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Introduction
Annotation: 
What concrete is and how it behaves
Types of concrete
Concrete strength testing
Increasing Concrete’s durability
Safety precautions in working with concrete

Form components

Form materials

Types of footings
Types of forms

Concrete volume estimation

--Content presented through reading exercises, slide presentation, classroom discussion, identification worksheets, estimation problems, and lab experience.

Grade(s): 
	
	9th

	X
	10th

	X
	11th

	X
	12th


Time:  35 hours
Author:   Daniel Bohmer
Additional Author(s): 

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-C1-5. Students will know and understand the materials, processes, and 
safety related to all cement and concrete products. 
Demonstrate knowledge of the safety procedures associated with construction and use of concrete products. 

Demonstrate knowledge of properties and composition of concrete products.
ACT-C1-6. Students will know and understand the concepts and practices of 
basic site layout and footings. 
Demonstrate knowledge of site layout. 

Demonstrate knowledge of individual components used in footings. 

GPS Academic Standards:
MC4P1. Students will solve problems (using appropriate technology). 

MM2G1. Students will identify and use special right triangles. 

MM2G3. Students will understand the properties of circles. 

MM2P4. Students will make connections among mathematical ideas and to other disciplines. 

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

SEV4. Students will understand and describe availability, allocation and conservation of energy and other resources. 

SEV5. Students will recognize that human beings are part of the global ecosystem and will evaluate the effects of human activities and technology on ecosystems.
National / Local Standards / Industry / ISTE:

Foundations

General

R402.2 Concrete. Concrete shall have a minimum specified compressive strength of f’c, as shown in Table R402.2. Concrete subject to moderate or severe weathering as indicated in Table R30l.2(1) shall be air entrained as specified in Table R402.2. The maximum weight of fly ash, other pozzolans, silica fume, slag or blended cements that is included in concrete mixtures for garage floor slabs and for exterior porches, carport slabs and steps that will be exposed to deicing chemicals shall not exceed the percentages of the total weight of cementitious materials specified in Section 4.2.3 of ACT 318. Materials used to produce concrete and testing thereof shall comply with the applicable standards listed in Chapter 3 of ACI 318.

R402.3 Precast concrete. Approved precast concrete foundations shall be designed and installed in accordance with the provisions of this code and the manufacturer’s installation instructions.

SECTION R403

FOOTINGS

R4011 General. All exterior walls shall be supported on con​tinuous solid or fully grouted masonry or concrete footings, wood foundations, or other approved structural systems which shall be of sufficient design to accommodate all loads according to Section R301 and to transmit the resulting loads to the soil within the limitations as determined from the character of the soil. Footings shall be supported on undisturbed natural soils or engineered fill.

R403.1.1 Minimum size. Minimum sizes for concrete and masonry footings shall be as set forth in Table R403.1 and Figure R403.1(I). The footing width, W, shall be based on the load-bearing value of the soil in accordance with Table R40l.4.1. Spread footings shall be at least 6 inches (152 mm) thick. Footing projections, F, shall be at least 2 inches (51 mm) and shall not exceed the thickness of the footing. The size of footings supporting piers and columns shall be based on the tributary load and allowable soil pressure in accordance with Table R401 .4.1. Footings for wood foundations shall be in accordance with the details set forth in Section R403.2. and Figures R403.l(2) and R403.1(3).

R403.1.2 Continuous footing in Seismic Design Categories D0, D1 and D2. The braced wall panels at exterior walls of buildings located in Seismic Design Categories D0, D1 and D2 shall be supported by continuous footings. All required interior braced wall panels in buildings with plan dimensions greater than 50 feet (15 240 mm) shall also be supported by continuous footings.

R403.1.3 Seismic reinforcing. Concrete footings located in Seismic Design Categories D0, D and D2, as established in Table R301.2(l), shall have minimum reinforcement. Bottom reinforcement shall be located a minimum of 3 inches (76 mm) clear from the bottom of the footing.


In Seismic Design Categories D0, D1 and D2 where a construction joint is created between a concrete footing and a stem wall, a minimum of one No. 4 bar shall be installed at not more than 4 feet (1219 mm) on center. The vertical bar shall extend to 3 inches (76 mm) clear of the bottom of the footing, have a standard hook and extend a minimum of 14 inches (357 mm) into the stem wall.


