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Week  13

Chapter 29: Plumbing Systems

The textbook for this course is: Modern Carpentry, Essential Skills for the Building Trades. By Willis H. Wagner and Howard Bud Smith, Published by the Goodheart-Willcox Company Inc., Tinley Park, Illinois (2008) ISBN 978-1-59070-648-0
The second half of this textbook will be covered in this course with the first half of the textbook covered in Construction Technology I.  

Please Read Chapter 29 from pages 843-870 in Modern Carpentry, Essential Skills for Building Trades by Willis H. Wagner and Howard Bud Smith.

Introduction

This chapter on plumbing is very basic and will definitely not qualify you to plumb your own home; however, some of the Procedure and Working Knowledge boxes do provide useful information for home repairs.  Plumbing as an occupation is a broad field of specialties.  Be sure to read the On the Job section at the end of the chapter.  The illustrations are helpful as well.  We will cover terms and tools related to plumbing and just skim the surface of plumbing installations.

Plumbing includes all the water supply and the disposal of wastewater.  See Figure 29-1.  To install rough plumbing, the plumber must cut holes and notches in framing members.  There should be a collaboration between the contractor/builder and the plumber to plan, schedule, and manage plumbing installations while the house is being roughed in and later near completion, to install the fixtures like faucets, tubs, sinks, toilets, laundry hook ups, and outdoor water systems.  Care must be taken to insure the holes and notches cut in framing are smooth, neat, and do not weaken the joists and studs.  Metal strapping should be used to reinforce the notched framing, especially where it may be necessary to partially remove a joist.  If that is the case, a header should be installed to reinforce the floor.  See Figure 29-2.

29.1 Plumbing Codes

Plumbing installation is regulated by building codes and licensing for plumbers.  There are reasons for complying with the codes:

· An improperly installed system will not pass inspection and may be very costly to tear out and redo.
· A poorly designed system will not perform well and the homeowner may insist on changes
· A poorly designed system could also be unhealthy because it could allow wastewater or poor quality water to contaminate the drinking water.  This is especially when wells and septic systems are used rather than municipal water and sewer lines.

Plumbing regulations are covered by several agencies.  See the names on page 846.  States may adopt codes other than the International Building Code are well.  Again, names of some of these agencies are listed on page 846.  Finally, local governments may decide on the adoption of codes for their own area and for their own enforcement.  It is important to know the codes in the area you are working.

Plumbers need a variety of skills and use many different tools.  Woodworking, metalworking, pipe threading, welding, soldering, brazing, and caulking are all skills a plumber needs as well as the ability to read and understand plans and to make accurate measurements and calculations.

Math Box

Plumbers must compute the length of pipe offsets.  Geometry class taught us that the square of a hypotenuse of a right triangle is equal to the sum of the squares of the other two sides.  This formula can be useful in determining the length of pipe needed.  Here is an example:

Two pipes are to be joined.  Pipe A and Pipe B are 10 inches apart with Pipe B also 12 inches above Pipe A.   Here is a graphic representation:
					Pipe B_____________
				            /	|
				          /	|
				        /	|
	           Hypotenuse→	      /	|
			                   /        |
			                 /	|
				/	|
		                          /		| 12”
		                       /		|
			      /  		|
	    Pipe A                  /10” Gap        	|

H2 = 102 + 122
H2 = 244
The square root of the hypotenuse is 15.62 (use a calculator). 
 The length of pipe needed to connect Pipes A and B is 15.62 inches.
				
Safety is also a concern in plumbing work.  Be sure to read the Safety Note boxes on pages 844 and 845 and study Figures 29-3 and 29-4.  Plumbers saw, drill, weld, solder, use laser tools,  operate power tools, and use compressed air and welding gases.  OSHA requires protective gear and eyewear for many of these tasks.  Construction debris and soldering or welding are a dangerous combination.  Solvents are also used in plumbing.  Rings should not be worn and hard hats should be worn.  Clothing fabric can be flammable.  Steel toed shoes are valuable protection against a dropped pipe.  Fire extinguishers should be close by and the proper type for the job. See Figures 29-3and 29-4 for more information on fire extinguishers and classifications.

29.2 Two Separate Systems

Plumbing includes two subsystems:

· Water supply systems distribute water under pressure throughout the house for drinking, cooking, bathing, laundry, and outdoor faucets and sprinkling systems.  One pipe carries hot water and one carries cold water.
· Drainage piping is commonly referred to as drainage, waste, and venting (DWV).  This system carries away both wastewater and solid waste and is not under pressure.

