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PATHWAY:  
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COURSE:  

Plumbing II
UNIT 1.2: 

Installing Drain, Waste, and Vent System Basics
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Introduction
Annotation: 
This unit is a classroom session in which the students will learn about converting decimals and fractions, the metric system and its conversions, and squaring numbers and obtaining square roots.  Students will also learn how to apply these math skills to installing drain, waste, and vent systems.
Grade(s): 
	X
	9th

	X
	10th

	X
	11th

	X
	12th


Time:  
25 hours

Author:   Kevin Ward


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-P2-1. Students will demonstrate knowledge of how to install drain, waste, 
and vent systems. 
a. Install plastic, steel, iron, and copper pipes and fittings used in DWV. 

GPS Academic Standards:
MC1G1. Students will investigate properties of geometric figures in the coordinate plane. 
MC1P1. Students will solve problems (using appropriate technology). 
MC1P3. Students will communicate mathematically. 
MC1P4. Students will make connections among mathematical ideas and to other disciplines. 
MC2A2. Students will solve simple equations. 
SCSh5. Students will demonstrate the computation and estimation skills necessary for analyzing data and developing reasonable scientific explanations. 
SSCG18. The student will demonstrate knowledge of the powers of Georgia’s state and local governments. 
SSCG15. The student will explain the functions of the departments and agencies of the federal bureaucracy.

National / Local Standards / Industry / ISTE:


Understandings & Goals

Enduring Understandings: 
· 
Students will understand the important role that math concepts (conversions and square roots) have in the fitting of pipes used in DWV.

Essential Questions: 

· What steps are involved in installing drain, waste, and vent systems?
· In plumbing, for what are conversions useful?

· What are the seven methods for measuring a pipe?

Knowledge from this Unit:  
· Convert decimals to percentages and percentages to decimals.

· Explain what the metric system is and how it is important to the plumbing trade.

· Convert various metric system measurements to English and English system measurements to metric.

· Square various numbers and take square roots of numbers with and without a calculator.

Skills from this Unit:  
· Student will be able to install plastic, steel iron and copper pipe fittings



Assessment(s)
Assessment Method Type: 
	
	Pre-test

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

	
	__ Quizzes/Tests

__ 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

__ 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

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	
	Post-test


Assessment(s) Title:

Assessment(s) Description/Directions:
Attachments for Assessment(s): 
Learning Experiences
Sequence of Instruction

1. Identify the Standards. Standards should be posted in the classroom for each lesson.
ACT-P2-1. Students will demonstrate knowledge of how to install drain, waste, 
and vent systems. 
a. Install plastic, steel, iron, and copper pipes and fittings used in DWV. 

2. Review Essential Questions.
· What steps are involved in installing drain, waste, and vent systems?

· In plumbing, for what are conversions useful?

· What are the seven methods for measuring a pipe?

3. Identify and review the unit vocabulary. 
4. Assessment Activity.
5. Demonstrate how to convert decimals to percentages and percentages to decimals.

6. Provide students with example decimal and percentage values and have them convert them back and forth.

7. Demonstrate how to convert fractions to decimals and decimals to fractions.

8. Provide students with example decimal and fraction and have them convert them back and forth.

9. Demonstrate how to convert inches to their decimal equivalent in feet.

10. Provide students with example dimensions in inches and have them convert the numbers into decimal equivalents in feet.

11. Have students complete Practice Exercise 2.4.5.  Provide a review, correct answers, and remediation.

12. Explain how the metric system uses a base-ten method of determining various measurements.

13. Demonstrate how to convert from one unit to another within the metric system.

14. Demonstrate how to use a decimal scale to convert within the metric system.

15. Present students with various metric system values and ask them to convert to other metric system values using the scale in Figure 1.

