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+ INTRODUCTION

'The Department of Defense (DoD) inventory of early- to mid-twentieth-century buildings is facing a critical point in the serviceable
lives of original windows - namely those constructed of steel, corrugated wire glass, and glass block. The 20¢A-Century Building Materi-
als and Suitable Substitutes Windows Visual Guide is designed as a quick-reference tool for Cultural Resource Managers (CRMs), facility
planners, architects, and engineers entrusted with preservation, maintenance, and navigation of the Section 106 process of the National

Historic Preservation Act while balancing project needs and regulatory requirements.

'This Visual Guide is intended to provide the user with the ability to recognize and define steel, corrugated wire glass, and glass block
windows as character-defining features in early- to mid-twentieth-century historic buildings (i.e., those buildings eligible for listing in or
listed in the National Register of Historic Places, either individually or as part of a larger historic district). Each window type is explored
to familiarize the user with the appearance of the material, construction methods applicable for identification or replacement, context of
popular use, and in-sifu examples in existing DoD architecture. The information and images in the Visual Guide are provided to assist the

user in research, interpretation, and possible future mitigation.
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The Visual Guide images reference the extensive research and investigation located in the 20th-Century Building Materials and Suitable
Substitutes: Windows Technical Report. Within Section 3.0, History of Twentieth-Century Window Types of the report, the materi-
als and construction methods are compounded to include unique characteristics, development, and manufactures of each material to be
utilized for future mitigation documentation. The common uses and examples simply scratch the surface of Section 6.0, Case Studies,
which documents steel, corrugated wire glass, and glass block windows of individual DoD buildings across six installations with consid-

erations for maintenance, preservation, replacement, regulation, and mitigation throughout the Section 106 process.

Windows are among the most prominent character-defining features of historic buildings, particularly those of the early to mid-twentieth
century, and are also the most vulnerable to deterioration. Through recognition and context, the Visual Guide aims to familiarize CRMs
with the distinctiveness and use of three predominant twentieth-century window types. Further information, examples, and guidance are

available within the 20¢h-Century Building Materials and Suitable Substitutes: Windows Technical Report.
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STEEL WINDOWS

Explanation of Material
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The height of steel windows called for either a mechanical (left) or manual (right) method of operating
movable panels for ventilation. Continued use is key for keeping operability as designed.

A central operable panel is a common configuration
Ereel, of a steel window. When replacing panes of glass,
l_""f,f' it is important to note the reduced sizes within the
1__:.; operable sections.
‘sé
+i38 The Fenestra joint wove
_.? intersecz‘ing muntins,
l“*i' : which produced strength
- ;‘.,;,:mtz‘i?:'lf_i;:f}“,}f% ol and allowed for slimmer
[z + 4 k[‘l SIS L 'GE glazing bars.

The section shows the shape and location of
muntins and frames in common steel installation.
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This 1927 technical diagram of a Lupton Steel Window illustrates how the window This rendering shows the clean lines and large amounts of glass characteristic of
is attached to the frame. a steel window. The accompanying sectional perspective conveys the depth of the
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+ STEEL WINDOWS

Explanation of Material e n = =
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the more common rolled steel windows. The steel’s strength allowed the
character-defining feature of narrow muntins.

Steel windows were historically offered in various operability configurations, including ( left to rig/at) continuous, austral, pivot, double-hung, projecting, and casement.
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Explanation of Construction

11

Tall steel windows of industrial structures often had an upper operable
panel for ventilation. When in a series, all the steel windows could be
connected by a mechanical operator to open and close efficiently.

Lccenraic

BRokZE DUSHING |

To further prevent rust, steel windows
commonly had pins in bronze or an equally
corrosion-resistant metal.

FRAME -f-z,______,f..-fff .

Bar ax
heead oaly

A 7 —

DIMENSIONS

— e

This section diagram shows the window assembly of
subframe, frame, and sash.
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Steel windows could be hinged at the top to create
continuous windows to maximize ventilation.

13-Gauge Z Frame

Shade Bracket

Shade Raller

PIVOT ARM

BRONIE 2ASH PULL

PIVOT ARM

BRONZE HANDLE

12-Gauge Z Frame

This section details the hinge
construction, with steel and
bronze connections on

each sash.
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STEEL WINDOWS

Examples of Common Use
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Large steel windows in a series created a distinct change in the architecture of industrial Steel windows could be configured for maximum ventilation, a desirable
and commercial structures. quality for utilitarian structures like power houses and boiler rooms.
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The strength of steel allowed for large expanses of glass that allowed maximum Steel windows could also be scaled back in size for use in
light. This was seen as beneficial in institutional buildings like schools, residential buildings.

