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LETTER OF TRANS MITT AL 

MINNESOTA AGRICULTURAL EXPElUMENT STATION, 

A. F. WooDs, 

DIVISION OF AGRICULTURAL ENGINEERING, 

UNIVERSITY FARM, ST. PAUL, MINN. 

Director, Minnesota Experiment Station, 

University Farm, St. Paul, Minnesota. 

DEAR Sm: 

I hereby transmit a manuscript entitled Rope and Its Use on the 
Farm, which is recommended for publication as Bulletin No. 136 
of this station. 

The paper has been prepared under my direction by J. B. Frear, 
M.E., an instructor in farm mechanics in the School and College of 
Agriculture at University Farm. 

The photographs were taken by T. J. Horton, station photog
rapher, the drawings made and assistance in tying knots given by 
George F. Krogh, draftsman in this Division. 

The object in requesting the publication of this material as a 
bulletin is to meet a general demand throughout the State for infor
mation on the proper methods of using rope on the farm. 

This paper is not intended to be a complete manual in the tying 
of knots, making of splices, or in the use of blocks and tackle. The 
work has been limited to that which is required on the ordinary farm. 
A great deal of interest in knots and splices has been shown at the 
various exhibits of this Division at the State Fair, during the short 
courses, and by the students. It has been found that the average 
person has little knowledge of the materials, methods of manufacture, 
strength, or proper ways of applying rope in general farm work. 
Consequently this bulletin has been prepared with a view to covering 
these points and giving that information which is necessary for a 
thorough understanding of rope. 

Sincerely yours, 
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JOHN T. STEWART, 

Chief of Division. 
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ROPE AND ITS USE ON THE FARM 

INTRODUCTION 

The ability to tie a few useful knots and splice a rope is of use 
not only to the sailor, but to the farmer, the construction engineer, 
and the contractor. Indeed there are times when it is useful to people 
in nearly all walks of life. There are two reasons for publishing this 
bulletin : First, that it may serve as a reference or notebook to the 
8tndents who take this work in class, and, second, that it may serve 
as a book of instruction to those who desire to acquire this ability 
bv themselves. 

Only a few knots, hitches, and splices are shown, as it is believed 
that the average person has not the time or persistence to learn a large 
number of them so thoroughly that he can make them at any time 
from memory. There are several ways of tying some knots, and 
more than one way of making some of the splices and hitches, but 
the author has shown only one way of making each and, so far as he 
can decide, the way that is easiest to learn, though it may not be the 
quickest and easiest way used by the expert. To those who may 
have some word of criticism, the author desires to say that this 
bulletin is not written for the instruction of those who consider them
selves proficient in this work. Information regarding other method~ 
and other knots will be gladly received. 

GENERAL INFORMATION 

CONSTRUCTION OF ROPE 

A rope is made of fibers so intertwined or twisted together as to 
form a thick cord capable of sustaining a severe strain. The primary 
object of twisting the fibers together to form a rope is that by friction 
they may be held together when a strain is applied to the whole. Hard 
twisting has the further advantage of compacting the fibers and 
preventing the penetration of moisture. 

The steps in manufacturing rope are as follows: 
1. The fibers are twisted into yarns in a direction called "right 

hand," as shown at A in Figure 1. 
2. From two to eighty of these yarns are then twisted togetlw~ 
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8 ROPE AND ITS USE ON THE FARM 

figure 1. 

into a strand in a direction called "left hand," as shown at B in Figure 1. 
3. Three of these strands for a three-strand, and four for a 

four-strand rope are then twisted together in a direction called "right 
hand," as shown at C in Figure 1. 

4. If these ropes are twisted together to form a cable, shown in 
Figure 2, they are twisted in a direction called "left hand." 

Figure 2. 
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When a strand is twisted up, the yarns composing it are un
twisted; and when a rope is twisted up, the strands composing it are 
untwisted, but the yarns in the strands are again twisted up. [ t is this 

- opposite twist that keeps the rope from untwisting. When a weight 
is hung at the end of a rope, the tendency is for the rope to untwist 
and become longer. The weight will revolve until the strain of the 
rope trying to untwist is just balanced by the strain of the strands 
being twisted up. All makers of rope twist them in the same direc
tion ; otherwise it would not always be possible to splice ropes obtained 
from the different factories. 

SOVRCES OF FIBER 

Manv different vegetable fibers are used for rope-making. The 
most common ones are Manila, or Manila hemp, common hemp, sisal 
hemp, and cotton. Flax, jute, coir fiber, and other materials are also 
used. 

Manila fiber is obtained from the abaca plant which grows only in 
the Philippine Islands. It obtains its name from the city of Manila 
from which most of it is exported. The trunk of this plant resembles 
the banana tree and it is closely wrapped by long leaves which yield 
fibers from six to twelve, and even eighteen, feet in length. 

Common hemp is an annual herb of the nettle family, from four 
to eight feet high. It has green flowers and a tough, fibrous inner 
bark. The tough strong fibers obtained from the inner bark are used 
in making coarse cloth and rope. 

Sisal hemp comes principally from Yucatan and Mexico. Its 
fiber is especially valuable for ship cables as it seems to resist the 
action of sea water better than most other materials. 

Cotton is planted annually in the United States and is the staple 
agricultural product of our southern states. The commercial cotton 
is the soft, woolly, fibrous material which is attached to the seeds of 
the cotton plant. The fiber is white or yellow, and from two-thirds 
of an inch or less to two inches long. The fibers are contained in a 
three .to five-celled capsule or boll which bursts open when ripe and 
allows the fibers to escape. After the seeds are removed, the fiber is 
manufactured into thread, cloth, twine, and rope. 

Flax is an annual plant with stems about two feet high, blue 
flowers, and a fibrous inner bark which yields the flax of commerce. 

Jute is obtained from two tall, slender-stemmed, annual, Asiatic 
herbs of the linden family, now naturalized in various countries. The 
fiber obtained from the inner bark is used in the manufacture of 
carpets, bagging, canvas mats, and rope. 

Coir fiber, which is obtained from the husk of the cocoanut, is an 
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important factor used for rope-making and cordage. It 1s fairly 
strong and is lighter than Manila or hemp. 

HOW SOLD 

Rope is usually retailed by weight, but is ordered by giving the 
diameter in inches and number of feet wanted. \Vholesale dealers 
sell it by the weight stamped on the coils by the manufacturer, but 
do not usually break the coils. 

STRENGTH OF ROPE 

The strength of a new rope of a given size will depend on ( 1) the 
kind of fiber used, ( 2) the quality of the fiber, ( 3) the quality of the 
workmanship, ( 4) the effect of preservatives on the fibers, and ( 5) the 
number of strands. No accurate rule can be given for calculating 
the strength and any table giving the strength will be only approxi
mately correct. Four-strand ropes have about sixteen per cent more 
strength than three-strand ropes. Tarring rope decreases the strength 
by about twenty-five per cent because the high temperature of the tar 
injures the fibers. The strength of a rope is decreased by age, ex
posure, and wear. 

The breaking strength of a rope is the weight or pull that will 
break it. The safe load is the weight you may put on a rope without 
danger of breaking it. The safe load must be very much less than 
the breaking strength, in order that life and property may not be 
endangered when heavy objects are being moved and lifted. The 
safe load is usually regarded as one-sixth of the breaking strength. 
The breaking strength and safe load for old ropes must be largely a 
matter of good judgment and experience. 

CALCULATION OF STRENGTH 

For new Manila rope the breaking strength in pounds may be 
found approximately by the following rule: Square the diameter, 
measured in inches, and multiply this product by 7,200. Results ob
tained from this rule may vary as much as fifteen per cent from actual 
tests. The safe load can be found by dividing the breaking strength 
by six. 

