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Introduction
Annotation: 
A roof is a crowning feature of a building. It must be functional in preserving the building and its occupants and contents while adding to the structure’s overall aesthetic quality. Roof construction requires math skills beyond addition and subtraction it can be intimidation to the uninitiated but with a patient methodical approach these skills can be acquired by an earnest student. The construction industry, like all others, must be responsive to newer or better approaches to customer demands. This causes old materials to be abandoned in favor of new ones along with new methods for dealing with them.
--Content presented through – Reading - Slide Presentation – Classroom Discussion – Identification Worksheets – Debate Exercise – Lab Experience.
Grade(s): 
	
	9th

	X
	10th

	X
	11th

	X
	12th


Time:  96) 50 minute periods
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-C2-1. Students will know and understand proper and necessary carpentry 
tasks that enable a team to construct ceiling and roof systems. 
Measure, lay out, and cut all types of ceiling framing members. 

Measure, layout out, and cut all types of roof framing members. 

Demonstrate a basic knowledge of truss systems. 

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

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

ELA9LSV1. The student participates in student-to-teacher, student-to-student, and group verbal interactions. 

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:

SECTION R8O1

GENERAL

R801.1 Application. The provisions of this chapter shall con​trol the design and construction of the roof-ceiling system for all buildings.

R8O1.2 Requirements. Roof and ceiling construction shall be capable of accommodating all loads imposed according to Section R301 and of transmitting the resulting loads to the supporting structural elements.

R8O1.3 Roof drainage. In areas where expansive or collaps​ible soils are known to exist, all dwellings shall have a controlled method of water disposal from roofs that will collect and discharge roof drainage to the ground surface at least 5 feet (1524 mm) from foundation walls or to an approved drainage system.

SECTION R802

WOOD ROOF FRAMING

R802.1 Identification. Load-bearing dimension lumber for rafters, trusses and ceiling joists shall be identified by a grade mark of a lumber grading or inspection agency that has been approved by an accreditation body that complies with DOC PS 20. In lieu of a grade mark, a certificate of inspection issued by a lumber grading or inspection agency meeting the requirements of this section shall be accepted.

R(802.1.1 Blocking. Blocking shall be a minimum of utility grade lumber.

R(802.1.2 End-jointed lumber. Approved end-jointed lumber identified by a grade mark conforming to Section 1(802.1 may be used interchangeably with solid-sawn mem​bers of the same species and grade.

R(802.1.3 Fire-retardant-treated wood. Fire-retardant-treated wood (FRTW) is any wood product which, when impregnated with chemicals by a pressure process or other means during manufacture, shall have, when tested in accordance with ASTM F 84, a listed flame spread index of 25 or less and shows no evidence of significant progressive combustion when the test is continued for an additional 20-minute period. In addition, the flame front shall not progress more than 10.5 feet (3200 mm) beyond the center line of the burners at any time during the test.

R(802.1.3.1 Labeling. Fire-retardant-treated lumber and wood structural panels shall be labeled. The label shall contain:

1.
The identification mark of an approved agency in accordance with Section 1703.5 of the International Building Code.

2.
Identification of the treating manufacturer.

3.
The name of the fire-retardant treatment.

4.
The species of wood treated.

5.
Flame spread and smoke-developed rating.

6.
Method of drying after treatment.

7.
Conformance to appropriate standards in accordance with Sections R802.1.3.2 through R802.l.3,5.

8.
For FRTW exposed to weather, or a damp or wet location, the words “No increase in the listed classification when subjected to the Standard Rain Test” (ASTM D 2898).

R802.1.3.2 Strength adjustments. Design values for untreated lumber and wood structural panels as specified in Section R802.1 shall be adjusted for fire-retardant-treated wood. Adjustments to design values shall be based upon an approved method of investigation which takes into consideration the effects of the anticipated temperature and humidity to which the fire-retardant-treated wood will be subjected, the type of treatment and redrying procedures.

R802.1.3.2.1 Wood structural panels. The effect of treatment and the method of redrying after treatment, and exposure to high temperatures and high humidities on the flexure properties of fire-retardant-treated softwood plywood shall be determined in accordance with ASTM D 5516. The test data developed by ASTM D 5516 shall be used to develop adjustment factors, maximum loads and spans, or both for untreated plywood design values in accordance with ASTM D 6305. Each manufacturer shall publish the allowable maximum loads and spans for service as floor and roof sheathing for their treatment.

