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Abstract

As increased urban density needs influence the verticality of our built environment, scales of
economy and practical efficiency of curtain wall design and construction constitute a larger
proportion of the building envelope systems used on these buildings. Aesthetically, glass
and aluminum curtain wall systems have become ubiquitous and have become a catalyst

for discussion surrounding transparent architecture and thermal performance — particularly
in colder climates. The notion of conserving energy to maximize benefits of generating and
storing it gives rise to the exploration of managing what we use today as a material and
design pallet. Whilst improvement in glass performance has been incremental, there belies
an opportunity to influence a step-change in overall thermal performance by addressing
non-vision areas, specifically, shadow box applications in the enclosure. The balance between
thermal performance of the vision and non-vision areas have provided an opportunity for closer
examination of how thermal performance can be improved in shadow box areas with the
implementation of a holistic approach to building design.

Mikkel Kragh Stanley Yee

Keywords: Spandrel, Shadow Box, Thermal Performance, Condensation Resistance
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Stanley Yee, a LEED® Accredited Professional, is a building
design specialist for Dow Corning. He has 20 years
experience in the building enclosure industry, working

in curtain wall contracting, and facade engineering/
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Lawrence Carbary FASTM joined Dow Corning in 1982
as a Chemical Engineer where he began working on
the application of silicone sealants and adhesives for
the curtain wall industry. He is currently working on
new technologies for commercial facade insulation,
sealing and glazing techniques.
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Neil McClelland is the Building Enclosure Technical
Leader at HOK in New York. He has extensive
knowledge and expertise in facade engineering with
regards to glass, structural glass, curtain walls, thermal
performance and product design.
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Introduction

Curtain walls on today’s iconic buildings are

a true architectural statement that represents
the building, owner, occupants, and location.
Through the years, the curtain wall has
improved its performance characteristics for
air infiltration resistance, water infiltration
resistance, and structural performance while
maintaining its aesthetic qualities. The glass
facade still remains popular throughout the
city centers of the world. During the past
decade, continued effort has been extended
to improve the energy performance of curtain
walls. The energy performance aspect has
required curtain walls to use more durable
materials to resist air and water infiltration.
Natural disasters such as hurricanes, typhoons
and earthquakes have required curtain walls
to be subjected to, and required to pass
performance-based mock ups with increased
windloads and seismic drift requirements.
Specifications for impact resistant glazing

and glazing technique are implemented in
hurricane susceptible areas of the US coastline
areas. Critical fire-stopping assemblies at the
floor slabs are required to meet performance
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requirements dictated by codes and specifications. All of this performance
testing has to be validated while still maintaining its aesthetic appeal.

Glazing has improved with spectrally selective high performance coatings
that typically maximize visible light transmittance and minimize solar

heat gain. This keeps energy use lower during the predominantly cooling

seasons while maintaining the aesthetic desire for transparency and large

vision areas. Not only must the large vision areas appeal to the occupants

inside the building, but they are typically desired to match and blend with
the overall exterior appearance of the building.

The glass clad building that has the architectural feature of glass in spandrel
areas will many times use a shadow box design. The shadow box will
typically use the same type of glass used in the vision area, and there will
be an architecturally finished panel behind the glass that creates the visual
depth. Figure 1 depicts the typical cross section of a shadow box in the
spandrel area hiding the floor lines. Due to the amount of Low E glass used
on curtain wall facades, shadow boxes will use the same type of glass as is
used in the vision to maximize aesthetics. This type of glass an aesthetic is
not practical to obtain without and IG unit in the spandrel.

