CONTENTS

Preface xiii

Chapter 1. Waterproofing Principles—The Building Envelope 1.1

Introduction / 1.1
The Building Envelope / 1.2
Introduction to Waterproofing and Envelope Design / 1.2
Water Sources / 1.2
Designing to Prevent Leakage / 1.6
Completing the Envelope / 1.8
Basic Envelope Design / 1.9
The Most Important Waterproofing Principle / 1.12
The Second Most Important Principle of Waterproofing / 1.13
Preventing Water Infiltration / /.13
Beyond Envelope Waterproofing / 1.14
Successful Envelope Construction / 1.15
Using This Manual / 1.17
Summary / 1.18

Chapter 2. Below-Grade Waterproofing 21

Introduction / 2.1
Surface Water Control / 2./
Groundwater Control / 2.2
Prefabricated Foundation and Soil Drainage Systems / 2.3
Prefabricated Drainage System Installation / 2.4
Manufactured Drainage Systems / 2.4
Manufactured Drainage System Installation / 2.7
Waterstops / 2.12
Waterstop Installation / 2./6
Hydrophilic/Bentonite/Asphalt Rubber / 2.20
Capillary Action / 2.2/
Positive and Negative Systems / 2.24
Cementitious Systems / 2.25
Metallic Systems / 2.26
Capillary/Crystalline Systems / 2.27
Chemical Additive Systems / 2.28
Acrylic Modified Systems / 2.29
Cementitious System Application / 2.29
Fluid-Applied Systems / 2.34
Urethane / 2.39
Rubber Derivatives / 2.39
Polymeric Asphalt / 2.39
Coal Tar or Asphalt-Modified Urethane / 2.39
Polyvinyl Chloride / 2.40
Hot-Applied Fluid Systems / 2.40



Fluid System Application / 2.40
Sheet Membrane Systems / 2.48
Thermoplastics / 2.49
Vulcanized Rubbers / 2.50
Rubberized Asphalts / 2.50
Sheet System Application / 2.52
Hot-Applied Sheet Systems / 2.54
Clay Systems / 2.56
Bulk Bentonite / 2.65
Panel Systems / 2.65
Bentonite Sheets / 2.66
Bentonite and Rubber Sheet Membranes / 2.66
Bentonite Mats / 2.66
Clay System Application / 2.67
Vapor Barriers / 2.71
Summary / 2.73

Chapter 3. Above-Grade Waterproofing

31

Introduction / 3./
Differences from Below-Grade Systems / 3.2
Vertical Applications / 3.3
Horizontal Applications / 3.5
Above-Grade Exposure Problems / 3.5
Clear Repellents / 3.7

Film-Forming Sealers / 3.8

Penetrating Sealers / 3.10
Choosing the Appropriate Repellent / 3.1/

Sealer Testing / 3.13

Acrylics / 3.14

Silicones / 3.15

Urethanes / 3.16

Silanes / 3.17

Siloxanes / 3.17

Silicone Rubber / 3.18

Sodium Silicates / 3.19
Water-Repellent Application / 3.19
Cementitious Coatings / 3.20

Cementitious Properties / 3.22

Cementitious Installations / 3.23
Cementitious Coating Application / 3.26
Elastomeric Coatings / 3.28

Resins / 3.29

Elastomeric Coating Installations / 3.30
Elastomeric Coating Application / 3.32
Deck Coatings / 3.36

Acrylics / 3.38

Cementitious / 3.38

Epoxy / 3.39

Asphalt / 3.39

Latex, Neoprene, Hypalon / 3.40

Urethanes / 3.40

Sheet Systems / 3.41
Deck-Coating Characteristics / 3.42
Deck-Coating Application / 3.44
Clear Deck Sealers / 3.56
Clear Deck Sealer Application / 3.59
Protected Membranes / 3.60
Drainage Requirements / 3.63



CONTENTS vii

Detailing Sandwich Membranes / 3.65
Protected Membrane Application / 3.75
Horizontal Waterproofing Summary / 3.78
Civil Structure Waterproofing / 3.78
Roofing / 3.82

Built-Up Roofing / 3.85

Single-Ply roofing / 3.86

Modified Bitumen / 3.86

Metal Roofing / 3.87

Sprayed Urethane Foam Roofing / 3.87

Protected and Inverted Membranes / 3.88

Deck Coatings for Roofing / 3.89
Roofing Installation / 3.89
Roofing Summary / 3.90
Vapor Barriers / 3.9]