In Seismic Design Categories D0, D1 and D2 where a grouted masonry stem wall is supported on a concrete footing and stem wall, a minimum of one No. 4 bar shall be installed at not more than 4 feet on center. The vertical bar shall extend to 3 inches (76 mm) clear of the bottom of the footing and have a standard hook.


In Seismic Design Categories D0, D1 and D, masonry stem walls without solid grout and vertical reinforcing are not permitted.

Exception:
In detached one- and two-family dwellings which are three stories or less in height and constructed with stud bearing walls, plain concrete footings without longitudinal reinforcement supporting walls and isolated plain concrete footings supporting columns or pedestals are permitted.

R403.1.3.1 Foundations with stemwalls. Foundations with stem walls shall have installed a minimum of one No. 4 bar within 12 inches (305 mm) of the top of the wall and one No. 4 bar located 3 inches (76 mm) to 4 inches (102 mm) from the bottom of the footing.

R403.1.3.2 Slabs-on-ground with turned-down footings. Slabs-on-ground with turned-down footings shall have a minimum of one No. 4 bar at the top and bottom of the footing.

Exception: For slabs-on-ground cast monolithically with a footing, one No. 5 bar or two No. 4 bars shall be located in the middle third of the footing depth.

R403.1.4 Minimum depth. All exterior footings shall be placed at least 12 inches (305 mm) below the undisturbed ground surface. Where applicable, the depth of footings shall also conform to Sections R403. 1.4.1 through R403. 1.4.2.

R403.1.4.1 Frost protection. Except where otherwise protected from frost, foundation walls, piers and other permanent supports of buildings and structures shall be protected from frost by one or more of the following methods:

I.Extended below the frost line specified in Table

R30 1 .2.(1);

2.
Constructing in accordance with Section R403.3;

3.
Constructing in accordance with ASCE 32; or

4.
Erected on solid rock.

Exceptions:

1. Protection of freestanding accessory structures with an area of 600 square feet (56 m2) or less, of light-framed construction, with an eave height of 10 feet (3048 mm) or less shall not be required
2. Protection of freestanding accessory structures with an area of 400 square feet (37 mm) or less, of other than light-framed construction, with an eave height of 10 feet (3048 mm) or less shall not be required.

3. Decks not supported by a dwelling need not be provided with footings that extend below the frost line.

Footings shall not bear on frozen soil unless the frozen condition is permanent.

R403.1.4.2 Seismic conditions. In Seismic Design Categories D0. D, and D7, interior footings supporting bearing or bracing walls and cast monolithically with a slab on grade shall extend to a depth of not less than 12 inches (305 mm) below the top of the slab.

R403.1.5 Slope. The top surface of footings shall be level. The bottom surface of footings shall not have a slope exceeding one unit vertical in 10 units horizontal (10-per​cent slope). Footings shall he stepped where it is necessary to change the elevation of the top surface of the footings or where the slope of the bottom surface of the footings will exceed one unit vertical in ten units horizontal (1 0-percent slope).

R403.1.6 Foundation anchorage. When braced wall panels are supported directly on continuous foundations, the wall wood sill plate or cold-formed steel bottom track shall he anchored to the foundation in accordance with this section.

The wood sole plate at exterior walls on monolithic slabs and wood sill plate shall be anchored to the foundation with anchor bolts spaced a maximum of 6 feet (1829 mm) on center. There shall be a minimum of two bolts per plate section with one bolt located not more than 12 inches (305 mm) or less than seven bolt diameters from each end of the plate section. In Seismic Design Categories D0, D, and D2, anchor bolts shall be spaced at 6 feet(1829 mm)on center and located within 12 inches (305 mm) of the ends of each plate section at interior braced wall lines when required by Section R602. 10.9 to be supported on a continuous foundation. Bolts shall be at least 1/2 inch (13 mm) in diameter and shall extend a minimum of 7 inches (178 mm) into masonry or concrete. Interior bearing wall sole plates on monolithic slab foundation shall he positively anchored with approved fasteners. A nut and washer shall be tightened on each bolt of the plate. Sills and sole plates shall be protected against decay and termites where required by Sections R319 and R320. Cold-formed steel framing systems shall be fastened to the wood sill plates or anchored directly to the foundation as required in Section R5Q~3l orR603.l.l.