Suppose we wish to find the breaking strength and safe load of 
a three-fourths-inch Manila rope. The square of % is o/t 6 , which, 
multiplied by 7,200, gives 4,050 pounds as its breaking strength, and 
4,050 by 6 gives 675 pounds as its safe load. 

Hemp rope is approximately three-fourths as strong as Manila 
so that we use the fqllowing rule for it: The breaking strength of 
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hemp rope in pounds is 5,400 times the square of the diameter in 
inches. The safe load is found by dividing the breaking strength by 
six as we did for the Manila rope. Thus breaking strength for a 

_ three-quarter-inch hemp rope would be 
~ X ~ X 5400 = 3037.5 pounds, 

and the estimated safe load would be 
3037.5 --;- 6 = 506.25 pounds. 

CALCULATION OF WEIGHT 

One rule for calculating the weight of rope is the following: To 
find the weight of a piece of rope one foot long, square the diameter 
measured in inches, and multiply this number by 0.32. Results ob
tained by this rule may vary as much as ten per cent from the actual 
weight of new rope. Rope will take up moisture if stored in damp 
places, as basements, so that its weight will be considerably increased. 

INFORMATION ABOUT THREE.STRAND U~TARRED ROPE 

ff I c Feet Weight I Weight I Feet 
Breaking strength Safe load 

iam-

1 

1rcum- per per ' per per 
eter ference coil coil , 100 feet I pound Manila Hemp Manila Hemp 

--- ---- --- ---1--- --- ---- ----- ---~ ----
In. I In. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
l?'i6 916 2,400 40 1 % 60 240 180 40 30 
% ' ~ 2,400 55 2Y, 43 450 330 75 55 
~ia 

I 

1 2,400 70 
i 

3 32 720 540 120 90 
Ys 178 1,200 45 4% 23 y, 1,070 810 180 135 
y, 

I 

lY, 1,200 90 

I 

7Y, 13Y, 1,800 1,350 300 225 
% 2 1,200 170 13Y, 7)1;i 3,000 2,340 500 390 

~ 2% 1,200 210 17 6 3,900 2,940 650 490 

I 

2~ 1,200 295 
! 

25 4 5,520 4,140 920 690 
1 3' 8 1,200 340 30 3J<i 6,900 5,160 1,150 860 
1 Ys 3Y, 1,200 455 

I 

40 

I 

2Y, 8,850 6,640 1,475 1,100 
1% 3~ 1,200 510 45 2% 10,800 7,950 1,800 1,325 
1 y, 

I 
m 1,200 785 70 lY, 15,000 11,400 2,500 1,900 

1~ 1,200 1,160 j 100 1 20,640 15,600 3,440 2,600 
2 6Y-< 1 200 1 440 ' 125 5,1, 24,660 18,600 4,110 3,100 

The actual diameter of rope is usually a little larger than the 
figures given in the table. The circumference is given to the nearest 
eighth of an inch. The number of feet in a coil may vary from the 
figures given in the table. Nearly all sizes are now put up in half 
coils also. The weight per coil will vary with the number of feet and 
the amount of moisture contained in the rope. The weight of coils of 
new rope of equal length as received from the factory may vary as 
much\:as .fifteen per cent from the weights given in the table. The 
weights given for coils have been obtained by averaging values ob
tained from various manufacturers' catalogues with the calculated 
value. The figures giving the weights of one hundred feet and the 
number of feet in one pound have been obtained by averaging values 
obtained from manufacturers' catalogues. The actual weights and 
jeqgths may vary as much as ten per cent, due to differences in hard
ness of twist and moisture content. The breaking strength of Manila 
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rope has been obtained by averaging values obtained by calculation 
with those obtained from tests by C. W. Hunt, Spencer Miller, Kent'" 
Mechanical Engineers' Pocket Book ( 1909), page 344, the Watertown 
Arsenal, and the American Civil Engineers' Pocket Book ( 1911), page 
398, John Wiley and Sons. The figures are considered more reliable 
than those from manufacturers' catalogues. The figures for the break-

F'i~ure 3. 

ing strength of hemp are approximately three-fourths of the values 
given for Manila. The safe loads are approximately one-sixth of the 
breaking strengths. 

CARE OF ROPE 

Keep rope in a dry place, do not leave it out in the rain. If a 
rope gets wet, stretc~ it out straight to dry. Do not let the ends be-



UNCOILING ROPE 

come untwisted but fix them in some way to prevent it as scon as the 
rope is obtained. A stiff and hard rope may be made very soft and 
flexible by boiling for a time in pure water. This will of course remove 
some of the tar or other preservatives. Cowboys treat their lasso 
ropes in this way. 

UNCOILING ROPE 

1. Start with the end found in the center of the coil as shown in 
Figure 3. 

2. Pull this end out and the rope should uncoil in a direction 
opposite to the direction of motion of the hands of a clock as shown 
by the arrow in Figure 3. 

3. If it uncoils in the wrong direction, turn the coil over and 
pull this same end through the center of the coil and out on the other 
side. 

4. If these directions are followed, the rope will come out of the 
coil with very few kinks or snarls. 

Figure 4. 

RELAYING AN UNTWISTED ROPE 

Knowing how to relay the strands is useful because it enables 
you to save a part of the strands that would otherwise have to be 
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cut off and wasted. In relaying do not twist or turn the rope but 
twist each strand up tight and.lay it in its proper place as shown by 
strand A in Figure 4, holding it with the thumb. Strand B is next 
put in place, then strand C, and then strand A agam. 

PRINCIPLES OF A KNOT 

"The principle of a knot is that no two parts which would move 
in the same direction if the rope were to slip should lay along side of 
and touching each other." Kent's ~fechanical Engineers' Pocket-Book 
( 1907), page 345. 

"AmJther principle that should be added to the above is that a 
knot or hitch must be so devised that the tight part of the rope must 
bear on the free end in such a manner as to pinch and hold it, in a 
knot, agaimt another tight part of the rope, or in a hitch, against the 
object to which the rope is attached." Cornell Reading-Courses, Vol. 
1, No. 8. 

Figure 5. 

Figure 6. Figure 7. 

ELEMENTS OF A KNOT 

The open bight, Figure 5, bight, Figure 6, and round turn, Figure 
7, are elements that are used in making knots, hitches, and splices. 

PREVENTING THE ENDS OF ROPE FROM UNTWISTING 

WHIPPING 

Whippir;g shouJ.d be used wherever the encl of the rope must pass 
through .small openings, as in reeving a set of bJocks. In whipping, 
c;arefully obs,~rVf' ·these' direptions : 
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1. Put a string under a strand of the rope at a distance from 
the end which is equal to a turn of one strand, as shown in Figure 8, 
and allow several inches of end, as shown at A in Figure 8. 

2. Give the end B one turn around the rope as shovvn by the 
arrow in Figure 8, and then fold the end A over as shown)n Figure 9. 

Figure 8. Figure 9. Figure 10. 

3. Continue whipping or wrapping the end B tightly around 
the rope and end A until you have reached a point about midway be
tween the starting point and the end of the rope, as shown in Fig
ure 10. 

4. Fold the end A back, making· a loop that will reach slightly 
beyond the end of the rope 
as shown in Figure 10. 

. . Continue whipping 
the end B around the rope 
outside the loop which 
should be laid in the groove 
formed by two strands, un
til the work appears as 
shown in Figure 11. 