Both systems must be watertight to prevent leaks.  However, the supply system is under pressure so the smallest leak will create problems.  The DWV system must be vented to permit air to circulate in the pipes.  This prevents backpressure and siphoning of water from trap and to prevent the introduction of wastewater into the potable water supply.

29.3 Tools

A plumber uses many of the same tools as carpenters and electricians.  The trademark tool of the plumbing trade, however, is the wrench.  Figures 29-5 through 29-8 are photos and descriptions of some of the plumber’s tools.  Power tools can also be used to perform many of the plumber’s tasks.  If you are unfamiliar with plumbing tools, be sure to study this section carefully to gain a basic understanding.

29.4 Plumbing Supplies

Plumbing supplies include:

· Pipe and tubing for supply lines
· Large-diameter pipe for draining wastewater
· Valves and faucets for controlling water
· Washers and O-rings for both supply and DWV systems
· Tape, compounds, and putties to help seal and prevent leaks

29.4.1 Pipe

Code usually determines what type of pipes and fittings are used.  Supply system pipe may be made of copper, galvanized steel, or plastic.  DWV pipe may be malleable iron, cast iron, galvanized steel, or plastic.  Many do-it-yourselfers like to use plastic pipe because it is easy to cut, there is no welding or soldering, and it is glued together.

29.4.2 Copper Tubing

Copper tubing is available as rigid, straight lengths or in flexible coils.  See Figure 29-9.  It is sold in different diameters and weights.  Only three weights—Types K, L, and M are typically used for supply lines.  Copper tubing is cut with a pipe cutter or hacksaw.  The flexible tubing is often joined using compression fittings that slide over the tubing.  An alternative method is sweat soldering with only lead-free solder approved.  

29.4.3 Plastic Pipe

Plastic pipe is used for both supply and DWV systems and is available in lengths that can be cut with a handsaw or tubing cutters.  It is joined using special fittings and a special adhesive.  There are several different types.

For supply lines:

· CPVC is rigid, light, easy to handle, and resists cracking when frozen.  Fitting are connected by threading or solvent welding.  It is suitable for hot water piping.
· PB is flexible for easy installation.  Connections are made mechanically with compression fittings
· PEX is flexible and can be used for both hot and cold water.  Connections are made with crimped connectors.  A centralized manifold is usually installed to distribute the water.

For DVW lines:

· ABS resists chemical attack and is inexpensive.  It is joined with a one-step solvent.
· PVC has lower thermal expansion that makes long runs easier to control.  It is joined with a two-step primer/solvent and suitable fittings.  See Figure 29-10.
· PP is used for sink traps and other short connections.

29.4.4 Cast Iron

Cast iron is not used as much now as it was in the past.  Pipe and fittings are both cast from gray iron.  It is strong and corrosion resistant due to the formation of graphite flakes during the casting process.  It will not leak or absorb water and it is a quiet drainage system.  SV is used above-grade and XH below-grade.  Joining depends on the type of pipe.  See Figure 29.11.

There are two sealing methods in hub and spigot soil pipe.  In the first, molten lead is poured in the hub after it has been sealed with oakum (a rope-like material made from tar-soaked fibers.  The solidified lead is tamped to form a seal against the bell.  In the second method, the joint formed by a hub and spigot is sealed with a neoprene gasket and the joints are also sealed with neoprene held in place by a stainless steel clamp.  See Figure 29-12.

29.4.5 Steel Pipe

Plumbing pipe is often steel that is galvanized with a coating of zinc to retard rust.  A standard length is 21’ and diameters range from 1/8” to 2 ½’.  The ends have tapered threads so the joint will seal.  Fittings are malleable iron to make them resistant to stress.  A putty-like compound or Teflon tape is applied to the threads before assembly

29.4.6 Valves

Valves control the flow of water in supply lines.  See Figure 29-13. They are installed in lines to shut off or restrict water flow.  Gate valves have a flat disk that slides up and down perpendicular to the supply pipe.  It is either fully open or fully closed.  Compression valves can stop or restrict the water flow.  They use a tapered plug or washer that can be fully seated or opened by different amounts.  Two types of compressions valves are shown in Figure 29-14.  Valves are made from a variety of materials: bronze, brass, malleable iron, cast iron, thermoset plastic, and thermoplastic.  Threads may be on either the inside or outside.  Some have sweat connections.

