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IMPORTANT SPLICES 

The ability to splice two ropes together is a useful one to the tree worker. 
Such skill often is invaluable when no available rope is long enough to 
fulfill a certain purpose. When the diameter of the finished splice is of 
no consequence, the simplest union is the short splice, but when the·diameter 
of the finished union cannot be greater than that of the rope itself, the long 
splice must be used. The latter is necessary when the splice must pass 
through a tackle block. The eye splice is useful when a permanent loop 
is needed in the end of a rope, such as in the attachment of a rope to a ring. 
These splices are shown on Plate I and are formed as follows: 

The eye splice (see figs . 15, 16, and 17) is used for form_ing a pe_rmanent 
loop in the end of a rope. The rope strands are unwound and separated 
( unlaid) for a length of about 1 foot from the end. The end is then brought 
back against the body of the rope to form an eye of the size desired. The 
loop must be formed entirely of tight rope and the separated (splicing) 
strands should extend beyond the point of juncture. The splice is then 
formed by placing each splicing strand alternately over and under 
sive tight strands along the body of the rope away from the point of juncture 
and the eye itself. The splicing strands should be worked into the rope as 
described in the short splice. 

The short splice (see figs. 18, 19, _and 20) is used to join two ropes 
together when an increase in diameter ·at the splice is not important. The 
rope is unlaid for a short distance and the ends are brought together with 
the splicing strands meshed alternately (or married) as shown. Each 
splicing strand is worked back through the body of the adjoining rope end. 
This is done by placing it alternately over and under two tight strands 
adjacent to it in the adjoining end. When the splicing strands have been 
worked back past two tight strands they are trimmed to their 
original diameter. The process is repeated and the strands are trimmed to 
one.third their original diameter. The tucking process is repeated for the 
third and last time, and the splice is completed. 

The spike or fid (see figs. 23 and 24) are used to open tight strands thus 
simplifying the splicing process. 

In making a long splice, the ropes are unlaid for a "longer distance than 
in the short or eye splice before the strands are married {see fig. 21) . The 
strand a1 of rope A is unlaid for about a foot, and b1 is laid into the opening, 
thus working a strand of B into A (see fig. 22a). For convenience the 
strands a 1 and b1 should be twisted together as shown. Follow this same 
procedure by unlaying b2 and lay a2 into the opened lay of B and twist 
together as before. Then a3 and b3 should merely be twisted together. 
We now have three pairs of strands together at different points of the rope. 
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Then starting with b2 and a2 separate each strand in two parts, and, taking 
one-half of each strand, overhand knot these together as in Figure 22k and · 
tuck them in a short splice as shown in Figure 22m. The other pairs of 
strands ( a1 and b1 ) ( a 3 b3 ) are similarly reduced, knotted, and tucked. 
Then the spare half of each strand is trimmed off smooth after halves of 
each pair of strands have been tucked, thus completing the splice. 

After any splice is made, it is a good practice to lay it on a hard surface, 
such as a floor or sidewalk, and roll it back and forth under the foot. This 
tends to make the splice smaller in diameter and also tends to equalize the 
tension on the various strands, thus making a stronger and firmer splice. 
Any loose yarns should be trimmed off so that they will not bind while the 
splice is passing through a block. 

THROWING A ROPE 
After the various knots shown in Plate I are mastered, the next important 

step to efficient work in a tree is a thorough knowledge of the use of a 
safety rope. First, the tree worker must know how it should be used to get 
into the tree; and second, he must be able to manipulate it so he is both 
efficient and safe all the time he is off the ground. A safety rope should be 
one-half inch in diameter. 

The following descriptions apply to right-handed persons. Those who 
are left-handed should reverse the directions as they read and follow them. 