R802.1.3.2.2 Lumber. For each species of wood treated, the effect of the treatment and the method of redrying after treatment and exposure to high tempera​tures and high humidities on the allowable design properties of fire-retardant-treated lumber shall be determined in accordance with ASTM D 5664. The test data developed by ASTM 0 5664 shall be used to develop modification factors for use at or near room temperature and at elevated temperatures and humidity in accordance with ASTM D 6841. Each manufacturer shall publish the modification factors for service at temperatures of not less than 800F (270C) and for roof framing. The roof framing modification factors shall take into consideration the climatological location.

R802.1.3.3 Exposure to weather. Where fire-retardant-treated wood is exposed to weather or damp or wet -locations, it shall be identified as “Exterior’ to indicate there is no increase in the listed flame spread index as defined in Section R802. 1.3 when subjected to ASTM D 2898.

R802.1.3.4 Interior applications. Interior fire-retardant-treated wood shall have a moisture content of not over 28 percent when tested in accordance with ASTM D 3201 procedures at 92 percent relative humidity. Interior fire-retardant-treated wood shall be tested in accordance with Section R802.1.3.2.l or R802.1.3.2.2. Interior fire-retardant-treated wood designated as Type A shall be tested in accordance with the provisions of this section.

R802.1.3.5 Moisture content. Fire-retardant-treated wood shall be dried to a moisture content of 19 percent or less for lumber and 15 percent or less for wood structural panels before use. For wood kiln dried after treatment (KDAT) the kiln temperatures shall not exceed those used in kiln drying the lumber and plywood submitted for the tests described in Section R802.l.3.2.1 for plywood and R802. 1.3.2.2 for lumber.

R802.1.4 Structural glued laminated timbers. Glued laminated timbers shall be manufactured and identified as required in AITC A190.1 and ASTM D 3737.

R802.1.5 Structural log members. Stress grading of struc​tural log members of nonrectangular shape, as typically used in log buildings, shall be in accordance with ASTM D 3957. Such structural log members shall be identified by the grade mark of an approved lumber grading or inspection agency. In lieu of a grade mark on the material, a certificate of inspection as to species and grade issued by a lumber-grading or inspection agency meeting the requirements of this section shall be permitted to be accepted.

R802.2 Design and construction. The framing details required in Section R802 apply to roofs having a minimum slope of three units vertical in 12 units horizontal (25-percent slope) or greater. Roof-ceilings shall be designed and con​structed in accordance with the provisions of this chapter and Figures R606.ll(l), R606.ll(2) and R606.ll(3) or in accordance with AFPA/NDS. Components of roof-ceilings shall be fastened in accordance with Table R602.3( I).

R802.3 Framing details. Rafters shall be framed to ridge board or to each other with a gusset plate as a tie. Ridge board shall be at least 1-inch (25 mm) nominal thickness and not less in depth than the cut end of the rafter. At all valleys and hips there shall be a valley or hip rafter not less than 2-inch (51 mm) nominal thickness and not less in dept than the cut end of the rafter. Hip and valley rafters shall be supported at the ridge by a brace to a bearing partition or be designed to carry and distribute the specific load at that point. Where the roof pitch is less than three units vertical in 12 units horizontal (25-percent slope), structural members that support rafters and ceiling joists, such as ridge beams, hips and valleys, shall be designed as beams.

R802.3.1 Ceiling joist and rafter connections. Ceiling joists and rafters shall be nailed to each other in accordance with Table R802.5.l(9), and the rafter shall be nailed to the top wall plate in accordance with Table R602.3(l). Ceiling joists shall be continuous or securely joined in accordance with Table R802.5. 1(9) where they meet over interior partitions and are nailed to adjacent rafters to provide a continuous tie across the building when such joists are parallel to the rafters.

Where ceiling joists are not connected to the rafters at the top wall plate, joists connected higher in the attic shall be installed as rafter ties, or rafter ties shall be installed to provide a continuous tie. Where ceiling joists are not parallel to rafters rafter ties shall be installed. Rafter ties shall be a minimum of 2-inch by 4-inch (51 mm by 102 mm) (nominal), installed in accordance with the connection requirements in Table R802.5.1(9), or connections of equivalent capacities shall be provided. Where ceiling joists or rafter ties are not provided, the ridge formed by these rafters shall be supported by a wall or girder designed in accordance with accepted engineering practice.

Collar ties or ridge straps to resist wind uplift shall be connected in the upper third of the attic space in accordance with Table R602.3(l).