16. Explain that plumbers must often convert values in the metric system to values in the English system and vice versa.

17. Demonstrate how a conversion table can make the conversion process easier.

18. Provide students with example values in both the English and metric system and have them convert to the other using the various multipliers in Table 3.  Note Table 3 is in two parts in slides 11 and 12.

19. Have students complete Practice Exercise 2.5.3.  Provide a review, correct answers, and remediation.

20. Describe and demonstrate how to square a number.

21. Describe and demonstrate how to find the square root of a number.

22. Demonstrate how to use a calculator to find the square root of a number.

23. Provide students with various numbers.  Have them square the numbers and find the square root of the numbers using a calculator.

24. Have students complete Practice Exercise 2.6.1.  Provide a review, correct answers, and remediation.

25. Explain the importance of correctly measuring pipe.

26. Describe the basic parts of a fitting used when measuring pipe.

27. Have various fitting available to pass around to students.

28. Describe and demonstrate the various methods of measuring pipe lengths.

29. State that the methods can be shown pictorially and schematically.  
30. Explain what the terms thread makeup and fitting allowance (takeoff) mean. 

31. Show how manufacturer’s tables can be used to determine fitting allowances.

32. Describe and demonstrate the steps for measuring pipe using the center-to-center method.

33. Provide students with example figures and have them calculate pipe length using the center-to-center method.

34. Describe and demonstrate the steps for measuring pipe using the end-to-center method.

35. Provide students with example figures and have them calculate pipe length using the end-to-center method.

36. Describe and demonstrate the steps for measuring pipe using the face-to-face method.

37. Provide students with example figures and have them calculate pipe length using the face-to-face method.

38. Review the general principals of pipe measurement.

39. Describe and demonstrate how to cut plastic pipe. 

40. Demonstrate how to ream a freshly cut plastic pipe.

41. Have a reamer available to pass around the class

42. Describe and demonstrate how to cut PVC and ABS pipe with cutting tools designed specifically to cut plastic pipe. 

43. Allow students to practice cutting pipe using specialized cutting tools.

44. Describe and demonstrate how to cut PVC and ABS pipe using a handsaw and miter box.  

45. Allow the students to practice cutting PVC and ABS pipe using a handsaw and miter box.  

46. Describe how water supply and DWV fittings are joined using fittings that have gaskets or O-rings to provide a seal.

47. Describe the use of transition fittings when joining dissimilar pipes.

48. Describe how fusion fittings are used to fusion-weld plastic pipes.

49. Describe the solvent welding process used to join ABS, PVC, and CPVC plastic pipe and fittings.

50. Describe and demonstrate in detail, the steps required to join CPVC or PVC pipe using the solvent welding process.

51. Allow students to practice the joining procedure.  Ensure that appropriate personal protective equipment is worn by all participants.

52. Describe and demonstrate in detail, the steps required to join PVC bell-and-spigot pipe.

53. Allow students to practice the joining procedure.  Ensure that appropriate personal protective equipment is worn by all participants.

54. Allow students to practice the joining procedure.  Ensure that appropriate personal protective equipment is worn by all participants.

55. Describe and demonstrate in detail, the steps required to join PEX tubing using a crimp-ring system.

56. Describe and demonstrate in detail, the steps required to join PE tubing.

57. Allow students to practice the joining procedure.  Ensure that appropriate personal protective equipment is worn by all participants.

58. Explain the reasons why plastic piping must be properly supported.

59. Describe the various methods of supporting plastic pipes with hangers.

60. Have samples of pipe hangers available to pass around the class.

61. Explain that a variety of supports are also available to attach and support plastic pipes.

62. Discuss the types of supports used to attach pipe to metal structures.

63. Have samples of these supports available to pass around the class.

64. Discuss the types of supports used to provide support for horizontal pipe runs.

65. Have samples of these supports available to pass around the class.

66. Discuss the types of supports used to provide support for vertical pipe runs.

67. Have samples of these supports available to pass around the class.

68. Describe the reasons for pressure testing pipes and explain how it is done.

69. Explain that in some cases testing is done by simply sealing the system and applying municipal water pressure. In other cases, specs will require higher pressure, which is obtained by using a hydrostatic pump. 

