CHAPTER 3

HOISTING

Section I. CHAINS AND HOOKS

3-1. Introduction

Chains are made up of a series of links fas-
tened through each other. Each link is made of
a rod of wire bent into an oval shape and
welded at one or two points. The weld ordinar-

~ 1ly causes a slight bulge on the side or end of

the link (fig. 3-1). The chain size refers to the
diameter in inches of the rod used to make the
link. Chains will usually stretch under exces-
sive loading so that the individual links will be
bent slightly. Bent links are a warning that
the chain has been overloaded and might fail
- suddenly under load. Wire, on the other hand,
~ will fail a strand at a time, giving warning be-
fore complete failure occurs. If a chain is
equipped with the proper hook, the hook
should start to fail first, indicating that the
chain is overloaded. Chains are much more re-
sistant to abrasion and corrosion than wire
rope; therefore, chains are used where this

Figure 8-1. Link thickness.

type of deterioration is a problem. An example
18 the use of chains for anchor gear in marine
work where the chains must withstand the cor-
rosive effects of sea water. Another example is
the use of chains for slings to lift heavy ob-
Jects with sharp edges which would cut wire.
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A number of grades and types of chains are
available. In lifting, chains as well as fiber
ropes or wire ropes can be tied to the load. But
for speed and convenience, it is much better to
fasten a hook to the end of the lifting line.
Blocks are ordinarily constructed with a hook
(para 3-4).

3-2. Strength of Chains
To determine the safe working load on a chain, .
apply a factor of safety to the breaking

strength. The safe working load ordinarily is
assumed to be approximately one-sixth of the

breaking strength, giving a factor of safety of

6. Table 3-1 lists safe working loads for vari-

ous chains. The safe load or safe working ca-
pacity of an open link chain can be approxi-
mated by using the following rule of thumb:
SWC = 8D.? B

D = Smallest link thickness or least di-

' ameter measured .in inches (fig.

3-1)

- SWC = Safe working capacity in tons. @
EXAMPLE : Using the rule of thumb, the safe

working capacity of a chain with

_ a link thickness of 34-inch is

- SWC = 8D = 8(34)2 = 45 tons or

' 9,000 pounds.

The figures given assume that the load is ap-
plied in a straight pull rather than by an im-

pact. An impact load occurs when an object is

dropped suddenly for a distance and stopped.

The impace load in such a case is several times

the weight of the load.

3-3. Caré of Chains

When hoisting heavy metal objects using
chains for slings, padding should be inserted
around the sharp corners of the load to protect




~ the freedom of action of the links. A light coat

. Properties of Chains (Factor of Safety 8)

&pproxi-

Safe working load in pounds

ei ht
inur foot Common | High zrade Soft Special
in pounds jron iron steel steel
’ ’

1,240
. 3,200

5,260

7,600
10,600
14,330
18,200
21,600
26,300
32,051

®Size listed is the diameter in inches of one side of a link.

the chain links from being cut. The padding
may be either planks or heavy fabric. Chains
- should not be permitted to twist or kink when
under strain. Links of chain should never be
fastened together with bolts or wire because
such connections weaken the chain and limit
 its safe working capacity. Worn or damaged
- links should be cut out of the chain and re-
- placed with a cold shut link. The cold shut link
must be closed and welded to equal the
strength of the other links. The smaller chain
links can be cut with a bolt cutter. Large chain
~ links must be cut with a hacksaw or oxyacet-
~ ylene torch. Chains must be inspected fre-
quently, depending on the amount of use.
'Painting a chain to prevent rusting is not
“advisable because the paint will interfere with

of lubricant can be applied to prevent rusting.
Chains should be stored in a dry and well
ventilated place to prevent rusting.

3-4. Hooks

. There are two general types of hooks available,
~ the slip hook and the grab hook (fig. 3-2). Slip
hooks are made so that the inside curve of the
hook is an arc of a circle, and may be used
with wire rope, chains, or fiber rope. Chain
links can slip through a slip hook so the loop
formed in the chain will tighten under a load.
- Grab hooks have an inside curve which is
- nearly U-shaped so the hook will slip over a
link of chain edgeways but will not permit the
- next link to slip through. Grab hooks have a
- more limited range of use than slip hooks.
They are used on chains when the loop formed
with the hook is not mtended to close up
~around the load. -
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- Figure 3—-2. Types of hooks.

