
Lesson A3–6

Planning, Laying Out, and Tooling

Concrete Block

Unit A. Mechanical Systems and Technology

Problem Area 3. Construction Systems

Lesson 6. Planning, Laying Out, and Tooling Concrete Block

New Mexico Content Standard:

Pathway Strand: Power, Structural and Technical Systems

Standard: VIII: Plan, implement, manage, and/or provide support services to facility

design and construction; equipment design, manufacture, repair, and service; and agri-

cultural technology.

Benchmark: VIII-B: Follow architectural and mechanical plans to construct building and

facilities.

Performance Standard: 1. Identify and select appropriate building materials. 9. Con-

struct with concrete, stone, and brick.

Student Learning Objectives. Instruction in this lesson should result in students

achieving the following objectives:

1. Discuss how to plan and lay out a job.

2. Explain how to mix mortar and lay blocks.

3. Explain how to tool joints, patch holes, and clean smears.
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List of Resources. The following resources may be useful in teaching this lesson:

Hansen and Espenschied. Recommended Practices for Building with Concrete

Masonry, University of Illinois: Information Technology & Communication Sys-

tems (U3034).

Herren, Ray V., and Elmer L. Cooper. Agricultural Mechanics Fundamentals &

Applications. Albany, New York: Delmar Publishers, 1996. (Textbook, Lab

Manual, and Teacher’s Manual—Unit 38)

Johnson, Donald M., et al. Mechanical Technology in Agriculture. Danville, Illinois:

Interstate Publishers, Inc., 1998. (Textbook, Chapter 18)

Phipps, Lloyd J., et al. Introduction to Agricultural Mechanics, Second Edition. Upper

Saddle River, New Jersey: Prentice Hall Interstate, 2004. (Textbook, Chapter 14)

List of Equipment, Tools, Supplies, and Facilities

Writing surface

Overhead projector

Transparencies from attached masters

Copies of student lab sheets

Ingredients for mortar

Concrete blocks

Terms. The following terms are presented in this lesson (shown in bold italics):

Batter boards

Block chisel

Block hammer

Block trowel

Closure block

Concrete masonry units

Corner block

Face shell mortar bed

Frost line

Full mortar bed

Jointer

Lightweight blocks

Mason’s line

Masonry cement

Masonry sand

Mortar

Mortar hoe

Raker joint
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Standard or heavyweight blocks

Story or course pole

Stretcher block

Tooling joints

Interest Approach. Use an interest approach that will prepare the students for the les-

son. Teachers often develop approaches for their unique class and student situations. A possible

approach is included here.

Ask students if they have ever laid concrete blocks or watched a mason lay concrete blocks. Ask why they

think concrete blocks are used in construction. Show a concrete block and talk about the skills they will

learn and how they are useful. Consider a field trip to watch a mason laying concrete blocks.

Summary of Content and Teaching Strategies

Objective 1: Discuss how to plan and lay out a job.

Anticipated Problem: How can I plan and lay out a concrete masonry job?

I. Concrete masonry is a popular type of agricultural construction. Concrete blocks are strong,

durable, fireproof, rodent and termite proof, and do not rot. Concrete masonry units, com-

monly called concrete blocks, come in two types and several standard sizes. The two general

types of blocks are hollow and solid. A standard or heavyweight block is made from Portland

cement, water, sand, gravel, and crushed stone while lightweight blocks are made from Port-

land cement, water, and lightweight aggregates, such as cinders, slag, or shale. A lightweight

block will weigh about half as much as a standard block. While not as strong, lightweight

blocks are easier to handle but have greater insulating value. Concrete masonry units are

made in even number widths (4, 6, 8, 10, and 12 inches) and heights (4 and 8 inches). The 8

× 8 × 16 block is widely used to build agricultural structures. The actual dimensions of an 8

inch block is 75/8 × 75/8 × 155/8. When the standard 3/8 mortar joint is added, the block with

one mortar joint is 8 inches high and 16 inches long.