laboratories, and research facilities.
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+ STEEL WINDOWS

Examples of Common Use

A continuous steel window after rehabilitation at Portsmouth Naval Shipyard, This steel window shows signs of corrosion, a common occurrence in industrial
Building 240. (Photographer: Kerry Vautrot, 2014) applications. Located at NSF Indian Head, Building 292. (Photographer:
Thomas Wright, 2014)
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Steel windows can be maintained with
minimal actions. The steel window of
Building 768 at NSF Indian Head is
showing signs of corrosion, but with some
scraping and repainting, the issue can be
reversed. (. Photographer: Thomas Wright,
2014)

26

2,

-

The popularity of steel windows was apparent in work spaces of all types and

[ |
' configurations.

e
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+ STEEL WINDOWS

Examples of Common Use

The benefits of light, ventilation, and easy maintenance resulted in large expanses of steel windows in industrial buildings. The same benefits were recognized and
used in traditional window sizes for
residential construction.
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Replacements

SELF-TAPPING SCREW

U-SHAPED DECORATIVE CAP (PART C)
GLAZING STOP

: RMAL BREAK FEATURE
(PART B) =4 THE

SEALED INSULATING GLASS

BRONZE SPACER

i ———— COVE-BEAD GLAZING BAR
(PART A)

WEEP HOLE
VERTICAL MUNTINS ARE SPOT
WELDED ON AND ALSO SECURED
WITH EXPOXY/GLUE

Muntin detail
showing 3-part design

DECORATIVE CAP [ ‘ ’

Inside

|
|
THERMAL
BREAK
FEATURES It

Outside

Entire window painted green
to match the original

%" WIDE FRAME

Drawing of new window with muntin detail

Today, steel windows are often replaced with aluminum. This diagram shows
how an aluminum replacement attempts the configuration of steel windows,
while adding additional thermal insulation.
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CORRUGATED WIRE GLASS

Explanation of Material
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Corrugated wire glass is described as glass with a
wire mesh enclosed within the surfaces of the sheet,

Corrugated wire glass came in two types: deep or
then corrugated, which creates a continuous curve.

shallow corrugation, shown here in cross section.
Deep corrugation has a steeper angle with 2 1/2”
from corrugation to corrugation. Shallow corruga-
Actinic glass was an amber-tinted glass that excluded tion has a more gradual angle with 2 11/16” from
85% of ultra-violet rays and further contributed to corrugation to corrugation.

glare protection.
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The Hires Turner Glass Company called corrugated wire glass “the lightest and strongest building material of its character obtainable,” and promoted it as the
answer to many issues of existing industrial construction. The large panels allowed large expanses of glass without obstruction (left), and the corrugations allowed a

much greater load than regular flat glass (right).
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CORRUGATED WIRE GLASS

Explanation of Construction

Corrugated wire glass panels were joined by a metal cover cap,
shown here. When properly installed, the construction system

was waterproof-

~
]

PURLIN

Panels were generally installed directly on the superstructure
and could be adapted to and installed on steel, wood purlins,
or concrete.

JEW YORK and Pennsylvania Company, Johnsonburg, Pa.

==

ii "Jl’ This concern has replaced a very great number of their old
I __LQ skylights with C. W. G. and write us that it stays clean

ndatthey have no breakage.

Three men are all that are required to properly install C. W. G.

Over a period of vears the New York and Pennsylvania Company
nave used many thousands of sq. ft. of C. W. G.

The panels were as lightweight as any building material on the market, and eliminated the
need for specially constructed skylights or windows. The materials could be easily and quickly

erected by only a few men, as shown here.
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TYPICAL GLASS JOINT

The panels were also commonly used for canopies, shown here with another three-man
"u'l Purkn  TYPICAL SECTIQ THROUGH . a
{ ROOF OR_SKYLIGHTS team completing the construction.

NOTE- Pa. Wire Glass Co. does nol furnish purlins, curb or ridge Supports, curb or counfer flashings, ventilatars oF frames)
The supporfing construction shown on this drawing is of minimum size for satisfaclory glass bearing. The size of curbs,
rurlinS_, ridge beams, fie rods and bracing for proper “construction musl be clearly sfaled in plans and specifications for
he bulding. Glass must nol have less than 27 bearing at any supporl Al balts and screws te be X" in diamefer.