29.4.7 Faucets

Faucets are compression or washerless valves that permit controlled flow of water.  They may deliver the water to a sink, shower, tub, washer, hose, or bucket.  See Figure 29-15.

29.5 Fixtures

Fixtures are water using devices such as sinks, tubs, stools, showers, etc.  They receive water from the supply system and have a means for delivering wastewater to the DWV system.  Appliances are also connected to both the supply and DWV systems such as washers, dishwashers, icemakers, etc.

29.6 Sealing Plumbing Systems

Figure 29-16 identifies sealant materials used in plumbing to prevent leaks.  Slip-joint washers seal P-trap connections. O-rings are used on faucets.  Teflon tape and pipe compound are used to seal threaded connections between pipe and other parts.  Plumber’s putty is used to produce a seal on sink rims, strainers, faucets, and toilet bowls.

29.7 Reading Prints

Plumbers used standardized symbols to save time.  See Figures 29-17 and 29-18.  If the architectural drawings do not include pipe drawings, the plumber will draw them up to guide installation.  There are three types of drawings or sketches that will be made: riser diagrams, plan view sketches, and isometric sketches.  See Figure 29-19.

29.8 Installing Plumbing

Plumbing installation is usually done by a subcontractor as soon as the building is closed in.  Measurements are made to determine exact location of pipes and fixtures.  The textbook goes into detail on taking these measurements.  In addition to the length of the pipe, extra must be allowed of fitting one end into another.  Pipes are cut and reamed to take off interior ridges or ragged edges.  Plumbing is concealed within the framing with the exception of pipes run overhead in a basement.  If the basement will be finished, the pipes are run through the joists to allow for installation of a ceiling.  The used of engineered lumber has made it easier to run plumbing, wires, and mechanical systems in concealed spaces because of the open spaces of the truss braces.  See Figure 29-20.

If bathroom fixtures like tubs and showers are too large to come through a doorway, they will be placed prior to construction of studs.  Figure 29-21.  I drove by an old house that was being renovated on day and saw two DIYs who had cut a hole in the side of the house to bring in a tub surround.  They had cut the hole too small and the tub was stuck in the wall part way in and part way out of the house.

The first phase of plumbing is rough-in.  Runs are placed and pressure tested to insure they do not leak. Vent pipes are connected to a large riser or vent stack that extends through the roof.  It serves as exhaust for odors from the waste system and allows the system to take in air to avoid siphoning problems with traps.  The pipe ends that extend out from the walls and floors are called stub-ins.  These are locations where fixtures will be installed later.  See Figure 29-22.

29.8.1 Connecting Copper Pipe

The author says sweat soldering copper pipe is “relatively easy.”  I would disagree.  Most DIYs use plastic pipe because they do not have the tools or skills to sweat solder.  Read the Procedure Boxes throughout the rest of this chapter and observe the photos as well.  However, if you have never plumbed before, try to get someone with experience to help you at first. See Figure 29-23.

29.8.2 Bending and Unrolling Flexible Copper Tubing

When bending copper, be careful not to crimp it which may lead to a leak.  Slide a tubing spring over the section to be bent.  Then bend the spring and tubing just past the needed angle and then back to the correct angle.  See Figure 29-24.  Remove the spring by turning the flared end counterclockwise.  Care is also needed when unrolling a coil of flexible copper.  Page 860 of the textbook describes how to do this.  

Compression or flare fittings do not require soldering and work well if you have the right tools.  See Figure 29-25.

Green Box

Metals can be recycled.  Copper usually brings a good price at a salvage yard or recycling station.  Save pieces of copper and other metals to keep them out of landfills and make a few extra bucks when you salvage them.  My brother and sister and I used to sneak down the railroad tracks in back of our home when we were kids.  There was a mobile home manufacturer down there and they dumped out behind the plant.  We would take buckets and pick up scraps of copper wire, bring it home, pull off the plastic coating and roll the copper wire up.  We picked up lots of “good stuff” including appliance boxes that became summer forts.  People heard about our “salvage business” and brought us their old wire and scraps.  Once we were given an old meat market cooler that had copper fins.  Dad helped us cut them out.  We made a bunch of money that summer.  We were recycling when it wasn’t even the cool thing to do yet.  You can too.  Enlist your kids to help.  Turn them into little environmentalists.

