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Introduction

Annotation: 
This unit guides the student in the process of using mathematics to figure distance, areas, and volumes for masonry construction work; describes the information typically found on drawings and construction plans for residential construction; and addresses the specifications used in the construction process. 


Grade(s): 
	
	9th

	X
	10th

	X
	11th

	X
	12th


Time: This unit has four lessons. Each lesson should take 2 ½ hrs. A total of 15 hours is suggested for this unit, to include shop time working on drawings and testing.

Author:

 Jim Steel


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: Please list the standard and elements covered. 


ACT-OSF-4. Students will demonstrate knowledge of blueprint terms, components, and symbols.
Demonstrate knowledge of blueprint terms. 

Demonstrate knowledge of blueprint components. 

Demonstrate knowledge of blueprint symbols. 
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. 

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. 

ELA9RC3. The student acquires new vocabulary in each content area and uses it correctly. 

ELA9W3. The student uses research and technology to support writing.

National / Local Standards / Industry / ISTE:

NCCER 28103-04


Understandings & Goals

Enduring Understandings: Enduring understandings are statements summarizing important ideas and have lasting value beyond the classroom. They synthesize what students should understand – not just know.

The students when completing this unit should understand the importance of reading plans and specifications and how a clear understanding promotes good construction practices.

Essential Questions: Essential questions probe for deeper meaning and understanding while fostering the development of critical thinking and problem-solving skills. Example: Why is life-long learning important in the modern workplace?
1. Why are clearly developed plans essential for the successful completion of a construction project?

2. How does the uniformity of plans contribute to a successful project?

3. Why is communication and cooperation essential for the completion of a construction project?

Knowledge from this Unit:  Factual information.
Upon completion of this unit, the student will be able to do the following:
1. Work with denominate numbers.

2. Read a mason’s measure.

3. Convert measurements in the U.S. Customary (English) system into their metric equivalents.

4. Recognize, identify, and calculate areas, circumferences, and volumes of basic geometric shapes.

5. Identify the basic parts of a set of drawings.

6. Discuss the different types of specifications used in the building industry and the sections that pertain to masonry. 
Skills from this Unit:  Performance
Under the supervision of the Instructor, the student should be able to do the following:

1. Use a mason’s rule to measure a space and calculate its volume.

2. Use a mason’s rule to measure a space and estimate the number of bricks to build a wall across it.

3. Interpret information on blueprints.

Assessment(s)

Assessment Method Type: Select one or more of the following. Please consider the type(s) of differentiated instruction you will be using in the classroom. 

	X
	Pre-test

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

	
	_x Quizzes/Tests

_x Unit test

	
	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

	
	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

	X
	Dialogue and Discussion

	
	__ Student/teacher conferences

__ Partner and small group discussions

__ Whole group discussions

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

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	 X
	Post-test


Assessment(s) Title:

Assessment(s) Description/Directions:

Attachments for Assessment(s): Please list.


Learning Experiences

Instructional planning: Include lessons, activities and other learning experiences in this section with a brief description of the activities to ensure student acquisition of the knowledge and skills addressed in the standards. Complete the sequence of instruction for each lesson/task in the unit. 

Sequence of Instruction
Lesson 1: Introduction and Masonry Math I


1.  Identify the Standards. Standards should be posted in the classroom for each lesson.

2.  Review Essential Questions.

3.  Identify and review the unit vocabulary. 

Many of the terms used in this lesson were introduced in the Core Curriculum module. Additional terms for this are:

Denominate numbers                             U.S. Customary System

International System (SI)

Nominal dimension

4.  Lesson content: Introduction and Masonry Math I
A. Introduction: Discuss the three skills essential to success in masonry:
· Calculation for Masons: Discuss the types of calculations typically done by masons in their work

· Reading plans and drawings: Review the types of plans typically used by masons

· Reading and meeting specifications: Discuss the types of specifications used by masons and where they may be found in a typical project.