SCALE DETAILS OF CORRUGATED WIRE GLASS SKYLIGHTS |PLATE NO.
FOR DETAILS ISOMETRIC DETAIL OF TYPICAL LAP JOINT P=- 100
O " MANUFACTURED BY PENNSYLVANIA WIRE GLASS COMPANY, PHILA, PA, Segl 1939

This three-dimensional diagram shows the overlay construction of corrugated wire
glass skylights, including how the corrugations mesh to create a waz‘erproof connection.
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CORRUGATED WIRE GLASS

Examples of Common Use
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Combining the key characteristics of immense strength, diffused light, flexibility, fire resistance, and simple maintenance, corrugated wire glass found early popularity as

an ideal material for skylight construction.
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The diffused light allowed for bright interiors )
without shadows, an important quality when Corrugated wire glass was also used in marquises, as shown here in drawing ( /eﬂ‘) and application (7 rig/yt).

dealing with machinery and factory work.
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The lightweight yet strong material was soon advertised for
every surface of an industrial structure.

Corrugated wire glass allowed light with protection and became a common
detail of industrial structures.

-
s i BT B EE .‘i-"—’—'-'ﬂ!-.'r':

The panels could be a maximum 607 clear span without intermediate Two examples of the use of corrugated wire glass at the
support, lending them to be a popular choice for side wall construction. Philadelphia Navy Yard, in the Pipe and Copper Shop (top)

and Structural Assembly Shop (bottom).
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CORRUGATED WIRE GLASS

Examples of Common Use
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Corrugated wire glass could be used on small-scale projects as well,
shown here as a skylight replacement material.

Corrugated wire glass was adapted to residential application by the 1950s as just corrugated
glass; the wire mesh was removed.
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Corrugated wire glass was more commonly used in large expanses. It is shown here in various applications with the goal of maximum, diffused light.
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A CORRUCATED WikE GLAS ROOF AND VENTLATORS
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SOLARIUM roof at the Nassau County Tuberculosis
il Hospital, Farmingdale, Long Island, N. Y.

—= This C. W. G. roof has little pitch but has given complete
satisfaction in all kinds of weather. The patients may bathe here in

the soft light with less annoyance from heat and glare than from
other sheet glass.

-Cw-a. Institutional buildings soon recognized the usefulness of diffused light, such as in
: this hospital application.

Hinded VenSibling Lovveer.
O R G

CorrUGATED WIRE GLASS ROOES Anp Louyves VENTIATORS.
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The use of corrugated wire glass was adapted to various

roof types.

Corrugated wire glass was a dominant building material in the American
industrial landscape.
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CORRUGATED WIRE GLASS

Examples of Common Use

The corrugated wire glass of Portsmouth Naval Shipyard Building 159 is an example of use on a smaller scale. (Photographer: Kerry Vautrot, 2014)
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The most common application of corrugated wire glass was in large expanses, shown here in the The corrugated wire glass window of Portsmouth Naval Shipyard
curtain wall of Portsmouth Naval Shipyard Building 92. (P/aotogmpber: Kerry Vautrot, 201 4) Building 153 shows the qualities of diffused light and privacy.
(. Photographer: Kerry Vautrot, 2014 /)
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GLASS BLOCK

Explanation of Material

]

SUMLIGHT
WELL DNTUSED DAYLIGHT
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Glass block became popular as a window material because of its ability to create
diffused and directional daylighting without increasing heat, causing glare, or

sacrificing privacy.

. I.-
__!‘b\

A\

LA\

Glass block was developed in various
patterns and designs to adapt to a
range of lighting issues, including
designs to control the direction,

diffusion, and distribution of light.

Owens-Illinois Glass Companyss first glass
block design was a hollow, six-sided unit made
by separately pressing a five-sided unit and a
lid. "The lid was then hermetically sealed and

had the dimensions of a masonry brick.
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Typical of the DIRECTIONAL type is the PC ‘ ; il N A7 N

\ DIFFUSED LIGHT

Soft-Lite Prism B. Internal prisms direct in- . REFLEGTED FROM GEILING
cident daylight to the reflecting ceiling—as ‘ AT

. 2 & BY PRISM LIGHT-DIRECTING UNITS.
shown in the accompanying diagram—whence Lo T

it is distributed to seeing task areas. ' |

:
:

e
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Typical of the DIFFUSING type is the PC Bristol
LX-75. A sheet of fibrous glass is inserted and
permanently sealed between the two halves of
the block during its manufacture. This screen
—creating a double cavity—effectively diffuses
light as the accompanying diagram shows.

S UV N L oe

TYPICAL LIGHT PATHS INTO ROOM
THROUGH PANEL OF LX-78, OR
DIFFUSING GLASS BLOCKS

Pittsburgh-Corning Corporation used this diagram in 1949 to explain the two types of glass block they offered: one which controlled where the light was projected, and another
using a fibrous glass screen to eliminate direct light.
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GLASS BLOCK

Explanation of Material
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In 1939, the Owens-1llinois Glass Company advertised for various patterns and shapes of This diagram shows the benefit of directional glass

glass block. block in a classroom. The top diagram shows how light

= @ is distributed in a traditional glass pane window.