Collar ties shall be a minimum of 1-inch by 4-inch (25 mm by 102 mm) (nominal), spaced not more than 4 feet (1219 mm) on center

R802.3.2 Ceiling joists lapped. Ends of ceiling joists shall be lapped a minimum of 3 inches (76 mm) or butted over bearing partitions or beams and toenailed to the bearing member. When ceiling joists are used to provide resistance to rafter thrust, lapped joists shall be nailed together in accordance with Table R602.3(l) and butted joists shall be tied together in a manner to resist such thrust.

R802.4 Allowable ceiling joist spans. Spans for ceiling joists shall be in accordance with Tables R802.4(1) and R802.4(2). For other grades and species and for other loading conditions, refer to the AF&PA Span Tables for Joists and Rafters.

R802.5 Allowable rafter spans. Spans for rafters shall be in accordance with Tables R802.5. 1(1) through R802.5. 1(8). For other grades and species and for other loading conditions, refer to the AF&PA Span Tables for Joists and Rafters. The span of each rafter shall be measured along the horizontal projection of the rafter.

R802.5.1 Purlins. Installation of purlins to reduce the span of rafters is permitted as shown in Figure R802.5.l. Purlins shall be sized no less than the required size of the rafters that they support. Purlins shall be continuous and shall be supported by 2-inch by 4-inch (51 mm by 102 mm) braces installed to bearing walls at a slope not less than 45 degrees from the horizontal. The braces shall be spaced not more than 4 feet (1219 mm) on center and the unbraced length of braces shall not exceed 8 feet (2438 mm).

R802.6 Bearing. The ends of each rafter or ceiling joist shall have not less than 1 1/2 inches (38 mm) of bearing on wood or metal and not less than 3 inches (76 mm) on masonry or concrete.

R802.6.1 Finished ceiling material. If the finished ceiling material is installed on the ceiling prior to the attachment of the ceiling to the walls, such as in construction at a factory a compression strip of the same thickness as the finish ceiling material shall be installed directly above the top plate of bearing walls if the compressive strength of the finish ceiling material is less than the loads it will be required to withstand. The compression strip shall cover the entire length of such top plate and shall be at least one-half the width of the top plate. It shall be of material capable of transmitting the loads transferred through it.

R802.7 Cutting and notching. Structural roof members shall not be cut, bored or notched in excess of the limitations specified in this section.

R802.7.1 Sawn lumber. Notches in solid lumber joists. rafters and beams shall not exceed one-sixth of the depth of the member, shall not be longer than one-third of the depth of the member and shall not be located in the middle one-third of the span. Notches at the ends of the member shall not exceed one-fourth the depth of the member. The tension side of members 4 inches (102 mm) or greater in nominal thickness shall not be notched except at the ends of the members. The diameter of the holes bored or cut into members shall not exceed one-third the depth of the member. Holes shall not be closer than 2 inches (51 mm) to the top or bottom of the member, or to any other hole located in the member. ‘Where the member is also notched, the hole shall not be closer than 2 inches (51 mm) to the notch.

Exception:
Notches on cantilevered portions of rafters are permitted provided the dimension of the remaining portion of the rafter is not less than 4-inch nominal (102 mm) and the length of the cantilever does not exceed 24 inches (610 mm).

R802.7.2 Engineered wood products. Cuts, notches and holes bored in trusses, structural composite lumber, structural glue-laminated members or I-joists are prohibited except where permitted by the manufacturer’s recommendations or where the effects of such alterations are specifically considered in the design of the member by a registered design professional.

R802.S Lateral support. Rafters and ceiling joists having a depth-to-thickness ratio exceeding 5 to 1 based on nominal dimensions shall be provided with lateral support at points of bearing to prevent rotation.

R802.8.1 Bridging. Rafters and ceiling joists having a depth-to-thickness ratio exceeding 6 to 1 based on nominal dimensions shall be supported laterally by solid blocking, diagonal bridging (wood or metal) or a continuous 1-inch by 3-inch (25 mm by 76 mm) wood strip nailed across the rafters or ceiling joists at intervals not exceeding 8 feet (2438 mm).

R802.9 Framing of openings. Openings in roof and ceiling framing shall be framed with header and trimmer joists. When the header joist span does not exceed 4 feet (1219 mm), the header joist may be a single member the same size as the ceiling joist or rafter. Single trimmer joists may be used to carry a single header joist that is located within 3 feet (914 mm) of the trimmer joist bearing. When the header joist span exceeds 4 feet (1219mm), the trimmer joists and the header joist shall be doubled and of sufficient cross section to support the ceiling joists or rafter framing into the header. Approved hangers shall be used for the header joist to trimmer joist connections when the header joist span exceeds 6 feet (1829 mm). Tail joists over 12 feet (3658 mm) long shall be supported at the header by framing anchors or on ledger strips not less than 2 inches by 2 inches (51 mm by 51 mm).

