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Introduction
Annotation: 
This lesson is a combination classroom and lab session in which the students will learn about the various aspects of rigging.  Students must select and inspect appropriate slings for a lift to fulfill a performance task requirement. Students must determine the proper hitch to be used, and select and inspect appropriate hardware and/or lifting equipment to fulfill performance task requirements. Students must demonstrate or simulate the proper techniques for connecting hitches; demonstrate the proper use of hand signals; describe or demonstrate pre-lift safety checks; demonstrate or simulate how to lift a load level; and describe or demonstrate loading and disconnecting safety precautions in order to fulfill performance task requirements

Grade(s): 
	x
	9th

	x
	10th

	x
	11th

	x
	12th


Time:  20 Hours
Author:  Baker Pulliam (Chestatee High School, Hall County)

Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation.


Focus Standards

GPS Focus Standards: 

ACT-OSF-5. Students will explain and implement safe rigging procedures. 

a. Demonstrate the knowledge of basic rigging equipment. 

b. Demonstrate the knowledge of basic rigging communication. 

c. Demonstrate the knowledge of basic rigging safety. 

GPS Academic Standards:
MC1G1. Students will investigate properties of geometric figures in the coordinate plane. 

MC1P3. Students will communicate mathematically. 

MC2P4. Students will make connections among mathematical ideas and to other disciplines. SSCG15. The student will explain the functions of the departments and agencies of the federal bureaucracy.

 SSCG18. The student will demonstrate knowledge of the powers of Georgia’s state and local governments. 

ELA9RL5. Student understands and acquires new vocabulary and uses it correctly in reading and writing. 

ELA9C1. The student demonstrates understanding and control of the rules of the English language, realizing that the usage involves appropriate applications of conventions and grammar in both written and spoken formats. 

SP1. Students will analyze the relationships between force, mass, gravity, and the motion of objects.

Understandings & Goals

Enduring Understandings: 
This course is the foundational course that prepares students for a pursuit of any career in the field of construction. It prepares the student for the basic knowledge to function safely on or around a construction site and in the industry in general. It provides the student with the option for an Industry Certification in the Construction Core. This course explains the safety obligations of workers, supervisors, and managers to ensure a safe workplace. Course content discusses the causes and results of accidents and the dangers of rationalizing risks. 
Essential Questions: 
· Why is it important to learn proper rigging procedures?

· How will using these procedures help make you a successful construction professional?
Knowledge from this Unit 
MODULE 00106-04 – BASIC RIGGING

1. Identify and describe the use of slings and common rigging hardware.

2. Describe basic inspection techniques and rejection criteria used for slings and hardware.

3. Describe basic hitch configurations and their proper connections.

4. Describe basic load-handling safety practices.

5. Demonstrate proper use of American National Standards Institute (ANSI) hand signals.
Skills from this Unit:  
MODULE 00106-04 – BASIC RIGGING 

1. Select and inspect appropriate slings for a lift.

2. Given various loads, determine the proper hitch to be used. Select and inspect appropriate hardware and/or lifting equipment.

3. Demonstrate and/or simulate the proper techniques for connecting hitches.

4. Demonstrate the proper use of all hand signals according to ANSI B30.2 and B30.5.

5. Describe or demonstrate pre-lift safety checks.

6. Demonstrate and/or simulate how to lift the load level.

7. Describe and/or demonstrate loading and disconnecting safety precautions


Assessment(s)
Assessment Method Type:  
	
	Pre-test

	x
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

__ Unit test

	x
	Group project

	x
	Individual project

	x
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Journal reflections on concepts, personal experiences and impact on one’s life

__ Reflect on evaluations of work from teachers, business partners, and competition judges
__ Academic prompts
__ Practice quizzes/tests

	x
	Subjective assessment/Informal observations

	
	__ Essay tests

_x Observe students working with partners

_x  Observe students role playing

	x
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

_x Peer editing and/or critiquing

	x
	Dialogue and Discussion

	
	_x Student/teacher conferences
_x Partner and small group discussions

_x Whole group discussions
_x Interaction with/feedback from community members/speakers and business partners

	x
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__xApplication of skills to real-life situations/scenarios

	x
	Post-test


Assessment(s) Title: 
Basic Rigging Unit Test, CORE CURRICULUM: Introductory Craft Skills Performance Tasks
Assessment(s) Description/Directions:
Basic Rigging Unit Test – Administer unit test after all information is covered 

CORE CURRICULUM: Introductory Craft Skills Performance Tasks – Complete the performance tasks as indicated in the sequence of instruction. 

