are mot to be used,
rocks may be reduced by means of air or
sledgehammers, and wedges, or by drill-
ing and using plugs and feathers. The plug
and feathers consist of a pair of hard steel
pieces, half cylinders, whose outer surfaces
are curved to fit inside the hole, and whose
inner flat sides are separated enough to
permit a thin hard steel wedge to be driven
between them with a sledgehammer or pav-
ing breaker. The very gradual taper of this
wedge exerts a tremendous splitting force,
and in the hands of an expert and energetic
man can be used to split large and stubborn
boulders.

Under many circumstances, however, a
contractor may prefer to get rid of the
rocks by digging and pushing. The dozer is
the standard tool for this work. Efficiency
can be increased by use of a tilting blade,
a dozer shovel bucket, a stumper, or a
heavy duty rake blade.

A dozer can move quite a large rock on
firm ground, perhaps several times its own
weight. If the stone is too large for direct
pushing, it can be pushed first on one side,
then on the other, as in Figure 1-26. If
it is rounded, it can be rolled by lifting the
blade while pushing. If the blade does not
have enough lift to roll it over, it can hold
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Fig. 1-26. Pushing oversize boulder

it in a partially rolled position, with locked
brakes, while the stone is blocked up. The
blade may then be lowered and the push
and lift repeated.

Partly buried rocks may be pushed or
dug out in somewhat the same manner as
stumps. The resistance they offer is usually
more rigid and brittle than that of stumps,
and if a rock will shake in the first few
direct blows of the blade or bucket, it
should come out. It is sometimes very diffi-
cult to get a grip on smooth sloping sur-
faces, so that an excessive amount of
digging must be done just to get a hold.

When a grip is obtained with a dozer
blade, the rock may be raised and pushed.
If it is backed by unyielding material, the
engine clutch should be slipped so as to
supply just enough forward pressure to
keep the blade in contact with the rock
while it lifts it vertically, and, when it is
high enough, rolls it out. The rock may
slip back into its hole at any time, and it
is good to have a helper throw stones or
logs under it so the blade can be dropped
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and a fresh grip obtained. If no helper is
available, the operator can lock the brakes
to hold pressure against the stone and do
the hole filling himself.

If a big stone is rolled out without block-
ing, it may leave such a large hole that
the tractor may be damaged if it falls in
it. The danger is more serious than with
stumps as rocks leave sharper edged and
harder holes.

A rock should be pushed from all angles
before digging it out as it may be suscepti-
ble to pressure from only one direction. If
it is to be dug out, a bowl-shaped crater of
considerable size is excavated, working on
three sides, if a good grip is available at
the top, or all around it if the top is
smooth. When it is finally loosened, it may
be found that it is so heavy that the dozer
cannot get it up out of the hole.

It probably can be pushed out by fol-
lowing the procedure outlined in Figure
1-27. The dozer builds a ramp out into
the crater, shaped so that the machine will
be pitched downward when its blade meets
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Fig. 1-27. Getting boulder out of a hole

the rock. With gravity assisting, it should
be able to push the stone a short distance
up the opposite slope. The ramp is then
built out, and another push made until the
stone is out of the hole.

Loose boulders may be pushed out of the
work area and scattered, piled, or arranged
in walls; or they may be buried, being
either used as a fill or wasted in holes.
Holes may be dug to bury them.

Where many boulders are pushed into
a hole they afford unsafe footing for a
bulldozer and may pile up above the de-
sired grade. A moderate amount of dirt,
either scraped off the bank or trucked to
the spot, will allow the dozer to fill in the
holes and stabilize the rocks so that it
can walk across them in pushing other
boulders to their resting place.

If the area is to be finished to a grade, it
pays to be liberal in supplying covering
soil, for if the layer is thin the dozer work-
ing on it may hook into freshly buried
rocks and turn them into high positions.
They can seldom be put back in place be-
cause of soil and other rocks getting under
them, and it may be necessary to knock
their tops off with hammers or explosives,
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or dig them out and rebury them. Digging
a boulder out from among others is very
difficult and it is likely to turn them up
also.

Rocks may also be trucked away from
the job. They may be picked up by shovel,
by clamping in a clamshell or orangepeel
bucket, or balancing on a dipper or hoe
bucket, or by tongs or chaining. Light
chains, or cable slings, are best for getting
a grip, but are more subject to damage
and breakage than heavy chain.

Ordinary light dump truck bodies are li-
able to be seriously damaged by oversize
rocks. The floor may be protected by lay-
ing or bolting down planks.

Stone Walls. Stone walls built to dispose
of boulders removed from farm land are
very common in some sections of the coun-
try, and may include rocks large enough to
present a problem to machinery. The big
base stones are often partly or completely
buried, interlocked, and bound in place by
tree roots. The smaller stones may be valu-
able for use in masonry, and may be re-
moved by hand before or during the
wrecking of the wall.

A dozer of sufficient size can walk right
through the wall and scatter it around, but
an undersize machine may have to start
at a gateway, or find a weak spot to break
through and widen the hole by worrying
the rocks out one at a time. If the wall
cannot be broken from one side it should
be tried from the other.

Foundations. Old foundations and other
masonry structures usually yield readily to
heavy machinery. High walls should be
pulled down as they might fall on a ma-
chine pushing them.

If a foundation is too strong for avail-
able machinery, it may be weakened by
blasting along the lines where it meets the
floor and other walls, by mudcapping or
drilling. Demolishing very heavy or exten-
sive structures, however, is a house wreck-
ing job out of the field of this book.
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Small Buildings. Moving buildings prop-
erly is also a highly specialized trade, but
an excavating contractor may be called
upon to move small buildings of minor
value out of the work area, or to drag his
work buildings around on a job.

The easiest method is to jack the build-
ing up, or to lift it one end at a time with
a shovel or crane, and pull a pair of sub-
stantial skid logs under it. These should be
beveled at the front so as not to dig in,
and notched on the top for the sills of the
building. They should be spiked or bolted
to the sills. If the building needs additional
rigidity, cross logs may be used above the
skids and the walls may be braced with
diagonal planks.

The skids should be rigidly fastened to
each other. If the building is to be pulled
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by one machine, through a double chain
as in Figure 1-28 (A), which is the usual
method, the bracing between the front of
the skids takes a tremendous inward pres-
sure. Ordinary log or timber braces may
not hold, unless very expertly installed, or
the pull is light.