A. When building dimensions are selected the total length and width in inches should be

divisible by eight so that full blocks and half blocks will be used. While blocks come in a

variety of shapes, the corner block and stretcher blocks are the most common. A

stretcher block has ribs on both ends usually with three cores or holes in the block and is

used between the corners. A corner block is square across one end and has ribs on the

other end. It is used at the corner when laying blocks. Use the dimensions to figure the

number of blocks needed.

B. Mortar is a bonding material made of sand and masonry cement. Mix one part cement to

2½ to 3 parts masonry sand. Masonry cement is the type of cement used to make mortar

while Portland cement is used to make concrete. Masonry sand is fine sand while the

sand used in concrete is coarse sand. Use the following as a guide to calculate the
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amount of cement and sand to purchase: in a 1:3 mix, 1 bag of cement and 250 pounds

of sand will lay 100 eight inch blocks.

C. Prior to digging the footing and pouring it, the building must be laid out. The easiest,

quickest, and most accurate way to lay out the corners of the building is with surveying

instruments. Buildings are generally laid out parallel to property lines or other buildings.

The surveying level and target rod will help you to set square corners and the proper

height of the foundation wall. Dimensions should always be doubled checked. Measuring

for equal diagonals is a way to check for square corners.

D. If surveying equipment is not available, establish a base line and use the 3–4–5 right tri-

angle method to establish square corners.

E. Once the corner stakes are in place, set up outside supports, called batter boards to

stretch strings. The batter board includes three stakes and two horizontal 1 × 4 or 1 ×

6’s. The strings mark the outside of the foundation wall and the top of the foundation. A

plumb bob can be helpful to insure that the strings intersect over the corner stake. Use

powdered lime or spray paint to mark the ground for digging the footing. Remove the

strings while the digging is done. The surveying level and the target rod are used to set

the grade stakes or forms in the trench. The footing trench should be dug down to firm

soil below the frost line. The frost line is the deepest point in the soil where the ground

freezes in a typical year. The bottom of the trench should be flat and level. The footing

rules are: set at or below the frost line, pour a minimum of 8 inches for 8 inch blocks, 10

inches for 10 inch blocks, etc., and have the footing at least twice as wide as the founda-

tion. After the footing is poured and forms are removed, sweep off the footing and re-

stretch the strings. The plumb bob can be used at the string intersection to help mark

the corners on the footing. Snap a chalk line on the concrete footing to mark the loca-

tion of the outside of the first row of concrete blocks. Beginning block layers sometimes

lay out the first row of blocks without mortar to make sure the layout was planned prop-

erly.

Use readings in the recommended textbooks to provide students with additional content. Discuss what

materials are used in concrete block construction. Use TM: A3–6A to see the variety of concrete blocks

available. Use TM: A3–6B to see how the building site is laid out including the batter boards and the

strings. Use LS: A3–6A to lay out a building using the 3–4–5 right triangle method. Use TM: A3–6C to

illustrate footing/foundation recommendations.

Objective 2: Explain how to mix mortar and lay blocks.

Anticipated Problem: How is mortar mixed and blocks laid?

II. Good mortar is absolutely necessary for good workmanship and a good finished wall. The

process of laying concrete blocks requires considerable know-how and skill. Concrete ma-

sonry work may be contracted to professionals, while you start by mixing mortar and carry-

ing blocks. Start with clean, dry blocks, water, masonry sand, masonry cement, concrete

blocks, and quality tools.
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A. The strength of a mortar joint is affected by the quantity of cementing material, the por-

tions and moisture content of the mortar, and the quality of the workmanship. Mix one

part masonry cement to 2½ to 3 parts masonry sand with enough to make a workable

mix that is plastic enough to support blocks on a 3/8 inch mortar joint until it has set. A

combination of Portland cement and hydrated lime can be used if masonry cement is not

available. Mix the mortar in a leakproof box with shallow sides, in a wheelbarrow, or in a

mixing machine. To hand mix, use a mortar hoe (a hoe with two large holes in the

blade) to dry mix the cement and sand until a uniform color exists. Gradually add water

and continue mixing with the mortar hoe until the mortar is plastic and workable. Mor-

tar that is too stiff does not bond well and results in a thick joint. Mortar that is too thin

will be squeezed out by the weight of the block resulting in narrow mortar joints.

