> TABLE OF CONTENTS

1.0 OBJECTIVES AND OVERVIEW 4
1.1 ODBJECHIVES .. euteeiiiiesiie ettt ettt ettt ettt e et et e bt e e beeeanee s 4
1.2 OVETVIEW ..eieiiieeiiieeiieeeiieeiteesiteeteesibeessaeessaeesseeenseesnseessseensseenseesnseens 4

STUDY SESSION 1 2.0 SCOPE AND INTRODUCTION 8
2.1 SCOPE ettt ettt e at e et ee e 8
2.2 INrOdUCTION «..viniiiiiiiieiccece e 9

3.0 SILLS 13

3.1 CONAITIONS ..ottt ettt ettt et e e e beeseeebeeenseeennes 18
3.1.1 SillS BEIOW Grade ......covevuieiieiieieiieieee et 19
3.1.2 ROt Or insect damage........coeevueriirieniiniinieneeseeeee e 19
3.13 Gaps under SillS........occoeiiiiiiiiiiiii e 20
3.14 Crushed SilIS .....cooiiiiiiiiie e 21
3.1.5 Poorly anchored............cooiiiiiiiiiiii e 22
3.1.6 IMISSINE .ttt ettt ettt ettt sbe e eae 23

STUDY SESSION 2 4.0 COLUMNS 29

4.1 CONAITIONS vttt ettt et see et e et e e b e eaees 30
4.1.1 IMISSINE .ttt ettt ettt et sttt et sbe e bt ens 30
4.1.2 Settled COIUMNS ...ooviriiiiiicicecreec e 30
4.1.3 CrUSNEd......eieie ettt 31
4.14 Leaning COIUMNS ....cc.ooviiiiriieiieie e 32
4.1.5 BUCKIING ..ottt 32
4.1.6 RUSE. .ttt e ettt 34
4.1.7 Poorly secured at the top or bOttOM ........cocverierieniieiirieniesieene 34
4.1.8 Mortar deteriOration ..........coverueevereeriierieeiereeneene et ere e sieenens 36
4.1.9 Spalling concrete Or brick .......coceveeriiiiiiiniiniiiccce 36
4.1.10 Mechanical damage...........coceevveeiiriinienieeienie e 37
4.1.11 Rot or Insect damage..........oooveeeieeniiiniiiiieieeeeeeee e 37
4.1.12 HeEaVEd. .. .o i 37
4.1.13 Prior TEPAITS ..ottt 37

STUDY SESSION 3 5.0 BEAMS 43

5.1 CONAITIONS ..ttt ettt ste et et e st e e eseeebeeensaeennes 46
5.1.1 RUST vttt 46
5.1.2 Rot or insect damage..........cooveeeiieriieniieiie et 47
5.13 SAG e 47
5.1.4 Inadequate bearing .........ccoeeevieerierieniieieeie et 48
5.15 Rotated or twisted Deams ........coceereererniiriiinieneececeeeeceee 49
5.1.6 Split or damaged wood beams .............occoeceeiieiiinininiiiiniiieies 50
5.1.7 NOtChES OF NOIES .....cuiiieiieiiiieieiererccectce e 51
5.1.8 Weak connections of built—up components ...........cccceeceerueennenne 51
5.1.9 Weak connections to COIUMNS.........ceeeiieriieniieriieeiie e 53
5.1.10 Weak connections t0 JOISES ...eeueevereeriieriierieriesiesieeee e seeesieeeens 54
5.1.11 Lateral SUPPOTTL......ccoouiiiiieiiieie ettt 55

