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Trees can beautify, protect, and cast a cooling
shade. But they can also maim or kill if they or
their parts break and fall. Failure is not likely if
trees are sound, except under extraordinarily un-
favorable weather conditions. Over a long life span,
however, trees may suffer weakening defects that
may make them unsafe. This is the potential that
is of increasing concern to those in charge of
forest and park recreational areas, to which peo-
ple are flocking in ever-increasing numbers in
California.

Defects that accompany decadence and death
in trees form a part of the natural process of re-
newal in the virgin forest. As such, under virgin
conditions, they are beneficial. But defects that
seriously weaken trees in such areas take on a
different significance when man enters the forests
and congregates in persistent numbers at camp-
grounds or resort centers. They become hazards
that can turn a visit or a vacation into a tragedy.

The desirability of abating tree hazards in
heavily-used recreational centers is now generally
recognized. But until recently, no specific informa-
tion has been available on what defects are likely
to render a tree unsafe or how to recognize poten-
tially hazardous trees. This publication is a first
attempt, from the best knowledge now available, at

The Problem

Weather

Storm Conditions

Most tree failures are associated with wind,
snow, or ice, and involve some type of weakening
defect. But storm conditions may occasionally be
so extreme that any forested area can temporarily
be rendered unsafe by falling tops, branches, or
entire trees, even if not defective. Completely sound
trees have been snapped off or uprooted during
such exceptionally severe storms.

The safety of forest occupants under these con-

providing -such information for California recrea-
tional sites. It should apply also to the reduction
of tree hazards along highways and in the vicinity
of homes or other structures in the woods.

This guide is intended chiefly for professional
foresters charged with making safety inspections of*
trees in recreational areas. We assume that such
men have a general background understanding of
the more common tree defects that may affect
safety and of the causes of defects, We further
assume that they realize that any decision made
regarding hazard removal is likely to have multiple
effects. Some of these effects may be undesirable
when measured against the intended function of
the area.

The removal of a defective tree, for example,
may create an opening that allows greater wind
action with the increased possibility of wind dam-
age to the remaining trees. Excessive tree removal
may reduce the attractiveness of a campground to
the public, thereby impairing its usefulness. It is
important, therefore, that a person conducting a
hazard examination should be aware of all conse-
quences of any contemplated action. His judg-
ment on individual trees should be based on as
broad and complete a background as possible.

of Hazard

ditions is assured only if they take adequate shelter
or move to open ground. Lightning offers another
so far uncontrollable danger in forested areas, with
instantaneous hazards from electrocution or from
paris flying off shattered trees.

But not all tree failures occur during windy or
stormy weather. Defective trees sometimes topple
when the air is still (fig. 1). These failures are
more dangerous than those occurring during
storms because they are likely to take place when
recreational use is heavy. Thus detection of trees
that can fail in the absence of wind is especially
important.

In many areas, nature helps reduce hazards in



Figure 1.—This massive oak toppled at 6:10
a.m. on a windless July morning. The tree
had been weakened by buit and root ret,
principally from the honey fungus.

the forest by breaking down weak trees or branches
during winter storms when the areas are not likely
to be occupied. This is particularly true in locali-
ties subject to heavy wet snows. Thus the actual
safety status for a particular location depends in
part on its climatic conditions and in part on its
occupancy pattern.

Safety standards need to be more strict under
year-round occupancy than for occupancy only
from May through September. Similarly, stricter
standards are necessary for trees near valuable
structures than for those away from such develop-
ments, Low elevation coastal parks and camp-
grounds, where snowfall is rare, can be quite dif-
ferent in hazard potential from those in mountain
areas where snow and ice loads on trees are com-
mon annual OCCUTTENCES.

Wind

Wind, acting either alone or in combination
with snow or ice, causes most tree failures, In any
one location the heaviest winds can be expected to
come from not more than two general directions.
These directions will vary somewhat, depending on
the part of California involved and on the topog-
raphy, but one direction is usually southerly, blow-
ing in advance of storm centers moving down from
the northwest. Severe southerly winds blow almost
exclusively during late fall and winter. The other

main direction for high winds is from the north
to the east, depending on topography, in response
to a steep air pressure gradient from the interior
plateau regions of eastern California toward the
coast.

Direction Orientation

With some types of defects or abnormalities,
orientation as to wind directions strongly influ-
ences the likelihood of failures. The case of a pon-
derosa pine tree in a recreational area provides an
example. Years ago, when the tree was much
smaller, a wooden crossarm was spiked to the
westerly side of the trunk at a height of about 15
feet. Subsequent thrifty growth of the tree caused
the trunk to become flattened at that point and the
crossarm fo become slightly embedded. During a
very severe and gusty autumn east wind the trunk
broke at this point, although the wood was sound,
and fell across a cabin. Failure of a tree with that
much sound wood is unusual, even when the tree
has a flat side. But at that location some of the
strongest winds sweep in from the east and north-
east. If the crossarm had been spiked in a direc-
tion parallel to these winds, such as to the south
or northwest sides of the tree, the break probably
would not have occurred.