a. Strength. Hooks usually fail by straight-
ening. Any deviation from the original inner\
arc indicates that the hook has been over-
loaded. Since evidence of overloading the hook
18 easily detected, it is customary to use a hook
weaker than the chain to which it is attached.
With this system, distortion of the hook will
occur before the chain is overloaded. Severely
distorted, cracked, or badly worn hooks are
dangerous and should be discarded. Table 3-2
lists safe working loads on hooks. The safe

mated by using the following rule of thumb:
SWC = D2 D is the diameter in inches of the
hook where the inside of the hook starts its arc
(fig. 3-3). Thus, the safe working capacity of a
hook with a diameter of 114 inches is as fol-

lows:

25
SWC=D 2= (114)2=16 tons or 3125 pounds.

~ b. Moustng. In general, a hook should always
be “moused” as a safety measure to prevent
slings or ropes from jumping off. Mousing also
helps prevent straightening of the hook, but
does not strengthen it materially. To mouse a
hook (fig. 3-4) after the sling is on the hook,
the wire or heavy twine is wrapped 8 or 10
turns around the two sides of the hook. The
process is completed by winding several turns
of the wire or twine around the sides of the
mousing and tying the ends securely.
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working capacity of a hook can be approxi-



- Figure 3-8. Hook thickness (diameter).

Table 3-2. Safe Loads on Hooks

3-6. Characteristics
The term “sling” includes a wide variety of de-
signs. Slings may be made up of fiber rope,
wire rope, or chain. The sling for lifting a
given load may be an endless sling, a single
sling, or several single slings used together to
form a combination sling. The ends of single
slings usually are made up into eyes, either
with or without thimbles, to go over the hoist-
~ Ing hook. They may also be made up with end
fittings to provide variable service. Spreaders

may be added to change the angle of the sling
legs. Each type or combination has its particu-
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Figure 3-4. Mousing hooks.

3-5. Inspection of Chains and Hooks
Chains, including the hooks, should be in-
spected at least once a month, but those that
are used for heavy and continuous loading re-
quire more frequent inspections. Particular at-
tention must be given to the small radius fillets
at the neck of hooks for any deviation from the

- original inner arc. Each link and hook must

also be examined for small dents, cracks, sharp
nicks or cuts, worn surfaces, and distortions.

- Those that show any of these weaknesses must

be replaced. If several links are stretched or

distorted, the chain should not be used because

it probably was overloaded or hooked improp-
erly which weakened the entire chain.

SLINGS

-

lar advantages which must be considered when i

selecting a sling for a given purpose. Fiber

ropes make good sling material because of -

their flexibility, but they are more easily dam-

aged by sharp edges on the material hoisted

than are wire ropes or chain slings. Wire ropes
are widely used for slings because they have a

combination of strength and flexibility. Chain
- slings are used especially where sharp edges of
metal would cut wire rope or where very hot

items are lifted as in foundries or blacksmith
shops. Fiber rope slings are used for lifting
comparatively light loads and for temporary
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~ Jobs. Properly designed and appropriately fab-

ricated wire rope slings are the safest type of

- slings. They do not wear away as do slings
“made of fiber rope, nor do they lose their
strength from exposure as rapidly. They also
are not susceptible to the ‘“weakest link” condi-

strengths of the welds. The appearance of bro-
‘ken wires clearly indicates the fatigue of the

~ metal, and the end of the usefulness of the

sling.

'3-7. Types -_
- a. Endless Slings. The endless sling is made
by splicing the ends of a piece of wire rope or
- fiber rope together, or by inserting a cold shut
‘link in a chain. Cold shut links should be
welded after insertion in the chain. These end-
~ less slings are simple to handle, and may be
used in several different ways to lift loads (fig.

8-5). A common method of using an endless

gling is to cast the sling under the load to be
lifted and inserting one loop through the other
and over the hoisting hook. Such a sling is
" known as a choker hitch, or anchor hitch.
When the hoisting hook is raised, one side of
 the choker hitch is forced down against the

load by the strain on the other side, forming a
tight grip on the load. If the endless sling is
passed around the object to be lifted and both

- remaining loops are slipped over the hook, it is

called a basket hitch. The inverted basket
hitch is very much like the simple basket
- hitch, except that the two parts of the sling
~ going under the load are spread wide apart.
- The toggle hitch 1s used only for special appli-
- cations. It is actually a modification of the in-
verted basket hitch, except that the line passes
around toggles fastened to the load rather than
going around the load itself. The barrel slings
can be made with fiber rope to hold barrels
horizontally or vertically.

- b. Single Slings. A single sling can be made
-~ of wire rope, fiber rope, or chain. Each end of
a single sling (fig. 3-6) is made into an eye, or
has an attached hook. In some instances the
ends of a wire rope are spliced into eyes
around thimbles and one eye is fastened to a
‘hook with a shackle. With this type of single
‘sling, the shackle and hook can be removed
when desired. A single sling can be used in sev-
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tion of chains caused by the uncertainty of the

(3) INVERTED BASKET (4) TOGGLE HITCH
. HITCH R

Figure 3-5. Endless slings.

