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What Has Changed?What Has Changed?
•• Infrastructure Conference 2001Infrastructure Conference 2001

–– Strength Design for masonry introducedStrength Design for masonry introduced
•• Infrastructure Conference 2003Infrastructure Conference 2003

–– New look at min / max reinforcementNew look at min / max reinforcement
–– Slight change in crack control (no moistureSlight change in crack control (no moisture

controlled units)controlled units)
•• Infrastructure Conference 2005Infrastructure Conference 2005

–– IBC (for the most part)IBC (for the most part)
–– Crack controlCrack control
–– QA / QCQA / QC
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Old CriteriaOld Criteria

•• TM 5TM 5--809809--33 Masonry Structural Design for BuildingsMasonry Structural Design for Buildings
–– Published in 1992Published in 1992
–– Allowable Stress (Working Stress) DesignAllowable Stress (Working Stress) Design
–– Generally based on ACI 530 (MSJC)Generally based on ACI 530 (MSJC)

•• TI 809TI 809--0404 Seismic Design for BuildingsSeismic Design for Buildings
–– Published in 1998Published in 1998
–– Uses Strength Design / performance based designUses Strength Design / performance based design
–– Applies to Life Safety Performance Objective (1A)Applies to Life Safety Performance Objective (1A)
–– Applies to Enhanced Performance Objectives (2A, 2B, & 3B)Applies to Enhanced Performance Objectives (2A, 2B, & 3B)
–– Seismic design is a good reason to use strength designSeismic design is a good reason to use strength design
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History of Masonry CriteriaHistory of Masonry Criteria

•• TM 5TM 5--809809--33
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TM 5TM 5--809809--33
ChaptersChapters

1.1. IntroductionIntroduction
2.2. Quality Assurance In MasonryQuality Assurance In Masonry
3.3. Materials, Properties, Standards TestsMaterials, Properties, Standards Tests
4.4. Design for Crack ControlDesign for Crack Control
5.5. General Criteria for Reinforced MasonryGeneral Criteria for Reinforced Masonry
6.6. Reinforced Masonry WallsReinforced Masonry Walls
7.7. Reinforced Masonry Shear WallsReinforced Masonry Shear Walls
8.8. LintelsLintels
9.9. Columns and PilastersColumns and Pilasters
10.10. Nondestructive Evaluation TechniquesNondestructive Evaluation Techniques
11.11. Appendices A, B, and C (Design Aids for Walls and Lintels)Appendices A, B, and C (Design Aids for Walls and Lintels)
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History of Masonry CriteriaHistory of Masonry Criteria
Draft TI 809Draft TI 809--0606

1.1. IntroductionIntroduction
2.2. Quality Control and Quality AssuranceQuality Control and Quality Assurance
3.3. MaterialsMaterials
4.4. Design for Crack ControlDesign for Crack Control
5.5. General Criteria for Reinforced MasonryGeneral Criteria for Reinforced Masonry
6.6. Reinforced Masonry WallsReinforced Masonry Walls
7.7. Reinforced Shear WallsReinforced Shear Walls
8.8. LintelsLintels
9.9. Columns and PilastersColumns and Pilasters
10.10. Evaluation of Existing StructuresEvaluation of Existing Structures
11.11. Appendices A, B, C, and D (Design Aids for Walls, Lintels,Appendices A, B, C, and D (Design Aids for Walls, Lintels,

Columns and Pilasters)Columns and Pilasters)
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First Draft UFCFirst Draft UFC
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History of Masonry CriteriaHistory of Masonry Criteria
Draft UFC 3Draft UFC 3--310310--0606

1.1. IntroductionIntroduction
2.2. Quality Control and Quality AssuranceQuality Control and Quality Assurance
3.3. MaterialsMaterials
4.4. Design for Crack ControlDesign for Crack Control
5.5. General Criteria for Reinforced MasonryGeneral Criteria for Reinforced Masonry
6.6. Reinforced Masonry WallsReinforced Masonry Walls
7.7. Reinforced Shear WallsReinforced Shear Walls
8.8. LintelsLintels
9.9. Columns and PilastersColumns and Pilasters
10.10. AT / FP for Masonry BuildingsAT / FP for Masonry Buildings
11.11. Appendices A, B, C, and D (Design Aids for Walls, Lintels,Appendices A, B, C, and D (Design Aids for Walls, Lintels,

Columns and Pilasters)Columns and Pilasters)
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22ndnd Draft UFC 3Draft UFC 3--310310--0606
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UFC 1UFC 1--200200--0101
31 Jul 200231 Jul 2002
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UFC 1UFC 1--200200--0101
31 Jul 200231 Jul 2002

1-6.22 Chapter 21 – MASONRY.

