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Last year we......

« Started by stepping through time, looking
at historic buildings that had all been
damaged by The Forces that Destroy
Historic Structures (TFTDHS)




c. 1690-1710

« Bermuda stone
buildings on Church
Street, Charleston
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* Heavy brick
masonry:

— St. Michael’s,
Charleston
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1768

+ Light timber o
framing:

— Walnut Grove, ‘jf,«l'ﬂ'ﬂmr N
Spartanburg - &m "’"" ‘




1791

 Light timber
framing again:
— Lt. Governor

Ladson House,
Charleston




1791

e Lt. Governor
Ladson House,
Charleston




1811 to 1816

* Very heavy brick
masonry:

— The Cathedral
Church of St. Luke
and St. Paul,
Charleston




1811 to ‘ ’--.

1816

e The
Cathedral
Church of

St. Luke
and St.
Paul




1811 to 1816

 Cathedral Church
of St. Luke and St.
Paul
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1814

« Same period,
same construction:

— First (Scots)
Presbyterian
Church, Charleston




1814

* Heavy brick
masonry and
timber:

— First (Scots)
Presbyterian
Church,
Charleston



1820

* Only slightly
lighter brick
masonry
construction:

— The William
Mason Smith
House,
Charleston
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1826

* The

Fireproof &
Building, 4
Charleston  #
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1826

* Fireproof
Building,
Charleston




1820

* Heavy

— Fort
Washington,
Maryland




Washington,
Maryland




1846

* Fort
Jefferson,
Dry
Tortugas




1846

* Fort
Jefferson,
Dry
Tortugas




1846

* Fort
Jefferson,
Dry
Tortugas




1846

 Fort Casemate L
Jefferson, ‘ !
Dry
Tortugas - < o 5
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1846

 Fort Sumter,
Charleston
Harbor




1846

 Fort Sumter,
Charleston
Harbor




1833 and 1922

e A tale of two
structures:
— First Baptist

Church,
Savannah
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1842-1860

 Light timber construction: a real deception!
— Gaineswood, Demopolis, Alabama



1842-1860

 Timber built to look
like masonry:
— Gaineswood,

Demopolis,
Alabama




1846

* Masonry thins
out... and goes all
wrong!

— Grace Church,
Charleston




« Masonry wall thicknesses are cut in half
— Grace Church, Charleston



1846

* And foundations
are rarely
adequate:

— Grace Church,
Charleston




1845 and 1895

* Really thin walls:
— 13" tower walls

— Stella Maris,
Sullivan’s Island




1845 and 1895

* Really thin walls:
— 13" tower walls

— Stella Maris,
Sullivan’s Island
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1840s
additions

* A changein
construction at the
William Mason
Smith House
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1851

« Rammed
earth walls:

— Church of the
Holy Cross,
Stateburg




1851

 And delicate
trusses:

— Church of the
Holy Cross,
Stateburg

\\\ N

\\\ \1'\\\\



VRN o

Tower

« Stone masonry
— Breslin
Sewanee TN

1886



1886

« Stone masonry:

— Breslin Tower,
Sewanee TN



1891

* Wrought iron
frame, cast iron
skin:

— Independent
Presbyterian

Church,
SEVZIE]R




1891

* Wrought iron
frame, cast
Iron skin:

— Independent
Presbyterian

Church,
Savannah




1909-1917

« Concrete:

— The Low Battery
Seawalls,
Charleston




1909-1917

 Concrete:

— The Low Battery |
Seawalls,
Charleston




1925

 Concrete:

— The Fort Sumter
House, Charleston




1925

* Deterioration
then superb
repairs to
concrete:

— The Fort Sumter
House,
Charleston
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— The Walton

 Modern framed
construction:

1958




* Modern
framed
construction:

— The Walton
Research
Building
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1958

 Modern
framed
construction: |8
— The Walton :
Research |
Building




1958

e Modern
framed
construction:

— The Walton
Research
Building







Then we came to the second
most important slide in the
whole lecture.....