Exceptions:

1,
Foundation anchorage, spaced as required to provide equivalent anchorage to 1/2-inch-diameter (13 mm) anchor bolts.

2.
Walls 24 inches (610 mm) total length or shorter connecting offset braced wall panels shall be anchored to the foundation with a minimum of one anchor bolt located in the center third of the plate section and shall be attached to adjacent braced wall panels per Figure R602. 10.5 at corners.

3,
Walls 12 inches (305 mm) total length or shorter connecting offset braced wall panels shall be permitted to be connected to the foundation without anchor bolts. The wall shall be attached to adjacent braced wall panels per Figure R602.l0.5 at corners.

R403.1.6.1 Foundation anchorage in Seismic Design Categories C, D0, D1 and D2. In addition to the requirements of Section R403.1.6, the following requirements shall apply to wood light-frame structures in Seismic Design Categories D0, D1 and D2 and wood light-frame townhouses in Seismic Design Category C.

1.
Plate washers conforming to Section R602. 11 .1 shall be provided for all anchor bolts over the full length of required braced wall lines. Properly sized cut washers shall be permitted for anchor bolts in wall lines not containing braced wall panels.

2.
Interior braced wall plates shall have anchor bolts spaced at not more than 6 feet (1829 mm) on center and located within 12 inches (305 mm) of the ends of each plate section when supported on a continu​ous foundation.

3.
Interior bearing wall sole plates shall have anchor bolts spaced at not more than 6 feet (1829 mm) on center and located within 12 inches (305 mm) of the ends of each plate section when supported on a continuous foundation.

4.
The maximum anchor bolt spacing shall be 4 feet (1219 mm) for buildings over two stories in height.

5.
Stepped cripple walls shall conform to Section R602.1l.3.

6.
Where continuous wood foundations in accordance with Section R404.2 are used, the force transfer shall have a capacity equal to or greater than the connections required by Section R602.11.l or the braced wall panel shall be con​nected to the wood foundations in accordance with the braced wall panel-to-floor fastening require​ments of Table R602.3(l).

R403.1.7 Footings on or adjacent to slopes. The placement of buildings and structures on or adjacent to slopes steeper than 1 unit vertical in 3 units horizontal (33.3-percent slope) shall conform to Sections R403.l.7.1 through R403. 1.7.4.

Understandings & Goals

Enduring Understandings: 
· Concrete is the life’s blood of construction. Without it our modern way of life would be impossible. Every construction worker should have a fundamental understanding of this basic building material.
· Footings and foundations must uphold the weight of the structure indefinitely. Should the foundation fail, the build will eventually collapse. The conscientious craftsperson will not take any shortcuts in contributing the creation of this critical part of the building.
Essential Questions: 
· How is the quality of concrete influenced by its components? 
· Why is it necessary to reinforce concrete?  
· How is the volume of a given form shape calculated? 
· Why is concrete form building so labor and material intensive? 
· What are the consequences of mishandling concrete?
Knowledge from this Unit:  
· The nature of concrete
· Ingredients of concrete

· Effect that water content has on concrete

· Variations in ingredient content and proportions,

· Controlling the curing rate of concrete
· Testing concrete strength
· Calculating concrete volume

· Concrete reinforcement

· Characteristics of Concrete forms 

· Types of concrete forms

· Purpose of footings

· Types of footings

· Components of footing and pier forms

· Wall forms 

· Components of wall forms

· Edge forms

· Slab work

· Form removal

Skills from this Unit:  
Students will be able to: 

· Describe concrete
· State the factors that are critical in maximizing concrete strength
· Describe variations in concrete mixtures

· Calculate concrete quantities for various volume shapes
· Describe what a footing is and the purpose it serves

· Describe various types of concrete reinforcement materials and their characteristics
· Describe various concrete forms and their parts
· Describe the materials used in building concrete forms.

· Describe the basic process for positioning forms
· Describe the process for removal and reconditioning of forms.