Attachments for Assessment(s): 
Basic Rigging Unit test

Learning Experiences
Sequence of Instruction

Module 6: 00106-04 Basic Rigging  
	1.0.0 Introduction and Overview

	 

	Objectives
1. Identify and describe the use of slings and common rigging hardware. 

2. Describe basic inspection techniques and rejection criteria used for slings and hardware. 

3. Describe basic hitch configurations and their proper connections. 

4. Describe basic load-handling safety practices. 

5. Demonstrate proper use of American National Standards Institute (ANSI) hand signals


	 

	Required Trainee Materials
1) Appropriate personal protective equipment 

2) Sharpened pencils and paper 


	 

	Prerequisites
Core Curriculum: Introductory Craft Skills, Modules 00101-04 through 00105-04. Modules 00106-04 through 00108-04 are electives. To receive a successful completion, you must take Module 00106-04 or Modules 00107-04 and 00108-04


	 

	Introduction
1) Explain that terms shown in bold (blue) are defined in the Glossary at the back of this module.

2) Refer to Figures 1 and 2. Compare the two basic types of cranes

3) Emphasize that completing this module does not authorize trainees to make decisions about rigging.

4) Review the fundamentals of rigging. Emphasize that a qualified person must supervise rigging operations


	2.0.0 Slings
Discuss the three types of slings, and explain the information that must appear on a sling identification tag

a) Synthetic slings 

b) Alloy steel chain slings 

c) Wire rope slings 

Demonstrate how to complete an identification tag for the three types of slings covered in this module. Review the tagging requirements for the three types of slings.


	 

	2.1.0 Synthetic Slings
1) 2.1.1 Synthetic Web Sling Design and Characteristics

a) Discuss the advantages of using synthetic web slings.
Refer to Figure 4. Explain how web slings mold themselves to the shape of the load.

b) Discuss options for protecting the sling if protective pads are not included. Explain problems that can result if pads are not used. Ask a trainee to explain how warning yarns indicate damage to the sling.

2) 2.1.2 Types of Synthetic Web Slings

a) Refer to Figure 7. Review the uses of the most common types of synthetic web slings

b) (Figure 9). Compare male and female hardware end fittings.

3) 2.1.3 Round Sling Design and Characteristics

a) Refer to Figure 11. Explain how the rated capacity of a round sling is determined.

b) Review the types of materials used to make jackets for round slings. Go over any questions trainees may have

c) Refer to Figure 13. Explain how a tattle-tail is used to determine whether a sling is overloaded

4) 2.1.4 Synthetic Sling Inspection

5) 2.1.5 Synthetic Sling Rejection Criteria

a) Emphasize the importance of inspecting slings before every use

b) Refer to Figure 15. Discuss the rejection criteria for synthetic slings.

c) Distribute copies of Figure 15 with the callouts covered. Ask trainees to identify each type of sling damage illustrated in the figure

Go over the Review Questions for Sections 2.0.0–2.1.5. Answer any questions trainees may have.


	 

	2.2.0 Alloy Steel Chain Slings
1) 2.2.1 Alloy Steel Chain Sling Design and Characteristics

a) Explain how the alloy grade affects the durability of the chain

b) (Figures 17 and 18). Compare single- and double-basket slings with chain bridle slings

c) Discuss the advantage of using alloy steel chain slings in high temperatures. Review problems that can occur when working with alloy steel chain slings

d) Explain problems that can result if alloy steel chain slings are dragged across hard surfaces

2) 2.2.2 Alloy Steel Chain Inspection

a) Steel chain slings must be visually inspected before each lift. A chain must be removed from service if a deficiency in the chain matches any of the rejection criteria. A chain may also need to be removed from service if something shows up that does not exactly match the rejection criteria.

3) 2.2.3 Alloy Steel Chain Rejection Criteria

a) (Figure 20). Review the rejection criteria for alloy steel chain slings. Explain that, at this point in their training, trainees will not make the decision to reject a steel chain sling on their own.

2.3.0 Wire Rope Slings - Refer to Figure 21. Discuss the advantages and disadvantages of wire rope slings.

1) 2.3.1 Wire Rope Sling Design and Characteristics

a) Refer to Figure 22. Review the basic components of a wire rope sling. Ask whether trainees have any questions.

b) (Figure 23). Discuss the characteristics and drawbacks of the three types of rope supporting cores. Explain the function of the core in a wire rope chain.

