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Femenella & Associates - Report

FEMENELLA & ASSOCIATES, INC. 
STAINED GLASS CONSERVATION      WOOD WINDOW RESTORATION      STEEL WINDOW RESTORATION 

 

 
 
10 COUNTY LINE ROAD, SUITE 24 
BRANCHBURG, NJ  08876  
 

www.femenellaassociates.com

 
 

TELEPHONE (908) 722-6526   
FACSIMILE (908) 722-6528 

  

Children’s Museum of Manhattan (CMOM) Building  
361 CPW – NYC, NY 

 
SPECIAL WINDOWS CONDITIONS ASSESSMENT (STAINED GLASS) 

 
 
INTRODUCTION 
  
 Femenella & Associates, Inc (F&A) was asked by FXCollaborative Architects LLP, herein 
the “Architect” to conduct a conditions assessment of the stained and leaded glass windows at 361 
CPW in New York, NY, herein the “Building”.  
 
PROCEDURE 
 
 F&A visited the Building and inspected the various conditions. The windows were 
photographed in digital format. These findings have been incorporated into this report.  
 
THE STAINED GLASS WINDOWS 
  
 The Building’s stained glass windows are all from the opalescent school of design. They can 
be divided into two styles: 1) purely ornamental and 2) figurative, or medallion windows surrounded 
by opalescent school decorative elements. The large window in the east façade is purely figurative 
and the many of the windows on the sides of the Building have medallions set within the decorative 
glass work, some of which depict figural scenes while the others are purely decorative.  The 
medallions are surrounded and woven into the whole with a series of borders and shimmering pieces 
of glass.  
 
 These design styles were started in the United States. Opalescent glass as used in stained 
glass windows is an American invention, whose origins date to circa 1874 and the glass work of John 
La Farge. Opalescent glass existed prior to 1874 but was primarily used for perfume bottles and 
curios. La Farge was the first to use opalescent glass in windows. Tiffany and then many others were 
soon to follow. 
 
 It is not exactly clear who designed the Building’s stained glass windows, but all contracts 
extant point to the fabrication of these windows by the Decorative Stained Glass Company of New 
York. That company was founded by Thomas Wright and John Calvin, and at that time, was located 
at 45 Washington Square South, NYC, and later at 152 W. 21st Street.  The firm fabricated their own 
designs and the work of many other notable artists including John La Farge. 
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 According to Charles Yarnall’s John La Farge: A Biographical and Critical Study (2012), 
the La Farge Decorative Art Company, was incorporated in October 1883, but that four of its 
employees, including Wright and Calvin, quit during the incorporation process that same month to 
form the Decorative Stained Glass Company.  The Decorative Stained Glass Company made 
opalescent windows on contract for La Farge, Maitland Armstrong, Mary Tillinghast, Joseph Lauber, 
Frederick Wilson, possibly Herman T. Schladermundt, and other artists. “Joined by two partners 
and several key assistants, Wright and Calvin set up shop on West 4th Street just off Washington 
Square.  The company produced windows for many designers, including partners in the firm.  As a 
result, windows by other artists after 1885 often share technical features and glasses with windows 
by La Farge, leading to attribution “disputes”.  
 
SETTING 
 
 All the windows are set into well-made but deteriorating bronze frames. The glass is set and 
retained with bronze moldings and hard setting putties. The actual panel size is quite small, and it 
does not appear as though external support bars were used, except for the large front window.  The 
side windows all had operating ventilators, or opening windows, mainly of the center pivot design. 
The large front window has traditional, round saddle bars that extend across the window.  These are 
connected to the window with copper tie wires that have been soldered onto the lead came matrix.   

 
GLASS PALETTE  
 
 The opalescent windows are fabricated from a rich and varied palette of 1) opalescent, 2) 
mottled, 3) rolled, 4) patterned and 5) mouth blown glass. There are also highlights of 6) hand spun 
rondels and 7) pressed glass jewels throughout the windows.  
 
 (I tried numbering paragraphs; fine with me but couldn’t get it to work. First two paragraphs 
are for opalescent glass, balance slf-explanatory)) 
 
 Opalescent glass is a generalized term for clear and semi-opaque pressed, cloudy, or marbled 
glass that is sometimes accented with subtle coloring, all combining to form a milky opalescence in 
the glass.  American glassmakers transformed European stained glass that had been used in 
cathedrals into the translucent milky glass that we now refer to as opalescent glass.  John LaFarge 
and L. C. Tiffany were two American artists who first experimented with opalescent effects, driven 
by their desire to create beautiful visual scenes in glass without painting.  Opalescent glass was first 
developed and patented by John Lafarge circa 1879, but it was Tiffany who created the masterworks 
in glass for which he is still so well known today.  Tiffany created totally new colors in glass, new 
types of glass unparalleled in depth and coloration, and used glass in new forms that evoked the 
forms of nature.  
 

