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Abstract: Light can play tricks on your eyes. Have you ever observed a south facing
building facade between 1:00 pm and 3:00 pm? Deficiencies that are observable at 1:00
pm are not necessarily observable at 3:00 pm. Depending upon the nature of the light,
sunlight vs. daylight, one may or may not observe a bowing stone panel. Depending
upon the building facade material and its configuration, light may assist or hinder an
observation. Ornate facades cast shadows in sunlight. A crack or spall can be lurking in
those shadows. Your choice of binoculars, your experience, and possibly your
psychological disposition may be influencing whether or not you see a façade deficiency.
To see or not to see the deficiency may truly be a challenge. But a greater challenge may
be photographing the deficiency. The crack or spall that lurks in the shadow on a sunny
day may be nearly impossible to photograph. Excessive sunlight that reflects off the
facade may wash out a photo. Automatic cameras typically grab all surrounding light for
a photograph but this may be too much or too little depending upon the object you are
focusing on in a certain frame. The ability to manually set your camera may be
necessary. This paper discusses light, observing building facades, and recording
deficiencies.
Keywords: Light, Sunlight, Daylight, Tangential Light, Borescope, Spotterscope, Single
Reflex Lens Cameras, Digital Cameras, shade, shadow,
____________________
Background
Building facade failures and the development of facade ordinances throughout the
United States has given rise to the need to perform critical examinations of existing
building facades. The first step in performing a critical examination is to visually
observe the building’s facades. The process of observing a building facade is not defined
in the existing ordinances. In all cases it is up to the facade inspector to decide how he or
she will visually observe the facade. Since the act of visually observing something is
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considered an everyday event for a majority of us, very little attention has been given to
how we look and see.
As experienced by some of us, a facade inspector is typically asked by his or her
manager to go and look at a subject building. The inspector looks at the building, takes
some photographs, returns to the office, and shows them to the manager. After the
manager reviews the photos and if he or she is familiar with the building, he or she may
ask “didn’t you see the bulges in the wall on the south side?” The inspector may be at a
loss because he looked at the facade but did not see the condition or he saw the condition
but it did not appear on the photographs. Having the correct level of light, an
understanding of perception, good visual aids and photographic equipment is critical to
the first step in performing a facade inspection.
Light
Light is electromagnetic radiation that is detectable by the human eye. When
analyzed as a wave, light is typically defined by its length, which is the color of the light,
its amplitude which is its brightness, and an angle at which it vibrates, which is known as
polarization [1]. The retina of the human eye is what absorbs the electromagnetic
radiation through receptors known as cones and rods. Rods are prevalent away from the
center of the retinal area while cones dominate the center area. Rods do not discern
between colors but are very sensitive to low light levels and movement while cones are
active at higher light levels and discern between red, blue, and green wavelengths. It is
the use of the rods through peripheral vision that first draws our attention to an unusual
condition – a facade deficiency [2].
For the purpose of facade inspections, there are two basic types of light that
render a building facade - daylight and sunlight. Daylight can also be referred to as
indirect sunlight. A facade rendered in daylight is simply a facade with uniform low light
intensity casting little to no shadows. By contrast, a facade rendered in sunlight is simply
a facade with high intensity direct sunlight. If the facade is articulated with varying
planes or features, such as ornate masonry facades, then the varying planes or features
will cast clearly defined dark shadows. There is a point in time on every sunny day when
direct sunlight washes across a facade. When the wavelengths of light are at a very low
angle in relation to the facade it is striking, the light is then considered tangential to the
facade. For the purpose of facade inspections, the author proposes referring to this type
of light as tangential light – light that washes across a building facade at a very low angle.
Daylight and sunlight are available to building facades at varying times throughout the
year due to changes in the sun’s altitude – the angular distance of the sun’s path above
the earth’s horizon. For building facades in the northern hemisphere, the summer months
typically provide sunlight on all sides of the subject building. During winter months,
only three facades of a typical four-facade building will receive sunlight. The varying
positions of the sun and the duration of sunlight that any building facade may receive can
be interpreted from a sunpath diagram (Figure 1) [3]. For example, sunlight striking a
building on 21 June that is located at forty degrees north latitude will have an altitude of
80° above the horizon. Sunrise will be at 120 degrees east of south while sunset will be
at 120° west of south. The sun’s path will produce an arc across the sky of 240°. As a
result, all sides of the subject building will receive sunlight sometime