6. Pass the end B 
through the loop, then pull 
encl A until it draws the 
end B under the whipping Figure 11. Figure 12. 

as far as possible, and cut both ends off very close. The completed 
work should appear as shown in Figure 12. 

WALL KNOT WITH CROWN 

The wall knot with crown is used for the ends of halter ropes, 
etc., and to prevent the rope from pulling through a small opening, 
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as in case of the rope handles of a chest. The wall knot alone is 
made as follows : 

1. Unlay the end of the rope about three turns and spread the 

Figure 13. Figure 14. 

strands out, having No. 3 back of the other two, as shown in Figures 
13 and 14. 

2. Move the end of strand 1 as shown by the arrow m Figure 
13 and form a bight as shown in Figure 14. 

3. ~ove the end of strand 2 as shown by the arrow in Figure 
14 and form a bight around the end of strand 1 as shown in Fig-
ure 15. 

4. Move the 
end of strand 3 
as shown by the 
arrow in Figure 
15, forming a 
b i g h t around 
the end of strand 
2 and passing 
the end of 3 
through the first 
bight m the 
right direction. 
The work 
should now ap-

Figure 15. Figure 16. pear as shown 
in Figure 16. 

5. Draw the knot up tight by pulling the strands at right angles 
to the rope, as shown in Figure 17. 
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The knot without the crown is shown in Figure 18, but must be 
crowned, as shown in Figures 19-23. 

Figure 17. Figure 18. 

1. Hold the rope as shown in Figure 19. 
2. Move the end of strand 1 as shown by the arrow m Figure 

19, forming an open bight, as shown in Figure 20. 
3. Move the end of strand 2 as shown by the arrow in Figure 

20, passing it between the bight and strand 3 and drawing it down 
tight as shown in Figure 21. 

Figure 19. 
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4. Move the end of strand 3 as shown: ·by the arrow in Figuri 
21, being sure that the bight stands up straight when you pass the 
end of strand 3 through it, as shown in Figure 22. 

3 

' 
l 

Figure 20. 

Figure 22. Figure 23. 

WALKER KNOT 

/ 

Figure 21. 

5. Draw the 
strands up tight, 
starting with 
strand 1, and the 
finished work 
should appear as 
shown in Figure 
23, except that the 
ends should be cut 
off quite short. It 
is a good plan to 
wet the strands, 
as they will hold 
their position bet
ter when drawn 
up. 

The Walker knot is used for the same purposes as the wall knot 
and may be made as follows: 

1. Unlay the strands about four turns, spread the strands out 
as in starting the wall knot, and make a large bight with strand 1 as 
shown in Figure 24. 

2. Move the end of strand 2 as shown by the arrow in Figure 
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24, forming a bight around the end of strand 1 and passing the end 
of strand 2 through the bight of strand 1, as shown in Figure 25. 

3. Move the end of -strand 3 as shown by the arrow in Figure 
25, forming a bight around the end of strand 1 and passing the end 

Figure 24. Figure 25. 

through the bights of strands 1 and 2, as shown in Figure 26. In 
passing strand 3 through the bights of strands 1 and 2, be sure that 
you pass it beneath strand 2. 

4. Draw the three strands up tight as directed for the wall knot 
and as shown in Figure 17. 

Figure 26. Figure 27. Figure 28. 

5. Roll the knot toward the end of the rope by turning the rope 
in your hands and rolling the knot with your thumbs as shown in 
Figure 27. -

6. Draw the ends of the strands up tight, and the finished knot 
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should appear as shown in Figure 28. Do not cut the ends of the 
strands off close to the knot. 

SPLICED CROWN 

The spliced crown is a good method for finishing the ends of 
halter and other ropes where a slight enlargement of the end is not 
objectionable. It makes the end of the rope more rigid than do the 
knots. Learn to make the short splice, then you can more readily 
follow these directions for making the spliced crown. 

Figure 29. Figure 30. 

1. Unl.ay the strands about five turns, spread the strands out as 
in starting the wall knot, and hold the end as shown in Figure 29. 

2. Move the end of strand 1 as shown by the arrow in Figure 
29, passing it between strands 2 and 3, forming a loop as shown in 
Figure 30. 

Figure 31. Figure 32. Figure 33. 

3. Move the end of strand 2 as shown by the arrow in Figure 
30, passing it between the loop and strand 3, drawing it down into 
the position shown in Figure 31. 
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4. Move the end of strand 3 as shown by the arrow in Figure 
30, passing it through the loop as shown in Figure 31. Be sure that 
the loop stands up straight as shown in Figures 30 and 31 when the 
end of strand 3 is passed through it. 

5. Draw the three strands down tight by holding the end of the 
rope firmly in one hand and pulling each strand alternately with the 
other hand, as shown in Figure 32. 

Figure 34. Figure 35. 

6. Splice the three strands into the rope, starting each strand 
with the aid of a marline spike, as shown in Figure 33. The remainder 
of the splicing and the finishing is done exactly as in making the short 
splice. Figure 34 shows the splicing partly completed, and Figure 
35 shows the finished work. 

FIGURE EIGHT KNOT 

The figure eight knot 
is used for preventing 
the strands from un
twisting, and for form
ing a knob or hand hold 
at the end of a rope or 
at any point between the 
ends. In making it form 
a bight as shown in Fig
ure 36, then move the 
end as shown by the 
arrow in Figure 36 un
til it is in the position 
shown in Figure 37 and 
draw it up tight. 

Figure 36. 

Figure 37. 
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OVERHAND KNOT 

Figure 38. 

The overhand knot is 
used for the same pur
pose as the figure eight 
knot and is made by 
forming· a bight through 
which the end of the 
rope is passed. The 
loose knot is shown in 
Figure 38. 

Kl\OTS FOR TYING ROPES TOGETHER 

SQUARE KNOT 

The square knot is used for tying ropes securely together, but 
will draw rather tight especially with small ropes. It is a good knot 
for tying binder t\yine together. One rope has been dyed black in 
order to make the illustrations clearer. The knot may be tied by con
sulting the illustrations and directions. 

Figure 39. 

2. Move end B as 
shown by the arrow 111 

Figure 39 until it is 111 

the position shown 111 

Figure 40. 
3. Move ends A and 

B as shown by the ar
rows in Figure 40 until 
thev are in the position 

1. Cross the ropes with the 
proper one nearest you as shown 
in Figure 39. 

Figure 40. 
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shown in Figure 41. Be 
sure the proper end is 
nearest you at the point 
of crossing in the right 
hand. 

4. Move end B as 
sh©wn by the arrow m 
Figure 41 until it is 111 

the position shown 111 

Figure 42 and draw up 
tight as shown in Fig
ure 43. Both parts of 
one rope should be in 
front of or behind the 
other, as shown at 
points C and D in Fig
ure 42 and noP as shown 
at points E and F of the 
granny knot in Figure 
44. 

GRANNY KNOT 

The g r a n n y k n o t, 
sh~wn in Figure 44, is 
of very little use and 
tends to slip under a 
pull. It is only tied by 
those who do not know 
the difference between it 
and the square knot. 

BREAD-BOX KNOT 

The bread-box knot, 
shown in Figure 45, 
looks very much like the 
square knot but it is 
very apt to slip. The 
difference in the fin
ished knot is in the po
sitions of the ends A 
and B, as you will see in 
comparing Figures 42 
and 45. 

Figure 41. 

Figure 42. 

Figure 43. 

Figure 44. 

Figure 45. 

23 
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WEAV,ER'S KNOT 

The weaver's knot obtains its name from the textile mills where 
it is used to tie threads together. It is better than the square knot 
for tying straps together and may be made as follows: 

Figure 46. 