The opalescent effect is a glassmaking technique used by many manufacturers (with greater 
or lesser degrees of artistry) that is produced during the cooling process, which creates the milky 
opalescent effect that illuminates any coloration when light shines on it.  Sometimes the opalescent 
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effect was created along the edge of a piece, often coupled with wavy effects that made for an 
elegant yet subtle look.  Opalescence was also created during glassmaking by alternating heating and 
cooling of the glass, with addition of chemical additives to create the desired effect. There was also a 
type of opalescent glass that was made in layers; again, the heating and re-heating process was used 
with the addition of chemical agents to create the opalescent effect.  The degree and location of the 
opalescence was controlled (as such) by the glassmaking process, and by the thickness of the glass 
itself.   

 
Mottled glass is usually opalescent in manufacture, with the amount of opalescence varied 

throughout the sheet.  Mottled glass has a slightly rougher texture and is often referred to as 
 because the variation in opalescence often look like a cat walked across the glass, leaving lighter 

spots in its wake.  
 

Rolled (or cast) glass is a translucent glass with 50-80% light transmission, depending on its 
thickness and type of surface.  It is used where transparency of the glass sheet is not important or 
not desired.  To produce rolled glass, molten glass pours from the melting tank over a refractory 
barrier (the "weir") and onto the machine slab, where it flows under a refractory gate (the "tweel") 
that regulates the volume of glass, and then between two water-cooled rollers.  The distance 
between the rollers determines the thickness of the glass.  Often, one or more of the rollers has a 
texture on its surface that imparts a texture to the finished glass. 

 
Patterned glass us usually a form of rolled glass but can also be made from opalescent glass.  

In patterned glass, a distinct patter is applied to one or both of the rollers that the molten glass is 
passed through. As the glass is soft at this point, the pattern from the rollers is imparted onto the 
glass.  

 
Mouth-blown or antique glass can be found in the windows as well. To fabricate the glass, a 

large blob of molten glass is held on the end of a long hollow metal tube.  The glassworker then 
blows air into the blob to form a small bubble.  The glass is repeatedly re-heated and more air blown 
in until the glass has formed a bubble perhaps two feet long.  The glassworker then cuts off the ends 
of the bubble, leaving a cylinder.  The cylinder is then cut lengthways and the glass is unfolded to 
form a sheet.  This is all done while the glass is very hot.  It is a slow and highly skilled job.  The 
sheet of glass must then be cooled in a controlled way so as not to introduce cooling stresses into 
the glass.  The final sheet may be a few square feet in size. 
  

(Removed bit about spun rondels, investigating photos, no rondels) 
 
Pressed jewels in various colors are also present in the windows.  The jewels may be round 

or pyramid shaped.  They are formed by compressing newly molten glass between either a steel or 
wetted wood press.   
 
SUPPORTING MATRIX 
 
 The predominant matrix throughout the windows is one of lead came.  Lead came has been 
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used to make stained glass windows for over a millennium.  The came has an “H” like profile.  The 
glass is inserted into either side. The cames are cut to fit and soldered together where they meet.  
 
 Saddle bars and copper tie wires are used to give needed support to the lead came matrices, 
only in the front window. This is also a thousand-year-old technique.  Tinned copper wires are 
soldered onto the joint formed by two or leads coming together, that lie on the line that the 
craftsman has determined need a support bar.  Upon installation, the round saddle bar is firmly 
inserted into the supporting frame of the window.  The stained glass is set against the saddle bars 
and the copper tie wires are pulled tightly around the bar, twisted, cut to a uniform length and 
folded over the bar. These bars provide resistance to lateral movement and are not intended to 
support the weight of the panels. The balance of the panels in the rest of the windows are small and 
supported by the bronze frames.   
 
 There are some flat bars that have been soldered directly to the window. These appear to be 
from past repair/restoration attempts and not original to the windows. These are flat steel bars that 
have been coated with a thin layer of galvanizing, either hot-dipped or electro-plated. The bars are 
soldered directly onto the lead came matrix at the intersection of two or more lead cames, many are 
soldered onto the exterior.  
 