• Use Chapter 21 and UFGS Division 4, Masonry. Chapter 21
supercedes Army TM 5-809-3, NAVFAC DM-2.9, AFM 88-3,
Chapter 3, Masonry Structural Design for Buildings.

• Give special attention to control cracking in concrete masonry
structures using the guidance contained in Tables 1-2 and Table
1-3. Because the Masonry Society has a waiver for use of metric
products, brick and concrete masonry units (CMU) are normally
not available in metric sizes.
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UFC 1UFC 1--200200--0101
31 Jul 200231 Jul 2002
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UFC 1UFC 1--200200--0101
20 June 200520 June 2005
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UFC 1UFC 1--200200--0101
20 June 200520 June 2005
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UFC 1UFC 1--200200--0101
20 June 200520 June 2005

““22--2121 CHAPTER 21CHAPTER 21 –– MASONRY”MASONRY”
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UFC 1UFC 1--200200--0101
Masonry: Use Chapter 21Masonry: Use Chapter 21
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Revised (Reduced) DraftRevised (Reduced) Draft
UFC 3UFC 3--310310--0606

IBC ExceptionsIBC Exceptions
•• Chapter 1 Introduction and General DiscussionChapter 1 Introduction and General Discussion
•• Chapter 2 Exceptions to the IBCChapter 2 Exceptions to the IBC
•• 9 pages9 pages

–– Crack controlCrack control –– 4 pages4 pages
–– QC / QAQC / QA –– 2 pages2 pages
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Revised (Reduced) DraftRevised (Reduced) Draft
UFC 3UFC 3--310310--0606

•• 9 Pages9 Pages
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IBC ExceptionsIBC Exceptions
(Proposed)(Proposed)

•• Reinforced MasonryReinforced Masonry

•• Design MethodDesign Method ---- Strength Design for SDC C, D, E, and FStrength Design for SDC C, D, E, and F

•• Empirical Design not permittedEmpirical Design not permitted

•• Crack control criteriaCrack control criteria

•• Quality AssuranceQuality Assurance
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Reinforced MasonryReinforced Masonry

•• All except nonAll except non--structural masonry in SDC Astructural masonry in SDC A
•• Design Unreinforced Masonry per IBC (MSJC)Design Unreinforced Masonry per IBC (MSJC)
•• Masonry veneer may be designed and detailed toMasonry veneer may be designed and detailed to

meet the prescriptive requirements of ACI 530meet the prescriptive requirements of ACI 530
Chapter 6 and design provision of IBC Chapters 14,Chapter 6 and design provision of IBC Chapters 14,
16 and 21.16 and 21.

•• Maintain serviceability and crack control provisionsMaintain serviceability and crack control provisions
•• Include reinforcement for AT/FP (UFC 4Include reinforcement for AT/FP (UFC 4--010010--01)01)
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Design MethodDesign Method

•• Use Strength Design method for all masonryUse Strength Design method for all masonry
structures in SDC C, D, E, and F.structures in SDC C, D, E, and F.

•• Working Stress (Allowable Stress) method permittedWorking Stress (Allowable Stress) method permitted
for SDC A and B onlyfor SDC A and B only

•• Empirical Design method is not permitted for DODEmpirical Design method is not permitted for DOD
facilitiesfacilities

•• Rational and prescriptive methods may be used forRational and prescriptive methods may be used for
veneer and glass block.veneer and glass block.
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Crack ControlCrack Control
CMUCMU -- Vertical Control JointsVertical Control Joints

•• Not covered by IBCNot covered by IBC
•• Use NCMA TEK 10Use NCMA TEK 10--3,3, CONTROL JOINTS FORCONTROL JOINTS FOR

CONCRETE MASONRY WALLSCONCRETE MASONRY WALLS –– ALTERNATIVEALTERNATIVE
ENGINEERED for vertical control joint spacingENGINEERED for vertical control joint spacing

•• Aspect Ratio not to exceed 1.5Aspect Ratio not to exceed 1.5
•• Maximum spacing of 25 feetMaximum spacing of 25 feet
•• Reduce toReduce to ½½ joint spacing at wall intersections,joint spacing at wall intersections,

changes in wall height, and other stresschanges in wall height, and other stress
concentration pointsconcentration points
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CMU Control JointsCMU Control Joints

Aspect Ratio
(Maximum ratio of panel
length to wall height)(1)

Vertical Spacing
of Joint Reinforcement

(inches)(2)

Maximum Control
Joint Spacing

(feet)(3,4)

1.25 None (5) 16
1.5 16 25

Control Joint Spacing vs Aspect Ratio

(1) Length is the horizontal distance between control joints. Height is generally the
vertical distance between structural supports.

