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Course / Learning Objectives
• Learn how to identify aging conditions and their potential resulting 

problems, as well as the necessity for regulating statutes.
• Begin to comprehend applicable methods of investigation and assessment 

through a variety of investigation methodologies (e.g., visual, low-tech, 
high-tech, nondestructive and destructive).

• Learn to identify possible causes of deterioration, such as ferrous metals, 
water infiltration, poor initial design, poorly executed repairs, structural 
issues, and material properties, and to determine whether a problem is 
isolated or systemic.

• Explore the repair methodologies best-suited to the problem, material, 
municipal requirements, and project schedule and budget.
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Medieval Castle Kent, South East England (1127)

Observed Conditions Falling Masonry

Investigation Methods GPR; Infrared Thermal Imaging

Root Causes No Rain Water Discharge; Exterior Wall Tops Exposed  

Potential Repair Grout & Repointing; New Roof; Water Discharge System

885 years to failure

LOAD BEARING MASONRY



erosion at 15-foot 
solid stone wall 

(image looking up)
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LOAD BEARING MASONRY



thermal imaging showing 
moisture retention at parapet2
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LOAD BEARING MASONRY
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MATERIALS THROUGHOUT HISTORY

Load Bearing Masonry

Examples of Flying Buttresses Basilica of San Vitale, Ravenna, Italy (547); Notre Dame Cathedral, Paris, France (1345)

21



MATERIALS THROUGHOUT HISTORY

Cast & Wrought Iron

Examples of Cast & Wrought Iron Construction The Iron Bridge, Shropshire, England (1781); Tay Bridge Disaster, Dundee, Scotland (1887); Eiffel Tower, Paris, France (1889)

31 2



MATERIALS THROUGHOUT HISTORY

Modern Load Bearing Construction Monadnock Building, Chicago, Illinois, USA (1891)

Load Bearing Masonry



MATERIALS THROUGHOUT HISTORY

Load Bearing Masonry

Modern Load Bearing Construction Monadnock Building, Chicago, Illinois, USA (1891)



Masonry & Steel Construction 666 Greenwich Village, New York, New York, USA (1899)

MATERIALS THROUGHOUT HISTORY

Masonry & Steel
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101 years to failure

CONCEALED METAL

Potential Repair Parapet Replacement

Root Causes Steel Corrosion

Investigation Methods Visual

Observed Conditions Horizontal Cracks at Cornices & Water Tables

Upper West Side Beaux-Arts Building New York, New York, USA (1906)



2

31

CONCEALED METAL

damage invisible to 
the naked eye



21

CONCEALED METAL

shifting terra 
cotta units

horizontal cracking 
at cornice



1 2 3

CONCEALED METAL

severely corroded 
steel anchors



Potential Repair Angled Stainless Steel Rod Anchorage; Pinning 

Root Causes Anchor Corrosion; Marble Deterioration

Investigation Methods Visual; Ultrasonic

Observed Conditions Modillion Failure

Early 20th Century Beaux-Arts Building Washington, District of Columbia, USA (1908)

CONCEALED METAL

106 years to failure



CONCEALED METAL
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CONCEALED METAL
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Landmark Case in Façade Ordinance History 305 West End Avenue, New York, New York, USA (1923)

TERRA COTTA

1 3

2



Midtown Beaux-Arts Building New York, New York, USA (1929)

Observed Conditions Terra Cotta Spalling

Investigation Methods GPR; Impact Echo; Ultrasonics; Metal Detection

Root Causes Poor Support; Lack of Soft Joint

Potential Repair Pinning of Bracket Scrolls

80 years to failure

TERRA COTTA



TERRA COTTA
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Potential Repair Replace Stone; Modify Steel; New Expansion Joints

Root Causes Steel Sizing Design; Steel Corrosion

Investigation Methods Visual; Probes; GPR; Metal Detection

Observed Conditions Vertical Cracking of Limestone

Financial District Art Deco Building New York, New York, USA (1929)

STEEL FRAME

Stone Panels

87 years to failure

21



STEEL FRAME

Stone Panels

1 3

2
vertical cracks 
in stone visible 
across surface



1 2

STEEL FRAME

Stone Panels



STEEL FRAME

Stone Panels

1 2

vertical cracks in 
stone not visible on 
the surface



STEEL FRAME

Stone Panels

Potential Repair Steel & Limestone Replacement

Root Causes Steel Corrosion

Investigation Methods Visual; Probes; GPR; Metal Detection

Observed Conditions Vertical Cracking of Limestone

Midtown Art Deco Building New York, New York, USA (1931)

68 years to failure

1 2 3



Midtown Art Deco Building New York, New York, USA (1929)

Observed Conditions Steel Deterioration; Cracking; Spalling

Investigation Methods Sounding; Ultrasonic Thickness Gauge; Probes

Root Causes Corroding Steel Behind Terra Cotta

Potential Repair Steel Cleaning and Waterproofing; Terra Cotta Replace

STEEL FRAME

Stone Panels

88 years to failure



1 2 3

STEEL FRAME

Stone Panels



STEEL FRAME

Stone Panels

1 2 3

corroded steel section 
with no waterproofing 
wrapped in masonry



Potential Repair Steel Replacement

Root Causes Material Corrosion

Investigation Methods Visual; Probes

Observed Conditions Cracked Masonry

Upper West Side Art Deco Building New York, New York, USA (1931)