1. Hold the ends of the rope as shown in Figure 46. 
2. Move the right hand in the direction shown by the arrow m 

Figure 46 until the rope is in the position shown in Figure 47. 

Figure 47. 
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3. Grasp end B with the right hand, then move it in the direc
tion shown by the arrow in Figure 47 and hold it with the left hand 
as shown in Figure 48. 

Figure 48·. 

4. Draw the knot tight by pulling the hands apart, when it should 
appear as shown in Figure 49. 

Figure 49. 

CARRICK BEND 

The Carrick bend knot is useful for tying two ropes together 
when you wish to put a heavy pull on them, and then have the knot 
untie easily. It may be made as follows: 
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Figure SO. 

1. Form a bight 
in the left hand, 
then an open bight 
in the right hand, 
as shown in Fig
ure 50. 

2. P 1 ace the 
open bight over 
the end B and 
reach through the 
bight and grasp 
the rope with the 
right hand as 
shown in Figure 
51. 

3. Pull the rope through tlie bight, forming another open bight 
as shown in Figure 52. 

Figure 51. Figure 52. 

4. Move the end A as shown by the arrow in Figure 52, passing 
it through the last open bight, as shown in Figures 53 and 54 . 

.S. Draw the knot up tight by pulling the long ends of the ropes 
and it should appear as shown in Figure 55. This knot slips con
siderably in drawing up so that the ends A ahd B must be of good 
length when starting. 
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Figure 53. Figure 54. 

Figure 55. 

LOOPS AT THE ROPE'S END 

BOWLINE 

The bowline is sometimes called the king of knots. It ts used 
wherever a loop is wanted that will not slip or pull tight. It can 
always be untied very easily and is tied as follows : 

1. Hold a bight with the short end nearest you at the point of 
crossing and pass the end A through any opening or around any 
object, as shown in Figure 56. 

2. Pass the end through the bight in the proper direction, as 
shown by the arrow in Figure 56. 
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3. Move end A as shown by the arrow in Figure 57 until it is 
m the position shown in Figure 58. 

4. Grasp the end A and the right side of the loop as shown in 
Figure 59 and draw the long end until the knot becomes tight, as 
shown in Figure 60. 

Figure 56. Figure 57. 

Figure 58. Figure 59. Figure 60. 



LOOPS AT ROPE'S END 29 

FLEMISH LOOP 

The Flemish loop is a permanent loop that will not slip, made by 
following these directions : 

1. Form a n o p e n 
bight having the short 
end C below, as shown 
in Figure 61. 

2. Move the right 
hand as shown by the 
arrow in Figure 61, 
thus putting the rope in 
the position shown in Figure 61. 

Figure 62. 
3. Move the bight A 

between yourself and 
bight B, as shown by 
the arrow in Figure 62, 
to the position shown in 
Figure 63. 

4. Pass your right 
hand through the open
ing D in Figure 63, then 
up between end C and 
the long part, and grasp 

Figure 63. 

Figure 65. 

Figure 62. 

Figure 64. 

the rope as shown in 
Figure 64. 

5. Draw the right 
hand out through the 
bights and separate the 
over-hand knots, when 
the work should appear 
as shown in Figure 65. 
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Figure 66. 

The slip knot is used 
when a loop is wanted 
that will slip up tight 
around an object. There 
are four steps in tying 
it : 

1. Hold the rope as 
shown in Figure 67. 

2. Move the right 

Figure 68. 

SLIP KNOT 

6. Allow the two 
over-hand knots to slip 
together and the com
pleted knot will appear 
as shown in Figure 66. 

Figure 67. 

hand · so that point A 
moves as shown by the 
arrow in Figure 67, 
thus forming a round 
turn in the left hand as 
shown in Figure 68, and 
allow the right hand to 
slip on the rope to point 
B. 

3. Move the right hand so that point B moves as shown by the ar
row in Figure 68 to the position shown in Figure 69. 

4. Draw the over
hand knot that has been 
formed up tight, and the 
finished knot sho11ld ap
pear as shown in Figure 
70. 

Figure 69. 
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Figure 70. 

SLIP KNOT AND HALF HITCH 

The slip knot and half hitch constitute a combination that is used 
for the same purposes as the Flemish loop but is made in this way: 

1. Tie a slip knot by 
the method shown in 
Figures 67 to 70, except 
that you start with the 
short end held in the 
right hand and the long 
part in the left hand. 
This slip knot is shown 
in Figure 71. 

2. Move end A as 
shown by the arrow in 
Figure 71, which gives 
it a half hitch around 
the long end as shown 
in Figure 72. 

3. Complete the knot' 
by drawing up tight as 
shown in Figure 73. 

Figure 71. 

A 

Figure 72. 

Figure 73. 
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SPLICED EYE 

The spliced eye is used to fasten a rope permanently into a ring 
or eye, or to make a permanent loop at the end of a rope. The same 
method may be used for splicing one rope into the side of another. 
Learn to make the short splice before trying to make the spliced eye, 
then follow these directions: 

1. Unlay the 
strands about five 
turns, and start 
strand 1 under any 
strand as shown at 
point B in Figure 
7 4. The distance 
from A to B 
should be enough 
to make an eye of 
the desired size. 

Figure 75. 

Figure 74. 

2. Draw strand 
1 through the rope 
and start strand 2 
under t h e n e x t 
strand at point B 
as shown in Fig
ure 75. Be sure 
not to get strand 
3 in the place of 
strand 2. 
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Figure 76. Figure 77. 

3. Pass strand 3 under the next strand at point B as shown in 
Figure 76. 

4. Draw the three strands up tight and splice them into the rope 
just as you do in making the short splice. The remainder of the work 
is shown in Figures 77, 78, and 79. 

Figure 78. Figure 79. 
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LOOPS BETWEEN THE ROPE'S ENDS 

DOUBLE BOWLINE 

The double bowline is used when a loop is wanted between the 
ends of a rope that will not pull tight or slip. It may be tied as fol
lows: 

Figure 80. 

1. Grasp the rope as shown in Figure 80. 
2. Tie an overhand knot as shown in Figure 81. 

Figure 81. 

3. Fold loop A back over the over-hand knot as shown by the 
arrow in Figure 81, and then grasp the knot with the left hand exactly 

Figure 82. 

at point B as shown in Figures 81 and 82. 
4. Hold the double bight securely in the left hand and draw 
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that part of the rope which forms loop A through the double bight, 
as shown by the arrow in Figure 82. The finished knot is shown in 
Figure 83. This knot may be tied through a loose ring. 

Figure 83. 

SPANISH BOWLINE 

The Spanish bowline is used when two single loops are wanted 
close together at some point in a rope. To tie this knot follow these 
directions : 

Figure 84. 

Figure 85. 
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1. Form an open bight as shown in Figure 84. 
2. Move the right hand as shown by the arrow in Figure 84, 

thus putting the rope in the position shown in Figure 85. 
3. Place bight A between yourself and bight B as shown m 

Figure 86. 

Figure 86. Figure 87. 

4. Move the right hand away from you and toward the left 
hand so that you can grasp the parts of the rope held in the right 
hand with the left hand, as shown in Figure 87. 

Figure 88. 

5. Pass the two large loops shown in Figure 87 through the 
small loops as shown by the arrows, when the work should appear as 
shown in Figure 88. -
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6. Complete the knot by pulling the long loop until it becomes 
tight as shown in Figure 89. 

Figure 89. 

HARNESS HITCH 

The harness hitch is used when you wish to make a loop at a 
point in a rope and still pull on both ends or on one end of the rope. 
It is made as follows: 

1. Hold the rope as shown in Figure 90. 

Figure 90. Figure 91. 
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2. Move the right hand as shown by the arrow in Figure 90, 
thus putting the rope in the position shown in Figure 91. 