When the rope is uncoiled, checked, and lai~ out on the ground, a throw­
ing knot is formed as shown in Figures 26 and 27. This knot is for the 
purpose of forming a weight on the end of the rope so that the rope can be 
slung through a crotch and the end returned to the ground. The knot is 
formed by making 8 or 10 loops about 8 or 10 inches long in the hand, then 
wrapping the loops with about 8 turns, and pulling the bight of the ·rope 
through the upper portion of the loops. The knot should be kept tight and 
compact so that there will be no loose loops to catch on branches or twigs. 

In throwing the rope, the bight held in the left hand is adjusted so that 
it just reaches the ground when the arm is straight (see fig. 27). Then 5 or 
6 loops are made the same length. The knot and 1 or 2 loops are held · in 
the right hand, and the balance of the loops are held in the left hand as 
shown in Figure 28. 

A well-placed wide crotch free of obstructing twigs or branches is then 
selected. If possible, the crotch should be near the trunk and ohe branch 
above the one where the climber desires to stop. Safety ropes should never 
be slung over dead or badly decayed limbs. 

When throwing the rope, the climber should stand facing the tree at a 
point which will allow a free throw of the rope through the crotch. With 
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Figure 33.-Footlock, first position. Figure 34.-Footlock, second position. 

Figure 35.-Footlock, third position. Figure 36.-Safety sling. 
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the right knee bent and the weight carried on the right leg, the arms should 
swing forward and back together to get momentum. On the last swing, 
the right hand should release the _throwing knot, and the rope in the left 
hand should be released loop by loop. If the rope is aimed properly, it will 
go through the crotch and the throwing knot will fall on the other side. 
The knot should then release itself and the rope end fall toward the ground. 
Sometimes the end will reach the ground. If not, it will be necessary to 
throw running coils up the rope to whip it over the branch, or a pole pruner 
used to hook down the short end of the rope. Care must be exercised to 
prevent pulling the rope back through the crotch. 

If the lowest crotch possible to reach is too high to sling a 0z·inch diameter 
rope, a smaller rope may be thrown with a weight on the end. When the 
small rope is in position, the Y2-inch rope may then be tied on and pulled 
through the crotch. 

SPURS OR CLIMBING IRONS 

As a general rule, climbing irons or spurs. should not be used in climbing 
live trees. ·Skilled shade tree workers gave up the use of such implements 
years ago. 

The actual mechanical injury to trees caused by spurs is probably of 
minor importance compared with what may be termed the secondary effect. 
The holes left by the sharp-pointed spurs are ideal "open doors" for fungus 
infection in thin-barked trees, and as harbors for injurious insects. 

Climbing irons are doubtless a necessity to the utility linemen who climb 
bare poles, but they are definitely hazardous when used on trees, since the 
spurs are difficult to imbed in certain types of bark and may slip, thus 
causing a fall. 

ROPE CLIMBING 

Use of Legs Around Trunk 

After the rope is properly crotched, there are several ways of using it in 
climbing the tree. The simplest is to use the hands and arms, hand over 

. hand, and wrap the legs around the trunk as a fulcrum and support. 
To use this method of climbing, the double rope is brought together and 

the climber reaches as high as possible, grasping both ropes as shown in 
Figure 29. Then, with the ·weight supported by the hands, the legs are 
lifted as high as possible and wrapped around the trunk as shown in Figure 
30. The rope is then climbed hand over hand, still keeping the legs wrapped 
tightly around the trunk. When the position shown in Figure 31 is reached, 
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Pigure 29.-Ready to climb. Figure 30.-Legs up. 

Figure 32.-Up onto limb. 
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the legs are released. and again lifted as high as possible to a new position 
on the trunk. This process is continued u.ntil the crotch is reached. 

If a limb is encountered before the r~pe crotch is reached, the climber 
can easily transfer himself to such a limb. If it is necessary, however, to 
climb directly onto the limb where the rope is crotched, the limb may ~ 
approached as shown in :Figure 32. In this position the right leg is swung 
up and hooked over the limb, which is grasped by both hands, and the left 
leg is used as a brace against the trunk. The body is then swung up and 
over the limb. 