It is usually worth while to make a
steel cross brace such as is shown in (B).
The beam itself may be second hand I
beam, or channel or angle. The welded
brackets prevent the skids from moving
inward, and the chain, pulled tight with a
load binder, prevents them from moving
out. Notches in the bottom of the skids
are necessary to prevent the chain from
cutting into the ground and increasing the
draft.

The skids should project far enough for-
ward to be easily chained for pulling or
lifting. They should be high enough to carry
the sills or cross logs over any irregularities
in the ground. If this is not practical, roll-
ers, consisting of short logs, may be put
under the front of the skids. As the build-
ing goes over these, they must be watched
so that they will not turn up and injure
the structure. When they are left at the
back, they may be picked up and carried
to the front.

Rollers are also used when the tractor is
not powerful enough to pull the skids on
the ground.




CHAPTER TWO

LEVELS AND LOCATIONS

GENERAL CONSIDERATIONS

Surveying is a profession in itself and
contractors and their employees seldom
have time to master it. However, it is
possible for a layman to run levels, to re-
establish lines and locations obliterated by
construction, and do rough layout work.

If a job involves as much as a day of
work for a surveying crew, it is usually
economical to hire professionals. They
work more rapidly and efficiently than
amateurs, and are less liable to make costly
mistakes. Unfortunately, it is frequently not
possible to obtain the services of engineers
exactly when needed, and there are many
Jobs which are too small, or too simple, to
justify calling them in.

Also, it is sometimes dsirable for the
owner or contractor to make a rough sur-
vey of a project to determine the amount
of work to be done, and possible layouts,
before bringing in surveyors to provide de-
tailed information. A man can usually ob-
tain a much clearer idea of the problems
involved by running his own levels than by
reading the findings of another.

The methods outlined in this chapter
will in some cases be those used by sur-
veyors, but will often be shortcuts and
substitutes which can be used by amateurs
with reasonably satisfactory results, and
which generally are easier to learn, but less
accurate, than professional methods.

More detailed information about survey-
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ing may be found in textbooks on plane
surveying, such as are used by engineering
students. A few months” work with a sur-
veying crew is about the best training in
field methods.

TELESCOPIC LEVELS

The basic surveyors’ tool is a telescopic
level mounted on a turntable which in turn
is usually supported by a tripod. There is
a great variety of these instruments, but
most of them may be classified under three
headings—level, convertible level, and
transit. The difference is partly that in the
first the telescope is always used in a hori-
zontal position; in the second the telescope
may be lifted out of its frame and reset so
as to pivot vertically; and in the transit it
is permanently mounted so as to swivel ver-
tically as well as horizontally. However,
these general distinctions are not always
true in regard to particular models.

Builders’ Level. Figure 2-1 shows a type
of builders’ level which is convenient for
general contractors’ use. The telescope is
held rigidly in a U Frame that rotates on
a vertical spindle, which is perpendicular
to the line of sight of the telescope. A
spirit level with a graduated glass is
mounted on the frame.

The leveling head on which the spindle
rotates is shown in Figure 2-2 fitted with
a horizontal circle marked in degrees, in
contact with a pointer fastened to the



Fig. 2-1. Builders' level

spindle. Many levels do not have this cir-
cle, but it is essential for the location work
to be described.

Fig. 2-2. Horizontal circle

(]

Vernier. The pointer may be expanded
into a vernier such as shown in Figure 2-3.
This is a device for reading fractions of
a scale, which in the example is calibrated
to 30" (half degree) divisions. The length
of twenty-nine divisions on the circle is
divided into thirty divisions on the vernier.
Each vernier space therefore represents
29/30 of a space on the circle, and is 1/30
shorter.

In the illustration, if an angle on the
main scale is being read from left to right,
the zero, or center of the vernier, shows a
reading slightly higher than 2° 3('. Read-
ing the vernier to the right, it will be
found that the tenth division line matches
exactly with a line on the circle scale. This
indicates that the zero mark was 10/30,
or 1/3, of the way from 2% ° mark to the
3% mark, as the difference is cancelled out
in the course of subtracting the 1/30 dif-
ference 10 times.
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Fig. 2-3. Vernier

One third of 30 is 10°. The angle is
therefore 2° 30" plus 107, or 2° 40",

If the angle were being read from right
to left, the main scale would read 357°
and a fraction. Reading the vernier to the
left, the twentieth division is found to cor-
respond with a line on the circle. The angle
is therefore 357° plus 20/30 of 30°, or
357° 20y,

The telescope may be locked against
swinging by means of a thumbscrew for con-
venience in reading the scale, or holding it
in a certain direction. Another thumbscrew
will then move it slowly for fine adjust-
ments.

Telescope. The length and power of the
telescope and the length of the spirit level,
determine the range of the instrument and,
to a considerable degree, its accuracy. Tele-
scopes range from ten to eighteen inches
in length, and from ten to thirty-five power
in magnification. Spirit levels may be three
to ten inches long.

The telescope is focused by means of a
knob on the top, and usually by a turning
eyepiece also.

The field of view of the telescope is di-
vided into quarters by the cross hairs,
shown in Figure 2-4 (A), which are held
in a frame or diaphragm inside the tele-
scope. Provision is usually made to make
these visible or invisible by focusing the
eyepiece. The horizontal hair is used for
taking levels. If it is correctly placed in
the telescope, and the telescope is properly
leveled, it indicates the slice of the field of
view which is level with the observer’s eye.
The vertical hair is used to sight a given

point or line, and indicates the exact cen-
ter of the field of view for determining hori-
zontal angles.

Stadia Hairs. Stadia hairs (B) may be
fitted into the same frame. These are hori-
zontal and are located above and below
the center hair. The distance between the
stadia hairs is fixed at a ratio with the
telescope, usually 1 to 100, so that if a
measuring rod is sighted through the scope,
the inches or fect seen between the stadia
hairs may be multiplied by 100 to give the
distance of the rod from the instrument.

Amateurs are apt to confuse one or the
other stadia hair with the cross hair in tak-
ing levels, with resultant serious error. If
this trouble persists, additional hairs may
be installed, as in (C) in the form of a
letter X, which should make the center hair
easy to distinguish.

Base. The leveling head is mounted on
the turntable or base by means of a center
pin on which it can both tip and rotate,
and four leveling screws. These screws are
threaded into the leveling head and rest
on the leveling plate or turntable. They are
expanded into knurled wheels for conven-
ience in turning with the fingers, and have
expanded feet which do mot turn with the
screw, and which protect the plate.