SPECIAL TECHNIQUES 
 
 A design device used in these windows is the technique of  (See attached sketches 
“Structure 1” & “Structure 2”). Plating is the mechanical layering of two or more pieces of glass to 
achieve a desired artistic affect. The multiple layers can be of different shapes and are usually 
different colors and textures. That is why these windows look different in the evening when one 
only sees the reflected color from the inner surface of the window and not the transmitted color of 
the various layers.  F&A have worked on windows were the plating was seven layers thick. In the 
windows of the Building, the plating appears to be minimal; 2 to 3 layers at most. Plated windows 
can be extremely difficult to work on and should be restored only by craftsmen with extensive 
experience with this technique.  
 

There is some glass painting in the windows.  This appears to be limited to the figural scenes 
within the medallions and on the large east figural window.  The painting style is very sophisticated, 
and the rendering is well done. The paint is made of ground glass, metallic oxide coloring agents and 
a flux to lower the melting temperature.  It is applied to the interior surface of the glass via one or 
more media (i.e. gum Arabic and water, oil, alcohol, etc.).  After drying and manipulation of the 
paint by the artist with stiff brushes and/or wood picks, the glass is fired in a kiln between 1050° F 
and 1250° F depending on the chemical nature of the paint and the glass.  
 

There may be some use of silver stain, but this was difficult to ascertain from the floor. 
Silver stain is a mixture of silver nitrate, gum gamboge and a flux.  It is applied to the exterior of the 
glass and fired at 1150° F to 1250° F.  The stain penetrates the surface of the glass, imparting a stain 
to it that may range from pale amber to deep orange.   The final color of the stain is dependent upon 
the chemistry of the stain, the chemistry of the glass, the amount of stain applied and the 
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temperature to which it is fired.   
 
PROTECTIVE GLAZING 
 
 There is only protective glazing installed on the large east figural window.  This appears to 
be glass and probably dates to when this window was fabricated. None of the arched side windows 
have any protective glazing.   
 
GENERAL CONDITIONS FOUND 
  

The windows in the Building range from very poor to fair condition. The actual condition of 
each window is determined by location, age, size and vandalism. The following general types of 
deterioration were found during this inspection of the windows.  
 
DEFLECTION  

 
Deflection is the bowing and bending of the individual leaded panels away from their 

original, flat design plane.  Contrary to common belief, gravity and wind loading play minor roles in 
the deflection of stained-glass windows. The primary cause is the force generated by the expansion / 
contraction cycle.  This force is distributed throughout the window as a function of the 
concentration of lead cames present in an area and the temperature differential that the window 
experiences. The exact portion of the window that deflects is a function of the strength of the local 
force exerted, and the ability of that area of the window to resist deflection.   The ability of the 
window to resist deflection is determined by many factors, including but not limited to the 
following: 
 

1. Pattern of the lead lines.  Weak patterns are - straight lines that form hinge joints allowing 
the panel to fold; concentric circles allow the focus of the circles to telescope in or out; 
multiple, thin borders allow the panel to fold.  

 
2. Insufficient or poorly applied support bars and the size of the panels. The larger the size, 
the greater the forces that act on the window.  

 
3. The panel fitting too tightly into its frame.  This inhibits the ability of the panel to expand 
and contract within a flat plane. 

 
4. The use of hard setting sealant compounds.  This inhibits the ability of the panel to 
expand within a flat plane.  

 
5. The use of a soft alloy to fabricate the lead cames.  These are more subject to bending 
than alloys containing .6 - .9% tin and antimony. 

 
 The force generated by the expansion/contraction cycle and resisted by the stained-glass 
windows set too tightly into their frames, has adversely affected some of the larger stained-glass 
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panels. This is primarily a function of the incorrect setting of the protective glazing, the rigid setting 
of the stained glass, design weaknesses inherent in the windows, the corrosion and metal fatigue of 
the lead cames and the effects of time. 
 