If necessary to climb higher by using the rope, one rope end is recoiled 
into a throwing knot and again thrown through a favorable crotch and the 
climbing process repeated. Usually, however, there will be sufficient limbs 
to serve as foot and handhold so that the tree can· be climbed as a ladder. 
The rope end should be knotted over the shoulder or through the belt and 
carried up as the tree is climbed. 

Use of Footlock 

It is often necessary to climb a rope when the tree trunk cannot be used 
to assist. In this case the rope should never be climbed hand over hand 
without using the footlock. Experienced· climbers will have their own 
preferred form. of footlock, but for others the following footlock is suggested 
as an acceptable and proven standard : 

. With the double rope hanging free, the climber should grasp the two 
ropes as high as possible and raise the body with the arms. Then the right 
knee should be raised with the ropes passing outside the right thigh, back 
of the right leg, over the right instep, and over the left instep as shown in 
Figure 33. Then the left foot is raised and placed on the right instep, lock­
ing the .rope between the left arch and the right instep as in Figure 34. In 
this position the entire weight of the climber should be borne by the feet. 
Then the arms are raised as shown in Figure 35 to a new grasp of the ropes, 
the footlock released, and the legs raised and locked as before. This 
process may be repeated as often as necessary. When the limb is reached, 
one leg is thrown over it and the body swung over and onto the limb. 
The rope is then carried higher in the tree as described previously until 
the final crotch for the safety sling is reached. 

In order to work freely anywhere in .the tree, the highest safe central 
. crotch should be selected through which to sling the safety rope. A crotch 

consisting of a sound 5-inch upright branch and a 3-inch side branch is 
sufficient to hold the heaviest climber if the limbs are alive and undecayed. 
Tight crotches should be avoided as they may bind the rope and cause 
considerable difficulty when it is necessary to change the adjustment of the 
safety sling. 
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Figure 25.-lns{lecting ro{le. Figure 26.-Throwing knot, first {losition. 

Figure 27.-Throwing knot, second {losition. Figure 28.-Ready to throw. 



• 

.. 

• 

ROPE, KNOTS, AND CLIMBING 13 

Cramps and strains should be avoided. when using the footlock as well 
as in other types of climbing. The climber should stop and rest if he feels 
tired. The careful climber will not use the footlock method for a climb' 
greater than 20 to 30 feet. For higher climbs, he may tie a bowline-on-a 
bight in one end of the rope and raise himself by hauling on the other end. 
The assistance of one or two fellow workers will be found helpful in such 
cases. This procedure may sound cumbersome to the trained tree worker, 
but it is felt to be a necessary safety precaution for high climbs, especially 
in the case of relatively inexperienced men. 

SAFETY SLING 
There are several safety belts and specially made safety slings available 

for use by tree workers. A bowline-on-a-bight, tied into a safety line, or 
a special-made safety belt, or saddle in combination with a taut-line hitch 
make up the safety sling. 

Since this bulletin is concerned primarily with the use of rope, only the 
rope-type sling, the bowline-on-a-bight, is covered in detail here. 

In forming this sling, one end of the rope is doubled back about 8 feet 
to form a bight. A bowline-on-a-bight is then tied in this loop leaving 
free about 2 feet of the short end. The exact size of the bowline is deter-

Figure 37.­
Swing board. 

mined by the size of the person to use it, and it should 
fit snugly around the hips. After the knot is tied, the 
loops are placed around the body as shown in Figure 
36. 

The short end of rope protruding from the bowline­
on-a-bigh t is' then tied into a taut-line hitch around 
the ground rope as shown in Figure 2 and Figure 3 7 as 
follows: About 6 inches from the bowline knot, wrap 
the short end counterclockwise twice around the 
ground rope, making the secondary wrap below the 
first. Then, continuing in the same direction around 
the rope, make 2 turns above the first 2, feeding the 
end under the short cross rope. When completed, the 
wraps should be with reference to the time of wrap­
ping-No. 3 on top, No. 4 next, No. 1 next, and No. 2 
at the bottom. With the knot tied and tightened, the 
sling should be tested before swinging free. Always 
tie a figure-of-eight knot in the ground end of the 
safety rope to prevent the end from being pulled ac­
cidentally through the taut-line hitch. 