3. Move point B of the large loop as shown by the arrow in 
Figure 91 and pass it through loop A, when it should appear as shown 
in Figure 92. 

Figure 92. Figure 93. 

4. Complete the hitch by drawing up tight as shown m Fig
ure 93. 

FARMER'S LOOP 

The farmer's loop is used for the same purpose as the harness 
hitch. The method of making this loop was obtained from the Cornell 
Reading Courses, page 74, vol. 1, no. 8. 

Figure 94. Figure 95. 

1. Make two round turns as shown in Figures 7 and 94. 
2. Pass part A under part B as shown by the arrow m Figure 

94, and it should then appear as shown in Figure 95. 
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3. Pass part C under part A as shown by the arrow m Figure 
95, and it should then appear as shown in Figure 96. 

Figure 96. Figure 97. 

4. Pass part B under part C as shown by the arrow m Figure 
96, and it should then appear as shown in Figure 97. 

Figure 98. 

5. Complete the loop by drawing it up tight as shown m Fig
ure 98. 

HITCHES 

SHEEP SHANK 

The sheep shank is used for shortening a rope temporarily. It 
is made in the following manner: 

1. Grasp the rope as shown in Figure 90 
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2. Make a half hitch around the loop A as shown in Figure 100 
by moving the right hand as shown by the arrow in Figure 99. 

3. Grasp loop 
B with the left 
hand and half 
hitch the long 
part of the rope 
around the loop 
as shown m 
Figure 101. 

Figure 99. Figure 100. 

Figure 101. 

Figure 102. 

4. Pull on the 
long ends of the 
rope, and the 
completed sheep 
s h a n k should 
appear as shown 
in Figure 102. 
It may be made 
more secure by 
passing the long 
ends through tht> loops or by fastening the loops to the main parts. 

HALF HITCH 

In Figure 103 the short end of the rope 1s half hitched around 
the other part. 
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TIMBER HITCH 

The timber hitch is used for dragging and lifting logs and 
timbers, and is shown in Figure 104. To make it take a half hitch 
and then give the short end one turn around the rope. 

Figure 103. Figure 104. 

TWO HALF HITCHES 

Two half hitches constitute a useful fastening for dragging and 
lifting timbers and for fastening guy ropes. Figure 106 shows the 
two half hitches made correctly and Figure 105 shows the incorrect 
way of making them. 

Figure 105. Figure 106. Figure 107. 

TIMBER HITCH AND HALF HITCH 

A timber hitch and half hitch combined make a more secure 
fastening than either the timber hitch or half hitch used separately, 
and are used for similar purposes. The combination is shown in Fig
ure 107. Make the half hitch first and then the timber hitch. 
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CAT'S PAW 

The cat's paw is used to fasten a rope to a hook, and 1s made 
as indicated by Figures 108-110 and these rules: 

1. Hold the rope as shown in Figure 108. 

Figure 108. 

2. Turn the wrists as shown by the arrows in Figure 108 until 
they are in the position shown in Figure 109, thus forming two bights. 

3. Twist the two bights toward each other a turn and a quarter 
in the direction shown by the arrows in Figure 109. 

4. Place the bights on the hook as shown in Figure 110. Draw 
them up tight and use either end of the rope to pull on. 

Figure 109. Figure 110. 
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Figure 111. Figure 112. 

BLACKWALL HITCH 

The Blackwall hitch is used to fasten a rope to a hook as shown 
in Figures 111 and 112. 

1. Hold the rope as shown in Figure 111. 
2. Move the left hand in the direction shown by the fine arrow 

Figure 113. 
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in Figure 111, placing the short end of the rope in the hook as shown 
in Figure 112. 

3. Move the right hand in the direction shown by the heavy 
arrow in Figure J 11, placing the long end of the rope on the hook 
as shown in Figure 112. 

4. Draw up tight and pull on long end. 

CLOVE HITCH 

The clove hitch is used to fasten a rope to a post, pipe, timber, or 
mast. It may be made by either of two methods. The first is used 
when the hitch can be passed over the end of the post. 

First Met hod 

1. Hold the rope as shown in Figure 113. 

Figure 114. 

2. Move the right hand in the direction shown by the arrow in 
Figure 113, passing it back of the left hand, and hold the bight thus 
formed with the left hand as shown in Figure 114. 

3. Move the right hand in the direction shown by the arrow m 
Figure 114, making a second bight as shown in Figure 115. 



HITCHES 

Figure 115. 

4. Move the right hand bight to 
the left as shown by the arrow in Figure 
115 so that it is between yourself and 
the left hand bight as shown in Figure 
116. 

5. Place the hitch over the end of 
the post, and pull in any direction on 
the long end. 

Second Method 

1. Place the rope in the position 
shown in Figure 117. 

2. Pass the short end around the 
object in the direction shown by the 
arrow in Figure 117 and between the 
object and the rope as shown at point A. 

45 

Figure 116. 
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Figure 117. 

Figure 118. 

Figure 119. 

3. Draw the ends 
tight as shown in Figure 
118 and pull in any di
rection on the long end. 

WELL PIPE HITCHES 

Well pipe hitches are 
used to pull a well pipe 
or lift a similar object, 
and are made in two 
ways. 

First Method 

1. Give the rope four 
turns around the pipe as 
shown in Figure 119. 

Figure 120. 

2. Give the short end of the rope two half hitches around the 
long end, making the first half hitch as shown by the arrow in Figure 
119, and the second one between the first one and the left hand. 

3. Slide the turns and hitches tight together as shown in 
Figure 120 and pull on the long end. 
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Second Met hod 

1. Give the double part of a rope three turns around the pipe 
as shown in Figure 121. 

Figure 121. Figure 122. 

2. 
shown 

3. 

Pass the loose ends through the loop and draw up tight as 
in Figure 122. 

Pull on either end or both ends. 

HALTERS AND HALTER TIES 

NON-ADJUSTABLE HALTER 

The non-adjustable halter is especially adapted to horses and 
hornless cattle. 

Total Distance (Figure 123) Length 
Animal Diameter length 

I 
left 

of rope of rope A toB B to D DtoE E to C for lead 

-------- --- ·~--~-

__ [ ___ ---- --- -----
In. Ft. In. I In. In. In. Ft. 

Large horse •.....• Ys 15 7 I 44 19 18 6Y, 
Medium horse ..... y, 14 6 I. 40 17 16 6Y, 
Small horse y, 13 6 36 16 14 6 
Large cattle : : : : : : : y, 12Y, 6 

I 
34 14 15 6 

Medium cattle ..... }8 12 5 32 12 13 6 
Sheep and calves ... Ji 8 4 18 8 8 4 

Learn how to make short splice before attempting to make halters. 
1. Take a total length of rope as given in the above table and 

measure off the distances AB, ED, DE, and EC as given in the table, 
marking the points by tying strings tightly around the rope as shown 
in Figure 123. 

After learning how to make halters,· the best way is to make the 
parts the proper length to' fit the animal and not use the table: 
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Figure 123. 

2. Double the rope at point F so as to bring points D and E 
together. 

3. Pass the end A up through the rope between F and E as 
shown in Figure 124, making a loop at F a little larger than the rope. 

4. Pass the end A back through the rope under the second or 
third strand from the one it first passed under as shown by the arrow 
in Figure 124 and draw it up as shown in Figure 125. 

5. Remove the string at D and pass the long end of the rope 
through the rope at this point, when it will appear as it does in Fig
ure 126. 
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Figure 124. 