The turntable base has internal threads
by means of which it can be screwed on

D O OB

Fig. 2-4. Sighting hairs
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Fig. 2-5. Level transit

to the tripod head. It may have a hook on
the bottom, on the axis of revolution of
the U frame, from which a plumb bob may
be suspended. This part of the base may
also be made to slide a limited distance
horizontally, relative to the tripod head,
for convenience in centering the instrument
directly over a mark.

Tripod. The tripod consists of three
wooden legs, hinged together by the top
piece which is threaded for the instrument.
These threads should be protected by a
cap when the instrument is not mounted.
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The legs may be one piece, or two pieces
sliding on each other and locked by a screw
clamp.

The base may be rested directly on a
flat rock or stump, if it is not possible to
set up the tripod, but this is not recom-
mended.

Convertible Level. The convertible level
is similar except that the telescope is
fastened to the frame by clamps that may
be readily unfastened, and both the frame
and the scope have a spirit level. The tele-
scope may be unclamped and mounted in
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Fig. 2-6. Parts of level transit

a socket in which it can rotate vertically,
and its vertical angle is shown on a curved
scale beside it. When used in this position,
the horizontal cross hair indicates the slice
of the view which is at the vertical angle
indicated by the scale.

When this instrument is used as a level,
it should be checked according to both the
frame and the scope levels. Lack of agree-
ment between these may indicate worn
or dirty clamps. If they cannot be recon-
ciled, work should be done according to
the telescope level, although the best prac-
tice is to have the instrument adjusted be-
fore using it.

Transit. The level transit, two models
of which are shown in Figure 2-5 and 2-6,
has a telescope permanently mounted so
that it can swivel vertically. When used as
a level, the reading on the vertical scale
should be zero, and the frame and telescope
levels should be in exact agreement.

Compass. Compasses are standard
equipment in transits, and can usually be
obtained for other type instruments that
have a horizontal scale. They are not
necessary for the work to be described in
this chapter, although it is often convenient
to know the general directions of lines.

Surveys are generally based on the true
north, from which the compass north varies
rather widely. Part of this variation may be
obtained approximately from the map, Fig-
ure 2-7, or more exactly from local sources.
Another source of mistakes is the magnetic
attraction of magnets, iron, and iron ore
for the compass needle. It is also affected
by the time of day. No confidence should
be placed in a compass reading taken near
machinery or electrical apparatus. Metal
objects in the observer’s pockets may cause
€rTorS.

Setting Up. The first step in using the
instrument is to set up the tripod. The top
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Courtesy of U. 5. Coast and Geodetic Survey

Fig. 2-7. Magnetic declination map

should be as level as possible, and the legs
pushed into the ground firmly. On a slope,
two legs should be downhill. The protecting
cap is removed and the instrument screwed
on. The telescope frame should be unlocked
so that it is free to rotate. The telescope
can then be held in one hand and the base
screwed on the tripod with the other.

Leveling. The instrument must now be
leveled by means of the four screws. The
telescope is turned so that it is over two
of them, and those screws adjusted until
the bubble in the level is exactly in the
center of the scale. The screws are turned
at the same time in opposite directions, so
that one pushes the leveling head up while
the other makes space for it to come down,
as it pivots on its center pin.

The bubble moves in the same direction
as the left thumb, as indicated in Figure
2-8. If the two screws are turned exactly
the same amount, the tension on them will
remain constant. If the screw toward which
the bubble is moving is turned farther, it
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will jam both screws. If the screw behind
the bubble is turned the most, the tension
will be reduced and the screws may lose
contact with the turntable.

If both screws are turned to the left
(clockwise), or one is turned left while
the other is stationary, they will be jammed;
while if one or both are turned to the right
(counter clockwise) they will both lose
contact.

The screws should be kept in light con-
tact with the plate during the adjustment
and tightened somewhat as it is finished.

When the bubble is approximately cen-
tered, the telescope should be swung ninety
degrees so as to be over the other pair of
screws, which are used to center the bubble
in the same manner. This adjustment will
disturb the first one, so the telescope must
be swung into its original position and
leveled, this time more exactly. It should
then be checked in the second position,
and adjustment in the two positions made
alternately until it does not move during
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Fig. 2-8. Leveling screw action

the swing through this quarter circle arc.

The telescope should now be swung
through the other three quarters of the cir-
cle. If the adjusting screws are tight, and
the tripod has not been disturbed, the
bubble should not move. If it does move,
and the table cannot be leveled so that
it will not move when swung, the spirit
level is probably out of adjustment.

Re-Leveling. During use, the spirit level
should be checked occasionally and the
instrument re-leveled if necessary. The tri-
pod may settle into the ground, particularly
if on some unstable base such as ice, wet
clay, or oil road top. Jars from focusing
the telescope, or the wind, or other causes,
may disturb it. Sometimes it is necessary
to put small boards under the legs to
avoid settlement.

Leveling Rod. The instrument’s com-
panion piece is the leveling or target rod.
This is a measuring stick, marked in feet,
tenths, and hundredths of feet; or in feet,

inches, and eighths of inches. It may be eight
to fifteen feet long, and usually is in two
or three pieces which slide on each other,
or, occasionally, are hinged or pegged to-
gether. The sliding type must be fully
closed or fully open to be accurate.

Long rods are very desirable in hilly
country.

Spaces may be marked by fine lines simi-
lar to those on a ruler, in which case it is
called a New York rod. A Philadelphia
rod uses the division lines as units of
measurement in themselves. See Figure
2-9. A rod in the decimal scale has the
tenths of feet each divided into ten equal
sections, alternating black and white. If
inches are shown, each is divided into
eight equal bars of alternating color.
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Fig. 2-10. New York rod and target

The target, 2-10, is a metal disc that
slides on a track on the sides of the rod.
It is painted in quadrants, alternately red
and white, with the division lines horizon-
tal and vertical, or in other conspicuous
patterns.

The rod man moves the target up and
down on the rod in response to signals
from the instrument man. Readings can be
taken in this way when distance or haze
prevents reading figures on the rod.

The target may include a vernier, in
which case it can be used for precise work
requiring reading of fractions of the small-
est divisions of the rod scale.

The rod is used for measuring the dis-
tance from the instrument’s line of sight
down to a point. If the point is almost as
high as the instrument, this distance will
be short; if it is much lower, the distance
will be long,

The clevation of a point is the distance
which it is above some standard level. This
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may be mean sea level—halfway between
high and low tide marks—or some local
point to which an elevation is assigned
arbitrarily.