Interior Waterproofing Applications / 3.9/
Exterior Insulated Finish Systems / 3.97
EIFS Waterproof Installations / 3.99

Terminations / 3.99
Drainage Systems / 3.100
Transitions / 3.101
Sealants / 3.104

Chapter 4. Residential Waterproofing 4.1

Introduction / 4./
Multiunit Residential versus Single-Family Construction / 4.3
Below-Grade Waterproofing/Basements / 4.4
Substrate / 4.4
Groundwater Control / 4.6
Positive versus Negative Waterproofing / 4.7
Basement Waterproofing Systems / 4.8
Above-Grade Waterproofing / 4.8
Exterior Insulated Finish Systems (EIFSs) / 4.1/
Terminations and Transitions / 4./2
Roofing / 4.13
Summary / 4.15

Chapter 5. Sealants 5.1

Introduction / 5.1
Sealant/Caulking/Glazing / 5.1
Sealant Installation / 5.2
Joint Design / 5.3

Joint Type / 5.3

Spacing and Sizing Joints / 5.6
Backing Systems / 5.7
Closed-Cell Backer Rod / 5.9
Open-Cell Backer Rod / 5.11
Dual-Cell Backer Rod / 5.12
Backing Tape / 5.12
Joint Detailing / 5.12

Double Sealing / 5.14

Secondary Seals / 5.14

Binary Seals / 5.17

Joint Protectors / 5.19

Substrate Diversions / 5.20



viii

CONTENTS

Material Selection / 5.20
Elongation / 5.21
Modulus of Elasticity / 5.2/
Elasticity / 5.21
Adhesive Strength / 5.22
Cohesive Strength / 5.22
Shore Hardness / 5.23
Material Testing / 5.24
Sealant Validation Program / 5.25
Materials / 5.25
Acrylics / 5.26
Butyl / 5.27
Latex / 5.28
Polysulfides / 5.28
Polyurethane / 5.29
Silicones / 5.30
Precompressed Foam Sealant / 5.3/
Substrates / 5.32
Aluminum Substrates / 5.33
Cement Asbestos Panels / 5.33
Precast Concrete Panels / 5.34
Tiles / 5.35
PVC: /) 5.35
Stonework / 5.36
Terra Cotta / 5.36
Sealant Application / 5.36
Joint Preparation / 5.37
Priming / 5.38
Backing Materials / 5.38
Mixing, Applying, and Tooling Sealants / 5.40
Cold-Weather Sealing / 5.45
Narrow Joints / 5.46
Metal-Frame Perimeters / 5.47
Glazing / 549
Glazing Materials / 5.52

Chapter 6. Expansion Joints 6.1
Introduction / 6./
Expansion Joint Detailing / 6./
Design of Joint / 6.3
Choosing a Joint System / 6.4
Sealants / 6.4
T-Joint Systems / 6.7
Expanding Foam Sealant / 6.10
Hydrophobic Expansion Systems / 6./1]
Sheet Systems / 6.11
Bellows Systems / 6.15
Preformed Rubber Systems / 6./7
Combination Rubber and Metal Systems / 6./8
Vertical Expansion Joints / 6.22
Heavy-Duty Metal Systems / 6.23
Below-Grade Expansion Systems / 6.26
Expansion Joint Application / 6.29
Chapter 7. Admixtures 71

Introduction / 7.1
Hydration / 7.1
Dry Shake / 7.2



CONTENTS ix

Dry-Shake Application / 7.2

Masonry, Mortar, Plaster, and Stucco Admixtures / 7.3
Masonry and Stucco Admixture Application / 7.3
Capillary Agents / 7.4