Figure 125. 
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6. Draw up tight so that point E looks as it does in Figure 130. 
7. Unlay the strands from A to B but leave the string out at B. 
8. Give the rope between points B and D two or three turns or 

reverse twists ci.s shown by the arrow in Figure 127, before passing 

Figure 12~. 

Figure 127. 

the ends A-1, A-2, A-3 through the rope at point C. These reverse 
twists will leave the halter in better shape when it is finished. 

9. Remove the string at point C and pass the three strands 
through the rope as shown in Figure 127. Have the middle strand at 
the point where the string was. 
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Figure 128. 

-
Figure 129. 

10. Draw the three strands up tight as shown in Figure 128. 
Wrap strand A-1 around strand X, strand A-3 around strand Z, and 
double back strand A-2 and wrap it around strand Y as shown in Fig
ures 128 and 129, having the direction of the twist the same as shown 
in Figure 150 for making the short splice. Thin these strands out as 
shown in Figure 152 for fin,ishing the short splice. 
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11. Pass the long end through the loop as shown at F m Fig
ure 130. 

12. Pass the long end up through the nose piece and tie around 
the double part as shown in Figures 131, 132, and 133. 

Figure 130. Figure 131. 

ADJUSTABLE HALTER 

The adjustable halter is used for all kinds of stock but 1s espe
cially adapted to horned cattle. 

I 

I 
1

1 Distance from 
Animal , Diameter i Total length A to B 

Larg~ cattl~=~~ II-- i-- -- i~· --1--I;S ---
Medium cattle . . . . . . . . . . Ys 11 Y, 16 
Small cattle ............ '[, Ys 11 14 
Calves and sheep ........ 

1 

74 7)/, I 10 

Length left 
for lead 

Ft. 
6 
6 
6 
4 

1. Take the total length of rope as given in the table. 
2. Make a spliced eye a little larger than the rope as directed in 

Figures 74 to 79 and like the one shown completed at A in Figure 134. 
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Figure 132. Figure 133 . 

.1. Measure off from the center of the eye A the distance given 
in the table and tie a string tightly around the rope at this point as 
shown at B in Figure 135. After learning how to make halters, the 
best way is to make the parts. the proper length to fit the animal and 
not use the tables. 

4. Pass the eye A through the rope between B and the other end 

Figure 134. Figure 135. 
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as shown at points C and D in Figure 135, making the loop at B about 
the size of the eye A. 

5. Pass the end of the long part through the eye A and the loop H 
as shown in Figure 136. 

6. Adjust the halter to the animal, and then it may be secured it 
desired by tying as shown in Figures 131 to 133. 

Figure 136. 

The length of the nose piece from A to D may be changed by 
changing the size of the loop at B. With this halter the lead rope may 
be brought to the side of the animal's head by making the distance 
from B to D very short. 

HALTER TIES 

Halter ties are used to fasten halter or hitching ropes to posts 
or rings, and the bowLand-slipknot-type may be made as follows: 

1. Hold the rope as shown in Figure 137. 
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Figure 137. Figure 138. 

2. Move the right hand in the direction shown by the arrow m 
Figure 137 and place the rope in the position shown in Figure 138. 

3. Pull the short end partly through the bight thus formed and 
draw the knots tight. 

4. Pass the short end through 
the last loop formed as shown in 
Figure 139. 

This knot is very easily made, 
holds securely, and is easily untied. 

Halter knots of the non-slip
ping type may be made by follow
ing these directions : 

1. Put the rope through the 
ring as shown in Figure 140. 

2. Move the right hand as 
shown by the arrow in Figure 140, 
bringing the rope into the position 
shown in Figure 141. 

Figure 139. 

3. Move the end of the rope as shown by the arrow in Figure 
141, and take a hitch around the left hand part of the first loop as 
shown in Figure 142. 
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Figure 140. Figure 141. 

Figure 142. Figure 143. 

4. Draw the short end up tight as shown by the arrow in Figure 
142 and pull on the long end, when the knot should appear like Figure 
143. 
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SPLICES 

SHORT SPLICE 

The short splice is used to fasten two pieces of rope togethe1 se
curely, but should not be used where the splice must run over sheaves 
or pulleys. In making the short splice with three-strand rope observe 

·the following directions: 

Figure 144. Figure 145. 

1. Count off seven and a half turns from the ends to be spliced 
and tie strings around the ropes at the points thus found, as shown in 
Figure 144. 

2. Unlay the ends back to the strings and open each end as 
shown at A in Figure 145. The end shown at B, Figure 145, is not 
opened in the right way. No strand should pass between the other two. 
Be sure to have both ends opened as the one at A, for if you do not, 
the splice will never be correct. 

Figure 147. 

Figure 146. 

3. Put the two ends together as shown in Figures 146 and 147, 
being sure to have a strand from one end between two strands from 
the other end. We now nave three pairs of strands1 C and D, form-
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ing one pair. Have the strand D from the left hand rope between your
self and C as shown in Figure 147. 

4. Start the twisting of the strands by tying each pair together 

Figure 148. 

with overhand knots, having the direction of twist in the knot the 
same as the direction of twist in the strands, as shown by the arrow in 
Figure 148. 

Figure 149. 

Figure 150. 

5. Draw the three knots 
up tight by drawing each 
one up a little in turn, until 
they appear as shown in Fig
ure 149. 

6. Remove the string 
from the right hand end of 
the knots and continue the 
twisting with the aid of a 
marline spike as shown in 
Figure 150, giving one 
strand two turns, one strand 
three turns, and one strand 
four turns about the strands 
they are tied around. 

A marline spike is a piece 
of wood of the shape shown 
in Figure 1.SO and is used to 
separate the strands in splic
ing rope. This one has a 
hole in the end in which the 
strand of rope may be 
placed with ease when the 
ends are whipped as shown 
at Nin Figure 150. 
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Be sure you continue the twisting in the same direction as it has 
been started in tying the knots. Keep the same pair of strands to
gether all the time and twist the strand you are working with up tight 
every time it is put around the other as this is the only way to get a 
firm, compact splice. Try to have the slope of the twist in each pair of 
strands the same as the slope of the twist in the yarns that make up 
the strand as this will make a smoother splice. It is better to work 
with three pairs at the same time rather than to complete the twisting 
of each pair separatelv. 

Figure 151. Figure 152. 

7. Divide the strand that has been given two turns into two 
nearly equal parts as shown at E in Figure 151, and continue splicing 
with one part, giving it about three turns more. 

8. Divide each of the other strands in the same way and give 
one part of each about three turns more. There should now be six 
half strands ending at different points along the splice as shown at 
1, 2, 3, 4, 5, and 6 in Figure 152. The strands arc divided to make the 
splice taper out gradually. 

9. Remove the other string and finish that end of the splice in 
exactlv the same way. 

Figure 153. 

10. Finish the splice by cutting off the loose ends a short dis
tance from the rope as shown in Figure 153. If you cut the ends off 
close, they are apt to work loose. If your work has been done properly, 
you should be able to untwist the splice at any point, and it should show 
three separate strands, each one being twice the size of the original 
strands at the center of the splice. 
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LONG SPLICES 

Long splices are used to fasten two pieces of rope together se
curely and are especially adapted to ropes that must run over sheaves 
or pulleys in hoisting and transmission work as the completed splices 
are the same size as the rope. In making one with three-strand rope: 

1. Count off sixteen turns (instead of seven and one-half as 
shown in Figure 144 for making the short splice) from the ends to be 
spliced and tie strings tightly around the ropes at the two points thus 
found. • 

Figure 154. Figure 155. 