Some climbers, when pruning, use the rope end 
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which protrudes from the taut-line hitch for holding a can of wound dress­
ing. In this case, the rope should be doubled back for about 15 feet before 
tying the bowline-on-a-bight. This will allow 4 to 6 feet of the rope to hang 
below the knot on which the paint can may be hooke~. 

If the climber expects to spend a long time in one position in the tree, 
the substitution of a swing board (see fig. 37) for the bowline-on-a-bight 
will be found more comfortable. When a swing board is used, it is held in 
place by a single bowline strung through the holes at the ends of the board 
and the bowline knot should be as close to the body as practical. The 
bowline and swing board are, of course, supported by the taut-line hitch 
as in a standard s.afety sling. In order to prevent splitting of the swing 
board, it should be made with two cross cleats underneath. 

USE OF SAFETY ROPE IN A TREE 
A safety rope has three major uses to the climber. It is the most con­

venient way to get around in a tree; it is a vital safety device; and the 
ground end of the rope may be used to haul up light tools and equipment. 

In getting around in the tree, an efficient climber will allow his weight 
to be supported by the rope most of the time and use the limbs of the 
tree merely as guides. In this manner he can go out to the very ends of 
lateral branches, since his weight is carried by his rope, and the stress on 
the branch is endwise and not downward. 

As the climber moves about in the tree, it will be necessary to readjust 
the taut-line hitch in order to reach the desired points. To lower the body, 
the knot should be jerked downward an? released when you want to stop. 
When it is desired to shorten the safety rope or to take up slack, the taut­
line hitch can be worked upward by transferring the weight of the body 
from the hitch to a point above it. By holding the weight by a hand above 
the hitch and by the feet below the hitch, using a footlock, the hitch can 
be slipped upward. 

The safety rope is the climber's guarantee against falling from the tree. 
The safety sling must be kept tied Cl:nd in use until the climber is again on . 
the ground. To release the taut-line hitch before coming out of a tree is 
an unsafe and ill-advised practice. 

In pulling tools up into the tree or in lowering. them, extreme care must • 
be used with sharp-edged tools so that they will not cut the rope or injure 
the climber. The best knot with which to attach a pole pruner, pole saw, 
or other handled tool is the clove hitch. This knot is easily tied, is safe, 
and is readily untied. A common cause of injury to safety ropes is the 
raising of pole pruners by inserting a hook in a loop in the rope. The 
handle often catches on a limb, thus closing the cutter on the rope with 

• 
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consequent damage. Care should be exercised constantly against persons 
standing under the tree when tools are being raised or lowered. 

INSPECTION OF ROPE 
Rope should be kept coiled when not in use and should be thoroughly 

inspected for wear, cuts, and abrasions before being used again. If one 
strand or more is cut or badly worn, the rope should be discarded or the 
abrased portion cut off. 

Since the exterior appearance of a rope does. not always reveal its true 
condition, it is well to open the strands of the rope at intervals to observe 
the condition of the inside fibers. If these are broken appreciably or if dust 
is found in quantity, the rope is probably materially weakened and should 
be discarded. 

COILING THE ROPE 
A rope must always be kept coiled when n!)t in use. It is a sign of 

ignorance and carelessness to allow a rope to be put away without. coiling 
it properly. 

An efficient method of coiling a rope is illustrated in Figures 38 to 40. 
The rope may be looped over the left arm, as shown in Figure 38, until about 
15 feet are left. Careful watch should be kept for kinks which should be 
straightened. Then, starting about a foot from the top of the coil, the end 
should be wrapped about 6 times around the loops by rolling them in the 
left hand as shown in Figure 39. Then the left hand is extended through as 
shown in Figure 40, and the bight is pulled· back through the loops. Two 

· · half-hitches are then tied around the bight, leaving a short end for carrying 
or tying to a peg or support bar (see fig. 41) . 