L | The bottom diagram shows how by directing the light
MU T 1 L . . . . .
E%‘?—F“"‘TTED g through glass blocks, the interior is brighter and consis-
7 E tent.
45

This diagram shows the angles in which light enters and leaves a directional glass block.
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Explanation of Construction

{— GALLR WITH
PROCFING
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SILL DETAIL

This 1939 Pittsburgh-Corning Corporation blueprint shows the recommended construction details for a fire-

STEP No. 1

PRELIMINARY PREPARATION

FORM CHASE OF SIZE SHOWN—IN
MASONRY OR BY METAL SHAPES.

. PAINT SILL WITH ASPHALT EMULSION.

APPLY EXPANSION STRIP CONTIN-
UOUSLY AT HEAD AND JAMBS.

“6"PC GLASS| BLOCKS

ARGUS PATTERN

MAX AREA OF GLASS BLOCK OPENING

cteratrfin it
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MORTAR 114 M1X
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{ INSERT BLOCK
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SPREAD LEVEL
|| BED OF MORTAR
AND PRESS WALL

| Ime mTO .

THAN 2" DEEP
AND AS MNEAR
44" WIDE AS
POSSIBLE.

EXPANSION

\, [ASPHALT

STEP No. 2

LAYING INSULUX
KEEP MORTAR OUT OF EXPANSION JOINT.
USE FULL HEAD AND BED JOINTS,

BED WALL TIE IN CENTER OF MORTAR
JOINT. I

| B B __‘_.__,_ﬁ,fL_.,_,,;-

e LTERlecss FOR REINFORCING)

e — T_ __._.__...._,__._--.—-.—v.—.—...—-y_—-m_'

STEP No. 3
BRACING PANEL AFTER
MORTAR HAS SET
BRACE PANELS TEMPORARILY WITH
WOODEN WEDGES.
RAM OAKUM TIGHT IN SPACES AT
SIDES OF BLOCK

proof glass block panel, including head, jamb, and sill details.

OINT WITH

'WOODEN
WEDGE

_| | waD OAKUM
ND.RAM TIGHT

CLEAN,
MORTAR
QuT OF

STEP No. 4

CLEANING AND CALKING
DEMOVE WOODEN WEDGES.

This construction diagram shows the simplicity of
construction, as glass block is laid in a similar fashion to
traditional masonry.

GLASS BLOCK | 20TH-CENTURY BUILDING MATERIALS AND SUITABLE SUBSTITUTES Windows Visual Guide 24




GLASS BLOCK

Explanation of Construction
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Photographs of the construction process show mortar was

laid so that joints measured at least Y4 thick. details (right).
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This three-dimensional section diagram shows sill and jamb construction (left) and drawing



Examples of Common Use

15] 16 17

J_““‘

The ability to control heat loss meant a more practical material for large expanses of window walls.

GLASS BLOCK | 20TH-CENTURY BUILDING MATERIALS AND SUITABLE SUBSTITUTES Windows Visual Guide 26




GLASS BLOCK

Examples of Common Use

Glass block allowed diffused light and minimal shadow, considered perfect for
drafting offices, as seen here.

NOIS GLASS COMPANY...INSULUX PRODUGTS DIVISION .., TOLEDD, OHIO
"M nl‘ e - C FE

The glass block curtain wall maximized yet diffused daylight, obstructed direct

views within, and maintained thermal control similar to a masonry wall.

27 20TH-CENTURY BUILDING MATERIALS AND SUITABLE SUBSTITUTES Windows Visual Guide | GLASS BLOCK




27|

The privacy of glass block walls made it popular for =
exterior and interior walls of offices, where light e
was needed but sound was insulated.

L e

Laboratories and research facilities found glass block
optimal for light without glare, sound insulation, Glass block was also adopted in public and institutional buildings.

and privacy.
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GLASS BLOCK

Examples of Common Use

L1]
1

TI11111]

While modern architecture looked to
maximize daylight, sometimes glare and
shading became a problem. Bright interiors
were beautiful, but privacy became a concern.
Glass block addressed these issues, offering a
solution for industrial, commercial, residen-
tial, and institutional structures alike.
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A common application of a large expanse of glass block in a
research facility at NSF Indian Head Building 601A.
(Photographer: Thomas Wright, 2014)

An example of glass block in a stairwell of NSA Bethesda Building 3. The diffused light and privacy of a glass block panel at NSF
(Photographer: Samantha Driscoll, 2014) Bethesda Building 3. (Photographer: Samantha Driscoll,
2014)
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