2. Open and put the ends together in exactly the same way 
as shown in Figures 146 and 147. 

3. Select the pairs as shown in Figure 147. 
4. Twist two pairs together as shown at A and B in Figure 154. 
5. Observing the cautions given below, remove the right hand 

string and start the splicing by unlaying strand C and laying D in its 

Figure 156. 

place as shown in Figure 155. Continue this process until you have 
left only enough of strand D to reach a little more than three turns 
as shown in Figure 156. Then half hitch D around the rope so as 
to hold itself and C from untwisting, as shown in Figure 157. 
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Figure 157. Figure 158. 

C and D are on the left of Figure 157. The rope is usually turned 
as it is easier to work toward the right hand; or else the workman gets 
on the opposite side of the rope. 

Be sure that the ends of the ropes are forced closely together 
when you begin splicing. Be sure to keep the strand you are relaying, 
as D in Figure 155, twisted very tightly. As you unlay one strand, as 
C in Figure 155, relay the other in its place immediately; that is, keep 
them close together. 

6. Untwist the strands at A in Figure 156, remove the other 
string, and then unlay one of the strands and lay the other in its place 
exactly as you did with C 
and D, but work in the op
posite direction from the 
center of the splice as shown 
m Figure 157. 

7. Cut off the middle 
pair of strands, as shown at 
B in Figure 158, leaving 
enough of each one to reach 
at least three turns further. 

8. U nlay each strarnJ 
of this pair three turns from 
the center point E, as shown 
in Figure 159. 

9. Divide each strand 
into two equal or nearly 
equal parts, as shown 111 

Figure 160. 

Figure 159. 

Figure 160. 
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Figure 161. 

Figure 162. 

10. Relay one part of 
each strand three turns 
agam and tie an overhand 
knot, as shown in Figure 
161. Tie this knot exactly 
as shown, which is just like 
the start of the short splice. 

11. Draw this knot up 
tight and then continue 
twisting these two parts of 
strands together as shown 
in Figure 162. The direc
tion of twist and the method 
are the same as in making 
the short splice. Strand F 
should encl at K and strand 
G should end at H as shown 
in Figure 163. 

Be sure to keep the parts of strands twisted up tight. Do not 
twist either part of a strand around one of the other whole strands. 
Have the slope of the twist the same as the slope of the twist in the 
other whole strands for these two parts make a whole strand again. 

12. Cut the ends of the parts of strands off a short distance from 
the rope as shown in Figure 164. 

13. Finish one of the 
other pairs of strands by 
first loosening the hitch and 
cutting off the long strand, 
leaving it equal in length to 
the short one as shown in 
Figure 165. The remainder 
of the work of finishing this 
pair is exactly the same as 
for the center pair, starting 
with step No. 8. 

Figure 163. 

Figure 164. 
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14. Finish the third pair in a similar way and the completed 
splice should appear like Figure 166. There are two parts of strands 
ending at each of the points M, N, 0, P, R, and S. 

Fiirnre 165. Figure 166. 

In making a long splice with four-strand rope: 
1. Count off twenty-two turns of the strands, instead of sixteen 

as in making the long splice in the three-strand rope. Be sure to pass 
over three strands at each count instead of two, and tie strings tightly 
around the ropes at the two points thus found. 

Figure 167. Figure 168. 

2. Spread the strands out from the centers of the ropes and put 
the ends together, allowing the cores to pass out on one side as shown 
in Figure 167. 

3. Select the pairs of strands in the way shown in Figure 147, 
but ,there are now four, pairs. 

4'. Twist three pairs ~ogether as shown at A, B, and C in Figure 
168. 
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Figure 169. 

5. Observing the precautions given in step 5 of the directions 
for making a long splice in a three-strand rope, remove the right hand 
string and unlay strand 8 eighteen turns, and lay strand 7 in its place 
as shown in Figure 169. 

6. Remove the left hand string, unlay strand 3 eighteen turns, 
and lay strand 4 in its place as shown in Figure 169. 

Figure 170. 

7. Unlay strand 2 six turns and lay strand 1 in its place as shown 
111 Figure 170. 

8. Unfa.y strand 5 six turns and lay strand 6 in its place as shown 
in Figure 170. 

9. Cut off all the long strands which are 1, 2, 3, 5, 6, and 8, 
leaving enough of each one for three more turns. 

10. Finish each pair of strands at the points D, E, F, and G, 
Figure 170, using the methods given in steps 8 to 12 on pages 61 and 
62, and shown in Figures 159-164. 
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Figure 171. Figure 172. 

In splicing transmission rope the ends of the half-strands are 
usually fastened as shown in Figures 171 and 172. In this method 
one part is divided and the other passed through as shown at H in 
Figure 171. The end that has not been divided is then tucked under 

Figure 173. 

the two adjacent strands as shown at K in Figure 172. Cut the ends 
off a short distance from the rope. A four-strand splice finished in 
this way is shown in Figure 173. 

BLOCKS AND TACKLE 

A sheave or pulley or set of pulleys mounted within a shell or 
frame to which is fixed a hook, eye, or ring at one end for attaching it 
to a fixed or moving object and often a becket, consisting of an eye 
or some similar fastening, at the other end for attaching one end of 
the rope is called a block. 

A tackle is a mechanism of ropes, pulley-blocks, hooks, etc., for 
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raising, lowering, and moving heavy objects. Some of the common 
names applied to a tackle consisting of two blocks and a rope are: fall 
and tackle, set of falls, set of blocks, and pair of blocks. 

That ply of the rope of a tackle to which the power is applied is 
called the fall-rope. 

The block from which the fall-rope passes is called the fall-block. 
The block shown in Figure 174 is a double block with a becket. 
The lower block in Figure 175 is a double block without a becket. 

Figure 174. Figure 175. 

The fall-block in Figure 177 is a triple block without a becket. 
The fall-block B in Figure 178 is a single block with a becket. 
The lower block A in Figure 178 is a single block without a becket. 

REEVING BLOCKS 

· Reeving blocks is the process of pa·ssing the rope through the 
blocks in the proper way so as to get them ready for use. In any set 
of blocks one of them,has a becket to which one end of the rope must 
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be fastened. If both blocks have the same number of sheaves, the one 
having the becket is the fall-block. If one block has one sheave less 
than the other, the becket must be on the block with the smallest num
ber of sheaves, but the other is the fall-block. 

In reeving blocks by the directions which follow, the rope is 
passed through the blocks in the direction opposite to that in which it 
runs when the blocks are being used to lift or pull. This is to avoid 
the necessity of pulling all the rope through the blocks in order to 
get them reeved. 

Figure 176. Figure 177. 

A set of blocks in which both blocks have the same number of 
sheaves is reeved in the following way: 

1. Start with the block having the becket, the fall-block, by 
passing the rope over the s,heave which is farthest from the becket 
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as shown in Figure 174. If the becket is in the middle the rope may 
be passed over either outside sheave. 

2. Pass the rope over the proper outside sheave in the other block 
and then over the next sheave in the block, having the becket as shown 
in Figure 175. 

3. Now pass the rope back and forth from block to block, always 
passing the rope over the sheave next to the ones the rope has been 
passed over until all the sheaves are filled, and then fasten the end 
that you have been passing over the sheaves to the becket with a spliced 
eye, like the one shown in Figure 79. When completed the work 
should appear as shown in Figure 176. 

A set of blocks in which the block having· the becket has one 
sheave less than the other is reeved in the following way: 

1. Start with the block without the becket, the fall-block, by 
passing the rope over one of the outside sheaves as Number 1 in 
Figure 177. 