Copyright 2000 Carson Dunlop & Associates Limited. All rights reserved. 1



FLOORS

5.1.12 Concentrated 10adS .........covieriieeiiieniieie e 57
5.1.13 Missing beam SECLIONS ....cc.ueerueeeriieriiiinieenieenite et et 58
5.1.14 Prior TEPAITS ..ottt 59
FIELD EXERCISE 1
STUDY SESSION 4 6.0 JOISTS 70
6.1 CONAITIONS vttt ettt te et e et e e eenees 75
6.1.1 Rot and insect damage .........coceeeuerienienieeienieseesieee e 75
6.1.2 SAZGING JOISES .eenurieiiiiiiieiie ettt ettt e 76
6.1.3 ENd DeAring ....c..eevveevieriiiiiniieieiientes e 79
6.1.4 Rotated or tWisted JOISTS ....evvieriiriirieriierieeie et 84
6.1.5 No bridging, blocking or Strapping........cccccceecveerveeneeriieeniieenieeenns 84
6.1.6 Notching and holes..........cccuieiiiiiiiiiiieieeeee e 85
6.1.7 Split or damaged JOISES.....cc.eeviierierieiieieeie e 86
6.1.8 Weak cantilevVers .......cccccovverieniiiiiniinieecerereee e 87
6.1.9 WeaK OPENINGS ...cuveeuviriiiriieniieieeieniteste ettt 88
6.1.10 Prior TEPAITS ..ottt e 89
6.1.11 Concentrated 10ads .......c.ccoeeviiiiriieniiiceeeeee e 89
6.1.12 IMISSINE .ttt ettt ettt st 91
6.2 Engineered Wood.........cccceeviieriiniinininieiceeeeeeee e 91
6.2.1 CONAILIONS ..ttt 93
STUDY SESSION 5 7.0 SUBFLOORING 100
7.1 CONAILIONS ..ottt 102
7.1.1 Rot and insect damage ..........ccoveeeriienieeiieeieeeieeee e 102
7.1.2 Overspanned or undersized subflooring ...........c..cccoeceevieienennene. 102
7.1.3 Damaged or cut subflooring.........ccceevverierieneerienienieneeeeee 103
7.1.4 Cantilevered subflooring..........cccceevieeiiieniiiiiieiieeeeeee e 104
7.1.5 PriOr TEPAITS ...t 104
7.1.6 Concentrated 10ads .........coovevieiiieiinieniecce e 104
7.1.7 SQUEAKS ..ttt 104
7.1.8 Swollen waferboard ...........cccevcieriieniiieiie e 104
7.1.9 Cracked ceramic tles ......c..coeverireeieienienieienenceececereeenne 104
8.0 CONCRETE FLOOR SLABS 106
8.1 CONAILIONS ...ovviiiiieiieiieiicteteere et 107
8.1.1 Cracked......cocviiiiiiiiieiieeee e 107
8.1.2 SEULEA ..ottt 109
8.1.3 Heaved S1ab ..o 110
8.14 HOLOW DEIOW ..ottt 110
8.1.5 Scaling and dUStNG .........ceciieiiiiiiieeee et 110
8.1.6 SPAING .. e 110
8.1.7 RUSHNG 1€DAr c...oeiiiiiii e 110
FIELD EXERCISE 2

2 migid Copyright 2000 Carson Dunlop & Associates Limited. All rights reserved.



FLOORS

9.0 INSPECTION TOOLS 119
10.0 INSPECTION CHECKLIST 120
FINAL TEST 121
ANSWERS TO QUICK QUIZZES 132

gid Copyright 2000 Carson Dunlop & Associates Limited. All rights reserved. 3
e



> 1.0 OBJECTIVES AND OVERVIEW

1.1 OBJECTIVES

During this Section you will learn —

* How to inspect floor systems, and their components

* About the various types of systems commonly found

* About the various materials used for columns, beams, floor joists and subfloors
* The common conditions found with floor structures

* To identify these conditions

* The causes and implications of these conditions

Not The This program is not an in-depth Structure course and you should not assume that

Last Word you have all the knowledge of a professional engineer, architect, designer, carpenter,
mason, etc. after studying this material. This program does not qualify you to design
or build homes. There are many places to go to learn more and we encourage you to
continue expanding your knowledge.

1.2 OVERVIEW

INSTRUCTIONS

This is the second of the four sections of the Structure Module. There are five
Study Sessions in this section. Each session should take 30 to 60 minutes to com-
plete. The entire section, including Quizzes, Exercises, and the Final Test should
take 10 to 15 hours. You should work at your own pace. It's all right if it takes
more or less time than we have estimated. Don't rush or try to do more at one time
than you can absorb.

WHAT’S IN HERE

This section covers common floor structure elements. It includes a description of
the materials and how they should be installed. Common conditions are explained
along with what causes them, their implications, and how to recognize them.

STUDY SESSIONS AND QUICK QUIZZES
Each session contains text and illustrations. At the end of each Study Session is a
Quick Quiz to help you review what you have learned.

FIELD EXERCISES

We have included two Field Exercises designed to help you transfer what
you have learned into real world experience. These are very important. If you don't
do them, you are cheating yourself, and you won't be ready for the world of home
inspections.
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FINAL TEST
The last thing you’ll do in every section is complete a multiple choice style test. Your
answers are sent to us for marking, if you have chosen the Technical Support option.

TECHNICAL SUPPORT (IF CHOSEN)

You can call our 1-800-268-7070 number for technical assistance during regular
business hours, fax your questions to us at 416-964-0683, E-mail them to us at
info@carsondunlop.com or mail them to us at 120 Carlton Street, Suite 407,
Toronto, Ontario M5A 4K2.

BEFORE YOU START

We encourage you to read section 5.0 of the Structure chapter of
The Home Reference Book. It's only 16 pages and gives a brief overview
about what we'll be talking about here.

HERE WE GO!
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Structure
MODULE

STUDY SESSION 1

1. The first Session covers the Scope of the inspection as set out in
the AsHI® Standards of Practice. This Session also includes some
introductory comments about floors and a discussion on sills.

2. At the end of this Session you should be able to:

« Understand what part of the AsHI® Standards apply to floors.

* Understand the components of floor systems.

* Understand the function of floor systems.

e Understand the problems with wood-soil and wood-concrete contact.
* Understand the function of sills and common sill problems.

3. To give you a general overview on Floor Structures, you should read
pages 23 to 38 of the Structure Section of The Home Reference Book.
The Exercises and Quizzes assume that you have read it. If you have not
read these pages, read them now.