R802.1O Wood trusses.

R802.1O.1 Truss design drawings. Truss design drawings, prepared in conformance to Section R802.10.1, shall be provided to the building official and approved prior to installation. Truss design drawings shall include, at a mini​mum, the information specified below. Truss design drawing shall be provided with the shipment of trusses delivered to the jobsite.

1.
Slope or depth, span and spacing.

2.
Location of all joints.

3.
Required bearing widths.

4.
Design loads as applicable.

4.1.
Top chord live load (as determined from Section R30l.6).

4.2.
Top chord dead load.

4.3.
Bottom chord live load.

4.4.
Bottom chord dead load.

4.5.
Concentrated loads and their points of application.

4.6.
Controlling wind and earthquake loads.

5.
Adjustments to lumber and joint connector design values for conditions of use.

6.
Each reaction force and direction.

7.
Joint connector type and description (e.g., size, thickness or gage) and the dimensioned location of each joint connector except where symmetrically located relative to the joint interface.

8.
Lumber size, species and grade for each member.

9.
Connection requirements for:

9.1.
Truss to girder-truss.

9.2.
Truss ply to ply.

9.3.
Field splices.

10.
Calculated deflection ratio and/or maximum description for live and total load.

11.
Maximum axial compression forces in the truss members to enable the building designer to design the size, connections and anchorage of the permanent continuous lateral bracing. Forces shall be shown on the truss design drawing or on supplemental documents.

12.
Required permanent truss member bracing location.

R802.1O.2 Design. Wood trusses shall be designed in accor​dance with accepted engineering practice. The design and manufacture of metal-plate-connected wood trusses shall comply with ANSI/TM 1. The truss design drawings shall be prepared by a registered professional where required by the statutes of the jurisdiction in which the project is to be constructed in accordance with Section R 106.1.

Understandings & Goals

Enduring Understandings: 
· Students will understand proper and necessary carpentry tasks that enable a team to construct ceiling and roof systems. 
Essential Questions: 
· Why is it important to master the skills of roof building if you intend to be successful in the construction industry? 
· What math skills are applied to roof design and layout? 
· How can injury and/or property damage be avoided in the construction of a roof?
· In what ways can a roof be constructed to withstand the forces of nature?
Knowledge from this Unit:  
· Types of roofs and corresponding roof framing accommodations
· Parts of a roof frame

· Roof calculation nomenclature and the Pythagorean Theorem

· Calculation approaches speed square vs. framing square

· Process for roof rafter shaping

· Process for roof rafter installation

· Processes for framing a gable and ventilator if appropriate

· Types of roof trusses

· Differences between roof truss and roof rafters

· Installation of roof trusses

· Calculating material Quantities

· Dormers and roof openings

· Alternate framing systems

· Types of roofs

Skills from this Unit:  
Students will be able to:
· Identify various roof styles
· Identify roof parts
· State and explain the terms that rafter length calculations are associated with

· Describe the methods and tools  that can be used to fabricate a roof rafter
· Give a general description of the process for building a “stick built roof”
· Describe what a roof truss is

· Identify the basic parts of a commonly used roof truss configuration

· Describe the balance of forces that a roof truss is engineered to withstand and the precautions that need to be taken to preserve their structural integrity.

· Describe the general process that is used to install roof trusses.

· Perform basic roof material quantity estimating.

· Identify and describe roof projections

· Describe other ways a roof structure can be designed

· Describe how metal roof construction applications differ from wooden ones

· Lay out a roof rafter

· Install rafters and a ridge board

· Install roof trusses

· Sheath a roof

· Describe the “dry-in” processes

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

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

	
	__ Quizzes/Tests

_X_ Unit test

	X
	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: 
Roof Framing 27107-06
Assessment(s) Description/Directions: 
Assessment is multiple choice – all questions provided by the NCCER module must be used in order to meet certification requirements. Test is available on paper or computer format.

Tests to be used are for Module 27107-06
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


Initial Activities

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

ACT-C2-1. Students will know and understand proper and necessary carpentry 
tasks that enable a team to construct ceiling and roof systems. 
Measure, lay out, and cut all types of ceiling framing members. 

Measure, layout out, and cut all types of roof framing members. 

Demonstrate a basic knowledge of truss systems. 