The Building Envelope Design Guide — Curtain walls (Vigner et al 2012)
provides a brief note about the issues and challenges with shadow
boxes. There are various opinions on the actual mechanics of how

the shadow box needs to function with regards to the non aesthetic
performance; however the key driver to keep shadow boxes at the
spandrel area is for aesthetics. The designer will want the spandrel

area to appear as similar as possible to the vision areas. Therefore the
spandrel glazing type is typically the same as the vision glazing. The
aesthetic desire for depth is then maximized until there is insufficient
space to maintain thermal insulation and fire insulation performance
characteristics. The depth is typically seldom sufficient and the
economics will come into play as increasing deeper curtain wall mullions
(and their associated costs) begin to exceed beyond the budgeted
scope of the project. This classic “Dance of Compromise”is evident in

all aspects of the project. Wausau Window and Wall Systems publish a
technical recommendation for shadow box applications (Wausau) and
the second point of twelve recommendations is to review the aesthetics
before proceeding. As many technical hurdles are present in shadow box
performance and durability, aesthetics seem to be the driver.

Curtain wall spandrel options — other than shadow boxes — are typically
opacified glass, metal panels, stone panels, or other opaque materials.
Each of these options comes with their own challenges, and adds unique
aesthetic character to the building. Each of these options may come with
performance advantages over shadow boxes, but they do not create the
illusion of depth and appearance of a visually continuous facade.

Current Practices For Shadow Boxes

Shadow boxes are the non vision area of the curtain wall, and

are typically 1500mm (a module width) by 600-1500mm tall. This
dimension depends on the designer’s desired window to wall ratio for
the building. The shadow box has to perform structurally and resist air
and water infiltration to the specified criteria. The shadow box must
be installed adjacent to the floor slab and allow a proven fire stopping
system to be installed between the backpan and the floor slab. The
fire-stopping, typically made of a Mineral Wool for its noncombustible
performance is also used as insulation.

Typical glazing on high performance buildings will be specified with a
high performance low-emissivity coating. Although the low-e coating
will reflect infrared heat back to the exterior, it will also reflect some heat
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Figure 1. Typical cross section of shadow box design. (Source: Neil McClelland HOK)
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to the interior, providing a degree of thermal performance. In using this 4025 /r DL &, 35 38 K B8 3 9] g 2ok b IRGE JE DA RGE i

glass in the Shadow Box areas, these conditions can become a heated EHRHEARRRETIRESN T,
environment enough that the major glass manufacturers will specify o o o > ) .
heat strengthened glass to avoid thermal breakage. Fil 2 7 R 9 R A R SKT B R A 0 T AR MR BT F i

BREAAZET UER ALK BEERER, ERMM14KEER
Increased windloads and resistance to windborne debris has affected the  E Z LB E 7, TR FHENH T W, £F, FF2HEFER
shadow box design to include laminated glass in impact resistant systems. 89 FASAAE B FLAE U i 1% 7 B R AT A @ S & & BATHE &,
Laminate glass has upper temperature limitations and must be considered % A 47 84 40 2 i & B 8] By 4 A5 T 2 5 % B E AL,

when installed. Glass selection may dictate the upper temperature and the ) . s N ‘
way to regulate that temperature through some sort of controlled venting. it 4 3@}7(& HITA AR fE 8 4500 Fﬁmf;ﬁfjﬁj\y I% , BERG2 E%/V\
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Debates ensue over the practice of venting or not venting shadow boxes. &4 B8 E A B ERB M DR R KL, FHTHHT LEFN

Non-vented shadow boxes may eliminate any accumulation of dust VTR e BARAR SRR TV AR R 2 BR R BE AR A B IL LR D K
orinsects, but they will change in pressure with temperature variation, AMBERE RHFEN, EERIEFIAGEFA, LEERKLNE
potentially causing aesthetic changes. Condensation will typically occur NHVET I D W

within a non-vented shadow box during cold weather; however it should . e g - P
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but the condensation of the system during cold weather must be drained  #E R BB L A IHH N . KA ZE A REELAF @R, FEEA
out. Accumulation of dust through the vents during pressure cycling MNER A EERKNAZTBNFRIE, EFNIEHENE
when mixed with condensate can render unsightly stains visible from EF NAEKNERRE, F2RTT AR,

the exterior. Although responsible designers and fabricators will provide [N . . . . ,
baffles at the vents to minimize dirt and insects, it is not uncommon to ARELR G RIRE. . REMFLEEHME LN LEM
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view field installations that show some ingress of dust after a few years. PR T