29.8.3 Installing Rigid Plastic Supply Pipe

As previously mentioned, plastic pipe is a favorite of DIYs.  It is lightweight, low in cost (compared to metals), easy to cut, and easy to fit.  PVC is for cold water only.  CPVC is for both how and cold water.  It is sold in 10’ and 20’ lengths and ranges in diameter with ½”, ¾” and 1” the most common.  Fittings slide over the outside of the pipe and are secured with quick-curing solvent cement.  Plastic pipe for DWV installations are larger in diameter but work the same as plastic water supply piping.  Be sure to keep the solvent away from flames and provide good ventilation while working with it.  See Figures 29-26 and 29-27.  

29.8.4 Installing Galvanized Pipe

Although galvanized pipe is not as popular as copper and plastic, it does have one enduring quality.  If you make a mistake in joining, the threaded joints can be taken apart without destroying them.  See Figures 29-28 and 29-29.

29.9 Replacing Plumbing Parts

Like just about everything else in life, plumbing breaks down and wears out.  Repairs and replacements are inevitable.  Some repairs are relatively easy to do yourself.  Some require professional help.

29.9.1 Repairing or Replacing Faucets

Many old compression faucets are still in use today.  They have soft, rubber-like washers that are rotated against a brass seat to stop water flow.  A leaking faucet usually means replacing the washer and possibly its seat.  The newer washerless faucets use replaceable cartridges, discs, or other methods to control water flow.  They are fairly simple to repair, if you follow manufacturer’s directions.  

To replace a faucet, first turn off the water supply at a shut-off.  If the valve seat is built into the body of the valve and cannot be removed, use a valve seat dresser.  Or, maybe it is time for a nice, new faucet.  Only thing I will say about faucets is this:  Buy a good one.  There is a huge difference in quality in faucets and fixtures.  You don’t have to have the most extravagant art deco brand, but do invest in the quality of fixtures in your home.  See Figures 29-30, 29-31, and 29-32.

29.9.2 Fixing Sink Drain Problems

The textbook in this section reads sort of like the knee bone connected to the hip bone song.  If you are going to take a sink drain apart, take time to observe how it is put together as you take it apart.  Lay the pieces out in order, make a diagram, label, or whatever you need to do to remember how they came apart so you can put them back together the same way.  

Under the sink, you will find a P-trap connected to the tailpiece of the drainpipe.  It provides a seal to keep sewer gases from making you sick.  The trap hold some water to block the gas.  The trap is very prone to clogging and corrosion and leaks.  Again, observe the parts as you take it apart.  Be sure to have a bucket under the trap to catch the water and the other nasty stuff that will come out when you loosen it up.  Maybe you will even find that earring that was lost so long ago.  See Figure 29-33.


Green Box
Gray water is the water that goes down the drain from waiting for the hot water to warm up, showering, laundry, etc.  It does not include waste paper from the toilet.  Gray water can be recycled to reduce fresh water consumption.  It can be used to water lawns and plants, but some precautions should be followed. Because gray water has not been disinfected, it could be contaminated. A careful, commonsense approach to the use of gray water, however, can virtually eliminate any potential hazard.
The following precautions are recommended: 
1. Do not drink gray water. 
2. Do not use gray water on produce that will be eaten. 
3. Gray water should not be sprayed, allowed to puddle, or run off property. 
4. Do not use gray water that was used to wash meat products, diapers, or from the toilet.
5. Do not use gray water that was used in the care of a person with an infectious disease.
6. Do not use gray water for seedlings, container plants, or acid-loving plants like azaleas, begonias, and rhododendrons.
7. Rotate gray water with fresh water to avoid harmful build-up that may leach into the soil.
8. Use biodegradable soaps and avoid bleach if you plan to recycle gray water.
If you are interested in recycling gray water, do an online search for more information.  Commercial systems are available.




































29.10 Other Drain Problems

At some point in time virtually all of us will have to deal with a clogged or slow drain.  The structure of the trap and its propensity to catch and trap debris is mainly the culprit.  The author says for clogged drains use a plunger, snake or closet auger.  Plungers apply pressure and snakes and augers root out the obstruction.  For slow drains, the author recommends a chemical cleaner.

The second plumbing issue that is likely is a leaking or malfunction toilet tank or stool.  The fix usually involves installing a new flush valve or ballcock assembly or adjusting the float or fixing the chain between the flush level and the rod connecting the ball.  A leak at the base of the toilet usually indicates it is time to replace the wax ring or rubber seal.  There are many varieties of toilet assemblies available.  If you are trying to fix it yourself, be sure to take the old hardware to the store with you to be sure you get the right parts.  See Figure 29-38.  Be sure to read the Working Knowledge Box.