Damage to historic structures

Natural disasters

— Hurricanes, tornados, floods, earthquakes
and insect infestation

Manmade disasters

— Fire, war

Material movement under stress (“creep”)
— Especially support settlement

The big one: Water intrusion



Next we followed that with a look
at .....



Damage to structural materials

Masonry
Wood

Iron and steel
Concrete

Soll



Masonry

Deformation under stress

Damage from corrosion of embedded iron
Damage to masonry units

Loss of mortar
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Grace Church Structural Monitoring

Long-Term Crack Displacement
since beginning of project (January 1, 2007)
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Wood

 Rot

* |Insect infestation
— Powderpost beetles
— Subterannean termites
— Formosan termites
— Carpenter bees

« Qverstress















lron and steel

» Corrosion, particularly in contact with
masonry









02/11/2005
















Concrete

» Corrosion of reinforcing
* Loss of section









Soll

* Overstress
— Foundation movement and building settlement












Finally, we looked at .....



Three examples

* 1820 Fort Washington, Maryland

— Major structural issues due to water migration



Three examples

« 1833 First Baptist Church, Savannah, GA
— Water intrusion from 1833 to 1922



Three examples

* 1849 Trinity Cathedral, Columbia, SC

— Major damage to the trusses due to water intrusion



* 1820 Fort Washington, Maryland

— Major structural issues due to water migration
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« 1833 First Baptist Church, Savannah, GA
— Water intrusion from 1833 to 1922



INITIAL CONCERNS



Plaster Cracking

INITIAL CONCERNS




INITIAL CONCERNS




INITIAL CONCERNS




Historical Overview



Building completed, 1833
Designed by architect, Elias Carter

HISTORICAL OVERVIEW



HISTORICAL OVERVIEW
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1897 Hurricane Damage

HISTORICAL OVERVIEW




¢ 1021-1922
Renovations

 Architect, Henrick
Wallin

 Cupola removed,
portico enclosed,
new portico added,
and the entire
facade clad in cast
stone

HISTORICAL OVERVIEW
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GENERAL CONSTRUCTION TECHNOLOGY



GENERAL CONSTRUCTION TECHNOLOGY



Roof line Deformation

N N

R 8 2,8 & &8 5 & =

- - - -—

FINDINGS




Roof line Deformation Truss2  Truss 1

FINDINGS




Significant Truss Loads: Roof Loads

FINDINGS




Plaster Cracking

FINDINGS




Cracking of the Pilasters

FINDINGS




Plaster Cracking
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FINDINGS



Ceiling Deflection: Sanctuary

FINDINGS




Significant Truss Loads: Large Girders
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FINDINGS




Significant Truss Loads: Organ Room

FINDINGS



Significant Truss Loads: Additional Roof Fram
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FINDINGS



Bending of Bolts and Wooden Dowels
A

FINDINGS



Sealed Truss Ends

FINDINGS




Signs of Water Infiltration

FINDINGS



Investigation of Damage and Deterioration of Trusses
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FINDINGS



Investigation of Damage and Deterloratlon of Trusses

4

FINDINGS




Investlgatlon of Damage and Deterloratlon of Trusses
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FINDINGS



Deterioration: Truss Ends

FINDINGS




Deterioration: Truss Ends

FINDINGS




Termite Damage

FINDINGS




Termite Damage

T . -
N

N\

FINDINGS



Termite Damage

FINDINGS




FINDINGS
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Splitting of Truss Members

FINDINGS




Splitting of Truss Members

FINDINGS



Findings by Measurement



Site Measurements: Sanctuary Interior

FINDINGS



Site Measurements: Sanctuary Interior

FINDINGS



Ceiling Deflection Measurements

Deflect on of plaster cedling colferns

FINDINGS




Findings by Testing



Resistance Drilling

FINDINGS BY TESTING




Resistance Drilling

FINDINGS BY TESTING




Results from Resistance Drilling

Truss 2: North end, west face

Truss 3: North end, east face

Truss 5: South end, west face

FINDINGS BY TESTING




First Baptiat

Churzh
Berammah, Bd

2]
Z
S
=
a
Z
Q
Q
o
=)
S
Z
2
Q
Q
z

\....... §

TRUSS 4 LODKING WEST/ A&
TRUSS 4 LOCKING EAST /B ™

/”




Findings by Computation



FINDINGS BY COMPUTATION




i e

FINDINGS BY COMPUTATION



TELOMD 1 IMARNNIORE. 0T

FINDINGS BY COMPUTATION



Truss Deflection Measurements

Deflection in Bottom Choed of Trusses
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FINDINGS




Conclusions

. The computed deflections of the trusses correlate with the observed
behavior of the trusses.