Elevations are usually positive numbers,
measured up from a base point or plane.
Rod readings are negative, being measured
down from the plane of the instrument.

In taking levels, the positive elevations
are obtained from negative rod readings.
Care must be taken to avoid confusion. It
must be remembered that for any instru-
ment setting, the high readings are low
elevations, and vice versa.

USE OF LEVEL

Use of the instrument as a level depends
upon the fact that its cross hair indicates
a horizontal plane, level with the observer’s
eye in all directions. By use of the rod,
the amount by which a point is lower than
this plane can be measured, and the rela-
tive elevation of any number of points
within range can be calculated from rod
readings. Points above the cross hair can-
not be measured, except on vertical walls,
without moving the instrument higher and
resetting it.

Levels are most accurate over short dis-
tances. If the instrument must be used when
out of adjustment, readings should be taken
as nearly as possible at equal distances.

Converting Readings to Elevations. If
the instrument is to be set up only once on
a job, and no record is to be made of ob-
servations, the rod readings can be used to
figure heights. However, since these num-
bers are negative, the beginner will avoid
confusion by calling the lowest point—
that with the highest rod reading—zero
elevation. The other points will then each
have an elevation equal to the difference
between its reading and that of the zero
point,

Another method of converting to posi-
tive numbers is to subtract each reading
from some number larger than the highest
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reading. Figure 2-11 shows a series of read-
ings taken to determine in which of two
locations a drainage ditch should be dug,
with figuring done by both the zero and
subtraction (from plus 10) methods.

Bench Marks. If the elevations are to be
recorded for future use, it is necessary to
have some fixed reference point which will
not be disturbed and which can be readily
identified. A knob on firm bedrock, a nail
projecting from a tree trunk, a mark on a
building, or a stake hammered flush with
the ground may be used. Such a point is
called a benchmark, and is abbreviated as
BM. A reading is taken the first time the
instrument is used, and again each time it
is set up. These readings will probably all
be different, but in each case the elevation
of the instrument may be found by adding
the rod reading to the benchmark eleva-
tion.

Since the benchmark is the most per-
manent point observed, it is good practice
to assign an elevation to it, and to calculate
all other elevations from that. An as-
signed number should be large enough so
that no elevation less than zero will be
found on the job, as working with minus
figures may cause confusion and error.

If levels have been taken previously in
the area, engineers’ benchmarks may be
found, in which case it is wise to use

them. If possible, the elevation assigned to
them in the previous survey should be used
to facilitate comparison between the two
sets of levels.

Even if engineers’ benchmarks cannot
be used directly in surveying the job, it
may be advantageous to run a level to
one, and note its elevation in relation to
the contractor’s own benchmark, so that
the two systems can be compared if neces-
sary.

If the job is a type that will involve fre-
quent checks of levels, as on a road where
stakes may be knocked out by machinery,
it is a good plan to set up benchmarks so
that one will be visible from each point
where the instrument will be used. This
saves time in taking grades on a few stakes
and eliminates common errors in moving
the instrument, or in taking an elevation
from the wrong line stake, or a stake which
has been disturbed.

All benchmarks should be figured very
carefully, and re-checked at least once.

Recording Readings. Another require-
ment in recording observations is to iden-
tify the spot at which each reading is taken.
This is usually done by taking readings at
set intervals, such as ten, or fifty, or one
hundred feet. These distances should be
marked by stakes, pegs, small rock cairns,
or in other ways. The first stake or mark
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of the series is called the zero stake, and
the others identified by their distances from
it. It is customary to give distances in units
of hundreds, followed by a plus sign and
the other figures of the distance. The zero
is written 0 + 0, the fifty foot mark 0 + 50,
and the hundred 1 + 0. If any points on
the line are needed which are not in the
series, the distance is measured and entered
in the notes with the reading, as 0 + 35.

Important ground features along the cen-
ter line, such as crests of rises, bottoms of
dips, or beginnings of rock outcrops,
should be taken in addition to the stake
readings.

Elevations may be taken from the
ground, from the top of the stake, or more
rarely, from a mark on a stake. If taken
from the ground, it should be stamped or
cut flat. Such readings are not as accurate
as those taken from the top of a stake,
and may be very difficult to check back,
but they can be used directly in preparing
profiles and figuring cut and fill. If the
top of the stake is used, it is necessary to
measure the stake height.

Tapes. Measuring is usually done with
a steel tape, often called a chain by sur-
veyors. Fifty foot and hundred foot lengths
are standard, and will suffice for most
purposes. They should have a non-rusting
finish as it is often difficult to dry and oil
them immediately after wet work. Care
should be taken not to kink a tape, or to
bend it sharply, as such abuse may break
it.

If the numbers become illegible, they can
be fixed for rough work by measuring and
marking the feet, and perhaps some fine
divisions, with paint. A broken tape can
be repaired by means of a splint and two
rivets.

Cloth tapes stretch readily, and are not
accurate enough for even rough use. Metal-
lic tapes, composed of cloth with interwoven
wires, are variable in quality and resist-
ance to stretching. If used, they should be
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checked occasionally by a good steel tape.

Steel tapes change length with tempera-
ture and stretch under tension, but these
changes are so small that they can be
ignored in open work.

Tapes must be held level, or very nearly
so, on slopes, as engineers’ land measure-
ments refer to distances on a horizontal
plane. The downhill end of the tape may
be placed exactly above the desired point
by use of a plumb bob, or by dropping
pebbles from the tape end.

Center lines usually include angles or
curves. If the former, measurements must
be made to and from the angle point, rather
than by a shortcut. Gradual curves may be
measured in a series of chords (straight
lines beginning and ending in the curve).
Sharper curves may require a reduction in
the length of the chords, as from a hundred
to fifty, or twenty-five or even ten feet. The
difference in length between the chord
and the arc of the curve may be readily
found by laying the tape along the curve
from one chord point to another; or meas-
uring a distance along it in very short
chords, then measuring the distance be-
tween the two points directly. If no signifi-
cant difference is found, the chords are
not too long.

Tapes are best suited to two-man use.
However, the loop on the zero end can
be anchored in dirt with a screwdriver, and
to stakes with a pushpin or thumbtack,
and measurements made by one man.

Ground measurements may also be made
with the rod, with a short rule, a stick of
known length, or for very rough work,
by pacing.