ROPING AND CLIMBING STANDARDS 
' The following standards and restrictions are created solely as a means 

of protecting tree workers from injury. Each one is important and must be 
thoroughly understood and followed. 

1. The standard safety rope is a first-grade, 3-strand, rot-treated, Y2-inch 
diameter, manila rope· not less than 120 feet and preferably 150 feet in 
length. The Y2-inch nylon rope is coming into wider use and is acceptable 
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Pig11r• 29.-Retldy to climb. Figur• 30.-Legs up. 

Pig11re 3l.-H11nd over band. Figure 32.-Up onto limb. 
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as a standard rope if preferred. Inexpensive substandard rope should be 
avoided. 

2. The safety sling should always be used while working ·in a tree even 
if a ladder is also used. Many men have been badly injured or killed by 
not observing this cardinal rule. 

3. Every rope must · be thoroughly inspected for cuts or abrasions before 
use. Don,t hesitate to cu.t off a weak end or to discard questionable rope. 
Don,t "burn" a rope by lowering it too rapidly, and use care against 
dropping cigarettes on ropes. 

4. The ground end of a safety rope should not be left dangling over 
roadways, and it must be kept free from obstructions. 

5. A rope must not be climbed hand over hand without using a footlock 
or using the legs around the tree. "Shinning" more than 15 feet up a tree 
is an unsafe practice. Climbs over 30 feet should be made by using a 
safety sling. Avoid fatigue or cramps. 

6. All slack must be kept out of the safety rope. If it becomes necessary · 
to change the supporting crotch of a safety sling, the climber should use 
great care while changing crotches. To be absolutely safe, the climber 
should tie himself to a convenient limb while making the change. 

7. All rope must be kept coiled when not in use. Rope deteriorates 
rapidly when it is saturated with water and improperly dried, so unnecessary 
wetting should be avoided. Rope should not be allowed to freeze after 
wetting, as frozen rope breaks easily. Rope should not. be left in a tree 
overnight when there is reason to expect rain, or where it might be damaged 
or stolen. 

8. Ro.pe should not be dragged along the ground, over rough surfaces, 
or across itself, and sharp bends over unyielding surfaces should be avoided. 
Rope should never be stored or transported where sharp tools may cut it. 

9. Kinking is one of the main causes of injury to manila rope and should 
be avoided, especially when the rope is wet. To avoid kinks in new rope 
when uncoiling, uncoil from the inside of the coil-never from the outside. 

10. All knots should be removed from a rope at the end of a working 
day. To leave knots tied for a prolonged period will cause kinking and 
undue wear. 

11 . Except under exceptional circumstances, trees should not be climbed 
or worked in when wet. It is impossible to get a good foothold or hand­
hold on slippery bark, and knots are apt to slip if the rope is wet. 

12. Remember: A good safety rope is the tree worker's most important 
accident insurance policy- use it. 



Weight of green logs 

To use: Multiply. length of log in feet by the weight of a 1-foot section, using the mean diameter of the log. 

Weight 
Weight of 1-foot sections based on mean diameters 

Species 
per 

cubic 
foot 1 10- 12- 14- 16- 18- 20- 22- 24- 26- 28- 30- 32- 34- 36-

inch inch inch inch inch inch inch inch inch inch inch inch inch inch 

-- -------- ---- --- ---- ----. -- --
Lhs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

Apple ............ . .......... 55 30 43 59 77 97 120 145 173 203 235 270 307 347 388 

Ash, white ..... : ............. 48 26 38 51 67 85 104 126 150 177 205 235 267 302 338 

Basswood .................... 42 23 33 45 59 74 92 111 132 155 180 206 235 265 297 

Beech ....................... 54 29 42 58 75 95 118 142 169 199 231 265 301 340 381 

Birch, paper .......... . ...... 50 27 39 53 70 88 109 132 157 184 214 245 279 317 353 