STEEL FRAME

Bonded Wall

68 years to failure

21



STEEL FRAME

Bonded Wall
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corroded & 
bowing lintel

corroded 
spandrel beam

1

32STEEL FRAME

Bonded Wall

Examples of Common Bonded Wall Hidden Conditions Various Locations



Potential Repair Stone and Anchor Replacement

Root Causes Material Corrosion

Investigation Methods GPR; Metal Detection; Infrared Thermal Imaging

Observed Conditions None Visible (Spalling of Rear Stone Face)

Lenox Hill Art Deco Building New York, New York, USA (1929)

STEEL FRAME

Stone Panels

79 years to failure

1 2



1 3

4
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STEEL FRAME

Stone Panels

hidden cracking 
& spalling 
due to anchor 
corrosion

typically visible 
surface cracks 

& spalling
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Midtown International Style Building New York, New York, USA (1957)

Observed Conditions Brick Panel Failure/Partial Collapse

Investigation Methods Visual; Thermography; GPR; Metal Detection

Root Causes Field Modifications; No Soft Joints/Relieving Angles

Potential Repair Spandrel Panel Replacement; Reskin

CAVITY WALL

40 years to failure

1 2 3



Potential Repair Post-Installed Anchors; Reskin

Root Causes Material Corrosion

Investigation Methods Visual; Thermography; GPR; Metal Detection

Observed Conditions Brick Panel Failure/Partial Collapse

Lenox Hill Late Modernist Building New York, New York, USA (1965)

CAVITY WALL 1 2

3

50 years to failure



CAVITY WALL

1 5

2 3 4

collapsed 
bricks held by 
waterproofing 
membrane

corroded
 brick ties



26 years to failure

Potential Repair Post Installed Anchors; Reskin

Root Causes Installation Error

Investigation Methods Visual Thermography; Radar; Metal Detection

Observed Conditions Bulging Masonry; Panel Failure/Partial Collapse 

Midtown Late Modernist Building New York, New York, USA (1971)

CAVITY WALL 1

2 3



4

2

31

no dovetail 
anchors in slot

bulging brick 
prior to collapse

brick veneer 
balanced on 
shelf angles

CAVITY WALL



Potential Repair Reskin; Relieving Angle Replacement; Pinning

Root Causes Installation Error; Field Modifications; Poor Workmanship

Investigation Methods Visual; Probes

Observed Conditions Cracked Masonry

Upper West Side Late Modernist Building New York, New York, USA (1970)

CAVITY WALL

47 years to failure

misaligned slots & 
steel elements



improper field 
modifications leading 
to concrete cracking

CAVITY WALL

1 4 3

2



Agenda
SAFETY IN THE URBAN ENVIRONMENT 
LOAD BEARING MASONRY
MATERIALS THROUGHOUT HISTORY
CONCEALED METAL
TERRA COTTA
STEEL FRAME

CAVITY WALL
CONTEMPORARY CONSTRUCTION
MATERIAL DEFECTS
SUPERTALLS
HUMAN ERROR
SUMMARY



Potential Repair Concrete Patching

Root Causes Concrete Coverage

Investigation Methods Visual; Sounding; GPR; Metal Detection

Observed Conditions Concrete Spalling

Upper East Side Contemporary Building New York, New York, USA (2005)

CONTEMPORARY CONSTRUCTION

Poured Reinforced Concrete

10 years to failure

1 2



CONTEMPORARY CONSTRUCTION

Poured Reinforced Concrete

1
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4

cracking due 
to improper 

placement of  
re-bar in concrete 

eyebrows

loose bricks due to  
rigid mortar mix



Financial District Contemporary Building New York, New York, USA (2008)

Potential Repair Façade Repairs

Root Causes Workmanship

Investigation Methods Visual; Probes

Observed Conditions Falling Curtain Wall Cladding

CONTEMPORARY CONSTRUCTION

Glass & Metal Envelopes

3 years to failure

1 2 3

45
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Potential Repair Glass Replacement

Root Causes Nickel Sulfide (Manufacturing Defect)

Investigation Methods Visual

Observed Conditions Spontaneous Broken Glass

Hell’s Kitchen Contemporary Building New York, New York, USA (2007)

MATERIAL DEFECTS

Glass

1 year to failure

1 2
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3 4MATERIAL DEFECTS

Glass



Early 20th Century Public Bathhouse Queens, New York, USA (1937)

MATERIAL DEFECTS

Brick

1 2
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Academic Building New Haven, Connecticut, USA (1965)

MATERIAL DEFECTS

Gypsum

1 32
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Romanesque Revival Basilica Brooklyn, New York, USA (1905)

MATERIAL DEFECTS

Gypsum

1 2 3

4



Early 20th Century Commercial Building Queens, New York, USA (1930)

MATERIAL DEFECTS

White Glazed Brick

1 2 3

45
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SUPERTALLS

Tall and Narrow Structures -- What to expect?

United Arab Emirates (2008) New York, USA (2015) New York, USA (2019)

Burj Khalifa (2,717ft) 432 Park Avenue (1,396ft) 111 West 57th Street (1,428ft)

New York, USA (2018)

MoMA Tower (1,050ft)



SUPERTALLS

New York, USA (2019) New York, USA (2019)New York, USA (2016)

125 Greenwich Street (912ft) 111 West 57th Street (661ft)30 Park Place (869ft)

Tall and Narrow Structures -- What to expect?

New York, USA (2021)

9 DeKalb Avenue (1,030ft)
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bulging due to 
improper formwork

expansion caused 
by steel corrosion

paper joints?

Examples of Hidden Conditions Caused by Human Error Various Locations

HUMAN ERROR

i.e. “Whoops!”
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SUMMARY

What have we learned? 
Where do we go moving forward? 
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