Stadia. If the instrument is equipped
with stadia hairs, it may be used to measure
distance as well as elevation. If the stadia
ratio is the usual 1 to 100, and the rod
is marked in feet, tenths and hundredths
of feet, each tenth visible between the
stadia hairs indicates a distance of ten feet
from the center of the telescope to the
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rod. Six tenths would mean a distance of
sixty feet, a foot would mean a hundred
feet. This distance may be noted at the
same time as the cross hair reading.

If the rod is marked in feet, inches, and
eighths of inches, each inch indicates a
distance of eight and a third feet, each foot
a hundred feet.

If a distance is to be measured off, the
rod is held at increasing distances from
the instrument in response to signals, until
the proper number of markings show be-
tween the stadia hairs.

If the rod is partially hidden by brush,
a reading may be made between the center
hair and either stadia hair, and multiplied
by two, with only slight loss of accuracy.

The rod should be held perpendicular
to the line of sight of the telescope. On level
ground, it should be vertical; looking down-
hill, it should be leaned away from the
instrument; and looking uphill, leaned to-
ward it. If it is not at the proper angle
the reading will be too small. The correct
angle can be found by pivoting it slowly
toward and away from the instrument, un-
til the maximum reading is obtained.

Turning Points. If elevations are to be
taken for any points above the cross hair,
the instrument must be picked up and reset
at a higher elevation. It must be located
so that it can take a reading on at least
one point that was taken from the old
setting. This point (turning or transfer
point) is preferably one of the higher ele-
vations (low readings) taken, and should
lie between the two instrument locations.
It is best taken from the top of a firm
stake, or a knob or a well marked spot on
rock or hard ground, so that the rod set
on it will be at exactly the same height
at the second reading as at the first. Ac-
curacy in reading at the turning point is
very important as any error made will
persist through the rest of the survey. Am-
ateurs are advised to use two turning points
with each move, as mistakes in reading or
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in arithmetic should then show up immedi-
ately.

The new instrument elevation (abbrevi-
ated H.I. for Height of Instrument) is
found by subtracting the smaller reading
from the larger one for each turning point,
and, in an uphill move, adding the result
to the first elevation of the instrument.

Recording and Figuring, Figure 2-12
shows some of this work. (A) shows the
slope, the location of benchmarks and
stakes, and the two instrument positions
used. (B) is an informal set of notes of
rod readings and calculated elevations. (C)
is a profile drawn on cross section paper
from the notes in (B). It is made by draw-
ing a base line, assigning it an elevation
lower than those of the stakes, and making
each square represent a certain distance.
In this diagram, each square represents one
foot vertically and ten feet horizontally.
This vertical exaggeration is necessary to
have a large enough scale without making
the drawing impossibly long.

The profile is useful in giving a picture of
the slope, in determining gradients of roads
or ditches, and in figuring the cut and fill
necessary to convert the present grade to
the new one.

The dotted line is the subgrade for a
proposed road. It will be seen that the
depth of cut or fill on this line may be
approximately determined by measure-
ment with a ruler; the elevation of any
point on the road, in relation to the bench-
mark, can be found in the same manner.

Moving Downbhill. If, at the original or
at any later location of the instrument,
points to be taken are so low that the rod
is below the cross hair, the instrument must
be moved downhill. A turning point (or
points) is chosen with the lowest possible
elevation (highest reading), the instrument
moved, and new readings taken. The low
reading is subtracted from the high one
and the result subtracted from the earlier
instrument elevation.
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If only one or two points slightly below
the cross hair must be taken, the rod may
be rested on a stake, and the height of
the stake added to the reading; or a ruler
may be used at either the top or the bot-
tom of the rod to extend it.

Check Runs. When all the necessary
points have been taken, the accuracy of
the work may be checked by taking levels
back to the starting point. This is usually
a faster operation than the outward trip,
as it is only necessary to take transfer points
and benchmarks. If frequent benchmarks
have not been placed, it is advisable to
use the same turning points, or to take
readings on a few of the grade points, so
that if an error is present, it may be local-
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ized. It is not necessary or desirable to set
up the instrument on the same points for
the return trip.

The two elevations found for each point
should agree, but a difference, varying with
the care with which the work is done, gen-
erally exists. Benchmark runs should be
held to within a few hundredths of a foot,
even in rough work where a difference of
several inches on a grade point might be
allowable. If any considerable amount of
cut or fill is needed, even benchmarks may
be left as approximations, until skill or
time is available for a more careful run.
Any discrepancies found in the check run
should be listed in the notes.

If benchmarks are set at the beginning
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and end of a run, and check properly on
the return trip, it will not be necessary to
back check any later run on which these
two elevations show correctly. However,
if benchmarks have been set by other
parties in some previous survey, they
should be checked the first time they are
used, as they may be wrong or their de-
scription misunderstood.

ROADS

Reference Stakes. A large part of a con-
tractor’s instrument work is likely to be
concerned with roads. Except for drive-
ways and some pioneer and farm roads,
most of them are built to specifications
which must be followed rather closely.
The nature of roadbuilding, however, is
such that stakes are extremely short-lived
and must be frequently replaced or
checked.

Locations of stakes should be recorded
in relation to a baseline, but side stakes,
or measurements between trees or walls,
provide a more convenient reference. Very
often the surveyors set only one line of
stakes, as along the center line, or at an
offset (distance to one side of the center
line), which should be noted on each stake.
The station number, and usually the
amount of cut or fill required, are also writ-
ten on the stake.

The contractor will usually set addi-
tional stakes himself to locate road edges,
outer limits of cut or fill, or other parts of
the work. These are set by measuring the
rquired distance from the surveyors’ stake,
at approximately right angles to the center
line of the road. The contractor sets road
edge stakes six inches outside of the line
to allow machinery to work to the edge of
the subgrade without necessarily disturbing
the stakes. At the same time guide stakes
may be set farther out from the center
line, at a distance which will put them out-
side the working area. They are best set
on both sides so that any of the working

stakes may be replaced by simply measur-
ing between the guides.

Where trees or heavy rocks are near the
road, nails may be driven into trees, or
marks chiseled on rocks, on opposite sides
of the road, and a tape stretched between
them, and the reading at the center line
and the ends noted. The station where the
tape crosses center is also noted. Access
to these notes will make it possible to find
the center quickly and accurately again.

When a few center line points can be
found from side references, it is often possi-
ble to sight in the rest of the missing stakes
by eye with reasonable accuracy.

Grade Stakes. Taking of road levels in-
volves at least three lines—center and two
road or gutter edges. In addition, frequent
cross sections must be taken when the
land slopes across the right of way, to
determine the extent and volume of cuts
and fills. On steep slopes, cutting back a
bank may involve much more excavation
than digging for the road itself.