2. Pass the encl of the rope in the right direction over the sheave 
in the other block which is farthest from the becket as Number 2 in 
Figure 177. 

Start in the same way even if the block having the becket has 
only one sheave. If the becket is in the middle of the block, start 
with either outside sheave. 

3. Now pass the rope back and forth from block to block, always 
passing the rope over the sheave next to the ones that the rope has 
been passed over until all the sheaves are filled and then fasten the 
end that you have been passing over the sheaves to the becket with a 
spliced eye made as is the one shown in Figure 79. The completed 
work should appear as shown in Figure 177. 

LIFTING FORCE OF llLOCKS 

A more technical discussion of this subject is given on page 72. 
The load that can be lifted or moved with a set of blocks by 

applying a certain force to the fall-rope depends on ( 1) the number 
of plies of rope leading from the block that is fastened to the load; 
(2) the direction of pull when the fall-rope leads from the block fast
ened to the load; ( 3) the amount of force necessary to overcome the 
friction in the sheaves and the stiffness of the rope, and ( 4) the ulti
mate strength of the rope and parts of the blocks, for as soon as we 
strain any part to the breaking point, the blocks will give way. 

Suppose that the two plies of rope leading from block A in Fig
ure 178 are cut at the points a and b, and then a spring scale like the 
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one shown in Figure 179 tied between the ends of each ply. Now if 
a pull of 100 pounds is exerted on the fall-rope, each of the scales 
will show it is holding a force of approximately 100 pounds, the small 
error being due to friction and the stiffness of the rope. This would 
show that all parts of the rope are under the same strain or tension. 
Since each of the scales lifts on block A with a force which is nearly 

Figure 178. 

equal to 100 pounds, the block A will lift on a load with a force which 
is a little less than 200 pounds. We thus see that the block A lifts with 
a force which is nearly equal to the pull on the fall-rope times the 
number of plies leading from block A. If the pull on the fall-rope is 
100 pounds and directly d?whward, parallel to the other plies, we 
then have three plies pulling clown on block B. so that block B pulls 
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down on its support with a force of approximately 300 pounds. It is 
thus seen that the pull exerted by the fall-block on its support is greater 
than the pull or lifting force exerted by the other block on the load, 
by an amount which is equal to the pull on the fall-rope. 

Figure 179. Figure 180. 

By applying the same method of reasoning to Figure 176 a 
weight may be lifted which is nearly equal to four times the pull on 
the fall-rope, for there are four plies leading from the block which 
would be attached to the load. The fall-block will pull down on its 
support with a force which is nearly five times the pull on the fall
rope. 

In a similar way by using a set of blocks like those shown in Fig
ure 177 a weight m~y be lifted which is approximately five times the 
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pull on the fall-rope. The pull down by the fall-block on its support 
will be nearly six times the pull on the fall-rope. 

The lifting power of a set of blocks containing any number of 
sheaves may be calculated by applying the same method of reasoning 
to it. 

The following table gives the ratios of load to fall-rope pull for 
tackles consisting of two blocks: 

No. sheaves Diameter of rope in inches 
No. 
Fig. Fall- Movable 

block block % Ys 1 );,j 1 Y, 1% 2 

178 1.93 1.92 1.93 1.92 1.91 1.91 1.91 

180 2 2.73 2.68 2.74 2.68 2.67 2.64 2.65 

176 2 3.48 3.37 3.50 3.37 3.36 3.30 3.32 

177 4.12 3.95 4.16 3.95 3.93 3.84 3.87 
Compiled from the American Civil Engineers' Pocket Book. 

Examplc.-Suppose we wish to know how much can be lifted by 
a pull of 150 pounds on the fall-rope when the fall-block has two 
sheaves, the movable block two sheaves, and the rope is one inch in 
diameter. 

Looking at the table, we find that in the second line from the 
bottom each block has two sheaves. Then following along this line 
to the column for one-inch rope, we find the number 3.50. If we 
multiply 150 by 3.50, we obtain 525, which is the number of pounds that 
can be lifted. 

MOVING HEAVY OBJECTS 

In the previous discussions regarding the lifting force of blocks 
it has been shown that the fall-block pulls down on its support with a 
force which is greater than that exerted by the other block on the 
object to be lifted. It is then advisable, if possible, when heavy ob
jects such as buildings are to be moved, that the fall-block be fastened 
to the object to be moved. The pull on the fall-rope should also be 
directly toward the fixed block. In this way all of the pull exerted on 
the fall-block will he in the same direction and it will have a greater 
effect on the object to be moved. When the fall-block is not fastened 
to the object to be moved, the pull on the fall-rope may be in any direc
tion, without changing the direction or amount of the pull exerted 
on the object to be moved. 

MAXIMGM ,\ND SAFE LOADS 

The maximum or heaviest load that can be lifted with a set of 
blocks depends on the strength of the rope and parts of the blocks. 
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The strength of a set of blocks depends so much on care and wear 
after they have been used for a short time that it is not possible to 
give any reliable figures. If the strength of new blocks is proportional 
to the number of plies of rope that will lead from them, then we can 
find the safe load they will lift by using the table previously given. 
If in the table we find the safe load for the size and kind of rope that 
is used and multiply this figure by the number of plies leading from 
the block that is to be attached to the load, we shall obtain the safe load 
that can be lifted. 

Example.-~Find the safe load for a set of new blocks like those 
in Figure 180, if a three-quarter-inch manila rope is used. 

The lower block has three plies leading from it. 

3 x 650 = 1,950 

Then 1,950 pounds is the safe load that can be lifted. 
When a set of blocks becomes weakened by wear, and lack of care, 

the safe load that can be lifted is largely a matter of good judgment. 
There is one rule that should always be observed in lifting heavy 
objects and that is, never stand beneath the object or in any place 
where it can injure you if it falls. 

THEORETICAL DISCUSSION 

Let P =the force applied to the fall-rope 
A = the angle between the fall-rope and the other plies of 

rope 
W = the weight lifted 
N = the number of plies of rope leading from the lower block 

(not fall-block) 
V = the velocity of the weight W 
v =the velocity of P. 

Then in all cases where friction, etc., are neglected 

W=NP 
VW=vP 

v=NV 

When the fall-rope pulls at an angle to the other plies, the force 
exerted by the fall-block on its support and directly towards the 
other block is W + P cos A= (N +cos A) P. This is a maximum 
and is equal to ( N + 1) P = W + P when cos A = 1 ; i. e., A = 0. 
Then in all cases where the fall-block is the moving block, i. e., the 
block attached to the load, the angle A should be zero in order to get 
a maximum force exerted in one direction. If angle A is not zero, there 
is a component equal to P sin A exerted at right angles to the force 
(N +cos A) P. 
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INFORMATION FOR ORDERING IlLOCKS 

Common wood blocks like those shown in this bulletin have a 
wood shell, iron sheaves, steel pins for the sheaves, and iron straps 

-that pass through the hook and through which the steel pin passes. 
The hecket is formed by the extension of the ends of one or more of the 
straps through which is passed a bolt carrying a thimble. 

For very heavy work such as stump pulling, railroad and bridge 
work, blocks may be had with extra heavy hooks and straps and these 
also have roller bearings for the sheaves. They may also be had with 
a shackle or device instead of a hook. 

Blocks made of steel may be had in all sizes and strengths. 
If blocks are wanted for wire rope, it must be so stated when or

dering them as the sheaves are of a different style and the general 
construction of the blocks is different. 

In ordering common blocks the size of rope, number of sheaves, 
and whether with or without becket should be stated. If extra heavy 
roller-bushed blocks with shackles are wanted, these requirements 
should be stated. 
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