. Many truss connections are overloaded. Some of the original
connections and some of the previous repairs are inadequate to carry
the current loads.

3. Some of the truss members are overstressed.

. Deterioration caused by termites and water infiltration, especially at
the truss ends, has compromised the trusses.

. There is some risk of plaster falling.

CONCLUSIONS



Recommendations

. Install crack monitors on current cracks in the sanctuary ceiling.

. Examine additional areas of termite damage to determine the
extent of damage in other truss members

. Strengthen the truss connections to adequately support the current
loads and stresses.

. Strengthen and repair truss members to adequately support the
current loads and stresses.

. Install plaster washers in the plaster ceiling of the sanctuary to
better secure the ceiling to the trusses.

RECOMMENDATIONS






* 1849 Trinity Cathedral, Columbia, SC

— Major damage to the trusses due to water intrusion



Trinity Episcopal Cathedral
Columbla Squth Carolina

11 \.. ""
Structural Assessmeq and
Recommendations for theInterior Trusses
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Trlmty,Eplscopal Cathedral Vbs.t’ry Meetmg
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/. Prepared by: q'
Craig M. Bennett, Jr., PE, and Lyles MCBratney, 4SE, Inc.
Wilson Farrell



R (" History and Historical Significance

Date of Construction: 1846
Architect: Edward Brickell White




Initial Concerns

» Plaster deterioration due to water infiltration
» Separation of trusses from walls



Initial Concerns

» Plaster deterioration due to water infiltration
» Separation of trusses from walls



General Construction Technology
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Truss Members of Transept Crossing Truss Members of Nave



General Construction Technology

S SECTION

Truss Section of Nave




General Construction Technology

. e

: / 11/12/2007

11/12/2007

Each truss member is constructed of multiple pieces of wood.



General Construction Technology
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General Construction Technology

Yy
LS,

Intersection of tie beam
with masonry wall




General Construction Technology




. On-Site Investigation
Surface Finishes ¢




On-Site Investigation
Investlgatlon of Damage and Deterioration of Trusses

e
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2 short videos



Findings
General Summary of Findings

Termite Damage

Truss separation from walls

Roof line deformation

Sagging of front rail of balcony

Severe wood deterioration of trusses at masonry pockets
Damage to masonry pockets

Trusses have dropped significantly

Crushing and splitting of truss members



Findings

Termite Damage




_ Findings
Truss separation from walls




_ _ Findings
Roof line deformation




Findings
Severe wood deterioration of trusses at masonry pockets




Findings




Findings
Trusses have dropped significantly

01/04/2008



Findings
Trusses have dropped significantly




Findings
Crushing and splitting of truss members




Findings

Crushing and spllttlng of truss members
. 1‘ b




Findings
Crushing and splitting of truss members




Findings
Crushing and splitting of truss members
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Findings
Crushing and splitting of truss members







And from those three projects
we learned that .....



* The fundamental causes of damage in these
structures were....
— Fort Washington, MD - Water intrusion

— First Baptist Church, Savannah, GA - Increased load;
Water intrusion leading to insect infestation

— Trinity Cathedral, Columbia, SC - Water intrusion
leading to insect infestation



* There is no single cause of damage to historic
structures that can compare with water intrusion.



Finally, we came to the
realization that .....

(Drum roll.... The most important slide.....



Summary

* |[f you want a historic structure to last,
other than not catching it on fire, there
IS nothing you can do that is more
important than keeping the water out
of the building.