B. Review Essential Questions.

· Why is it important to master the skills of roof building if you intend to be successful in the construction industry? 

· What math skills are applied to roof design and layout? 

· How can injury and/or property damage be avoided in the construction of a roof?

· In what ways can a roof be constructed to withstand the forces of nature?

C. Identify and review the unit vocabulary (See Trade Terms section in NCCER Module 27107-06 
Part (Lesson) I Introduction; Types of Roofs; Basic Roof Layout

A. Students take unit text for this module as a Pre-Test

B. Students read module text regarding Window types, parts, and installation procedures. Teacher asks probing questions to determine understanding of textual reading.

C. Metal Set for Part (Lesson) 1 – Can you build a roof?

D. Overview of topics covered in unit.

a Types of roofs Basic Roof components Roof terms used in calculating length and angle(slope)

b Features of the rafter framing Square

c Using ratios to measure the length of a roof rafter

d Processes for constructing a roof frame

e Adding the frame at the gable ends

f Installing roof sheathing

g Use of a speed square

h Using trusses to construct a roof

i Introduction to calculating material quantities for a roof

j Roof Protrusions

k Roof construction using metal

E. Students receive assignment on the “Great Roof Debate”

F. Introduction

a Need to build roof to withstand anticipated dead and live load.

b Difference in math processes between working floors and walls to roof slope

c Types of Roofs – Students work on worksheet w/drawings of different roof styles

d Parts of a roof frame students view PowerPoint showing roof frame parts (see instructors packet that came with this lesson plan)

G. Basic Roof Layout

Part (Lesson) II Rafter framing square, basic rafter layout

A. Students read module text regarding the features of the framing square and how a rafter shape is laid out. Teacher asks probing questions to determine understanding of textual reading.
B. Metal Set for Part (Lesson) 2 – How is a framing square useful for roof construction?

C. Rafter Framing Square

D. Parts of a square

1. Tongue, Blade, Heel

2. Rafter tables

3. Inch fractions

E. Rise, Run, Span

F. Slope, Pitch

G. Basic Rafter Layout

1. Unit rise, Unit Run

2. Parts of a Common Rafter

3. Position on Double plate, Ridgeboard

4. Determining the length of a rafter 

5. Using rafter table

6. Using framing square step off method

7. Mark out the shape of the rafter pattern

8. Length calculated by use of tables

9. Cuts marked with framing square

Part (Lesson) III Installing rafters and bracing the roof frame

A. Students read module text regarding the commonly used process for assembling a roof frame. Teacher asks probing questions to determine understanding of textual reading.
B. Metal Set for Part (Lesson) 3 – What does it take to put a roof over your head?

C. Erecting a Gable Roof

D. Create a platform on the ceiling joists

E. Nail end rafters on one side of ridgeboard

F. Lift and temporarily brace ridgeboard

G. Check for accurate rise measurement

H. Nail opposing rafter bird’s mouth’s on double plates

I. Toenail rafter ridge plumb cuts onto the ridge

J. Fill in remainder of the rafters after measurement check

K. Bracing a roof frame

1. Install collar beams

2. Install brace plates

3. Install braces 

4. Install strongbacks

Part (Lesson) IV Framing the Gable Ends; Framing a Gable Overhang

A. Students read module text regarding installing studs in the gable ends and framing for gable vents if called for. Teacher asks probing questions to determine understanding of textual reading.
B. Metal Set for Part (Lesson) 4 – Ever hear of the common difference?
C. Frame area for gable vent if called for

D. Transfer lower wall stud location to the top of the double plate

E. Beginning with the longest gable stud cut stock to high point length

F. Set in position, plumb and scribe along top and bottom of rafter.

G. Cut out portion to fit against rafter.

H. Determine the common difference (CD) in gable end studs.

I. Measure successive gable studs, in pairs, based upon subtracting the CD

J. Toenail or face nail studs into position as appropriate.

K. Framing a Gable Overhang

L. May need to be done prior to installing the gable studs

M. Two possible methods

1. Placement into notched rafters

2. Placement on rafters with a shorter rise compensating for lookout dimension

Part (Lesson) V Framing an Opening in the Roof

A. Students read module text regarding positioning and framing an opening in a roof for a chimney or skylight etc. Teacher asks probing questions to determine understanding of textual reading.
B. Metal Set for Part (Lesson) 5 – What happens before chimney gets his cricket?