SOLARIZATION 
 
 Solarization refers to a phenomenon in physics where a material undergoes a temporary 
change in color after being subjected to high-energy electromagnetic radiation, such as ultraviolet 
light or X-rays. Clear glass and many plastics will turn amber, green or other colors when subjected 
to X-radiation, and glass may turn blue after long-term solar exposure in the desert. It is believed 
that solarization is caused by the formation of internal defects, called color centers, which selectively 
absorb portions of the visible light spectrum. In glass, color center absorption can often be reversed 
by heating the glass to high temperatures to restore the glass to its initial transparent state. 
Solarization may also permanently degrade a material's physical or mechanical properties, and is one 
of the mechanisms involved in the breakdown of plastics within the environment 
 
 Certain types of colorless, transparent glasses, when exposed to sunlight for extended 
periods of time, develop a pink or violet color.  Bottles, insulators, and fragments having this color 
are often called "desert glass", but the scientist prefers the term "solarized glass".  Other well-known 
examples are the famous purplish windows on Beacon St. in Boston and the little circular glass disks 
in older sidewalks.  Occasional examples are also found in the ancient world.  Most, if not all, of the 
internal plating (yes, that pebbled glass was intended to be on the interior) has turned purple due to 
solarization. If the glass is removed from the leads, one will see an edge of clear glass that was not 
subject to the UV rays.  
 
 The major constituent of most glasses is silica, which is usually introduced as a raw material 
in the form of sand.  Although silica itself is colorless, most sands contain iron as an impurity which 
imparts a greenish color to the glass. (In ancient times glassmakers used very impure sands, with 
higher iron contents than those of sands used today, so most ancient glasses have a more 
pronounced greenish color.)  By adding certain other ingredients to the molten glass, it is possible to     
offset this greenish color and produce water-white glasses. Such ingredients are known as 
decolorizers and one of the most common is manganese dioxide (MnO2).  In chemical terms, the 
manganese acts as an oxidizing agent and converts the iron from its reduced state (which has a 
strong greenish-blue color) to an oxidized state (which has a yellowish but much less intense     
color).  In the course of the chemical reaction, the manganese goes into a chemically reduced state 
which is virtually colorless. 
 
 Manganese is believed to have been first used as a decolorizer as early as about the 2nd 
century B.C.  It was probably introduced as the mineral pyrolusite.  From Roman times onward, 
glasses often contained about 0.5 to 1.0% MnO2.  Later, manganese dioxide was sometimes called 
"glassmaker's soap".  If pieces of colorless glass containing reduced manganese are exposed to 
ultraviolet light for long periods of time, the manganese may become photo oxidized.  This converts 
it back into an oxidized form which, even in rather low concentrations imparts a pink or violet color 
to glass.  The ultraviolet rays of the sun can promote this process over a matter of a few years or 
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decades, thus accounting for the color of desert glass. Variations in hue and intensity are caused by 
variations of chemical composition and conditions of exposure.  The effect has been reproduced 
under laboratory conditions. 
 
 Other chemical elements which are subject to photo-oxidation may also undergo color 
changes when exposed to ultraviolet light.  Since about the turn of the century, some of these, such 
as selenium and cerium, were occasionally used as decolorizers and therefore can produce 
polarization colors, just as manganese does.  The colors developed by these two elements are said to     
range from yellow to amber. 
 
BROKEN GLASS  

 
There is incidence of cracked or broken glass throughout the windows.  The breaks are 

caused by: 
 
1. Deflection.  The window bends beyond the tensile strength of the glass. Long, thin pieces 
and complex concave shaped pieces tend to be the first to break.  

 
2. Rapid deceleration.  When the ventilators are slammed shut, strong forces are exerted on 
the panel, breaking the weaker pieces.  

 
3. Impact.  Most of the broken glass is the result of impact, and directly, that of vandalism. 
   

DIRT  
 
There is an accretion of dirt on all surfaces of the glass. This is a combination of soot from 

the furnace (even if the present system is clean-burning, it is unlikely that previous systems were as 
clean), candle smoke and other air-borne contaminants (including hydro-carbon pollution from the 
surrounding industrial area).  This layer of dirt may become hygroscopic, absorbing water and 
holding it close to the glass.  This can be very detrimental to the painted glass. This presents a threat 
to the physical stability of the glass and interferes with the esthetic appreciation of the windows. As 
stated before, some of the windows have two or three layers of plating.  The dirt gets in between the 
plates.  
 
QUALITY OF LEAD CAME ALLOY   

 
There is evidence that a weak alloy of lead was used to fabricate the lead cames of most of 

the windows.  This was typical in windows made from this period and dating back to the early 19th 
century when developments in the refining process allowed for the fabrication of pure lead cames. 
Unfortunately, many of the "impurities" that were removed from the lead made an alloy that was 
stronger, and more resistant to fatigue damage, as well as deflection.  This original design flaw 
should be addressed during any restoration project.  
 