70. Explain that there are a variety of ways available to measure, cut, bend, join, and groove copper piping.

71. Review the seven methods for measuring pipe.

72. Explain why a hand-held tubing cutter is a good choice for cutting copper tubing.

73. Have a hand-held tubing cutter available to pass around the class.

74. Explain the purpose of an internal tube cutter.

75. Have an internal tube cutter available to pass around the class.

76. Describe and demonstrate how to cut tubing with a hand-held tubing cutter.

77. Allow students to practice cutting scraps of tubing using a hand-held tubing cutter.

78. Describe and demonstrate how to bend soft copper tubing with a tube-bending spring.

79. Describe and demonstrate how to bend soft copper tubing with manual tube benders.

80. Allow students to practice bending scraps of tubing.

81. Describe the three methods used to join copper tubing.

82. Describe the soldering process and show the tools and materials needed to make a soldered joint.

83. Have samples of the various tools and materials used to make a solder joint available to pass around the class.

84. Describe and demonstrate how to solder copper tubing to a fitting.

85. Under your supervision, allow students to solder copper tubing to a fitting. Set up a test station to test the fittings under water pressure.

86. Ensure that all students are wearing the appropriate personal protective equipment.

87. Describe and demonstrate how to join copper tubing with a compression fitting.

88. Under your supervision, allow students to join copper tubing with a compression fitting. 

89. Show the students how a flaring tool is used.

90. Describe a flare fitting and show the students a finished flair fitting.

91. Explain the difference between single-thickness and double-thickness flare fittings.

92. Demonstrate how to make a flare connection.

93. Under your supervision, allow students to join copper tubing with a flare connection. 

94. Describe the ways that copper pipe can be grooved.

95. Explain why pipes must be properly supported.

96. Describe the factors that determine what type of hanger or support to use.  

97. Describe the basic components of hangers and supports.  

98. Discuss the types of supports used to attach pipe to structural members such as girders.

99. Have a variety of these supports available to pass around the class.

100. Discuss the types of supports used to suspend pipe..

101. Have a variety of these supports available to pass around the class.

102. Discuss the applications for pipe hangers.

103. Have a variety of these supports available to pass around the class.

104. Explain why pipe hangers must sometimes contain vibration isolators.

105. Have a sample of a vibration isolator available to pass around the class.

106. Describe conditions under which a vertical hanger would be used.  

107. Have a sample of a vertical hanger available to pass around the class.

108. Describe conditions under which universal pipe clamps and channels would be used. 

109. Have samples of these devices available to pass around the class.

110. Explain the relationship of connectors and structural attachments.  The connector section of the hanger links the pipe attachment to the structural attachment.

111. Describe common rod attachment connectors.  Have samples available to pass around the class.

112. Describe the various types of structural attachments and where they are typically used.  

113. Have samples of structural attachments available to pass around the class.

114. Explain how to select the proper fastener for a given application.

115. Explain why it is often necessary to insulate copper pipes.

116. Describe and demonstrate how to apply insulation to copper pipes.

117. Have samples of pipe insulation available to pass around the class.

118. Have students practice applying insulation to pipes.

119. Explain the reasons for pressure testing copper piping systems.

120. Describe how pressure testing is done.

121. Have a hydraulic pump used for pressure testing available for students to inspect.

122. Explain that measurement is critical when cutting pipe to make a lead and oakum joint.

123. Explain that the insertion length of a pipe into a fitting must be taken into account when measuring pipe for cutting.

124. Explain the importance of knowing how to locate the center of a fitting.  Describe and demonstrate how it is done.

125. Describe and demonstrate how to determine the length of pipe that goes between two fittings.  Use slides 19 & 20 (Figures 16 & 17).