This dynamic system will typically have insulation behind the back panel. E%ﬁﬂﬁ% # : ll ‘Tii&g]/ Eﬁif[_i_ﬁn%é’] i1 Eﬁ){*f 747( Ed i?% .
This thermal layer is no longer in line with the thermal layer of insulating " Eﬁ*ﬁxfj’z & Fa%”n\ﬂ iz 73 Fﬂ Jﬁfﬁi— H’] f%? iz we o ] DU R ER 4
glass in the vision areas. This discontinuity of the thermal control layer HEAEHRER, URERDARAGT REH.

exposes the horizontal and vertical frames surrounding the shadow box W AT EET A S 0 — AN, T AT

to temperature extremes that the vision areas are thermally shielded from. B EEABEARE., S ANEER LT BN, B
7Y AN o X ’
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barriers must be carefully designed in so that interior building moisture is

not leaking into the shadow box during the long winter months causing a
constant flow of potentially visible condensate from the exterior. Figure 2
shows a condensing shadow box.

Condensate within a shadow box will cause premature aging of coating,
anchors, fasteners and a decrease in thermal performance of typical
(contemporary) insulation materials.

Back panels rigidly attached to the framing change dimensions during
thermal cycling. Warping or oil canning of the back panel will add ) ) ) ) i
. . Figure 2. Condensation on backside of glass in a shadow box. (Source: Neil McClelland HOK)
unwanted aesthetic changes to the shadow box. Proper fastening E2 S TS L, (IR A-E 525 2 HOKA 3)
of back panels with structural silicone can be done to minimize this
aesthetic effect.

Patterns on the #2 surface of the glass can create a shadow within
the shadow box and may result in a moiré image that is not within
the expected architectural intent. The resulting patterns can be quite
unexpected and accentuate and emphasize the need for visual
mockups. Figure 3 shows a Moire image.

One of the greatest technical detractors of the current practice of
shadow boxes is the thermal inefficiency of the design due to the
exposed transoms and mullions. Increasing the insulation between the
framing system without changing the frame itself results in a false sense
of thermal performance characteristics. Lawton and Roppel (Lawton and
Roppel 2011) showed that there is a diminishing rate-of-return by just
adding insulation to the back of the spandrel assembly. Many current
practices rely on the one dimensional highest thermal resistance rating

of the shadow box assembly. The practice of calculating the thermal Figure 3. Moire Pattern in Shadow Box (Source: Neil McClelland HOK)
E3. AR EN B & HEE R BAR-Z FHKZHOKA )
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performance of the shadow box by adding the thermal resistances of
the exterior glazing, air cavity, and insulation could yield a misleading
performance characteristic. A more practical approach is to use the
concept of thermal modeling of glazing where one will conducted
an area-weighted-average of the center, edge conditions and frame
conditions. This method takes some additional work because a
simulation model has to be created and summarized.

Next Generation Shadow Boxes

The aesthetics of shadow boxes will continue to be the driver for their
use. It is expected that the desire for deeper shadow boxes will drive
the fabricators to provide solutions for such assemblies. The primary
focus for next generation technology is to keep or enhance aesthetics
while increasing thermal performance.

Shadow boxes will continue to be popular amongst the architects of

the world on iconic buildings. Windloads will not likely decrease, only
increase. Therefore glazing will either become thicker, or it will use
laminates. Higher windloads will require deeper mullions which can

result in deeper shadow boxes. Laminated glazing will require the
consideration of temperature in the shadow box so that the heat gain
experienced by the assembly will not render the glazing unfit for purpose.

Fire concerns will still remain. The fire-stopping at the floor slab of a
commercial building is a global requirement. The curtain wall system
that is anchored to the floor slab must be able to be fire-stopped.
Assembly testing to standards such as ASTM E2307 evaluates the
safing slot fire-stopping performance. Tested systems do include
thermal insulation behind the shadow box and in front of the floor
slab. This will not change in the future. What will change is the
addition of high performance insulation to augment the insulation
characteristics of the required fire-stopping materials.

