
Section 9 
Wire Rope / Hooks/ Chains

Drop Lugs/Drums / Sheaves



Training Objective
Training Objective

At the completion of this section, students 
should have a thorough understanding of:
 the inspection requirements and rejection criteria 

associated with wire rope, hooks, chain, hoist drums, 
drop lugs and sheaves.  

 This understanding should be based on a 
working knowledge of:
 ASME B30 standards
 OSHA regulations
 Guidelines set forth in Wire Rope Users Manual.
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The term lay, when used to describe 
wire rope, has 3 different applications.  

What are they?

_____________
_____________

_____________

Wire Rope Terminology

Right or left lay

Regular or lang lay

Length of 1 strand 
making a complete 
rotation around the 
wire rope
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REGULAR

REGULAR

LANG

LANG

* not for use on Overhead Cranes

RIGHT

LEFT

RIGHT

LEFT

COMBINATION*

Wire Rope





DOG LEG

KINK

BIRD CAGE

CORE PROTRUSION

TWIST
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Wire Rope Inspection

REFERENCE:
 OSHA 1910.179(m)
 ASME B30.2-2.2.2
 ASME B30.16-2.1.5(c)(11) & (12)
 Wire Rope Users Manual

INSPECT:
 Proper rope type
 Kinks / dog legs
 Crushing
 Bird caging
 Core protrusion
 Strand separation
 Diameter reduction
 Wear on outer wires
 Heat / Weld 

discoloration
 Lubrication 
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Rope Measurement

Rope Diameter

Up to 5/16”

3/8-1/2”

9/16-3/4”

7/8-1 1/8”

1 1/4 - 1 1/2”

Maximum Reduction

1/64”

1/32”

3/64”

1/16”

3/32”

Periodic Inspection
ASME B16-2.1.5(c)(11)(-c) reduction of nominal diameter of more than 5%
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NEW ROPE TOLERANCE

New Rope Tolerance

Nominal 
Diameter of

Rope in Inches
Undersize 

Inch
Oversize 

Inch

0 to ¾” 0 1/32
13/16 to 1 1/8 0 3/64
13/16 to 1 ½ 0 1/16
1 9/16 to 2 ¼ 0 3/32

2 5/16 and larger 0 1/8
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Key Areas To Inspect

INSPECT:
 Proper rope type
 Kinks / dog legs
 Crushing
 Bird caging
 Core protrusion
 Strand separation

 Diameter reduction
 Wear on outer wires
 Heat / Weld discoloration
 Lubrication 

ASME B30.2-2.2.2 Frequent Rope Inspection
(a) All ropes should be visually inspected at the 
start of each shift. These visual observations 
should be concerned with discovering gross 
damage, such as the sample listed below, they 
may be a hazard.



This is a 
kink!

1910.179(n)(3)(ii)(a)
HOIST ROPES SHALL 

NOT BE KINKED
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ASME B30.2-2.2.2(a)(1)

STRAND SEPARATION

PERMANENT DISTORTION

This is a kink!
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ASME B30.2-2.2.2

This is a 
kink!

1910.179(n)(3)(ii)(a)
HOIST ROPES SHALL NOT BE KINKED
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Shiny surface – may indicate 
wear to the outside wires
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ASME B30.2-2.2.2
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ASME B30.2-4.3 Top Running Bridge & 
Trolley Hoist
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ASME B30.16-4.4 Overhead Hoist Underhung
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Fixed End Fittings

Welded Fitting
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ASME B30.2-4.3.1

(b)(2) One outer wire broken at the contact point with the core of the rope, which has 
worked its way out of the rope structure & protrudes or loops out from the rope 
structure.
(d)Attention shall be given to end connections. Upon development of two broken wires 
adjacent to a socketed end connection, the rope should be re-socketed or replaced. Re-
socketing shall not be attempted if the resulting rope length will be insufficient for proper 
operation. Must be replaced or re-socketed

If possible
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End Fittings

INSPECT CAREFULLY



23

Chains

REFERENCE:
 OSHA 1910.179(j)(2)(iv)
 ASME B30.16-2.1.5
 ASME B30.20-1.2.1
 ASME B30.21-2.1.2

INSPECT:
 Twist
 Chain stop
 Welds
 Distorted links
 Nicks
 Gouges
 Contact point wear
 Stretch (Hand chain hoist 

different than powered 
hoist)