B. Locate the corners and lay out the first course, without mortar, to check the layout. A

full mortar bed is using mortar on both horizontal and vertical cross webs of the block. A

face shell mortar bed is using mortar on only the horizontal cross webs of the block.

Normally the first course uses a full mortar bed and the other courses use a face shell

mortar bed. Always lay the blocks with the thicker end of the face shell up, as this pro-

vides a larger area on which to place the mortar.

C. A mason’s line is a nylon string that is stretched tight to mark the top and outside edge

of a row of concrete blocks. Once the first course corner blocks are laid in position

stretch a mason’s line so that the first course will be straight. Buttering refers to putting

mortar on the end of a block. Block layers often stand several blocks on end and butter

the ends. Flipping the mortar off the trowel onto the block with a snap of the wrist re-

sults in a better bond to the block. To place the block in position, pick it up with both

hands and use a swinging motion to lower it into position. When a block is laid in the

wall use a level to be sure the block is level, plumb, and aligned. Level the blocks by tap-

ping the block with the handle of the trowel. A block trowel is a triangular shaped piece

of metal with a wooden handle. A block hammer can also be used to tap blocks into

place as well as for cutting blocks. A block chisel is a three or four inch wide metal chisel

that can be hit with the block hammer to mark and cut concrete blocks.

D. After the first course is laid, use face shell mortar beds and lay up 4 or 5 courses of blocks

at the corners. Check for level, plumb, and alignment of each block. Use a straightedge

or four foot level to check the horizontal spacing of the blocks. Since each course is back

spaced a half block, the corner of each back stepped row should touch the diagonally

positioned straightedge. Use a story or course pole, a board with markings eight inches

apart, as a way to ensure that the horizontal mortar jointings are running 3/8 inches thick.

E. A key to a straight true wall is using the mason’s line between the corners as a guide.

The most difficult part of laying blocks is usually laying the closure block. The closure

block is the last block laid to complete the row. If vertical mortar joints have been 3/8

inches the opening for the last block should be 163/8 inches long (23/8 inch mortar joints

and a 155/8 inch block). The closure block must be buttered on both ends or the previ-

ously laid block must be buttered. If the mortar falls off the end of the block as it is

swung into place, it should be removed and re-buttered.
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Assign students to read the appropriate chapters in the recommended resource texts. Either of them con-

tains more complete information on this objective. Use TM: A3–6D and A3–6E to summarize the

content. Use a mortar box or wheelbarrow to mix mortar. Teach students how to lay concrete blocks by

laying blocks on heavy brown paper or cardboard on the school shop floor. At the end of the period before

the mortar has set up, take the blocks apart and throw the mortar away. Emphasize proper mortar mixing;

leveling, plumbing, aligning blocks; and the use of the mason’s line.

Objective 3: Explain how to tool joints, patch holes, and clean smears.

Anticipated Problem: How are mortar joints tooled and smears removed?

III. Tooling joints and removing smears completes the job resulting in a professional appearance

to the job.

A. Tooling joints is a procedure that pushes the mortar into the groove between the blocks,

creating an improved bond of the mortar to the block, resulting in a weather-tight joint

with a neat appearance. A jointer is the concave or V-shaped metal tool with a handle

and turned up ends. Brick layers often use a raker joint. A raker joint is a tool that moves

the mortar from the joint to a depth of approximately 3/8 inches.

B. After the joints have been tooled, trim off any mortar burrs flush with the face of the

wall with the trowel.

C. Do not attempt to move or straighten the block once the mortar has stiffened or even

partly stiffened.

D. Patching mortar joints and filling holes should be done with fresh mortar.

E. Any dabs of mortar on a block should be allowed to dry. Use a trowel to knock the dab

off and a piece of a concrete block to rub out remaining particles.

F. When laying blocks, be careful not to smear mortar into the blocks. Once the smears are

in the block it is impossible to remove them. A muriatic acid rinse will help clean the

wall and make paint smears less noticeable.

Utilize the suggested chapters in the recommended resources. The texts will prove useful in helping stu-

dents to fully understand the content. Tool the joints in the blocks that students laid on the heavy brown

paper or cardboard. Visit a work site to watch a mason laying blocks, tooling joints, and cleaning up at the

end of the job. Use LS: A3–6B to help students apply the content of this lesson’s objectives.