So here’s what you do with your
historic structure .....



For earthquakes, hurricanes and
tornados....

Masonry building:

- Keep the building in good condition,
l.e. Inspect and maintain the building.
- Tie the walls to the floors and the roof.



For earthquakes, hurricanes and
tornados....

Wood frame building:

- Keep the building in good condition,
l.e. Inspect and maintain the building.



For fire ....

Any building:

- Have a fire detection system.
- Have a fire suppression system.



For termites ....

Any building:
- Inspect the building regularly.
- Treat for termites.

- Keep t
- 1.e. Ins

ne water out.

pect and maintain the building.



For creep (movement) in
overstressed materials ....

Overstressed structural materials

- Strengthen the overstressed members.
- Reduce the load on the members.



For creep (movement) in
overstressed materials ....

Soil settlement

- Maybe it's not overstressed... has the
water pattern around the building changed
In the last couple of years?



For creep (movement) in
overstressed materials ....

Soil settlement

- If it Is overstressed, reduce the load on
the soil, increase the bearing area or
consider ground modification (very
expensive.)






We’ve recommended inspection
and maintenance. Let’s look at
these two.

Fortunately, Sharon Park has
done all our work for us....



4 PRESERVATION
BRIEFS

Maintaining the Exteriors of Small and

Medium Size Historic Buildings

Sharon C. Park, FAIA
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_17 PRESEKVAITION
BRIEFS

Maintaining the Exteniorss of Small and
Medium Sqze Histone Buildings
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Cyclic Building Inspection Checklist: Horse Stable Inspection date: 04/24/05




p

INSPECTION FREQUENCY CHART

Season

Feature Minimum Inspe_ction
Frequency
Roof Annually Spring or fall; every
S years by roofer
Chimneys Annually Fall, prior to

neating season,
every 5 years by
mason




Roof Drainage

b months; more
frequently as needed

Before and after

wet season, during

neavy rain

Exterior Walls and | Annually Spring, prior

Porches to summer/fall
painting season

Windows Annually Spring, prior

to summer/fall
painting season

Foundation and
Grade

Annually

Spring or during
wet season




Building Perimeter

Annually

- —

Winter, after leaves
nave dropped off

4

trees
Entryways Annually; heavily Spring, prior
used entries may to summer/fall
merit greater painting season
frequency
Doors ©& months; heavily Spring and fall;

used entry doors
may merit greater
frequency

prior 1o heating/

cooling seasons




Crawlspace

major storm

after rain season

Doors 6 months; heavily Spring and fall;
used entry doors prior to heating/
may merit greater cooling seasons

: frequency

Attic 4 months, or after a Before, during and

major storm after wet season
S ——
Basement/ 4 months, or after a Before, during and




PRESERVATION

BRIEFS

Maintaining the Exteriorn of Small and
Medium Size Historic Baildings
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Contracting Maintenance and

Repair Work

:\'18111\ contract dl e Vi [ proncient in UuSsi 52

modern construction methods and materials

however, they may not have the experience

or skill required to carry out maintenance on

nistoric buildings. The following are tips to usc
nen selecting o contractor to work on your

historic building:




Become tamiliar with w
imilar historic properties in vour area
sO that vou can obtain names of possible

presery tl()n LOTIET s ‘\I'Q

'l< 1IN defning the

)

< you expect to undertake.




\sk potential contractors for multiple
references (three to tive) and visit previous
work sites. Contact the building owner or
manager and ask how the job proceeded;
I} the same work crew was retained fron
tart to finish; if the workers were of a
consistent skill level; whether the project
was completed in a reasonable time;
and whether the person would use th
contractor again.




Be tamiliar with the preservation contex|

f the work Lo b
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ndertaken. Use the

written procedures in your maintenanc

plan to help dehn
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rdance with preservation standards
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the contract proposal a detailed
mate that clearly dehnes the work
uted, establishes the precautions

hat will be used to protect adjoining

material
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mpensation.

nd lists specific qualified
ctors, it 124 to be used.

that the contractor has all necessary
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4 PRESERVATION
BRIEFS

Maintaining the Exteriors of Small and

Medium Size Historic Buildings
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And when it comes down to
actually figuring out how to do
the maintenance, go to .....