126. Provide students with example measurements and have them determine the cutting length.

127. Describe and demonstrate how to use a folding rule to find the length of pipe to be cut.

128. Allow students to practice this procedure.

129. Describe and demonstrate how to cut cast-iron pipe with a soil pipe cutter.

130. Allow students to practice cutting pipe with this tool.

131. Describe and demonstrate how to measure no-hub pipe for cutting.

132. Allow students to practice this procedure.

133. Explain that hub-and-spigot pipe can be joined by two methods:  the compression joint and the lead and oakum joint.

134. Describe and demonstrate the steps for creating a compression joint.  See paragraph 4.3.1.

135. Allow students to create a compression joint.

136. Describe how a lead-and-oakum joint is made.

137. Describe and demonstrate how a running rope and a spring clamp are used to hold molten lead in place to create a horizontal joint. 

138. Allow students to use a running rope and spring clamp to prepare a joint for the pouring of lead.  Note:  DO NOT pour lead at this point in the lesson.

139. Discuss the furnace used for melting lead 

140. Review the safety precautions for working around molten lead.

141. Ask students to describe the personal protective gear that would be appropriate for use when pouring molten lead.

142. Describe and demonstrate how to use the various other hand tools that are required to make a lead and oakum joint.  See Slides 30 thru 36 (Figures 27 thru 33).

143. Have samples of the tools available to pass around the class.

144. Describe and demonstrate how to make a vertical lead and oakum caulked joint.

145. Under your supervision, allow students to practice this procedure.  Ensure that all parties involved are wearing the appropriate personal protective equipment.

146. Describe and demonstrate how to make a horizontal lead and oakum caulked joint.

147. Under your supervision, allow students to practice this procedure.  Ensure that all parties involved are wearing the appropriate personal protective equipment.

148. Describe and demonstrate how couplings are used to join no-hub pipe.

149. Have samples of couplings available to pass around the class.

150. Demonstrate how to use the special torque wrench to tighten clamps on no-hub pipe.

151. Allow students to tighten couplings on no-hub pipe using a torque wrench.

152. Explain why cast-iron pipe must be properly supported.

153. Describe the factors affecting the selection of hangers and supports.

154. Have samples of various horizontal pipe hangers available to pass around the class.

155. Describe code requirements governing the spacing of hangers.

156. Explain why sway bracing is often required with cast-iron piping.

157. Describe the use of a pipe trapeze to support pipes.

158. Describe how pipe supports can be made from pre-punched channel.

159. Describe the slope requirements that will allow wastes in DWV piping to drain properly.

160. Point out that the pipe slope should not exceed ¼” per foot because liquids and solids could separate, causing a clogged drain.

161. Describe the various devices used to attach hangers to metal beams.  Have samples of each type available to pass around the class.

162. Describe how riser clamps support vertical pipe runs.

163. Have a riser clamp available to pass around the class.

164. Explain that fasteners used to attach pipe supports to the structure must be strong to support the weight of cast-iron piping.

165. Explain that a rotary hammer drill may be required to place fasteners in concrete or masonry.

166. Have a rotary hammer drill available for students to inspect.

167. Describe the various anchors used to attach hangers and supports to concrete or masonry.  

168. Have samples of these anchors available to pass around the class.

169. Describe how powder-actuated tools can be used to attach hangers or supports.

170. Emphasize the need to be certified in the use of the tool.

171. Have students research and report on the safety issues associated with the use of this tool.

172. Describe the various methods for testing cast-iron piping installations including hydrostatic testing, air pressure testing, the smoke test, and the peppermint test.