Engineers’ grades usually consist of a
series of elevations for the finished road.
These are plotted on the same sheet of
cross section paper as the profile of the
ground surface, and the depth of cut or
fill determined by measuring the distance
between the two lines. These figures, if
used directly, will not be accurate for most
subgrade work, as the thickness of the
pavement or gravel and of any special sub-
grade material must be subtracted to ob-
tain the rough grade elevations.

A misunderstanding as to whether fig-
ures on grade stakes are for finish grade or
subgrade can be very expensive. Use of
subgrade figures for preparing subgrades is
usually most satisfactory.

The contractor may obtain from the en-
gincer a list or profile showing subgrade
elevation at each station, and information
as to the location and elevation of bench-
marks. This, combined with sufficient field
references to show the center line, will
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Fig. 2-13. Figuring a cross section

enable him to replace stakes which have
been knocked out, and to find the depth
of cut or fill required, by comparing the
ground elevation with that required for
the road.

Cross Sections. Cross sections provide
data to figure the cut and fill for the road,
gutters, and side slopes.

Figure 2-13 shows a sample cross sec-
tion with the arithmetic involved in com-
puting its area. The road and gutter surface
have been simplified in the calculation, as
this reduces the work without introducing
too large an error for rough figuring. The
problem is also simplified by a horizontal
ground surface.

The cut is divided into slope triangles;
and a road section, which in turn is di-
vided by the line EF into a rectangle and
two triangles. The data given by the en-
gineer is labeled “given,” and that meas-
ured off the diagram as “scaled.” The
areas of the triangles and the rectangle are
readily computed, their measurements in
feet being used for convenience and the
result converted into square yards by di-
viding by nine.

The areas of a succession of cross sec-
tions are obtained in this manner and aver-

aged by adding together and dividing by
the number of sections added. The result
is multiplied by the length in yards of the
area in which the sections were taken,
giving the number of cubic yards of exca-
vation required.

Where the ground slopes irregularly the
ground surface is simplified by drawing
straight lines, and the cut and fill areas
are divided into triangles.

The road and gutter cuts could be fig-
ured by averaging the width and average
depth at each cross section, then multiply-
ing their product by the length of the sec-
tioned area. The slope sections cannot be
averaged as their areas vary with the
square of the depth of cut, and use of
average depth would indicate a much
smaller yardage than that actually required.

This subject is discussed further in
Chapter 8.

LOCATIONS

Turning Angles. When an instrument is
used to turn angles—that is, to measure
the horizontal angle between two lines or
directions—the axis of revolution of the
telescope must be exactly above the inter-
section of the lines, which may be marked
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by a nail in a stake driven flush with the
ground, a cross chiseled in rock, or by
markings on concrete or metal plugs.

When the instrument is set up over a
point, a plumb bob should be hung at its
center of rotation from a hook or through
a hole usually provided. The point of the
plumb bob should be just above the mark,
and an amateur may have to move the
tripod repeatedly before it is placed right.

If the instrument has a shifting base so
that it can slide on the tripod, setting up
over a point is greatly simplified.

A range pole is a convenient accessory in
line and angle work. It is a pole seven or
eight feet long, equipped with a metal
point. It is painted alternately red and
white in bands one foot wide. It is lighter
than a rod and because of its conspicuous
pattern is more readily seen at a distance.

This pole is set on one of the lines in
question. The instrument is swung so that
the vertical cross hair is on the pole. The
rotation is locked, and the hair lined ex-
actly on the pole by turning the horizontal
tangent screw.

The reading on the horizontal circle and
on the vernier is recorded.

The pole is placed on the other line and
sighted in the same way. The difference
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Fig. 2-15. Locating house site in irregular plot

between the two readings is the angle be-
tween the lines.

Line and angle work may be done to
stake out on the ground locations described
on a blueprint or map; or to make a record
of ground features or locations on paper
so that they may be used in figuring, or
replaced or relocated if necessary.

Staking out is best left to engineers if
possible, as accurate work involves trig-
onometry and skillful use of the instrument,
and inaccurate work may result in very
expensive mistakes. However, in emer-
gency, or when results need be only ap-
proximate, the contractor can do it himself.

Staking from a Map. An example of
staking out from a map is shown in Figure
2-14. A building, 25" x 40, is to be erected
at the location shown on a plot 100" square.
Lot corner stakes are at A and B.

The instrument is set up on A and
sighted at B. The distances AA" and A'B’
are measured along the line of sight, and
stakes driven at A’ and B’. The instrument
is then set up on A’, sighted on B, and
turned 90°, The distances A'C and CE are
measured and stakes put at C and E.

The transit is now set on C, sighted at
A’, and turned 20°. the distance CD meas-
ured, and a stake placed at D. F is located
from the instrument set at E in the same
manner. The instrument is now set on F,
sighted at E, and turned 90°, measuring the
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distance to D and B’ for a check on the
accuracy of the work. The amount of error
allowable will depend on job requirement.

This technique is practical for the am-
ateur only on square or rectangular lots.
Another method that is applicable to any
lot for which two widely spaced locations
may be found both on the map and in the
lot, is illustrated in Figure 2-15. The
house is located on the plot plan and lines
drawn from the known corners A and B
to the near corners of the building, as
shown. These lines are measured and con-
verted to feet according to the scale, and
the angles they make with the line AB and
with each other are measured with a pro-
tractor. Figures are written on the plan.

The instrument is set up on A and a
bearing taken on B. A 36° angle is turned,
the line AD measured, and the stake D
placed. An additional angle of 26° 15’ is
turned, AC measured, and C marked.

The instrument is now set up at B,
sighted on A, turned 32°, and BC meas-
ured. The end of this line should be the
stake previously driven at C, but if it is
not, a second stake C is placed. The instru-
ment is turned an additional 22° 30/, and
BD measured in the same manner. If the
same locations are found for C and D
from both A and B, and the line CD is
the required length, the work thus far is
correct. If serious disagreement is found,
the work must be rechecked.

The instrument may next be set at C,
sighted on D, and turned 90° left. The
distance CE is measured and stake E
driven. F is located by setting the instru-
ment at D in the same manner. This
of the work may be checked by setting
up on E, sighting C, turning 90°, and meas-
uring EF.