** Review Basic Math skills as needed prior to beginning this unit. Students should have completed Basic Construction Math in the core curriculum prior to beginning this lesson**

B. Denominate numbers: 
Have students define a denominate number. Explain the importance of units when working with numbers.  Explain that denominate numbers have two parts, the number and the unit. Give example of when denominate numbers must be converted. Using examples, demonstrate how to convert yards into feet, feet into inches etc. Have students practice until comfortable with converting numbers. Using those skills, have students practice doing:
· Denominate Addition

· Denominate subtraction

        Discuss denominate measures commonly used in the United States, such as weight units, length units, volume units and area units.
C. Fractions: Discuss when masons would need to add and subtract using fractions. Discuss the parts of fractions. Denominator: Lower Number; Numerator: Upper Number. Example: ¾ - 3 is the numerator and 4 is the denominator. Discuss the steps need to perform each action.
1. Finding the Lowest Common Denominator:  Remind students that the purpose of this action is to find the same units to perform the necessary actions. The steps to finding the lowest common denominator are:
a. Reduce each fraction to its lowest terms

b. Find the lowest common multiple of the denominators. Demonstrate.

c. If neither of the denominators is a multiple of the other, multiple the two together to get a common denominator.

2. Adding fractions: 

a. Find the lowest common denominator for the two fractions

b. Convert the fractions to equivalent fractions with the same denominator

c. Add the numerators of the fractions

d. Reduce the fraction to its lowest terms. If the numerator is larger than the denominator, the answer is greater than one (1).

3. Subtracting Fractions:
             Follow the same steps except subtract the numerators of the fractions.

4. Multiplying fractions: Explain the multiplying and dividing is very different than addition and subtraction. There is no need to find a common denominator. 
a. Multiply the numerators together to get a new numerator.

b. Multiply the denominator together to get a new denominator

c. Reduce the fraction to its lowest terms
5. Dividing fractions: Dividing is similar to multiplying with an additional step. 
a. Invert the divisor (fraction you are dividing by) you are dividing. Example  3 /4  becomes 4/3

b.  Change the division sign to multiplication sign.

c. Multiple as done before

d. Reduce the fraction to its lowest terms

      Have students practice until they are comfortable with fractions.

D. Mason’s Denominate Rule: Explain that masons have two denominate numbering systems of their own: the course system and the modular system. Explain and discuss the two kinds of rules used for these measures.
1. Course system: Explain the system and how it differs from the modular system. Explain how to use a “brick spacing rule.” Demonstrate and explain how a course rule is used to determine the number of courses that will fill a 10-foot wall. Demonstrate and have students practice reading a mason’s rule. Using the brick spacing rule, have students layout a sample wall. Explain standard spacing using a corner pole or deadman. 
2. Modular system: Discuss and explain modular bricks. Provide samples of different sizes of modular bricks and explain the differences in each type. Discuss how the modular system is based on 4-inch modules. Using the brick table, demonstrate how to determine the number of courses needed for varying heights. Have students practice using the table to determine courses. Explain how to use the modular spacing rule. Show students how to measure a space using the mason’s rule.
E. Metric Measurements: Discuss the history of the metric system and the importance of understanding and being able to use the metric system.
1. SI Units of measure: Explain the SI metric system and the common prefixes used.
2. Converting SI metric: Review the common equivalents to metric measurements. Review U.S. Customary units and how to convert U.S. Customary to Metric. After students practice and understand conversion from U.S. Customary to metric, have students practice converting metric to U.S. Customary.  Have students continuing practicing until they are familiar and able to convert from one system to another, in either direction.
Lesson 2:  Masonry Math II


1.  Identify the Standards. Standards should be posted in the classroom for each lesson.

2.  Review Essential Questions.

3.  Identify and review the unit vocabulary. 

Many of the terms used in this lesson were introduced in the Core Curriculum module. Additional terms for this are:

There are no new terms introduced in this lesson.
4.  Lesson content:  Masonry Math II
A. Plane figures and Area Measurements: Discuss why knowledge of geometry is useful on a construction site. Explain how understanding shapes and areas allow for more accuracy in the work and ease in production. Review the common shapes, plane figures and area measurements that will be used by masons.
1. Four-sided Figures: This would include squares, rectangles and parallelograms. See Figure 8, page 3.14 
a. Area of a rectangle: 
1. All right angles  

2. Length x Width (A= lw)
b. Area of a square: 
1. All right angles 

2. Since a square has 4 equal sides, it is also Length x Width (A=lw) or since the sides are the same, it can also be A= s² or A=ss 

c. Area of parallelogram: 