 Cracks
 Heat discoloration
 Shoulder wear
 Corrosion
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Chain parts of an Electric Hoist
Replacing the Chain on Existing Hoists

C-Link
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Chain parts of an Electric Hoist
Replacing the Chain on Existing Hoists

ASME B30.16-2.2.2(a)(2)(-d), (b)(2)(-d) Load Test

ASME B30.16-4.5.1(f)(g) Welded Link Chain Replacement
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Chain Wear

(Weld away from load sheave)
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Chain Inspection

REFERENCE:
• OSHA 1910.179(j)(2)(iv)
• ASME B30.16-2.2 Testing
• ASME B30.21-2.3 Testing

INSPECT:
• Twist
• Chain stop
• Welds
• Distorted links
• Nicks
• Gouges
• Contact point wear
• Stretch (hand chain hoist 

different than powered hoist)
• Cracks
• Heat discoloration
• Shoulder wear
• Corrosion



28

Chain Twist
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Capsized Lower Load Block

Problem:
 Flipped lower load block.
 Can only occur with a 

double chained hoist.

Solution:  
 Use a single chained 

hoist whenever possible.
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Worn Chain

What causes this type of wear? 





And this?
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Extreme Wear

Dangerous!
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Worn Chain

Where wear
occurs!



And this?
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Chain Stop

Keeps chain from running out
of the hoist if the limit switch fails.
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ROLLER CHAIN

REFERENCE
 ASME B30.16-2.1.7
 ASME B30.21-2.1.5-1 

Tables 16-2.14-1 & 16-2.1.4-2

INSPECT:
 Binding
 Elongation
 Twist 
 Side bow
 Pins
 Joints
 Side plates
 Corrosion
 Over travel restraints

ANNUAL 
INSPECTION 
RECORDS
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Sheave Inspection

REFERENCE:
 OSHA 1910.179(h)(1)
 OSHA 1910.179(j)(3)(iii)
 OSHA 1910.179(j)(3)(viii)
 ASME B30-2.2.1.5
 ASME B30.16-2.1.5
 ASME B30.21-1.2.2
 CMAA Spec #70-4.5

INSPECT:
• Groove wear
• Wire rope print
• Guards
• Lubrication
• Sharpening
• Fleet angle
• Sheave pitch 

diameter
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Sheave Machining

135°

SHEAVE GUAGE SHOULD CONTACT 
120° - 150 °
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CMAA #70-4.5.1
The sheave shall be made of steel or minimum 

ASTM A48-latest edition, Class 40 cast iron or 
other suitable materials as specified by the crane 
manufacturer.

Sheave Machining
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CMAA Class 6 x 37 Class Rope
(dia. mm)

6 x 19 Class Rope
(dia. mm)

A & B 16 20
C 18 24
D 20 24
E 24 30
F 30 30

Guide for Minimum Sheave Pitch Diameter

CMAA 70-4.5.3
The pitch dia. of equalizer sheaves should not be less than ½ of the 
dia. of the running sheaves, & also shall not be less than 12 times 
the rope dia. When using 6x37 class rope or 15 times the rope dia. 
For 6x19 class rope. 



CMAA 70 – 4.4.3.2
Rope fleet angle for sheaves. The fleet angle of the rope should be limited to 1 in 12 
slope (4o – 45 mins.)
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Load Sheaves

Sheave grooves shall 
be free of surface 

defects which could 
cause wire rope wear 

and damage

B30.2-1.14.1(a)
1910.179(h)(1)(ii)
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Fleet Angle for a Drum

CMAA 70 - 4.4.3.1
Rope fleet angle for drums. The fleet angle of the rope should be limited to 1 in 14 
slope (4o) 



Wear

ASME B30.16-2.1.5 Periodic Inspection
(a)Periodic inspections shall be preformed at intervals based on the units application, & 
may be preformed with the hoist at its normal location. Periodic inspections do not 
require the hoist to be disassembled.
(c)(5)load sprockets, idler sprockets, drums, & sheaves for evidence of damage & wear.
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Hook Inspection