The accuracy of the location of the
house in the lot will depend on exactness
of the measurement on the map, and the
ability to read horizontal angles cor-
rectly. Amateurs may be off several feet

in such work, and should do it themselves
only when such differences are allowable.
Under any circumstances, it is necessary
to get the building walls of proper length
and at the proper angles to each other.

The stakes A and B may be used as
benchmarks, and elevations taken at the
same time as the bearings and directions.

Recording. If the location of existing
stakes is to be recorded so that they can
be replaced if destroyed, the work is the
same except that the angles are obtained
by sighting the instrument and copied from
the horizontal circle onto a sketch. Dis-
tances are measured in the field and noted
on the sketch, which is most conveniently
made on cross section paper, roughly to
scale. This sketch is used in the same man-
ner as the map in the previous discussion
in replacing the stakes. Results are gener-
ally much better as the field figures are
more accurate than those obtained with
ruler and protractor from the map.

If field observations are to be entered
on a map, the baseline or points should be
related to features shown on the map, as
corner stakes, points measured on a line
between diagonal corners, or measured
along a boundary. When the baseline is
correctly drawn, angles and distances can
be marked in with protractor and ruler,

Without Instruments. Simple location
work can also be done without instruments.
Figure 2-16 shows the same square build-
ing plot. Lines are drawn on the print or
tracing prolonging each side of the house
to the plot boundaries, from where the
distance to the corners is measured. These
distances are then measured off on the
ground and stakes set.

The distances of the house corners from
the boundary lines may be scaled from the
map and measured on the ground in direc-
tions found by sighting between pairs of
boundary stakes.

Sighting may be done by placing a thin
straight stake, as at L and another at Q.
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Fig. 2-16. Staking without instruments

A man may stand behind the stake at L
in such a position that, when he looks
with one eye, the stake at Q is centered
on L and just above it, as in Figure (B).
Another man, carrying a third stake, meas-
ures the distance QE, keeping on the line
LQ in response to directions from the ob-
server. The measuring is best done by pin-
ning the tape to Q. The stake is set at
E so as to be directly in line between
stakes L and Q. The distance EC is then
measured and stake C set in the same
way. CL is measured for a check.

Stakes F and D may be placed accord-
ing to sighting from M to P, and measure-
ments similar'to the method used for E
and C. The four corners of the building
are thus located, and in a regular plot such
as this no more work would be needed.

However, as a precaution against error,
or in an irregular plot, or one with poorly
defined boundaries, it is wise to prolong
the other sides of the house into the lines
JO and KN, and to sight and measure the
corners again from J and K.

Reference Stakes. If the corner stakes

have been set for a building in a plot
without definite boundaries, and the con-
tractor wishes to be able to reset them if
necessary, there are several ways in which
markers can be set without instruments.

In Figure 2-17 the house wall lines are
shown continued in straight lines out of
the digging area. These lines may be estab-
lished by putting sighting poles on the
corner stakes and finding a distant position
from which two of these are in line—that
is, one partly or completely hides the
other. This sighting should be done with
one eye and a pole held vertically in line
with them. A stake is driven to mark the
position of this third pole. The distance
from this to the nearest cornmer stake is
measured. This process is repeated for
each pair of stakes at the foundation. In
the figure, the reference stakes are indicated
by Xs and the sight lines by dotted lines.
A sketch should be made showing dis-
tances.

Any missing stake may be found by sight-
ing from one marker to the other one on
the same sight line, and measuring from
the nearest marker. Even if the sketch
is not available, the point may be found
by the intersection of two lines of sight, as
described under instrument work.
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Fig. 2-17. Cross reference stakes
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Fig. 2-18. One-side reference stakes

If each reference stake is set the same
distance out from the nearest stake, there
is less need of keeping a record.

In 2-18 a sight is taken along pairs of
building stakes in the same manner, and
two reference stakes set on one side, so
that the distance from the building stake
to the first marker is the same as that
between the two markers. The stakes may
be replaced by sighting and measuring from
the pairs of markers. This method is not
as accurate as the other, but it may be
used alone or in combination with the first
system when obstacles prevent running a
line straight across the area.

Instruments give more accurate results
than plain sighting, and should be used
when available,

Locating a Pond. If an irregular shape,
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such as a pond, is to be roughly measured
and drawn into an existing map, a base line
is first established and two points measured
off. A number of pegs are driven into the
shores of the pond at points which will
serve to indicate its outline, and numbered
in rotation, as in Figure 2-19. An instru-
ment with stadia hairs is set up at A, a sight
taken on B, or on a more distant marker
along the baseline. A sight may also be
taken on a corner of the house for a check.
Sights are taken on all the stakes in rota-
tion, starting at one, the angle read for
each one, and the stadia distance recorded.
This information is sufficient to locate the
pond by drawing the baseline on the map,
and plotting distances and angles. How-
ever, to avoid the possibility of gross error,
it is safer to set up at B, take a bearing
on A, and record the angle and distance of
some or all of the points observed from A.

The area of a pond so plotted can be
easily obtained by counting squares on
cross section paper, or by the use of a
planimeter, which is a small instrument
used for measuring areas on paper.

Grids. If it is necessary to map an area,
locating buildings, drainageways, trees, or
other features, or to take elevations over
a large area in order to prepare grading
or drainage plans, a grid should be laid out.
This consists of pegs or stakes at set inter-
vals. They should be in straight lines, cross-
ing each other at right angles. These lines,
intersecting at the pegs, generally divide
the area into squares. The interval may be
five to twenty feet or more. *

The grid may be laid out in a number
of ways. A baseline should be laid out
along an edge of the area. The instrument,
preferably a transit, is set up at a corner
of the proposed grid and sighted along the
baseline. Pegs are set every ten feet, or
at any other desired interval, measured
from the instrument, to the end of the grid.
Tape measurement is preferable.

The instrument is now turned ninety
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degrees, and pegs set at the same interval
along the line of sight to the end of the grid.
The instrument is set up at the end, a back-
sight taken, and a ninety degree turn made.
Pegs are set at the same intervals along
this third line.

The interior pegs may be placed by the
use of a long tape from opposite pegs, or
the instrument may be set up over each peg
in either the first or third lines, sighted at
the corresponding peg in the other line,
and pegs set according to its vertical hair
and measurement.

Obstacles may make it impossible to set
all the pegs by any of these systems. Usu-
ally, if as many pegs as possible are placed
the rest can be filled in by sighting along
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lines of pegs, with reasonable accuracy.

The grid should now be copied on cross
section paper with a point representing
each peg. Any landscape features may be
readily sketched in by estimating or meas-
uring the distance from the nearest peg,
and noting the place of the peg in the grid.