29.11 Well and Pumps

Living in rural areas often requires people to have their own water supply and water disposal systems.  Wells and septic systems are common outside municipal limits for water and sewer lines.   Figure 29-39 illustrates four different types of wells.  Most today are drilled or bored.  Drilled wells are needed in areas where suitable water tables are very deep.  Before so many regulations were in effect for water and there was far less contamination of water, my dad dug his own well.  Just going 35 feet down took lots of muscle and sweat and over two days’ time.  A modern drilling rig can drill that depth in just minutes.  

The diameter of the well must be large enough to accept a casing, which is a metal tube that keeps contaminants out of the well water.  The size of the well and depth are usually regulated.  The old days of 1 ½ inch wells are long gone.  Most residential wells are now 5 inches.  Wells used to be dug in basements.  That is no longer allowed.  The pump that brings up the water may be submersible (installed right in the well pipe) or above ground.  The above ground pump needs to be housed where the lines are protected from freezing.

The final component of a well system is the pressure tank which is used to store a reserve of water under pressure to enable a sufficient amount of water to be quickly forced into the water supply lines.

Wells, pumps, and pressure tanks get heavy use and will sometimes require maintenance and repair.  Seals and valves wear out.  Pipes leak, get corroded with minerals in the water, and break.  Tank liners get old and less efficient.  The figures mentioned in this section are incorrectly numbered.  Please study pictures 29-40 and 29-41.  Well drillers are primarily responsible for the well, pump and tank.  The supply and waste pipes are managed by plumbers.  The text did not cover septic systems.  While plumbers again work on disposal systems within the home, septic specialists install and maintain the system beyond the house.

On the Job

When I think of plumbers, I think immediately of clogged toilets.  I cannot think of an occupation that would repel me as much as being a plumber.  But, wait, there are many different types of plumbers including: pipelayers, pipefitters, steamfitters, and sprinkler fitters.  Some plumbers only do commercial, some only do new installations, some work in large factory settings, and some only do maintenance.  And, yes, there are plumbers who only unclog drains and toilets.  My sister used to own a large spa and seemed to be plagued with clogged toilets.  She had a company called RapidFlush on her speed dial.  Plumbing is hard work, dirty work, and uncomfortable work.  Many installations, especially in renovations must be fit into very tight spaces.  Yet, on the plus side, plumbers haves one of the highest pay rates in the building trades.  Learning the trade may be a lengthy process and licensing requirements are strict.  When I read in the textbook that 75% of all plumbers work for contractors in new construction, repair, and maintenance; 10% work are self-employed in small businesses, and 15% are pipefitters and steamfitters in large industrial occupations, it helped me understand why it is so hard to get a plumber when a drain is clogged on the weekend and why my sister kept her plumber’s number on her speed dial.  Is this a line of work that would interest you?  Why or why not?



Chapter Summary and Assignments 






Read the chapter summary on page 870. 

Please complete the Test Your Knowledge questions on page 870 and check your answers online.  

Then complete the Online Unit Quiz and check your answers online.  Save your responses. These notes will be good review for Exam preparation.

Online Unit Quiz for Chapter 29

1. Plumbers are not allowed to cut or notch framing members; they must have carpenters perform these tasks.
a. True
b. False
2. Since leveling of plumbing is not necessary, a level would not be an important plumbing tool.
a. True
b. False
3. CVCP connections can be threaded or solvent welded.
a. True
b. False
4. A tubing spring is permanently installed in bends in copper tubing.
a. True
b. False
5. Copper plumbing connections are made by ____________.
a. Solvent bonding
b. Welding
c. Sweat soldering
d. None of the above
6. A __________  ________ is used for unclogging a drain.
a. Drain cleaner
b. Plunger
c. Snake
d. Closet auger
e. All of the above
7. A drawing in which three surfaces of an object can be viewed with the base of each surface drawn at a 30 degree angle from the horizontal is called ______________.
a. Plan view
b. Riser diagram
c. Isometric sketch
8. _____________is/ are used on faucets to produce leakproof seals between the faucet body and internal parts.
a. Plumber’s putty
b. O-rings
c. Pipe compound
d. Teflon tape
9. Pipe ends that extend out from the walls and above the floors are called _________.
a. Stub-ins
b. Vent stacks
c. Rough-in
d. None of the above
10. _____________  and ___________ are required in well systems to maintain a constant water supply.
a. Faucets and hoses
b. Brackets and connectors
c. Pumps and pressure tanks
d. Vent stacks and stub-ins
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