Review/Summary. See transparencies to review the types of blocks used and the laying

out procedures. Use the lab sheet to review the 3–4–5 right triangle method. Review mortar mix-

ing proportions and procedures. Use transparencies to review laying blocks at the corner and be-

tween corners. Review the tooling joints, patching holes, and cleaning the finished wall.

Application. The accompanying lab sheets will be helpful to students in applying the con-

tent.
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Evaluation. Give the written test and analyze the skills exhibited in mixing mortar and lay-

ing concrete blocks.

Answers to Sample Test:

Part One: Matching

1 = g, 2 = f, 3 = e, 4 = h, 5 = d, 6 = c, 7 = j, 8 = b, 9 = i, 10 = a

Part Two: Completion

1. masonry cement, masonry sand

2. Batter boards

3. block hammer, block chisel

4. triangular

5. dried

6. V, concave

7. equal

8. 3/8 inch

9. 75/8 inches, 75/8 inches, 155/8 inches

10. chalk line

Part Three: Short Answer

1. Level, align, plumb, and horizontal spacing

2. Use a shovel to add 1 part cement to 2½ to 3 parts masonry sand to the wheelbarrow.

Use the mortar hoe to dry mix the ingredients until a uniform color is achieved. Add wa-

ter and continue to mix with the mortar hoe until a uniform plastic mix is made that will

result in a 3/8 inch mortar joint when used.

3. Set the footing down to or slightly below the frost line. The footing should be at least

twice as wide as the foundation. The footing should be a thickness at least as much as

the width of the block foundation (8 inch block = 8 inch thick footing, 10 inch block =

10 inch thick foundations, etc.)
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Sample Test Name_____________________________________

Test

Lesson A3–6: Planning, Laying Out, and

Tooling Concrete Block

Part One: Matching

Instructions. Match the term with the correct response. Write the letter of the term by the defini-
tion.

a. closure block e. mason’s level i. stretcher block

b. corner block f. mason’s line j. tooling joints

c. face shell mortar bed g. mortar hoe

d. full mortar bed h. story or course pole

_______ 1. Used to mix the mortar.

_______ 2. Used to help keep the alignment of the blocks between corners.

_______ 3. Used to level, plumb, and align the blocks at the corner.

_______ 4. Used to check for the proper mortar joint thickness.

_______ 5. Type of mortar bed used on the first course.

_______ 6. Type of mortar bed used typically for all but the first course.

_______ 7. Process of compacting the mortar between the blocks.

_______ 8. Type of block with one smooth square end.

_______ 9. Type of block with ribs on both ends.

_______ 10. Block that completes a course of blocks.

Part Two: Completion

Instructions. Provide the word or words to complete the following statements.

1. To mix mortar use one part _______________ _________________ and 2½ to 3 parts

__________________ ___________________.

2. _________________ ___________________ are where the strings are fastened then a

building is laid out.

3. Concrete blocks can be cut using a ______________ _______________ and ___________

_______________.

4. A block trowel is a _____________ shaped piece of metal with a wooden handle.
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5. After dabs of mortar on a block have ________, use a trowel to knock them off.

6. Jointing tools commonly leave a ______ or ___________ shape in the mortar.

7. A building with square corners will have diagonals that are ___________ in length.

8. The standard mortar joint is _____ inch thick.

9. An 8 inch block is actually _________ × _________ × __________.

10. Use a ______________ ____________ to mark the surface of the footing prior to position-

ing the first course of blocks.

Part Three: Short Answer

Instructions. Provide information to answer the following questions.

1. Name four things that could be done with a four foot level when laying up the corners:

2. Explain how to mix mortar in a wheelbarrow:

3. Give three rules for footings—foundations:
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TM: A3–6A

TYPES OF

CONCRETE BLOCKS
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(Courtesy, Interstate Publishers, Inc.)



TM: A3–6B

LAYING OUT A BUILDING
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TM: A3–6C

FOOTING/FOUNDATION

RECOMMENDATIONS

Dig trench down to firm soil at or slightly
below the frost line.