_eral different ways for hoisting (fig. 3-6). It is

advisable to have four single slings of wire
rope available at all times. These can be used
singly or in combination as may be necessary.
When a single sling is used for hoisting by
passing one eye through the other eye and over
the hoisting hook, it is known as a choker
hitch (or anchor hitch). A choker hitch will
tighten down against the load when a strain is
placed on the sling. If a single sling is passed
under the load and both ends are hooked over
the hoisting hook, it is known as a basket
hitch. Single slings with two hooks which are
used for lifting stone are known as stonedog
hitches. Another application of a single sling is

in the double anchor hitch which is used for
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where it is necessary for the sling to tighten it-
self under strain and lift by frlctlon against
the sides of the cylinder.

c. Combination Slings. Single slings can be

combined into bridle slings, basket slings, and
choker slings (fig. 3-7) to lift virtually any

type of load. Either two or four single slings
can be used in a given combination. Where

greater length 18 required, two of the single

slings can be combined into a longer single
sling. One of the problems in lifting heavy
loads is in fastening the bottom of the sling
legs to the load in such a way that the load will
not be damaged. Lifting eyes are fastened to

many pieces of equipment at the time it is
manufactured. On large crates or boxes the

sling legs may be passed under the object to
form a gasket sling. A hook can be fastened

to the eye on one end of each sling leg to

permit easier fastening on some loads. Where
the load being lifted is heavy enough or awk-

ward enough, a four-leg sling may be required.

If still greater length of sling is required, two '

additional slings can be used in conjunction

with the four-leg sling to form a double basket.

3-8. Pallets

A problem in hoisting and moving loads some-

times occurs when the items to be lifted are

packaged in small boxes and the individual

boxes are not crated. In this case, it is entirely

too slow to pick up each small box and move it
separately. Pallets, used in combination with

slings, provide an efficient method of handling
such loads. Only one set of slings is required

with a number of pallets (fig. 3-8). The pallets

can be made up readily on the joboutof 2 x 8
timbers 6 or 8 feet long, nailed to three or four
heavy cross members, such as 4- x 8-inch tim-

bers. Several pallets should be made up so that

one pallet can be loaded while the pallet pre- -

viously loaded is being hoisted. As each pallet

18 unloaded, the next return trip of the hoist

takes the empty pallet back for loading.

3-9. Spreaders

Occasionally it is necessary to hoist loads that

are not protected sufficiently to prevent crush-
ing by the sling legs. In such cases, spreaders
(fig. 3-9) may be used with the slings. Spread-
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hoisting drums or other cylindrical objects

WIRE ROPE
CLAMPS

() SLING WITH WIRE ROPE CLAMPS

AND ATTACHMENTS

(D cHOKer HITCH  (3) BASKET HITCH

(@) sTONE DOG HITCH (5) DOUBLE ANCHOR
_ MITCH

Figure 3-6. Single slings.




~ (B) s1oNE DO6 HiTCH

DOUBLE ANCHOR
HITCH

Figure 3-7. Combination slings.

ers are short bars or pipes with eyes on each
end. The sling leg passes through the eye down
to its connection with the load. By setting
spreaders in the sling legs above the top of the
load, the angle of the sling leg is changed 'so
that crushing of the load is prevented. Chang-
ing the angle of the sling leg may increase the
stress in that portion of the sling leg above the
spreaders. The determining factor in comput-
ing the safe lifting capacity of the sling is the
stress (or tension) in the sling leg above the
spreader. *

' “

AN\ /NN o

- Figure 3-8. Moving loads on pallets.

- 3-10. Stresses

Tables 3-3 through 3-5 list the safe working
loads of ropes, chains, and wire rope slings
under various conditions. The angle of the legs
of a sling must be considered as well as the

 strength of the material of which a sling 18

made. The lifting capacity of a sling is reduced

~ as the angle of its legs to the horizontal 1s re-
duced (fig. 3-9) (as the legs of a sling are
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~ SPREADER BAR k

Faigure 3—9. Use of spreaders in glings.

spread). Thus, the reduction of this angle of

the legs of a sling increases the tension on the

sling legs. In determining the proper size of
sling, the tension on each leg must be deter-
mined for each load (fig. 3-10). This tension

may be computed by using the following for-.

mula: _
W L

]

T =N XV,

T = Tension in a single sling leg (which
may be more than the weight of the load
lifted)

W = Weight of the load to be lifted

N = Number of slings
L = Length of sling
V = Vertical distance, measured from the
-- ~ hook to the top of the load
Note. ' | ' B ‘
1. L and V must be expressed in the same unit of
of measure.
2. The resulting tension will be in the same unit
of measure as that of the weight of the load. Thus, if

the weight of the load is in pounds the tension will be
given in pounds.