Condensation and dirt accumulation will not be tolerated in the next
generation. Sealed desiccated systems will become a standard, and
heat build-up will be moderated.

One enabling item to assist in achieving the goals of the increased
performance curtain wall shadow box will be higher performing
insulation materials. Insulation today is based on mineral wool due to
its fire resistive properties, yet its thermal inefficiency will not allow a
deeper shadow box. Vertical mullions are wrapped with mineral wool
for fire reason in the spandrel areas and the thermal models show
significant improvement. Higher performing silicon based insulation
will be able to also perform this task and provide additional insulation.

Higher performance insulations that will be used here are in practice
today as Vacuum Insulation Panels (VIP), and Aerogel Blankets. These
silicon based insulations have extremely small particle sizes and bring
insulation properties that are double that of typical insulation used
today. The Vacuum Insulation Panels have nearly an order of magnitude
upgrade in insulation characteristics compared to standard materials
today. When the silicon based solutions are prepared for VIP's, the fumed-
silica core is an ash from a burned silane. The silicon solutions mentioned
here are inorganic and have excellent fire resistant properties. The silicon
solutions are not susceptible to mold or mildew growth, are extremely
hydrophobic, and are incumbent technologies in other industries. These
silicon solutions will be able to provide significant upgrades in the
thermal performance of shadow boxes, while maintaining aesthetics,
and performance to air, water, structural, thermal and fire properties.

The thermal conductivity for Vacuum Insulation Panels will have an
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aged thermal conductivity of 7mW/mK, Aerogel Insulation blanket
will have a thermal conductivity of 15mW/mK and Mineral Wool will
have thermal conductivity of 34mW/mK. The silicon based solutions
are nearly 5X and 2X the insulation of contemporary insulation. Figure
4 shows the thermal resistance comparisons of these silicon based
solutions compared to contemporary insulation.

System Integration

Contemporary insulation material has demonstrated its flexibility
and material properties through its widely accepted use in shadow
box applications. However with the increasingly stringent thermal
requirements on the building enclosure and in particular curtain wall
systems, there comes a point where the material’s own limitations
will give rise to the consideration of other materials. New higher
performing materials that can impart better thermal performance
without impacting existing frame dimension characteristics are
desired. The strategic placement of these insulation components in
the shadow box assembly can perform three tasks. The shadow box
can become deeper while keeping the same insulation performance;
the shadow box can be thermally improved over contemporary
designs, or a combination of the two.

As important as improved thermal performance characteristics for
shadow boxes, a high performance insulation shadow box solution
should be one that can be more readily embraced and accepted by the
exiting contracting infrastructure. A higher performing solution that has
a marginal impact on the design, engineering, assembly and installation
of curtain wall systems will meet with wider spread technical acceptance.

Summary

While it is widely recognized that there is a strong aesthetic inclination
to incorporate shadow box constructions in largely glazed buildings, it is
also noted a higher degree (beyond one-dimensional) thermal analysis
of these conditions will be necessary. A more thermally advanced

and performing system incorporating silicon-based high performance
insulation components (Vacuum Insulation Panels and Aerogel Blankets)
that provide a thermal barrier for the spandrel area in an easy to

design and install package will be brought forward. The silicon-based
components would provide an improvement in the continuity of the
thermal control layer by being closer to the plane of the vision glazing
while also mitigating the need to ventilate the space behind hence
mitigating condensation and dirt pick-up potential.

The simple component approach would minimize the potential to
redesign existing curtain wall systems to accommodate it; hence renders
itself better poised for existing system designer, and installers to embrace
and utilize the component in both the new construction and potentially
retrofit markets. Both these applications in sufficient numbers could
begin to represent a larger reduction in the energy footprint — particularly
in the context of increase urbanization and increases built environment
densities that the aforementioned is typically associated with.
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