Elevations are now taken on each peg,
preferably doing them a complete line at
a time to avoid confusion. The rod reading
may be written just above each point.
Readings should also be taken on high and
low spots, drain channels, and anything
else of interest, and noted in the correct
place on the paper.

When the instrument work is finished,
the readings are preferably converted to
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positive numbers that can be penciled be-
low the points, and the rod reading crossed
out.

This grid sheet can be used for reference
for any locations or grading estimates
which may be required, and in drawing
contours, profiles, and cross sections.

Grids Without Instruments. If no instru-
ment that will turn angles is available, a
grid may be laid out with a tape, and eleva-
tions taken with a hand level. A baseline
is decided upon and a tall stake set at each
end. A tape, the longer the better, is pinned
at one end and extended toward the other,
and lined up by sighting across it from one
stake to another. The intervals are meas-
ured and the tape moved on and lined up
again.

The right angle may be laid out by refer-
ring back to the ancient engineering knowl-
edge that if the sides of a triangle are in
the proportion of 3 to 4 to 5, the angle
between 3 and 4 is a right angle. The proc-
ess is illustrated in Figure 2-20.

First the baseline is laid out, measured
off, and pegs set. The tape is pinned at A,
one end of the baseline, and thirty feet
measured off at approximately a right an-
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STAKING

gle. The tape is moved back and forth in
an arc that is marked on the ground.

The tape is then pinned to the baseline
at C, forty feet from the end, and an arc of
fifty feet radius described, crossing the first
arc. A stake is driven at the point where
these arcs intersect. The line AE may be
located by sighting along stakes A and D,
and will be perpendicular to AB.

These figures have been given for the use
of a fifty foot tape, but any measurements
may be used as long as the 3-4-5 relation-
ship is preserved. Larger triangles will give
greater accuracy. If the grid is large in pro-
portion to the triangle, a diagonal should be
measured from E to a point on the baseline
ecither #; or 115 as far from A as the dis-
tance AE, and any necessary correction
made if the diagonal is not in the proper
proportion.

A very rough grid may be made by sight-
ing along the sides of a building to obtain
the right angles, and spotting in the pegs by
eye and measurement.

Obstructions. Buildings, vegetation, and
rough ground interfere seriously with prim-
itive instrument techniques and make it
more economical to hire an engineer.

Large permanent obstructions require
layout of additional lines and angles to
work around them.

Brush clearing for sight lines is laborious
and sometimes quite destructive. It is han-
dled by setting up the instrument, pointing
it in the desired direction, and directing the
cutters so that their work will be kept close
to the line of sight.

In heavy undergrowth a mistake in turn-

ing an angle may waste hours of cutting
work.

INSTRUMENT ADJUSTMENTS

Surveying instruments are delicate and
are easily put out of adjustment by failure
of parts, careless handling, or accidents. It
is often not possible to have them checked
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or repaired locally; the return to the factory
may mean loss of use for weeks or months.

It is therefore desirable that a person us-
ing an instrument be familiar with some
adjustments that can be made in the field,
without special skill. These include setting
of telescope spirit level, and the horizontal
and vertical cross hairs.

If these are properly set, and the instru-
ment is inaccurate, shop service is probably
necessary.

Spirit Level. The telescope spirit level is
usually fastened by a pair of vertical bolts.
A single nut holds it in a fixed position at
one end, and a pair of nuts, one above and
one below, permit moving it up and down
on the other.

These nuts are usually round and are
turned by a special pin, a small nail, or
the smooth end of a drill, inserted in radial
holes.

Both nuts are turned down, or clockwise,
to move the bubble away from the adjust-
ing bolt, and counter clockwise to bring it
closer. They must first be unlocked by turn-
ing one away from the other, and should
be locked again as soon as adjustment is
made.

This level can be checked each time the
instrument is set up. When the turntable
is level, the telescope should be able to
swing in a full circle without changing the
position of the bubble. If no turntable
screw adjustment will permit this, the level
is presumed to be at fault.

To adjust, the turntable is leveled as
accurately as possible and the bubble cen-
tered. The telescope is swung a half circle,
causing the bubble to shift. The bubble is
brought one quarter of the way back to
center by the adjusting nuts, and the rest
of the way by using the turntable leveling
SCTews.

The telescope is then swung to its origi-
nal position, the bubble moved one quarter
way to center by adjustment, and centem::i
by the leveling screws. This process is
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repeated until swinging the telescope does
not affect the bubble.

Cross Hair. If the horizontal cross hair
is not exactly centered, all readings on the
rod will be too high or too low. Readings
taken at about equal distances will agree.
Greatest errors will be found on long sights.

A reasonably accurate check and adjust-
ment of this hair can be made with the help
of a still pond. Two stakes are driven flush
with the water surface, about a hundred
feet apart. The instrument is set in line
with them, ten feet beyond one.

A rod is set on the near stake and a read-
ing taken. This is assumed to be accurate,
because the distance is too short for a per-
ceptible error. The target is locked to the
rod at this reading, or a note made of it.

The rod is set on the far stake. If the
hair is correctly adjusted, the reading
should be the same. If it is not, the hair
should be raised or lowered until it agrees.

This is done by turning set screws at the
top and bottom of the frame which holds
the hair. The screws are unlocked by twist-
ing one or the other a quarter or half turn,
after which both are turned in the same
direction.

Loosening the bottom and tightening the
top moves the cross hair down, and tumn-
ing them oppositely raises it. When the
adjustment is finished, they are locked by
turning gently against each other. Another
reading should be taken to make sure that
this does not disturb the adjustment.

The mechanism is fragile and may be
damaged by forceful turning of the screws.

The side screws should not be turned
during this adjustment.

Small errors are usually present in this
method as it is hard to get the stake tops
exactly at water level, and if the pond is
overflowing, it will slope downward from
inlet to outlet. Wind will raise the water
against the bank toward which it blows.

If no pond is available, or a more ac-
curate adjustment is required, two stakes
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Fig. 2-21. Checking the cross hair

should be driven firmly into the ground, The instrument is now set up in line with
two to four hundred feet apart, and at  the two stakes as in (B), about ten feet
almost the same level. The instrument is  beyond stake (b). A reading is taken of
set up halfway between them as in Figure  (b). Then a reading is taken at (a), which

2-21 (A), and leveled carefully. should equal the elevation of stake (b)
A leveling rod is held on each of the  plus the reading there.

outer sta