1. Angles are not right angles 

2. Area= Base x Height (a=bh)
2. Three-sided Figures: All triangles, internal angles-sum -180°; classified by sides and by interior angles, see Figure 9, page 3.15

Sides

a. Equilateral triangle: all 3 sides(length) are the same

b. Isosceles triangle: At  least 2 sides are equal length

c. Scalene triangle: no side is equal to another side


Interior Angles

a. Right Triangle: one of the angles is 90°

b. Obtuse Triangle: one of the angles is greater than 90° (> 90°)

c. Acute Triangle: Each of the angles is less than 90°  (<90°)

Each triangle is an exact half of a parallelogram, therefore the area is half of the base x height (a= ½ bh) or (a= bh / 2) 

3. One-side Figures: Circles are single, closed lines with all points the same distance from the center. See Figure 12, page 3.15
1. Diameter (d) =Distance from one side of the circle to the other with line through the center point.

2. Radius (r) = ½ the diameter

3. Circumference-Outside line that defines the circle: c= π (3.14) x d (diameter) or C=πd  or C=2πr
4. Area: The space within the circle   a=πr²  or a=πrr
4. Many-side Figures: This would include many common shapes such as pentagons and octagons.  Many-side figures with all sides the same size and the same distance from the center are called regular polygons. Named by the number of sides: 5 sides=pentagon, 6 sides= hexagon, 8 sides= octagon. Se figure 13, page 3.16
1. Perimeter: Add the length of each side

2. Area: Sum of the lengths divided by 2 then multiplied by r (radius).  R is the distance from the center to any one angle. A= r(S₁ + S₂ + S₃+ Sⁿ/2).   Note: Add all the sides that make up the required number of sides of the figure.
B. Solid figures and Volumes: 
1. Area is measured by two-dimensional figures- length and width; written as square measurements-square feet or square meters

2. Volume is measured with three-dimensional figures-height, width and depth; written as cubic measurements-cubic feet or cubic meters

3. Common figures in construction and volume formulas:

a. Cylinder:  Volume=π x the radius squared x depth (H) or V=πr²  x H
b. Prism: Volume=(base x height) x  depth (H)   V= (bh / 2) x H
c. Rectangular solid: Volume = length x width x height   V= l * w * h
C. Working with Right Triangles: Most used shape in construction
1. One angle is 90° (right angle); the other two angles are acute and complementary angles.

2. Side opposite the right angle is the Hypotenuse

3. Legs are labeled “a” –upper leg or altitude; “b”-base; “c” –hypotenuse
4. Angles are labeled “A”- the angle of the” c” & “b”; “B”-the angle of “c” and “a”; “C”-the right angle

5. If the length of any two sides is known, the length of the third can be found. This is Pythagorean theorem. 

6. Pythagorean theorem: The square of the hypotenuse “c” is equal to the sum of the squares of the remaining two sides (“a” & “b”)  or c²= a² + b² 

D. Shop time-Practical Exercises:
1. Have student practice using the various formulas in this lesson.
2. Using mason’s rule: show how to measure a space, calculate its volume and estimate the number of bricks to build a wall across it. 
3. Have students complete the step above for the completion of the performance tasks for this lesson.
5.  This lesson will require preparation with various figures, shapes and use of mathematical formulas. 
Lesson 3: Drawings


1.  Identify the Standards. Standards should be posted in the classroom for each lesson.

2.  Review Essential Questions.

3.  Identify and review the unit vocabulary. 

Many of the terms used in this lesson were introduced in the Core Curriculum module. Additional terms for this are:

There are no new terms introduced in this lesson.

4.  Lesson content: Drawings
This lesson is a review of much of the material covered in the Blueprint lesson in the Core Curriculum. 