2) 2.3.2 Wire Rope Sling Inspection

a) Refer to Figure 24. Review the rejection criteria for wire rope slings.

Go over the Review Questions for Sections 2.2.0–2.3.3. Answer any questions trainees may have.

Have each trainee perform Performance Task 1 to your satisfaction. Fill out a Performance Profile Sheet for each trainee.


	3.0.0 Hitches 

 Review the three basic types of hitches. Explain how riggers determine which type of hitch to use
a. Vertical 

b. Choker 

c. Basket


	 

	3.1.0 Vertical Hitch – (figure 26). Explain how a vertical hitch operates. 

1)  (Figure 26). Explain how a vertical hitch operates.

2) Emphasize that only a qualified person may select the hitch to be used.

3) Refer to Figures 27 and 28. Explain how a bridle hitch eliminates the need for a spreader beam.

4) Figure 29). Explain how a multiple-leg bridle hitch provides increased stability


	 

	3.2.0 Choker Hitch
1) (Figure 30). Explain how a choker hitch uses a shackle to form a loop around the load.

2) Refer to Figure 32. Explain why double choker hitches are necessary to support loads longer than 12 feet.

3) Have a trainee explain why choker hitches are not recommended for loose bundles. Explain how to safely lift a bundle of loose items. Go over any questions trainees may have

4) Place a glass of water in the center of a table. Ask four trainees to each place only one of their fingers under their corner of the table and together try to walk the table across the room. Next ask the trainees to move the table, each person using both hands under their corner of the table. Have trainees observe the experiment and explain how it pertains to load oscillation.


	 

	3.3.0 Basket Hitch
1) (Figure 34). Explain how using a sling in a basket hitch can double the capacity of a sling

2) Ask a trainee to explain why a basket hitch should not be used to lift loose materials.

3) Discuss the advantages of a double-wrap basket hitch. Explain how to join two or more slings together

Go over the Review Questions for Section 3.0.0. Answer any questions trainees may have.

Have each trainee perform Performance Task 2 to your satisfaction. Fill out a Performance Profile Sheet for each trainee


	4.0.0 Rigging Hardware - Discuss the importance of hardware selection, maintenance, and inspection. Review the consequences of failing to use rigging hardware properly.

	 

	4.1.0 Shackles - Explain how a shackle is used, and review the information that should be stamped on a shackle

1) 4.1.1 Shackle Design and Characteristics
2) 4.1.2 Types of Shackles

a) Refer to Figure 36. Review the different classes of shackles and the different types of pin designs.

b) Demonstrate how to properly engage a shackle pin. Explain why pins should no longer be backed off one-quarter of a turn.

3) 4.1.3 Specialty Shackles

a) Refer to Figures 37 and 38. Explain when it may be appropriate to use specialty shackles

4) 4.1.4 Shackle Inspection and Rejection Criteria

a) Bring in a variety of damaged shackles and pins. Have trainees inspect the shackles and determine the rejection criteria for each


	 

	4.2.0 Eyebolts
1) 4.2.1 Eyebolt Design and Characteristics

a) Refer to Figure 39. Explain how eyebolts are used, and compare their three basic designs.
b) Discuss the installation requirements for unshouldered, shouldered, and swivel eyebolts. Ask whether trainees have any questions.

2) 4.2.2 Unshouldered Eyebolts

3) 4.2.3 Shouldered Eyebolts
4) 4.2.4 Swivel Eyebolts

5) 4.2.5 Eyebolt Inspection and Rejection Criteria

a) Refer to Figure 44. Review the rejection criteria for eyebolts.

b) Set up stations with a variety of damaged and undamaged eyebolts. Ask trainees to identify the type of eyebolt and to note any rejection criteria.


	 

	4.3.0 Lifting Clamps
1) 4.3.1 Lifting Clamp Design and Characteristics

a) Refer to Figure 45. Explain when and how lifting clamps are used to move loads.

b) Discuss the relationship between the jaw dimension of the clamp and the thickness or weight of the item being lifted. Explain how to ensure that the clamp is holding the item securely.