C. If unspecified in plan check with engineer, or code requirements

D. Lay out opening on lower horizontal surface

E. Transfer corner positions with plumb bob

F. Allow for doubling rafters, rafter headers for strength

G. Cut components and install

Part (Lesson) VI Installing Sheathing on a roof frame

A. Students read module text regarding measuring and positioning sheets of sheathing on a roof frame correctly. Teacher asks probing questions to determine understanding of textual reading.
B. Metal Set for Part (Lesson) 6 – How can I can you put some shade over your head?

C. Sheathing Introduction

1. Install ASAP after roof framing is complete

2. Sheathing provides

a A strength to frame

b Substrate for roofing materials

3. Materials appropriate for sheathing include:
a Plywood

b OSB

c Waferboard

d Shiplap

e Common boards #3 or better

D. Sheathing installation

1. Measure up from eventual finish facia position 48 ½” at both ends of the roof

2. Connect marks with chalkline

3. Install first sheet

4. Keeping top edge on the chalked line

5. Making sure sheet edge breaks ½ thickness of rafter

6. Tack sheet at both ends

7. Leave nail heads stick up in case adjustment is needed

8. Mark rafter positions on top edge of sheet

9. Tack interior rafters on sheet

10. Fasten remaining sheets of first course similarly

11. Be sure to leave space in joint between sheets if called for

12. Mark 48” in on top edge of whole end sheet

13. Install “H” clips on sheet edge in middle of space between each rafter

14. Place corner of second course sheet on mark install remain whole sheets

15. Fill in half (or partial sheets)

16. Check for rafter alignment

17. Drive temporary nails into sheet to avoid tripping hazard

18. Install remainder of sheets on first side of roof

19. Install second roof surface and all other roof surfaces(if any) in a similar fashion

20. Trim sheets at salvage edge of hips or gable ends as appropriate

21. Chalk lines up roof to mark rafter nail positions

22. Nail entire sheathed roof per manufacturer’s and/or code requirements 

E. Install 15# felt paper (or other specified moisture barrier) to entire surface

1. Start along bottom edge of roof deck

2. Each successive felt paper course lapping

a 2” minimum overlap

b 4” minimum side lap

F. Install metal drip edge along edges of roof

1. Prevent moisture invasion on roof edges

2. Best completed after finish facia is installed for tight fit

Part (Lesson) VII Using a Speed Square (AKA pocket square, super square, quick square (rafter angle square in Core Curriculum) to lay out a roof rafter

A. Students read module text regarding using a speed square and the accompanying reference book. Teacher asks probing questions to determine understanding of textual reading.
B. Metal Set for Part (Lesson) 7 – What is one of the easiest methods to measure and mark out the shape of a common rafter?

C. Description of tool

D. Description of instruction book provided with tool purchase

E. Rafter Layout Using a Speed Square-Students view PowerPoint presentation about using the speed square and proportions to determine the length of a common roof rafter
F. Add overhang slope length and rater slope length together to obtain total rafter length

G. Select piece of straight stock several inches longer than total rafter length (to allow for tail and plumb cut angles)

H. Draw tail cut line (swing square at proper slope mark on the common scale)

I. Measure and mark along top of rafter for overhang slope measurement

J. Draw plumb cut line of rafter bird’s mouth

K. Using the “squaring line” or “diamond hole” stamped on the square

1. Mark perpendicular point on plumb cut line 

2. Mark where 3 ½” extends to the bottom edge of the rafter (seat cut line)

L. Measure rafter length along top edge of rafter from the plumb cut line.

M. Mark rafter length line

N. Draw a parallel line back toward the birds mouth that is ½ of the thickness of the ridgeboard (erase or scribble over first line)

O. Cut out and test pattern
Part (Lesson) VIII Using trusses in Roof Construction

A. Students read module text regarding truss design, setting trusses in place, and special precautions to be taken with trusses.. Teacher asks probing questions to determine understanding of textual reading.

B. Metal Set for Part (Lesson) 8 – What is the new construction material and methods that are coming into the forefront in your lifetime?