· Build a simple form shape

· Set a simple form shape into position

assessment(s)
Assessment Method Type: 
	X
	Pre-test

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

	
	__ Quizzes/Tests

_X_ Unit test

	
	Group project

	
	Individual project

	
	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

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

	
	Subjective assessment/Informal observations

	
	__ Essay tests

__ Observe students working with partners

__ Observe students role playing

	
	Peer-assessment  

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

__ Peer editing and/or critiquing

	
	Dialogue and Discussion

	
	__ Student/teacher conferences
__ Partner and small group discussions

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

	X
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

_X Application of skills to real-life situations/scenarios

	
	Post-test


Assessment(s) Title: 
Introduction to Concrete, Reinforcing Materials and Forms 27108-06.
Assessment(s) Description/Directions: 
Assessment is multiple choice – all questions provided by the NCCER module must be used in order to meet for certification requirements. Test is available on paper or computer format.

Test to be used are for Module 27108-06 

Attachments for Assessment(s): 
A review PowerPoint and a matching worksheet have been produced for these units. See instructor’s packet.

Learning Experiences
Sequence of Instruction


1. Identify the Standards. Standards should be posted in the classroom for each lesson.
ACT-C1-5. Students will know and understand the materials, processes, and 
safety related to all cement and concrete products. 
Demonstrate knowledge of the safety procedures associated with construction and use of concrete products. 

Demonstrate knowledge of properties and composition of concrete products.

ACT-C1-6. Students will know and understand the concepts and practices of 
basic site layout and footings. 
Demonstrate knowledge of site layout. 

Demonstrate knowledge of individual components used in footings. 

2. Review Essential Questions.
· How is the quality of concrete influenced by its components? 

· Why is it necessary to reinforce concrete?  

· How is the volume of a given form shape calculated? 
· Why is concrete form building so labor and material intensive? 

· What are the consequences of mishandling concrete?

3. Identify and review the unit vocabulary see Trade Terms Quiz for unit 27108-06 at the end of the module. 

Part (Lesson) I: Concrete ingredients and quality assurance

A. Have students read module text regarding the composition of concrete and how concrete strength is determined. Instructor should ask probing questions of the class for understanding of textual reading.
B. Metal Set for Part (Lesson) 1 – What makes concrete that is hardened (cured) different than dried mud? 

C. Overview of topics covered in unit.

1. Concrete

a characteristics

b ingredients

c mixture Proportions

d Admixtures

e Strength testing

2. Calculating concrete volume

3. Introduction to concrete forms

D. Introduction

1. Nature of concrete in general

2. Containers for concrete

E. Concrete and Concrete Materials

1. Portland Cement

2. Concrete aggregates

3. Concrete water content

4. Admixtures for enhancing concrete characteristics

5. Normal concrete mix proportions and measurements

6. Special Types of concrete

7. Curing Methods and Materials

F. Concrete Slump Testing

1. Collecting samples and field testing

2. Lab testing

Part (Lesson) II. Estimating Concrete Volume; Concrete Reinforcement Materials

A. Students read module text Concrete volume, rerods, and welded wire fabric. Instructor asks probing questions of the class for understanding of textual reading.
B. Metal Set for Part (Lesson) 2 –What kinds of materials are used to improve concrete strength and how can you know that the correct amount of materials is being delivered to the worksite?

C. Estimating Concrete Volume

1. Rectangular Volume Calculations

2. Circular Volume Calculations

3. Introduction of special applied problem

a Review the layout of the house on worksheets 4.12 through 4.19

b Refer especially to the floor plan with dimensions

c Refer to the sheet (located in the instructor’s packet that simplifies the view of the floor slab shape with its sub-shape dimensions

d Refer to the data recording sheet

e Announce due date

D. Concrete Reinforcement Materials

1. Reinforcing Bars

2. Bar Supports

3. Splicing Reinforcing Bars

4. Welded-Wire Fabric

Part (Lesson) III. Concrete Forms

A. Students read module text regarding the components and the textures of various concrete forms. Instructor asks probing questions of the class for understanding of textual reading.
B. Metal Set for Part (Lesson) 3 – How are carpentry skills and masonry skills used to create useful concrete structures?