Capillary Admixture Application / 7.5

Polymer Concrete / 7.5

Polymer Admixture Application / 7.6

Waterproofing System Compatibility with Admixtures / 7.7

Chapter 8. Remedial Waterproofing 8.1

Introduction / 8.7
Remedial Applications / 8./
Inspection / 8.2
Visual Inspection / 8.3
Nondestructive Testing / 8.4
Destructive Testing / 8.6
Cause Determination and Methods of Repair / 8.6
Cleaning / 8.8
Water Cleaning / 8.9
Abrasive Cleaning / 8.11
Chemical Cleaning / 8.13
Poultice Cleaning / 8.14
Restoration Work / 8.15
Tuck-Pointing / 8.16
Tuck-Pointing Application / 8.17
Face Grouting / 8.18
Face Grouting Application / 8.19
Joint Grouting / 8.20
Joint Grouting Application / 8.20
Epoxy Injection / 8.21
Epoxy Injection Application / 8.24
Chemical Grout Injection / 8.25
Chemical Grout Application / 8.28
Cementitious Patching Compounds / 8.37
High-Strength Patching / 8.32
Hydraulic Cement Products / 8.32
Shotcrete or Gunite / 8.34
Overlays / 8.35
Electro-Osmosis / 8.35
Installation / 8.36
Divertor System Repairs / 8.37
Residential Basement Retrofits / 8.39
Prefabricated Drainage Panel Remedial Applications / 8.40
Remedial Sealant Applications / 8.43
Exterior Insulated Finish Systems Restoration / 8.46
Summary / 8.50

Chapter 9. Mold 9.1

Introduction / 9./
Mold / 9.1
Testing for Mold / 9.2
Mold Remediation / 9.3
Causes Other Than the Building Envelope / 9.4
Building Envelope Causes / 9.5
Below Grade / 9.5
Above Grade / 9.7
Summary / 9.8



CONTENTS

Chapter 10. The Building Envelope: Putting It All Together

10.1

Introduction / 10.1
Envelope Waterproofing / /0.1
Transition Materials / /0.2
Flashings / 10.6
Flashing Installation / 10.7
Dampproofing / 10.9
Dampproofing Installation / 10.17
Sealant Joints / 10.17
Reglets / 10.22
Waterstops / 10.25
Other Transition Systems / 10.25
Drainage Review / 10.26
Envelope Review / 10.28
Verifying the Envelope Barrier / 10.36
Roofing Review / 10.43
1/90 Percent Principle / 10.45

Chapter 11. Life Cycles: Quality, Maintenance, and Warranties

Introduction / 11.1

Contractors / 11.1

Manufacturers / /1.9

Maintenance / /1.10

Warranties / 11.11
Types of Warranties / 11.12
Warranty Clauses / 11.13

Unacceptable Warranty Conditions / /1.14
Maximum Obligation Limit / /1.14
Limitation of Liability / 11.14
Prorated or Depreciable Value / 11.15
Access Provisions / 11.15
Escape Clauses / 11.16

Chapter 12. Envelope Testing

121

Introduction / /2.1
When Testing Is Required / 2./
Testing Problems / 2.2
Standardized Testing / /2.2
ASTM / 12.3
Other Testing Agencies / 2.3
Mock-Up Testing / 12.4
Air Infiltration and Exfiltration Testing / 2.1/
Static Pressure Water Testing / 12.12
Dynamic Pressure Water Testing / /2.13
Mock-Up Testing Summary / [2.14
Job-Site Testing / 12.15
Masonry Absorption Testing / 12.17
Sealant Joint Movement / [2.19
Manufacturer Testing / /2.20
Testing Deficiencies / 12.23

Chapter 13. Leak Investigation and Detection

131

Introduction / 13.1
Leakage Investigations / /3.1



Reviewing Leak Documentation / /3.2
Document Review / /3.3
Inspection / 13.5
Testing / 13.6
Testing Equipment / 13.14
Test Results / 13.15
Investigation / 13.15
Remedial Action Plan / 13.16
Corrective Measures Implementation / 13.17

Chapter 14. Safety

CONTENTS

Xi

141

Introduction / 14.1

Occupational Safety and Health Administration / /4.1
General Safety and Health Provisions / 14.3
Personal Protection / 4.3
Signs, Signals, and Barricades / /4.3
Material Handling, Storage, and Disposal Regulations / /4.3
Ladders and Scaffolding / 14.3

Department of Transportation / /4.5

State and Local Agencies / 14.6

Material Safety Data Sheets / /4.7

Environmental Protection Agency / 14.7

Volatile Organic Compounds / [4.13

Chapter 15. Guide Specifications for Waterproofing

15.1

Chapter 16. Resources

16.1

Glossary G.1
Index 1.1