2) 4.3.2 Types of Lifting Clamps

a) Refer to Figure 46. Review the types of lifting clamps and the lifting applications for which each is best suited.
3) 4.3.3 Lifting Clamp Inspection and Rejection Criteria

a) (Figure 47). Review the rejection criteria for lifting clamps. Go over any questions trainees may have.

b) Have trainees practice using a wire brush to remove rust or corrosion from a lifting clamp. Ask a trainee to explain how to determine whether a rusty clamp should be rejected.


	 

	4.4.0 Rigging Hooks - Refer to Figure 48. Review the different types of rigging hooks, and explain how each is used.
1) 4.4.1 Rigging Hook Design and Characteristics

a) Discuss the importance of ensuring that the safety latch is in good working condition.

2) 4.4.2 Rigging Hook Inspection and Rejection Criteria

a) (Figure 49). Review the rejection criteria for rigging hooks.

b) Set up stations with a variety of damaged and undamaged rigging hooks. Ask trainees to identify the type of rigging hooks and note any rejection criteria.

Go over the Review Questions for Section 4.0.0. Answer any questions trainees may have.

Have each trainee perform Performance Task 3 to your satisfaction. Fill out a Performance Profile Sheet for each trainee.


	5.0.0 Sling Stress 

1) Discuss the consequences of failing to accurately calculate the amount of stress placed on rigging components.
2) (Figure 50). Explain how weight is distributed on a straight up and down sling.

3) (Figure 51). Explain how side pull adds stress to the sling.

4) (Figures 52 and 53). Ask a trainee to explain what happens to side pull when a sling’s angle is decreased. Review the relationship between sling angle and sling stress.

5) Refer to the Appendix. Review the steps for determining sling stress with the trainees. Ask trainees to determine the sling stress of hypothetical loads based on sling angles that you specify.

Go over the Review Questions for Section 5.0.0. Answer any questions trainees may have.


	6.0.0 Hoists 

a) (Figure 54). Explain how a rigger can raise and lower a load using a block and tackle.

b) Refer to Figure 55. Compare the three types of chain hoists.


	 

	1) 6.1.0 Operation of Chain Hoists
a) Review the basic operating procedures for hand and power chain hoists. Ask whether trainees have any questions.


	 

	2) 6.2.0 Hoist Safety and Maintenance
a) Explain problems that can result from using a come-along for vertical overhead lifting.

See the Teaching Tip for Sections 6.0.0–6.2.0 in the Instructor Note section at the beginning of this module.

Go over the Review Questions for Section 6.0.0. Answer any questions trainees may have.


	7.0.0 Rigging Operations and Practices

	 

	1) 7.1.0 Rated Capacity
a) Explain how slings, hardware, and rigging devices are marked with their rated capacity.

b) Discuss the consequences of exceeding rated capacity


	 

	2) 7.2.0 Sling Attachment
a) Review the safety guidelines for using slings.

b) Explain problems that can result if the incorrect length sling is used.


	 

	7.3.0 Hardware Attachment
1) 7.3.1 Shackles - Refer to Figure 58. Ask a trainee to explain why a pin should never be overtightened.

2) 7.3.2 Eyebolts

a) (Figure 59). Review the guidelines for aligning and installing eyebolts. Go over any questions trainees may have.

b) Discuss the consequences of threading a sling through the eyebolts.

c) Emphasize that severe side stress can cause a load to buckle.

3) 7.3.3 Hooks

a) (Figure 60). Explain how to prevent a hook from becoming point-loaded.

b) Bring in a variety of shackles, eyebolts, and hooks. Ask several trainees to simulate the techniques for connecting hitches to a load. Have the other trainees observe their techniques and comment on what is done correctly or incorrectly.

Have each trainee perform Performance Task 4 to your satisfaction. Fill out a Performance Profile Sheet for each trainee.


	 

	7.4.0 Load Control - Discuss the elements of a pre-lift safety check for efficient load control.
1) 7.4.1 American National Standards Institute (ANSI) Hand Signals

a)  (Figure 62, 1 of 2). Discuss the necessity for standardized hand signals. Review the signals used for mobile crane operation.

b) (Figure 62, 2 of 2). Ask a trainee to explain how clear hand signals effectively communicate instructions.

c) Demonstrate a variety of potentially confusing hand signals. Discuss problems that can result if standardized hand signals are not used.

d) Ask a trainee to demonstrate mobile crane hand signals, and ask a second trainee to demonstrate overhead crane hand signals. Have trainees observe the hand signals and identify the instruction each communicates.