The same principle applies to dead areas in
mistletoe swellings, crotches of forked trees, or
large open fire wounds associated with internal
decay. Failure is more likely when the dead faces
are toward or opposite the direction of heavy
winds, or when crotches are at right angles to
rather than parallel to the direction of these winds,

Orientation is likewise important when wooded
parts of recreational areas adjoin large, unob-
structed openings, such as provided by a meadow,
lake, or cleared area. When these openings lie in
a direction from which severe winds are known to
blow, the border trees adjoining the openings can
be expected to be subjected to unusually strong
wind pressures. Defects that would not be likely
to render a tree hazardous under normal stand
conditions might make it unsafe in these strongly
exposed situations.

Wood Strength

Liability to breakage in a tree depends in part
pn the mechanical strength of the wood. This



strength differs in different tree species. In a stand-
ing tree, wood must resist bending and crushing
under a load applied parallel to the grain. Wind
pressure against a tree exerts a compressive force
on the wood of the trunk on the lee side of the
tree and a tension pull on that of the opposite side.
The compressive wind force is in addition to that
from the normal weight of the tree and sometimes,
in winter, from the weight of snow or ice that may
lie on the crown.

Standard Tests

Various standard tests have been developed for
comparing the mechanical strength and properties
of both green and dry wood. Among these are the
modulus of rupture test and the test for maximum
crushing strength parailel to the grain. They are the
most applicable in comparing the strengihs of
standing trees. The modulus of rupture test gives
an index to the bending strength. Table 1 compares
the average modulus of rupture and maximum
crushing strengths of green sound wood for a
number of tree species in California. It shows that
strengths differ considerably among the species.
The wood of Douglas-fir, redwood, tanoak, Garry
oak, and Pacific madrone is measurably stronger
than that of other California species included in
the table and should be less likely than the others
to fail under a given stress,

In considering forest hazards, however, we are
more concerned over the loss in strength of wood
from rot, usnally internal, than over the compara-~
tww;ees. In advanced cases,
some heart rots may cause the heartwood to col-
lapse, leaving a central hollow in a tree; or the
decayed portion may not collapse but no longer
provides any appreciable mechanical support to
the affected parts of the trunk.

The Forest Products Laboratory of the U. 8.
Forest Service has found that both bending and
compressive strengths aftected the strength of a
solid wood cylinder, but at different ratios (fig. 2}.
Application to a live hollow tree can be only ap-
proximate, because the thickness of the wall of
sound wood around a hollow from decay is sel-
dom uniform, either horizontally or vertically.
Both bending and compressive strengths contribute
to the resistance of a hollow tree to failure. The
combined weakening effect of a hollow or of a rot
column that no longer provides any appreciable
mechanical support is roughly simiiar to the cubes
of the diameters of the wood of the trunk and that
of the hollow at the height of reference (fig. 3).

Expressed simply, a hollow tube represents a
relatively high degree of strength as compared to
that of a solid cylinder—a relationship often used
in fabrication and construction in which weight is
a factor. Thus a tree trunk with a hollow measur-

ing half the total wood diameter is reduced i

Tahle I.--Average modulus of rupture and average maximum crushing
strength parallel to the grain of green wood of some California

conifer and hardwood species

Modulus Maximum crushing
Species of strength parallel
rupturet to the graint
P.s.i. P.s.i.
Conifers:
Douglas-fir {coast form)- 7,600 3,800
Redwood - - - - -~ -~ - - - 7,500 4,200
California red fir- - - - 6,000 2,850
White fir = « « « -« - - - 5,700 2,710
Lodgepole pine- - - « « - 5,500 2,610
Sugar pine- - - - - - « 5,100 2,530
Ponderosa pine- - - - - - 5,000 2,400
Hardwoaods:
Tanoak- - - - - - - - - - 10,700 4,850
Garry oak - - - - - - - - 7,700 3,570
Pacific madrone - - - - - 7,600 3,320
Bigleaf maple - - - - - - 7,400 3,240
Red alder - - - - - - - - &, 500 2,960
California black ocak- - - 6,200 2,800
Black cotfenwood- - - - - 4,800 2,160