173. Explain that special methods are used to cut and thread carbon steel pipe.

174. Explain why thread engagement must be accounted for when measuring pipe prior to cutting it.

175. Describe and demonstrate the various ways that threaded pipe can be measured.

176. Describe and demonstrate how to cut carbon steel pipe with a pipe cutter.

177. Allow students to practice cutting carbon steel pipe with a pipe cutter.

178. Describe and demonstrate how to ream carbon steel pipe with a pipe reamer.

179. Allow students to practice reaming carbon steel pipe with a pipe reamer.

180. Describe and demonstrate how to select and install dies and how to thread carbon steel pipe with a hand pipe threader.

181. Allow students to practice threading carbon steel pipe with a hand pipe threader.

182. Describe and demonstrate how to thread carbon steel pipe with a power drive threader.

183. Review the safety precautions associated wit use of a powered pipe threader.

184. Allow students to practice threading carbon steel pipe with a power drive threader.

185. Describe how to cut, ream, and thread pipe with a power threading machine.  Explain that this machine is normally used when large quantities of pipe must be threaded.

186. Emphasize the importance of using cutting oil during cutting and threading operations. 

187. Describe and demonstrate how to hold pipe during threading with a yoke vise 

188. Allow students to practice using the vise when threading pipe.

189. Describe and demonstrate how to hold pipe during threading with a chain vise 

190. Allow students to practice using the vise when threading pipe.

191. Describe and demonstrate how to use the various pipe wrenches.  Describe the advantages of each type of wrench and where each one is typically used (Slides 29 thru 34, Figures 24 thru 29)

192. Allow students to practice using the various wrenches.

193. Describe and demonstrate how to cut threads using a hand die and stock.

194. Allow students to practice cutting threads using a hand die and stock.

195. Describe and demonstrate how to cut threads using a power-threading machine.

196. Allow students to practice cutting, reaming, and threading pipe with a power threading machine under your direct supervision.

197. Describe and demonstrate the steps for joining threaded pipe.

198. Show how to properly apply pipe joining compound and tape.

199. Allow students to practice joining threaded pipe.

200. Describe the pipe grooving process and explain the differences between roll grooving and cut grooving. 

201. Describe the method used to join grooved pipe. 

202. If equipment is available, demonstrate how to join grooved pipe and allow students to practice joining grooved pipe.

203. Explain why carbon steel pipes must be properly supported.

204. Describe the factors affecting the selection of hangers and supports.

205. Have samples of various horizontal pipe hangers available to pass around the class.

206. Describe some of the pipe supports used with wood frames.

207. Have samples available to pass around the class.

208. Describe the use of riser clamps to support vertical pipes.

209. Have a riser clamp available to pass around the class.

210. Describe the use of universal pipe clamps (Slide 44, Figure 39) and pipe channels (Slides 45 & 46, two-part Figure 40) to support pipes.

211. Have examples of this equipment available to pass around the class.

212. Describe the purpose of connectors and show how they are used with threaded rods.

213. Have connectors and threaded rods available to pass around the class.

214. Describe the types of anchors used to secure pipe supports to concrete and brick walls.

215. Have examples of anchors available to pass around the class.

216. Describe how clamps are used to secure pipe supports to structural members such as girders and beams.

217. Have examples of these clamps available to pass around the class.

218. Describe the use of riser clamps to support vertical pipes in wood frame structures.

Attachments for Learning Experiences: 
Notes & Reflections: 
Additional Resources

· www.pipefitter.com (Pipefitter.com) A variety of books dealing with plumbing math.

· Contren Connect Level 1Plumbng Annotated Instructors Guide (available from the NCCER)


Culminating Performance Task 
Culminating Unit Performance Task Title:  
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
 
Attachments for Culminating Performance Task: 
Unit Resources 
Web Resources:
Attachment(s): 
Materials & Equipment: 
What 21st Century Technology was used in this unit:
Top of Form

	
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	
	Website
	
	


Bottom of Form

[image: image1.jpg]



Architecture, Construction, Communications and Transportation











Georgia CTAE Resource Network Unit Plan Resource
 
Unit 1.2 Installing Waste, Drain, and Vent • Page 1 of 13