Birch, yellow . . . . . . . . . . . . . . . . . 57 31 45 61 80 101 124 151 179 210 244 280 319 360 403 

Butternut .................... 46 25 36 49 64 81 100 121 144 170 197 226 257 290 325 

Cherry, black ................ 45 25 35 48' 63 79 98 119 141 166 192 221 251 283 318 

Chestnut .... . ............... 55 30 43 59 77 97 120 145 173 203 235 270 307 347 388 

Cottonwo<¥1 .. . ... . ........ . .. 49 27 38 52 68 86 107 129 154 180 209 240 273 310 346 

Elm, American ... . ........ .. . 54 29 42 58 75 95 118 142 169 199 231 265 301 340 381 

Gum, black .................. 45 25 35 48 63 79 98 119 141 166 192 221 251 283 318 

Gum, red .................... 50 27 39 53 70 88 109 132 157 184 214 245 279 317 353 

Hackberry ................... 50 27 39 53 70 88 109 132 157 184 214 245 279 317 353 

Hickory, shagbark ........ . ... 64 35 50 68 89 113 140 169 201 236 273 314 357 403 452 

Honeylocust ... . ............. 61 33 48 65 85 . 108 133 161 192 225 261 299 341 385 431 

Magnolia, evergreen . . ........ 59 32 46 63 82 104 129 156 185 217 252 289 3J9 372 417 

Maple, red .................. 50 27 39 53 70 88 109 132 157 184 214 245 279 317 353 

Maple, silver ................. 45 24 35 48 63 79 98 119 141 166 192 221 251 283 318 

Maple, sugar ................. 56 31 44 60 78 99 122 148 176 206 239 275 313 353 396 

. .. .. 



Oak, l:>lack ..... . . .. . . .. .. .... 62 34 48 66 86 109 135 163 
Oak, live . . . ..... .. .. .. ..... . 76 41 60 81 106 134 166 200 
Oak, red .. .. ................ 63 34 49 67 88 111 137 166 
03.k, white . .......... .. ..... 62 34 48 66 86 109 13S 163 
Osage-orange ....... . . ..... . . 62 34 48 66 86 109 135 163 
Pecan .. . .. .. . .. ... .. . .. . . .. . 61 33 47 6S 8S 108 133 161 
Persimmon .. .. ..... ... ... ... 63 34 4.9 67 88 111 137 166 
Poplar, yellow ....... . . ... .... 38 21 30 40 53 67 83 99 
Sassafras . . . . .......... . . . .... 44 24 34 47 61 78 96 116 
Sycamore .. .... . ....... .. . ... 52 28 41 55 72 92 113 137 
Walnut, black ...... .... . . . ... 58 32 45 62 81 102 126 153 
Hemlock, eastern . .. .. . . . .. ... so 27 39 53 70 88 109 132 
Pine, northern white .. . ... . .. . 36 20 28 38 so 64 78 95 
Spruce, red . . . ... ... ... . . .. . . 34 19 27 36 47 60 74 90 
Tamarack . . ... .. . . . .. .. . . . .. 47 26 371 50 65 83 102 124 

t From Strength and Related Properties of Woods Grown in the Uni.led States. 

194 228 265 304 
238 280 324 372 
198 232 269 309 
194 228 26S 304 
194 228 26S 304 
192 22S 261 299 
198 232 269 309 
119 140 162 186 
138 162 188 21S 
163 191 222 2S4 
182 213 248 284 
1S7 184 214 245 
113 133 1S4 176 
106 12S 145 166 
147 173 200 230 

346 390 
424 478 
251 397 
346• 390 
346 390 
341 385 
2SO 397 
211 239 
245 277 
290 327 
323 364 
279 317 
201 227 
189 214 
262 295 

43 7 
6 
5 
7 
7 
1 
5 
8 
0 
6 
9 
3 
4 
9 

53 
44 
43 
43 
43 
44 
26 
31 
36 
40 
3S 
25 
23 
331 
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