C. Concrete Forms

1. Form Safety

2. Footings

a continuous

b pier

c step

3. Wall Forms

4. Edge Forms

5. Removing Forms

Part (Lesson) IV. Basic Foundation Layout

D. Metal Set for Part (Lesson) 4 – How is the building actually located on the earth’s surface and how are concrete forms positioned accordingly?

E. Use of Plot Plan for measurement data.

F. Establish structure indexing points (corners)

G. Establishing foundation height

H. Use of special instrument

1. Builder’s level

2. Transit

3. Laser level

I. Building batter boards

J. Locating positions on the batter boards

K. Stringing building outline

L. Checking for accuracy

1. Diagonal measurement

2. 3,4,5 right triangle
M. Transfer index positions for footing placement

Part (Lesson) IV. Review and Testing

A. Module Review – Students work through Review Questions at the end of the module in the text book.

B. Module Review - Students work through the chapter test review sheet for Module 27108-06. Instructor uses the PowerPoint Unit Test Review for Module 27108-06 which corresponds to the review sheet the students are issued (materials included in the instructor’s packet).

C. Module Examination for Module 27108-06 (Introduction to Concrete, Reinforcing Materials, and Forms).

D. Collect Concrete estimation projects introduced in Lesson II.

Part (Lesson)V Laboratory

A. Students review module text regarding preparation for and processes for wall frame construction.

B. Metal Set for Part (Lesson) 5 – What activities does a qualified person engage in while performing concrete volume calculations and engaging in concrete form construction?

C. Hand out Worksheet 27108-1 and rubric for lab exercise

D. Students review rubric for the lab exercise.

E. Students perform concrete volume estimates

F. Students layout and construct a simple concrete form

G. Students orally assess the quality of their workmanship with the instructor, comparing it to industry standards. Students also discuss possible future processing refinements.

Attachments for Learning Experiences: 
Consult the instructor’s packet and the Job Sheet Worksheet package that is provided with the instructor’s textbook
Notes & Reflections: 
Culminating Performance Task 
Culminating Unit Performance Task Title:   
Building a Simple Concrete Form
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
 
Students consult the course text book along with the supplied job sheet and work drawing (provided in the instructor’s packet). From these they can determine the processes and sequencing to follow in order to build and install the simple form. Students who are capable of acquiring the information through reading will be given resource materials to use. Those who have a disability can be given oral instructions in discrete portions on a daily basis.

Attachments for Culminating Performance Task: 
Please consult the instructor’s packet that is provided with this lesson plan.

Unit Resources 
Web Resources:

http://www.grannysstore.com/Do-It-Yourself/Professional.htm#Concrete

http://www.signcraft.com/pdfs/97-127002.pdf
Attachment(s): 

See the instructors packet for supplemental materials that support this lesson
Materials & Equipment: 
National Center for Construction Education and Research. Module 27109-06 & 27110-06 obtained as stand alone units or found in Carpentry Framing and Finishing Level One. New Jersey: Pearson / Prentice Hall, 2007. Consult the beginning of the module in the instructor’s manual for other resources. The Best Advice on Formwork, Foundations, Waterproofing and Reinforcement By The Editors of Fine Homebuilding 2006 International 

Transparencies
Samples of various types and sizes of wire 

Markers/chalk
fabric

Blank acetate sheets
Exterior plywood or plyform

Transparency pens
1 X 4

Pencils and scratch paper
Steel tape or rule

Overhead projector and screen
Basic carpenter’s toolbox

LCD projector or access to a computer lab
Level

Whiteboard/chalkboard
Round. point and flat. point shovels

Appropriate personal protective equipment
Framing square

Hand calculator
Plumb bob

Concrete calculator
String line

Copies of a concrete table
Sledge hammer

Form boards, stakes, braces, ties, and spreaders
Duplex nails

16 gauge tying wire
Plan for simple form

Samples of various aggregates
Circular saw and extension cord

Samples of concrete mix
Copies of Worksheet 1

Various bar supports and accessories
Module Examinations*

Various mechanical splices for reinforcement steel
Performance Profile Sheets**

Various sizes, types, and grades of reinforcement

materials


What 21st Century Technology was used in this unit:

Top of Form

	X
	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
	
	


Bottom of Form
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