4. This Session may take you roughly 45 minutes to complete.

Quick Quiz 1 will help you make sure you have understood and
remembered the material.
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> 2.0 SCOPE AND INTRODUCTION
2.1 SCOPE

The following is the Structure Section of the ASHI® Standards of Practice, effective
January 2000. We have not repeated the Purpose and Scope, General Limitations
and Exclusions, and Glossary, which are included in the Footings and Foundations
Section

3.0 STRUCTURAL SYSTEM

3.1 The inspector shall:

A. inspect:
1. the structural components including foundation and framing.
2. by probing a representative number of structural components
where deterioration is suspected or where clear indications of
possible deterioration exist. Probing is NOT required when probing
would damage any finished surface or where no deterioration is visible.

B. describe:
1. the foundation and report the methods used to inspect the under-floor
crawl space
2. the floor structure.
3. the wall structure.
4. the ceiling structure.
5. the roof structure and report the methods used to inspect the attic.

3.2 The inspector is NOT required to:

A. provide any engineering service or architectural service.
B. offer an opinion as to the adequacy of any structural system or component.

> NOTES ON THE STANDARDS

Components Our inspection of the floor structure includes the sills, columns, beams, joists and

subfloors.
Looking, The inspection is performed from above and below the floor itself. It includes
Probing looking at the components, probing exposed wood members where damage is
Bouncing, And suspected (unless they are part of a decorative finish) and bouncing on the floors to
Measuring get a sense of their stiffness. In some cases a measuring tape is helpful to verify

member sizes or spans. Spirit levels can be used to qualify sagging or sloping floors.

Judgment There are many conditions that may affect performance. It is common to find
Needed minor deflection and/or springiness and good judgment and experience are needed to
determine whether the situation is typical or not. Serious problems are rare but can be
costly to correct. Structural problems are also life safety hazards in many cases.

8 iiai] Copyright 2000 Carson Dunlop & Associates Limited. All rights reserved.
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Concealed As with all other components, it’s common to find much of the floor system con-
cealed by finishes or other access restrictions. Let your client know if your
inspection was limited by these factors.

2.2 INTRODUCTION

Materials Most suspended floors are wood and most floors resting on the earth are concrete
slabs. While there are other systems, we’ll restrict our discussion to these.

Function Floors transfer both live and dead loads to the foundations, footings and ultimately
to the soil below the house. Floor systems also provide lateral support for founda-
tion walls. In houses with basements, the concrete basement floor provides lateral
support for the bottom of the foundation wall and the wood frame first floor typi-
cally supports the top of the foundation wall.

Vertical And  Floor systems see both vertical and horizontal loads, although most people think of
Horizontal the vertical loads when they think of floors.
Loads

Floors provide lateral support for foundations

7

wall
framing

the typical wood frame
first floor provides lateral
support for the top of the
foundation wall

/—sill anchor

floor framing $

basement
floor slab

drainage

gravel
tile

the basement floor slab
provides lateral support for the

footing bottom of the foundation

cross
section

To perform their functions, floors must have strength and stiffness.

StrengthAnd ~ Contrary to common understanding, strength refers to how much load can be
Stiffness applied before something breaks. Stiffness refers to how much bending or deflec-
tion takes place with a given load.

Strength Floor systems must be strong enough to carry their loads. If the loads are excessive,
the wood or concrete will break and the floors will collapse.
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Stiffness

1/360th
Of Length

1/240th
Of Length

Limited By
Bending

Large Loads
Transferred
Through
Center Of
House

Floors also have to be stiff. This means that they have to limit the deflection that
takes place when structural members respond to live loads. There will always be
some deflection, but if the deflection is too great, damage to the interior finish
will result. In some jurisdictions, the maximum allowable deflection is 1/360th
of the length of the joist. This number is not magic, but comes from the amount of
deflection that plaster and drywall will tolerate without cracking. Check what num-
bers are used in your area.

Generally speaking, floors with ceilings below use this limiting factor. In some
cases, the allowed deflection is either 1/360th of the length or one half inch,
whichever is less.

Allowable floor deflections
\/: joist length J/\f
"—%gﬁjw’g joist length
240
g ; when the underside of the floor system is not finished with
a drywall or plaster, the maximum allowable deflection is
.8y 1/240 of the length of the joist
ﬂ/i joist length >
%%illg:,g __ joist length
L 360 =
when the underside of the floor system is finished with
drywall or plaster, the maximum allowable deflection is
1/360 of the length of the joist
or
A 1/2 inch (whichever is less) Ll

Where a plaster or drywall ceiling will not be attached on the underside (for
example, the floor over a crawlspace), the maximum deflection may be allowed to
be 1/240th of the length.

Floor systems in houses are designed with maximum bending, not strength, as
the restricting factor. As a result, floors are usually much stronger than they need to
be. It’s rare for floor systems to fail catastrophically, unless they have been severely
damaged by rot, insects or careless carpentry work.

Many think that the perimeter foundation walls have a large vertical load to carry
because they are below the outside walls. A typical house with wood siding and
a central bearing beam actually has a greater percentage of its weight on the beams
and posts than it does on the outside walls! That’s because the foundation wall
only sees floor loads from one side of the wall (the inside, of course). A beam running
down the middle of the house sees floor loads from both sides.

10
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