)\ Data from U.S. Forest Products Laboratory, chiefly from Wood
Handbook, U.S5. Dept. Agr. Handbk. 72, 528 pp., 1955, and in part from

unpublished test results,



—‘f_ strength by only about 12.5 percent (fig. 4), if the

hollow 1§ centered and the width of the surround-
ing wall of wood is uniform. The application of
J the formula of cubed diameters to individual trees

o0 ! ' ! is described elsewhere.
P;'C;“‘ °ft " Under side stress, a tree resembles a cantilever
ending streng . - *
<100 (1-1K*) in that anchorage lies at the bottom only. In coni-
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fers and to a lesser extent in hardwoods the form
of the trunk is such that resistance to side strain
is distributed more or less uniformly along it. But
ZE'SS?J;EZ"L“(E’S?;L observational and test evidence indicates that most
= 100{i-K?) failures of sound conifers, other than failures from
snowbreak in the absence of wind, occur in the
lower trunk. In defective trees, the zone of greatest
weakness created by the defect usually determines
the place of failure.

b 1)
[=] Q
i I
1 I

Strength ratio of hollow fo solid cylinder(%)
S
T
1

Breakage Source

Sound trunks or trunks with a complete ring of
1 1

| N .
o B2 5.4 08 03 0 sound wood around the periphery break chiefly
Values of K where K=—D—

Figure 2.—Strength values in a hollow com-
pared to a solid structural wood member
of cirecular cross section. Compressive
strength decreases as the square, and bend-
ing strength as the fourth power of the dif-
ference hetween the outer diameter and the
diameter of the inner hollow in the wood
member,
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Fignre 3.—Approximate percentage loss in Figure 4.—Compression failure in wood. The
strength in tree trunks with advanced cen- whitish lines consist of erushed wood cells
ter heart ret, or hollow from heart rot, resulting from excessive pressure parallel
compared with the strength of sound trees. to the grain,



from compression defects formed in the wood on
the lee side of the tree during heavy winds, These
defects consist of zomes of crushed wood cells
(fig. 4), usually extending diagonally across grain
from the outside of the trunk toward the center on
the side of the tree subjected to the compression
force. A trunk may not actually break at the time
the compression defect is created. One case is re-
ported in which compression damage occurred in
a tree trunk on three occasions over a period of 13
years. But an actual break did not develop until
the fourteenth year, from a lighter wind than those
producing the compression defects, but in the op-
posite direction.

Time and Tree Type Differences

Time Factor

Some defects in forest trees arg produced al-
most _instantaneously and render the tree poten-
tially hazardous as soon ag t ccur. An example
is a split through the crotch of a fork in a forked

tree. But_with most defec t.may. ultimatel
render a tree hazardous, the transition from a safe

i Bt b S
to a potentially unsafe condition is a_yery gradyal
one, and no sharp line of demarcation exists be-
tween the iwo.

Decays do not spread at any one speed in the
trunk and the wood does not break down into ad-
vanced rot at a uniform rate. The rate differs not
only for different decay fungi but for different
climatic conditions, different host species, and dif-
ferent individual trees within the species. The oc-
currence of geographical races of the same fungus
has also been demonstrated, These races differ in
their rate of development at the same temperatures.
In general, the rate of advance of a rot fungus in a
tree is slow, requiring many years for the result-
ing ot to become extensive,

Because of these many differences, attempts to
predict the rate of decay, such as to judge that
within 10 years a tree not considered hazardous
now will be weakened enough to become hazard-
ous, are likely to be so inaccurate as to be useless.
An inspector should base his judgment of a tree
on its present condition, not on what he thinks the
condition will be X years from now.

Hardwoods v. Conifers

In general, hardwoods undergo more stresses
than conifers because of the differences in form
befween the two groups. Most hardwoods have a
spreading habit that results in a rounded crown.
Most of them are strongly influenced by light, lead-
ing to pronounced lopsidedness in crowns where
the surroundings are not fully open. More strength
is needed to resist storm effects by trees with
spreading and irregular crowns of this sort than by
conifers with crowns arranged around a central
trunk. This is particularly true when the crown is
weighted by snow or ice. The relatively high me-
chanical strength of most hardwoods (table 1)
compensates in part for the need.

Heart rots in hardwood trunks commonly. gx-
tend into the main branches, whereas in conifers
such_extension is. much less frequent. This_char-
acteristic_in hardwoods, together with the differ-
ence from conifers in crown shape, results in most
ha}‘dwggd failures_taking place in branches or in
crotches where branches join the main frunk,
rather_than in the trunks themselves (if butt fail-
ures are left out of consideration). Hardwoods are
much more prone than conifers to damage in the
crowns from snow and ice. Basically this means
that leverage is one of the most important elements
affecting the safety of hardwoods. The effect of
leverage is likely to vary from limb to limb and
tree to tree.

Rots and Hazard

The single most important process contributing
to hazards in the forest 3s the destruction of wood

by wood-rotting fungi. Many such fungi are found
in California, but only a relatively few are of pri-

mary importance in affecting the safety of trees.
No attempt has been made in this paper to pro-
vide pictures of individual rots because the specific
characteristics are not likely to be too obvious in













































