C. Truss Construction

1. Faster installation

2. More economical

3. Reduced need for bearing wall in building design

4. Restricted attic area

5. No on-site modifications

D. Truss terms

1. Heel

2. Top Cord

3. Bottom Cord

4. Splice

5. Peak

6. Tension Web

7. Compression web

8. Nail plate

9. Gusset

E. Types of trusses

1. Basic Types

2. Fink

3. Scissors

4. Kingpost

5. Others Types

F. Truss Installation

1. Trusses are designed using mathematical formulas

2. The formulas take many things into account

3. The weight of the internal parts and how much load they can support

4. The likely dead and live load that the truss will withstand

5. Where tension and compression forces will be acting upon the truss structure

6. The equipment that the truss structure will have to accommodate.

7. Refer to truss framing Plan

8. Refer to Manufacturers warranty instructions for installation and bracing

G. Make repairs to damaged trusses

1. Best made while on the ground

2. Only after consulting manufacturer’s engineer

3. Never make alterations without consulting engineers

4. Do not bore holes or cut notches without specific go-ahead from manufacturer

H. Small trusses

1. Hang in interior or sit over partitions

2. Tipped up into place by hand

I. Large trusses set in place by crane.

J. Process for simple gable roof with straight peak area and no adjoining roofs or structures .

1. Establish 3 positions and attach vertical gable truss support 2 X 4’s to the lower structure where trusses can be tipped into place and not slide off the building during the initial erection process.

2. Set and brace the gable end trusses

3. Trusses should be plumbed

4. Temporary braces should run from sides of top cords to the ground and stabbed in place if building height permits this

5. A string is tightly stretched between both truss peaks

6. Interior trusses are tipped up into place and positioned on lay out marks on the parallel double plates.

7. Braces are applied to the top cords as indicated by the manufacturer

a Must be followed to prevent sudden collapse of trusses

b Must be followed to prevent collapse initiated by strong wind.

K. A space large enough to allow the last 4 or 5 trusses to be tipped upright is left for that purpose.

L. Last trusses are tipped and slid up next to the already positioned trusses.

M. After last truss is tipped upright, all are slid to their positions and the bracing completed.

N. Bracing of Roof Trusses

O. Temporary

1. Braces are applied to the top cords as indicated by the manufacturer

2. Instructions must be followed to prevent sudden collapse of trusses

3. Must be followed to prevent collapse initiated by strong wind.

4. Removed as sheathing application is progressing up roof.

P. Permanent

1. Continuous Lateral bracing on web (roof interior)

2. Diagonal bracing every 20’ approx. (roof interior)

Part (Lesson) IX. Determining Quantities of Materials

A. Students read module text regarding roof material estimating. Teacher asks probing questions to determine understanding of textual reading.

B. Metal Set for Part (Lesson) 9 – How much material does it take to build a roof?
C. Determine Materials Needed for a Gable Roof

1. Rafters

a Width as determined by plan or building code

b Compute rafter length requirements from slope and span information on plans

c Determine rafter spacing (usually 16” O.C.)

1. Let L = length of the structure.
2. For 16” O.C., use formula 2((L *.75) +1 (round up to whole number)) for # needed

3. Change (.75) to(.5) for 24” O.C.

4. Drop (.75) if spacing is 12” O.C. (snow load roofs)

2. Trusses

a For 16” O.C., use formula 2((L *.75) +1 (round up to whole number)) for # needed

b If installing at 24” O.C. use (L * .5)+ 1 round up to whole unit

3. Calculate sheathing by 2((L + 2(gable overhang length))*(Rafter length + R. Tail length))/32 round up to whole sheet.

4. For trusses substitute top cord length for Rafter length + R. Tail length in sheathing formula)

5. Sheathing surface area figures should be used for roofing material calculations

Part (Lesson) X. Dormers; Plank-and-Beam Framing

A. Students read module text regarding other framing methods and special roof projections.

B. Metal Set for Part (Lesson) 10 – Are dormers worth the cost? Teacher asks probing questions to determine understanding of textual reading.

C. Dormers

1. Purpose

2. Housing style associated with Dormer

3. Main types of dormers

a Shed

b Gable Dormer “dog house”

D. Plank-and-Beam Framing (AKA Post and Beam)

1. Provides architectural drama

2. Associated with larger public or well appointed buildings

3. Frame members

4. Very sturdy – massive compared to conventional framing

5. Components spaced further apart (48” vs 16”)

E. Roof Framing

F. Beams 

1. Left exposed in interior can be stained

2. May be made of Glulam, LVL, and PSL

3. Planking 

4. Nominal 2” thickness

5. Support beams up to 8’ apart

6. Topside is roof surface that roofing materials are applied to

7. Underside substitutes for installed ceiling _ can be stained, etc.

8. Wall openings positioned in framing built between posts

G. Mixed conventional and Post & Beam styles

1. Usually require built in posts to support beams

2. Require Headers between posts to support conventional roofs

Mental set for Part (Lesson) 11 What preparation is necessary to pass the test for this unit?