METAL FATIGUE 
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Leaded glass windows are designed to flex and move when subject to the stresses of wind 

loads and the effects of expansion and contraction. This constant flexing of the lead came matrix 
results in failure due to metal fatigue over long periods of time.  The evidence of this failure can be 
seen with close inspection of the lead cames.  Broken solder joints and small cracks in the lead came 
develop.  The broken solder joints are not serious and can be repaired.  The cracks in the lead came 
are more serious and evince the need for replacement of the lead cames.  Both broken solder joints 
and cracked leads can be seen throughout the windows of the Building.  The addition of trace 
amounts of copper and/or silver to the lead alloy used for the cames would greatly magnify the lead 
cames resistance to metal fatigue if a restoration option is pursued.  
 
LEAD CORROSION 

 
Lead corrodes when exposed to various chemicals in the environment.  The typical type of 

corrosion is from inorganic acids in the air.  This results in a dark patina that forms on the surface of 
the lead and is self-sealing, preventing corrosion of the metal below the surface. A second and more 
damaging type of corrosion is caused by attack from organic acids. This results in a white powder 
(lead carbonate) to form on the surface of the lead cames. This type of corrosion is not self-sealing. 
Some of the windows of the Building have extensive lead carbonate deposits on the exterior surface 
of the lead cames. This is likely due to use of improper, organic acid releasing caulks. Carbon dioxide 
present in the air, dissolves into the water formed in the humid environment that forms around the 
panels.  When this occurs in the presence of small amounts of acetic or other organic acids, a 
process begins that results in the extensive corrosion of the lead came matrix. The only solution to 
this problem is to alter the micro-environment that encourages the corrosion.  
 
FAILURE OF THE LEAD CAME MATRIX  

 
Due primarily to the three previous types of deterioration, the lead came matrices on some 

of the windows are beginning to fail.  The lead is separating from the glass and daylight can be seen 
coming through the window.  This is most serious in windows 5 &7.  They get more of the weather 
and have been subject to vandalism.   
 
GLASS PAINT  

 
For the most part, the glass paint appears sound.  However, there are limited passages in the 

windows indicating some paint loss. Glass paint cannot fade.  However, an appearance resembling 
fading may occur.  This is the result of a loss of paint from the glass surface.  This may be due to 
several reasons ranging from a chemical incompatibility of the paint and the glass substrate to 
incorrect firing of the glass during initial fabrication of the window.  Regardless of the original cause, 
all paint loss is greatly exacerbated by the presence of standing water on the surface of the glass. 
 
WATERPROOFING COMPOUND  

 
There is evidence that the waterproofing compound that seals the colored glass within the 
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lead cames, has broken down.  This is a result of the loss of the binding oil (most likely linseed oil) 
from the calcium carbonate based waterproofing compound.  As the oil polymerizes and gets brittle, 
the putty turns to powder and falls out from under the flanges of the lead cames.  
 
PROTECTIVE GLAZING  
  
 This only affects the large window in the front façade. As mentioned above, the single most 
destructive force acting on the windows is the heat gain from the sun.  The protective glazing system 
that is presently installed on some of the exterior windows contributes greatly to the deterioration of 
these windows. The interstitial space between the protective glazing and the stained glass is not 
vented.  The air column that is trapped between the protective glazing and the stained glass is being 
super-heated by the sun, just as the air in your car is heated when it is parked in the sun with the 
windows tightly closed.   Tests done on stained glass windows in Philadelphia with unvented 
protective glazing installed yielded interior glass surface temperatures in excess of 140 degrees F, 
when the exterior ambient air temperature was 40 degrees F.  This has four negative effects on the 
stained glass:  
 

1/ the heat is transferred to the window thereby maximizing the negative effects of the 
expansion / contraction cycle, by increasing the temperature gradient experienced by the 
window;  

 
2/ as the trapped air column heats up, it expands, forcing the window to bow to the interior;  

 
3/ the increased temperature of the lead cames make them softer and easier to bend, 
maximizing the negative effects of items 1/ and 2/.  

 
4/ Condensation forms in the unvented inter space between the protective glazing and the 
stained glass.  The condensation is conducive to the growth of microorganisms whose by-
products attack the lead cames and the stained glass.  In addition to the direct damage to the 
stained glass, the condensation rusts the steel support bars and contributes to the 
deterioration of the bronze frames.  

 
This completes the Window Assessment portion of the report.   
 

 
Sincerely,   

  
 
Arthur J. Femenella, Sr., President 
Femenella & Associates, Inc.  
 





New York
Washington DC
info@fxcollaborative.com
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