Example:

Determine the tension of a single leg of a
two-legged sling being used to lift a load
weighing 1800 pounds. The length of a sling is
8 feet and the vertical distance is 6 feet.

Solution:

T -@x 8 o 1200 pounds or 6 tons

- 2 6

By knowing the amount of tension in a single
leg, the appropriate size of rope, chain, or wire
rope may be determined. The safe working ca-
pacity of a sling leg (keeping within the safety
factors for slings) must be equal to or greater
than the tension on a sling leg. If possible, the
tension on each sling leg should be kept below
that in the hoisting line to which the sling is
attached. A particular angle formed by the
sling legs with the horizontal (fig. 8-11)
where the tension within each sling leg equals
the weight of the load is called the critical
angle. This angle can be approximated by the
following formula:

Table 3-3. Safe Working Loads for Manila Rope Slings
(Standard, three-strand manila rope sling with a splice in each end)

Circumference
(inches)

-------------------------
-------------------------
--------------------------
---------------------------
-------------------------
-------------------------
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Diameter | Vertical lift | 60° angle 45° angle
(inches) (pounds) unds) (pounds)

Quadruple sling

80° angle 45° angle
(pounds) (pounds)

Double sling

30° angle
(pounds)

216
482
950
1,685
1,940
2,764
3,240
4,320
4,860
6,660
9,540
11,160
16,732
23,040

30° angle
(pounds)




Table 3-4. Safe Working Loads for Chain Shngs
(New wrought iron chains)

Single sling Double llig

Quadruple sling

~ Link stock diameter (inches) " Vertical lift 60° angle 45° angle 30° angle 60° angle 45° angle 30° angle
. (pounds) (pounds) {pounds) (pounds) (pounds) (pounds) | (pounds)

 Diameter (inches)

8,700 5,020
11,150 - 6,440
14,600 8,360
18,750 10,840
22,350 12,920
31,700 18,320
46,100 26,000
59,800 34,600
74,700 43,100
92,100 - 53,200
111,500 ' 64,400
132,800 76,600
164,400 89,200
177,600 102,600
203,000 117,400
229,000 132,400
Table 3-5. Safe Working Loads for Wire Rope Shngs
(New improved plow steel wire rope)
[Smmetine [ bowesme | uiroiesius
(pounds) (pounds) (pounds) (pounds) (pounds) | (pounds) (pounds)
1,899 - 1,552 1,096 3,798 3,106 2,192
2,925 2,390 - 1,690 5,850 4,780 3,380
4,260 3,485 - 2,460 8,620 6,970 4,920
6,170 5,040 3,660 12,340 10,080 7,120
7,476 6,106 4,320 14,950 12,210 8,640
9,450 9,725 - 5,460 18,900 15,460 10,920
11,600 9,400 6,660 23,000 18,800 13,300
16,400 13,400 9,480 32,800 - 26,800 18,960
22,350 18,2560 12,900 44,700 36,600 25,800
29,100 23,760 16,800 58,200 47,600 33,600
36,700 30,000 21,200 73,400 60,000 42,400
45,000 36,800 26,000 90,000 73,600 52,000
- 656,400 45,250 32,000 110,800 90,600 64,000
64,000 52,340 87,000 128,000 104,700 74,000
72,400 59,200 41,800 - 144,800 118,400 83,600
86,260 70,500 49,800 172,600 141,000 99,600
107,600 88,060 162,300 215,200 176,100 124,600
143,600 117,400 82,900 287,000 234,800 165,800
176,260 144,000 101,800 362,600 288,000 203,600 .
212,000 173,500 122,600 424,000 347,000 245,000

Critical angle = —61-3- (N = number of sling legs)

It is desirable to stay above the critical angle
when using slings.

3-11. Inspection and Cushioning

Slings should be inspected periodically and
condemned when they are no longer safe. The
usual deterioration check for fiber ropes, wire
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ropes, chains, and hooks, must be made when
they are used in slings. In addition to the usual
precautions, wire ropes used in slings are de-.
clared unsafe if 4 percent or more of the wires

~ are broken. Objects to be lifted must be padded
with wood blocks, heavy fabric, old rubber

~ tires, or other cushioning material to protect
the legs of slings from being damaged.