A. Understanding Drawings: Explain that a mason must understand the lines and symbols used in a set of blueprints. Review the various lines, symbols and scales found on blueprints
a. Lines-Discuss that the lines are usually the same form one set of drawings to another, however there may be variation. Discuss the need to review the legend or symbol list for the blueprints used. Some common lines are: 
· Light full line

· Medium full line
· Heavy Full line
· Extra heavy full line
· Center line
· Hidden line
· Dimension line
· Short break line
· Long break line
· Match line
· Secondary line
· Property line
· Extension lines
· Section lines
· Phantom lines
· Geometric lines
b. Symbols and Abbreviations: Symbols and Abbreviations are used throughout a set of drawings. Emphasize the need to memorize the symbols that are used frequently. Have students identify various symbols and abbreviations on a set of drawings
c. Scale: Review the scales used on sets of drawings. Have students identify the scale and practice using scale rulers to verify the measurements. Explain the need to use the measurements given on the set of plans in calculating rather than measuring dimensions.  Discuss how wall measurements differ from material to material. 
B. Residential drawings: Have students sort a set of plans and identify the individual drawing in the set. Explain the purpose of each type of drawing.  Identify the various types of information is found on each of the following drawings:
a. Plot or Site Plan 
b. Floor Plan

c. Foundation Plan

d. Other Drawings and Schedules

1. Elevation Drawings

2. Section drawings

3. Schedules

4. Specialty plans

5. Metric drawings

C. Shop time-Practical Exercises: Using drawings have the students identify what information can be found on the plot, floor, and foundation plans. Have students identify a section plan and schedule in a set of drawings. Show student s how to interpret a set of drawings and have students interpret a set of blueprints to complete the performance tasks for this lesson. 
Lesson 4: Standards and Review 


1.  Identify the Standards. Standards should be posted in the classroom for each lesson.

2.  Review Essential Questions.

3.  Identify and review the unit vocabulary. 

Many of the terms used in this lesson were introduced in the Core Curriculum module. Additional terms for this are:

There are no new terms introduced in this lesson.
4.  Lesson content: Standards: Emphasize the fact that a mason must follow certain rules in addition to the building plans. Discuss the two types of specifications: General and Technical. Explain the difference between specifications and building codes. Review the various other rules that affect the work of a mason.  These include the following:
A. Technical specifications:  Explain that Technical Specifications are legal documents and are part of the contract. Discuss how the specifications should include the information to define the scope of work for the mason.
B. Standards: Explain how a standard is developed. Review and discuss the various organizations that create standards for masons.
C. Codes: Explain how model codes are developed and adopted by communities to become local codes. Review local codes that are applicable for masons in your location. Provide copies of ASTM standards and local building codes and have students locate specified information.
D. Inspection and Testing: Explain how a county building inspector would conduct inspection in your area. Describe a typical inspection on a residential job site and compare it to a commercial site. If possible, invite local inspectors to speak to class regarding their jobs and responsibilities. 
E. Review: Conduct review of the major concepts and have students complete testing and evaluations.
Attachments for Learning Experiences: Please list. 
Notes & Reflections: May include notes to the teacher, pre-requisite knowledge & skills, suggestions, etc.

Culminating Performance Task (Optional)
Culminating Unit Performance Task Title:  

Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
 

Attachments for Culminating Performance Task: Please list.


Unit Resources 

Web Resources:

Additional Resources:

Building Block Walls- a Basic Guide, 1998. Herndon, VA: National Concrete Masonry Association

Masonry Design and Detailing-For Architects, Engineers and Contractors, Fourth Edition. Christine Beall. New York, NY: McGraw-Hill.

The ABC’s of Concrete Masonry Construction, Videotape. Skokie, IL: Portland Cement Association. 

Attachment(s): Supplemental files not listed in assessment, learning experiences, and performance task.

Materials & Equipment: 

Classroom Materials:

Overhead projector and screen

Transparencies

Whiteboard/chalkboard

Markers/chalk

Blank acetate sheets

Transparency pens

Pencils and scratch paper

Student Materials for Performance Tasks

Appropriate personal protective equipment

Engineer’s rule

Brick

Course rule

Brick spacing rule

Calculator

Drawing set / blueprints

Testing

Module Examinations

Performance Profile Sheets

What 21st Century Technology was used in this unit?
Top of Form

	X
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	X
	Interactive Whiteboard
	X
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	X
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	x
	Website
	
	


Bottom of Form
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Figure 8 - Four-Sided Figures
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Figure 9 - Triangles Named by Sides
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Figure 10 - Triangles Named by Angles
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Figure 12 - Parts of a Circle
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Figure 13 - Regular Polygons
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Figure 15 - Volumes of Solid Figures
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Figure 16 - Conical, Triangular, and Spherical Solids
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Figure 17 - Right Triangle
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