A. Module Review – Students work through questions at the end of the chapter in section entitled Review Questions. Students work through the chapter test review materials review sheet for Module 27107-06 provided in the instructor’s packet. Instructor uses the PowerPoint Unit Test Review for Module 27107-06 which corresponds to the review sheet the students are issued.

B.  Metal Roof Framing

C. Used with metal structured buildings

D. Roof trusses have similar appearance to wood ones

E. May use an open web joist known as a bar joist.

F. Review

G. Module Examination for Module 27204-07 (Roof Framing).

Part (Lesson) XII. The Great Roof Debate
A. Mental set for Part (Lesson) 12 What are the advantages and disadvantages of using roof rafters as opposed to roof trusses? What are the advantages and disadvantages of using a framing nail gun as apposed to a hammer and nails? What are the advantages and disadvantages of using OSB as opposed to plywood to sheath a roof 

B. Student groups make 10 minute debate presentations
1. One group gives the positives of its choice and the negatives of the opposing group’s stance.

2. Class votes upon the winner of the argument (not their personal preference of tools or materials).

Part (Lesson) XIII. Laboratory

A. Mental set for Part (Lesson) 13 – What physical and mental skills are used by a qualified person to install build a roof or install roof trusses?

B. Students review text passages form the module regarding rafter layout and positioning
C. Students review job sheets 27107-6 #’s 1 - 6 these sheets provide a evaluation scale framework and procedural guideline.
D. When appropriate students review provided drawing of simple roof and roof trusses for the multi-module work station if used (see module 27204-07 instructor packet) One or several of the students may have an opportunity to participate in the construction of a residence. Adjust the lab accordingly.

E. Students install trusses.

F. Students layout rafter for given roof requirements

G. Students cut roof rafters as needed.

H. Students install roof rafters

I. Students frame opening

J. Students sheath roof

K. Students perform estimation calculations for framing and sheathing a roof.
L. One or several of the students may have an opportunity to participate in the construction of a residence. Adjust the lab accordingly.

M. 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: 
1) Installing roof trusses
2) Installing Roof Rafters 
3) Framing a Roof Opening 
4) Sheathing a roof
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
Students consult the manufacturer’s instructions and/or the course’s text book along with the accompanying job sheets. From these they can determine the processes and sequencing to follow to install trusses. Students review job sheets 27107-6 #’s 1-6 as well as the roof plans provided in the instructional pack that accompanied this lesson plan. 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: 
See the optional multi-module workstation (if applicable) for a description of locations to install rafters or trusses Module 27204-07
Unit Resources 
Web Resources:

http://www.extremehowto.com/xh/article.asp?article_id=60517  http://www.hgtvpro.com/hpro/pac_ctnt/text/0,2595,HPRO_20196_55073,00.html?c=486&videoid=66959
http://www.msinspector.com/files/Section08-Roof.pdf
http://www.awc.org.
http://www.cedarbureau.org.
http://www.wwpa.com.
http://www.i-joist.org.
Attachment(s): 

Please consult the instructor’s packet for this unit.

Materials & Equipment: 
National Center for Construction Education and Research. Module 27107-06 obtained as a stand alone unit or found in Carpentry Framing and Finishing Level One. New Jersey: Pearson / Prentice Hall, 2007. International Residential Code for One-and Two-Family Dwellings, Illinois: International Code Council, 2006 Consult the beginning of the module in the instructor’s manual for other resources.

Transparencies
2 X 4 lumber for braces and stakes

Markers/chalk
Sample blueprints

Blank acetate sheets
Chalkline

Transparency pens
String line

Pencils and scratch paper
Steel tape with markings at 16” OC

Overhead projector and screen
Framing hammer

LCD Projector or access to a computer lab
Claw hammer

Whiteboard/chalkboard
Spreader for lifting trusses (if applicable)

Appropriate personal protective equipment
Crane for lifting trusses (if applicable)

Scientific calculator
Rafter framing square

8d common nails
Sawhorses

3d box nails
Speed square and booklet

16d box nails
Circular saw

16d common nails
Extension cord

Roof framing plan
Handsaw

2 X 4 or 2 X 6 framing lumber for rafters and
4’ level

Ridgeboards
6’ stepladders

Joist and header material for roof opening
Plumb bob and line

CDX plywood or other sheathing material
Copies of Job Sheets 1 through 6*

Nails for sheathing
Module Examinations**

H Clips
Performance Profile Sheets**

Roof Trusses
Multi-Module Workstation (if applicable)

1 X 6 lumber or plywood for catwalk


What 21st Century Technology was used in this unit:
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