REFERENCE: 
 OSHA 1910.179(j)(2)(iii)
 OSHA 1910.179(j)(2)(iii)(a)
 ASME B30.2-1.14.5
 ASME B30.2-2.1.2
 ASME B30.10-1.2.1.3
 ASME B30.10-2.2.3
 ASME B30.16-1.2.9
 ASME B30.16-2.1.2
 CMAA Spec #70-4.2.2.1
 CMAA Spec #70-4.2.2.2 

INSPECT:
 Hook body
 Hook shank
 Hook shank nut & retaining device
 Throat latch
 Cracks, Nicks, Gouges
 Saddle and Shoulder wear
 Evidence of  Repairs**
 Bottom block condition
 Side plates (distortion, bends, capacity)
 Shoulder running clearance
 Lubrication
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5%  OR ¼” INCREASE IN 
THROAT OPENING MAX

B30.10-2.10.5(g)

10% WEAR
ASME B30.10-2.10.5(e)

NO BEND OR TWIST 
PERMISSABLE

B30.10-2.10.5(f)

Hook Inspection
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HOOK SHANK NUT AND 
RETAINER

TIP TWIST

SIDE PLATES

CAPACITY

SHOULDER 
CLEARANCE

NUTS & BOLTS

Block Inspection



What’s wrong with this picture?
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Hook Mount

INSPECT:
 Hook
 Screws
 Bolts (torque to manufacturer specification)  
 Lug
 Load bar 

This hook is no less important 
than the load hook.
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Lug Mount

INSPECT:
 Screws
 Bolts (torque to manufacturer specification)
 Lug
 Load bar 
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Load Block

INSPECT:
 Capacity Markings *
 Side Plates 

(Distorted/Bent)
 Means for lubrication
 Sheave Guards
 Sheave Grooves



WHAT CAUSED THIS?

10%

What is the maximum 
allowable wear in this 

area?
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Tip Loaded Hook
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Throat opening may not exceed 5%.  
Zero twist from plane.

ASME B30.10-1.10.5 Removal Criteria

Extreme Tip Loading or Overloading
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Wire Rope Drums

Reference: 
 OSHA 1910.179(h)(2)(i)
 OSHA 1910.179(h)(2)(iii)
 OSHA 1910.179(h)(2)(iii)(b)
 ASME B30.2-1.14.2
 ASME B30.2-.1.14.3
 CMAA Spec #70 

INSPECT:
• Drum shafts
• Bearing pedestal
• Wire rope anchors
• Lands and Grooves
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MINIMUM PITCH DIAMETER FOR DRUMS

CMAA
CLASS

6 x 37 Class Rope 6 X 19 Class Rope

A & B 16 x Diameter 20 x Diameter
C 16 x Diameter 24 x Diameter
D 20 x Diameter 24 x Diameter
E 24 x Diameter 30 x Diameter
F 30 x Diameter 30 x Diameter

Minimum Pitch Diameter

CMAA 70-4.6.3.1
Recommended minimum drum groove depth is 0.375 x Rope Dia.
CMAA 70-4.6.3.2
Recommended minimum drum groove pitch is either 1.14 x Rope Dia. or 
Rope Dia. + 1/8 in. whichever is smaller.
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Drum Grooves

IF GROOVE IS WORN 
BY MORE THAN 25% 

OF WIRE ROPE 
DIAMETER IT MUST 
BE REPAIRED OR 

REPLACED

SHARPENED 
LANDS ORIGINAL 

UNWORN
GROOVE

WIRE ROPE PRINT WILL 
ACCELERATE WEAR ON 

ROPES



CHECK FOR GAPS 
UNDER A STRAIGHT 

EDGE
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Load Limiters
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Safety Lug Violation

Required on end 
trucks…not technically 

required on trolleys

No Safety Lug
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Safety Lugs

Safety 
Lugs

Hoist 
Trolley

End Truck

Safety Lugs
Missing
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Safety Lugs

CSA	B167‐16.5.4.3.2	
Means shall be provided to prevent an uncontrolled drop in the event of wheel 
failure (e.g., drop stops).
Note: Specific requirements and recommendations on drop stops can be found in CMAA 
Specification 70 and CMAA Specification 74.
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Questions??

Thanks for your attention, 
let’s take a break!