2) 7.4.2 Load Path, Load Control, and Tag Lines

a) (Figure 64). Explain how to keep the rear swing path clear throughout a lift.

b) Explain when and how the necessary blocking and cribbing should be completed

c) Refer to OSHA’s CFR 1926. Stress the importance of keeping the swing and load paths clear.

d) Explain problems that can result during the final steps of a lift.

e) Discuss the consequences of manually forcing a load into position

Go over the Review Questions for Section 7.0.0. Answer any questions trainees may have.

Summary

1) Have each trainee perform Performance Tasks 5–8 to your satisfaction. Fill out a Performance Profile Sheet for each trainee.
2) Ensure that all Performance Tests have been completed and Performance Profile Sheets for each trainee are filled out. If desired, trainee proficiency noted during laboratory sessions may be used to complete the Performance Tests. Be sure to record the results of the testing on Craft Training Report Form 200, and submit the results to the Training Program Sponsor.
3) Administer the Module Examination. Be sure to record the results of the Exam on Craft Training Report Form 200, and submit the results to the Training Program Sponsor.
4) Ask trainees to complete the Key Terms Quiz. Review trainees’ answers, and go over any questions trainees may have.


	
	


Attachments for Learning Experiences:  Rigging Hand Signals Game
Notes & Reflections: 
ADDITIONAL RESOURCES–

This module is intended to present thorough resources for task training. The following reference works are suggested for both instructors and motivated trainees interested in further study. These are optional materials for continued education rather than for task training. 

Bob’s Rigging and Crane Handbook, Latest Edition. Bob DeBenedictis. Leawood, KS: Pellow Engineering Services, Inc. 

High Performance Slings and Fittings for the New Millennium, 1999 Edition. Dennis St. Germain. Aston, PA: I & I Sling, Inc. 

Mobile Crane Manual, 1999. Donald E. Dickie, D. H. Campbell. Toronto, Ontario, Canada: Construction Safety Association of Ontario. 

Rigging Manual, 1997. Toronto, Ontario, Canada: Construction Safety Association of Ontario. 

Rigging, Sanford, FL, Crane Institute of America

Crane & Rigging Handbook and Training Manual, Terre Haute, IN, TWI Press, Inc.

Crane Safety: A Guide to OSHA Compliance and Injury Prevention, Lanham, MD, Scarecrow Press, Inc.

Crane Safety on Construction Sites, Reston, VA, American Society of Civil Engineers


Culminating Performance Task (Optional)
Culminating Unit Performance Task Title:  
CORE CURRICULUM: Introductory Craft Skills Performance Tasks
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
 
CORE CURRICULUM: Introductory Craft Skills Performance Tasks – This material can be found on the web at http://nccer.pearsonconstructionbooks.com/content/downloads/PDFs/O-Core2004.pdf. This is part of an ongoing assessment that is completed as units are covered. 
Attachments for Culminating Performance Task: http://nccer.pearsonconstructionbooks.com/content/downloads/PDFs/O-Core2004.pdf.



Unit Resources 
Web Resources: http://www.cefga.org/  http://www.osha.gov/ http://www.prenhall.com/ www.craneinstitute.com (Crane Institute of America) -- A variety of inexpensive safety aids, reference cards, hand signal cards, and rigging capacity charts
www.maintenanceresources.com (MaintenanceResources.com) A 28-minute video titled Rigging and Lifting for Structural Steel
Attachment(s):  
Materials & Equipment: 
MATERIALS AND EQUIPMENT LIST

	Transparencies if available
	One liter of water

	Markers/chalk
	Anchor shackles and chain shackles

	Blank acetate sheets
	Various types of pins, including:

	Transparency pens
	Screw pin shackle

	Pencils and scratch paper
	Round pin or straight pin shackle

	Overhead projector and screen
	Safety shackle

	Whiteboard/chalkboard
	Damaged shackles and pins

	Appropriate personal protective equipment
	Damaged and undamaged eyebolts

	Copies of your local code
	Undamaged lifting clamps

	OSHA 29 CFR 1926
	Rusty or corroded lifting clamps

	Identification tags for slings
	Wire brush to clean lifting clamps

	Copies of Figure 15 with the callouts covered
	Damaged and undamaged rigging hooks

	Damaged slings or photos of damaged slings
	Module Examinations*

	Two glasses
	Performance Profile Sheets*


*Located in the Test Booklet.
What 21st Century Technology was used in this unit:

Top of Form

	
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	
	Website
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