The National Park Service’s
Preservation Briefs

-  “Preservation Briefs help historic
building owners recognize and resolve
common problems prior to work.”

- They're free and available on-line....
just Google “Preservation Briefs”



1 Cleaning and Water-Repellent
Treatments for Historic Masonry Buildings

2 Repointing Mortar Joints in Historic
Masonry Buildings

3 Improving Energy Efficiency in Historic
Buildings

4 Roofing for Historic Buildings



5 The Preservation of Historic Adobe
Buildings

6 Dangers of Abrasive Cleaning to Historic
Buildings

/ The Preservation of Historic Glazed
Architectural Terra-Cotta




8 Aluminum and Vinyl Siding on Historic
Buildings: The Appropriateness of
Substitute Materials for Resurfacing
Historic Wood Frame Buildings

9 The Repair of Historic Wooden Windows

10 Exterior Paint Problems on Historic
Woodwork

11 Rehabilitating Historic Storefronts



12 The Preservation of Historic Pigmented
Structural Glass (Vitrolite and Carrara

Glass)

13 The Repair and Thermal Upgrading of
Historic Steel Windows

14 New Exterior Additions to Historic
Buildings: Preservation Concerns

15 Preservation of Historic Concrete



16 The Use of Substitute Materials on
Historic Building Exteriors

17 Architectural Character—Identifying the

Visual Aspects of

listoric Buildings as an

Aid to Preserving their Character

18 Rehabilitating Interiors in Historic
Buildings — Identifying Character-Defining

Elements



19 The Repair and Replacement of Historic
Wooden Shingle Roofs

20 The Preservation of Historic Barns

21 Repairing Historic Flat Plaster—\Walls
and Ceilings

22 The Preservation and Repair of Historic
Stucco



23 Preserving Historic Ornamental Plaster

24 Heating, Ventilating, and Cooling
Historic Buildings: Problems and
Recommended Approaches

25 The Preservation of Historic Signs

26 The Preservation and Repair of Historic
Log Buildings



27 The Maintenance and Repair of
Architectural Cast lron

28 Painting Historic Interiors

29 The Repair, Replacement, and
Maintenance of Historic Slate Roofs

30 The Preservation and Repair of Historic
Clay Tile Roofs



31 Mothballing Historic Buildings

32 Making Historic Properties Accessible

33 The Preservation and Repair of Historic
Stained and Leaded Glass

34 Applied Decoration for Historic Interiors:
Preserving Historic Composition Ornament



35 Understanding Old Buildings: The
Process of Architectural Investigation

36 Protecting Cultural Landscapes:
Planning, Treatment and Management of
Historic Landscapes

37 Appropriate Methods of Reducing Lead-

Paint |

azards In

listoric |

ousing

38 Removing Graffiti from Historic Masonry



39 Holding the Line: Controlling Unwanted
Moisture in Historic Buildings

40 Preserving Historic Ceramic Tile Floors

41 The Seismic Retrofit of Historic
Buildings: Keeping Preservation in the
Forefront

42 The Maintenance, Repair and
Replacement of Historic Cast Stone



43 The Preparation and Use of Historic
Structure Reports

44 The Use of Awnings on Historic
Buildings: Repair, Replacement and New
Design

45 Preserving Historic Wooden Porches

46 The Preservation and Reuse of Historic
Gas Stations



47 Maintaining the Exterior of Small and
Medium Size Historic Buildings
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Sources

- National Park Service —
Preservation Briefs

- National Park Service —

Technical Preservation Services —
Preservation Tech Notes



Sources

Historic Charleston Foundation
The Preservation Society of Charleston
SC Dept of Archives and History

The Palmetto Trust for Historic
Preservation

Your local library



Sources

- And finally if you don’t find exactly what
you heed, go to the black box that
contains all knowledge... Google



Thank you!

« Craig M. Bennett, Jr., PE