Make bottom of trench flat and level.

Build forms to make footing proper size or
use surveying equipment to set grade
stakes for a footing pour.

Pour the footing twice as wide as the
foundation wall.

Use 7 gal. mix of concrete (1:2¾:4).

If forms are used remove them after the
concrete hardens.

Sweep off the top of footing and mark the
foundation wall location with a chalk line.
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TM: A3–6D

LAYING THE FIRST COURSE
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Plumb with level

Stretch line to

corner to lay

blocks between

Marker board

Foundation

Mortar full width of block when

laying first course

Details of how to construct corners and walls.
(Note the full mortar bed for the first course

and the use of a marker board and level
to plumb the corners and courses.)

Placing mortar on the ribs of a block before laying.

(Courtesy, Interstate Publishers, Inc.)



TM: A3–6E

ALIGNING, LEVELING, AND

PLUMBING THE FIRST COURSE
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Getting the corner block in proper
position is essential.

Using a trowel to place mortar on block.
(Use enough to cover the front of the

trowel about a half inch thick. Gently snap
the trowel so the mortar will cling to it

when it is turned sideways or upside down.

Carefully placing a block in position. (Note
how the block is held.)

Use the trowel to remove mortar that has
squeezed out between the blocks.

Tapping a block with the handle of a trowel
to get it into position with the line.

Good mortar on a mortar board near block work
makes the job go faster and improves the

quality of the wall or foundation.

(Courtesy, Interstate Publishers, Inc.)



LS: A3–6A Name_____________________________________

Lab Sheet

Building Layout Using the

3–4–5 Right Triangle Method

1. Select a large grassy area. Establish the first line of the building as parallel or perpendicular

to an existing road, the property line, or another building (A B).

2. Set a surveying pen in the ground at the first corner (A). Measure 40 feet and set another

surveying pen (Point B) to mark the second corner.

3. Measure 30 feet from Point B and estimate a 90-degree angle to establish the third corner

(Point C).
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4. Measure from Point C to Point A. If the corner at Point B is a square corner (90 degrees) the

line AC will be 50 feet. Adjust the pen at Point C until the 30 feet/40 feet/50 feet is

achieved assuring the square corner at Point B.

5. Use the same 3–4–5 right triangle method to establish a square corner at each of the cor-

ners.

6. When the building corners are set measure the building diagonals (X and Y). If the corners

are square the diagonals will be equal. If necessary readjust the Point C and D until the

building diagonals are equal and the building dimensions are correct.

7. Note that for small buildings 3 feet, 4 feet, and 5 feet or a multiple of these numbers can be

used as 6 feet, 8 feet, and 10 feet.
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LS: A3–6B Name_____________________________________

Lab Sheet

Mixing Mortar and Laying Blocks

1. Put three shovel fulls of masonry cement and nine shovel fulls of masonry sand into a wheel-

barrow.

2. Dry mix the ingredients with a mortar hoe until a uniform color is achieved.

3. Add water and continue mixing with the mortar hoe until a plastic mixture in formed. The

mortar should work easily but be stiff enough to set in a stack on the mortar board.

4. Spread a full mortar bed on a brown paper or cardboard in the marked area for the first

course of blocks.

5. Position the corner block on the mortar bed so that its outside corner is exactly where the

outside corner of the wall should be. Level by first placing the level across the block and

then lengthwise along the block. Place another corner block at the other end of a pre-

measured distance.

6. Stretch a mason’s line to align the blocks between the corners.

7. Turn several stretcher blocks on end and apply mortar to the end ribs with a wiping or swip-

ing stroke on the trowel.

8. Lay several stretcher block in place by working away from the end or corner block.

9. Use the end of the trowel handle to tap the block until each block is plumb, level, and the

course is straight.

10. Complete the first course by installing the closure block.

11. Apply a face shell mortar bed on top of the first course in preparation for the second course.

12. Lay the second course.

13. Use the trowel to cut off the excess mortar.

14. Use the jointer to tool the joints.

15. At the end of the period the block wall can be disassembled and the mortar thrown away.
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