(3) The designer should adjust the control joint spacing for local conditions. The
recommended spacing may be increased 6 feet in humid climates and decreased 6
f(4) The spacing will be reduced approximately 50% near masonry bonded corners or
other similar conditions where one end of the masonry panel is restrained

(2) 2 9-gage wires @ 16in o.c. = 0.0255 in^2 /ft.

(5) Not recommended for walls exposed to view where control of cracking is important.

Note: Recommendations are for any type of concrete units. Moisture controlled units
have been eliminate from ASTM C90.
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Crack ControlCrack Control
Brick Expansion JointsBrick Expansion Joints

VERTICAL JOINTS SPACING and SIZEVERTICAL JOINTS SPACING and SIZE
(horizontal expansion)(horizontal expansion)

•• Compute unrestrained expansionCompute unrestrained expansion
–– WWxx = [= [εεAA ++ εεTT((∆∆T)](L)T)](L)

•• Joint width = 2 xJoint width = 2 x WWxx
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CLAY BRICKCLAY BRICK
VERTICAL EXPANSION JOINTVERTICAL EXPANSION JOINT

SPACINGSPACING

3/8 3/16 22

1/2 1/4 30

3/4 3/8 44

1 (max) 1/2 60

Expansion Joint
Width

(inches)

Total Brick
Expansion

Wx

(inches)

Max. Spacing
of Brick

Expansion Jts
(feet)



HEARTLAND ENGINEERS

US Army Corps
of Engineers
Kansas City District

26

Horizontal Brick Expansion JointHorizontal Brick Expansion Joint
(vertical expansion)(vertical expansion)

•• Minimum of 3/8 inch wideMinimum of 3/8 inch wide
•• Do not exceed height limits in ACI 530 Chapter 6Do not exceed height limits in ACI 530 Chapter 6
•• Place horizontal BEJPlace horizontal BEJ

–– Under shelf anglesUnder shelf angles
–– At each floor level of multiAt each floor level of multi--story buildingsstory buildings
–– At points of vertical movement restraintAt points of vertical movement restraint
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Quality AssuranceQuality Assurance

QA addressed in 3 areas:QA addressed in 3 areas:

•• Quality Assurance Plans and Special InspectionsQuality Assurance Plans and Special Inspections

•• Contractor Quality ControlContractor Quality Control

•• Structural Observations and Site VisitsStructural Observations and Site Visits
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Quality AssuranceQuality Assurance
•• Quality Assurance Plans and Special InspectionsQuality Assurance Plans and Special Inspections

–– IBC:IBC:
�� QAP prepared by Design Professional working for theQAP prepared by Design Professional working for the

owner.owner.
�� Design Professional or agent provides SpecialDesign Professional or agent provides Special

InspectionsInspections
–– Government:Government:

�� QAP prepared by construction contractorQAP prepared by construction contractor
�� Construction contractor provides Special InspectionsConstruction contractor provides Special Inspections
�� Use UFGS (01452 and others)Use UFGS (01452 and others)
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Quality AssuranceQuality Assurance
•• Contractor Quality ControlContractor Quality Control

–– IBC:IBC:
�� Acknowledgement of special requirementsAcknowledgement of special requirements
�� Acknowledgement that control will be exercisedAcknowledgement that control will be exercised
�� Procedures for exercising controlProcedures for exercising control
�� Identification and qualifications of persons exercisingIdentification and qualifications of persons exercising

controlcontrol
–– Government:Government:

�� CQC plan prepared by construction contractorCQC plan prepared by construction contractor
(UFGS 01451A)(UFGS 01451A)

�� DQC plan prepared by construction contractor forDQC plan prepared by construction contractor for
DesignDesign--Build contracts (UFGS 01451A)Build contracts (UFGS 01451A)
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Quality AssuranceQuality Assurance
•• Structural ObservationsStructural Observations

–– IBC:IBC:
��Required for select structural systemsRequired for select structural systems
��Required to be done by the Registered DesignRequired to be done by the Registered Design

ProfessionalProfessional
–– Government:Government:

��Required for select structural systemsRequired for select structural systems
��Required to be done by the Registered DesignRequired to be done by the Registered Design

ProfessionalProfessional
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Where should you goWhere should you go
for guidance?for guidance?
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QUESTIONSQUESTIONS