Figure 1 - A sunpath diagram with a building footprint at 43° north latitude. Note
that sunrise in June occurs north of east meaning that north facades will be in
sunlight for a few hours each day during the summer.
during the day. A true north facade will receive sunlight for two hours in the morning
and two hours in the evening and the angle at which it strikes the facade will be no more
than 30°. By comparison, only three of the four subject building facades will receive
sunlight on 20 December when the sun’s altitude is only 30° above the horizon and its arc
is 120° (60° both east and west of south).
Perception and Gestalt Theory in Psychology
Finding observable deficiencies in a building facade will not only depend upon
the type of light and the ability of your cones and rods, but it will also depend upon how
one perceives the visual information. Perception as defined by Henry Gleitman in

Psychology is how we come to apprehend the objects and events in the external reality
around us [4]. How do we come to see not just a rough, rectangular, gray object, but
perceive a concrete panel [5]? Gestalt theory tells us that forms are not perceived by
summing individual stimuli (rough + rectangular + gray), but that the object is
experienced as a whole. We perceive certain relationships among the individual stimuli
that cause us to recognize a pattern that we have seen before from past experience [6].
Your perception of a facade deficiency and of the pattern it may form will require some
level of experience to recognize it. Your experience and psychological disposition will
influence your perception (Figure 2).
Other concepts to consider in Gestalt theory,
which describe how we organize our perceptions, are
proximity and good continuance. Proximity in
Gestalt theory states that “the closer two figures are
to each other (proximity) the more they will tend to
be grouped together perceptually” [7]. It should be
noted that proximity is not limited to a spatial
relationship but may also occur in time [8]. Two
cracks in a brick masonry veneer ten feet apart may
be related as deficiencies that occur at a repetitive
condition, such as a shelf angle, however they may
or may not be related in time. One crack may have
caused the other. It should also be noted that in order
to observe spatial proximity, one must be at
sufficient distance between the two conditions. In
order to observe time proximity, one may need to
consult building staff for reports or analyze/test
broken surfaces for information such as carbonation
Figure 2 - Ambiguous woman
dating of concrete cracks.
is a well-known study
Another way in which we group deficiencies,
performed by psychologists on
according
to the founder of Gestalt psychology Max
perception. Our psychological
Wertheimer, is known in Gestalt theory as Good
disposition will influence
Continuation
which implies that “our visual system
whether or not we see the
seems to ‘prefer’ contours that continue smoothly
young or old woman.
along their original course” [9]. As noted by
Gleitman, “good continuation is a powerful organizational factor that will often prevail
even when pitted against prior experience” [10] (Figure 3). Prior experience may inform
you that there are potential delaminated surfaces with sedimentary stone that is facebedded on a facade, however the natural appearance and/or sculpting of the stone may
camouflage the deficiency (Figure 4).

Figure 3 - Even though the letter H is well known, good continuation
within an image will make it difficult to identify items such as the letter H.

Recording
Lastly, visual aids and cameras are needed to
record your observations. Most visual inspections
are started with an overall observation of the building
facades and are conducted using binoculars and
various types of cameras. Binoculars vary in quality
and can hinder or assist you in making your
observations. A good quality SLR zoom camera is
also required to take decent photographs of observed
conditions.
Most consumer buying guides will tell you
that binoculars are typically identified by three
numbers; the magnification, the aperture opening
(lens diameter), and the field of view. The author
typically uses 7x 35 mm, 8.6°. The magnification
simply means how much larger or closer the image
will appear through the binoculars as compared to
the image without binoculars. It is typically
Figure 4 - Good continuation
expressed with an “x” after it indicating
of the lines in this
multiplication, in the author’s case 7x. It should be
sedimentary stone
noted that higher magnification typically results in
camouflage separations in
less brightness and angular field of view. In
the stone’s layers.
addition, greater magnification requires the inspector
to hold the binoculars extremely steady to observe details. A tripod maybe required at
greater magnifications. The aperture opening is the diameter of the objective, in the
author’s case 35 mm. It should be noted that the larger the aperture, the more light that
comes into the binoculars. More light will assist in making the image brighter and
clearer. The field of view is typically expressed in angular form but can also be
expressed linearly across the image. The field of view is typically rated at 91 m (1,000
yd), with one degree of arc representing 16 m (52.5 ft). In the author’s case, 8.6°
represents an image width of 137 m (451 ft) when viewed from 91 m (1,000 yd). The
larger the angular degree, the greater the image width viewed in the binoculars. This may
help locate an observation so that you can make a note of its existence on an elevation
drawing [11].
There are many more features to binoculars that each inspector should become
familiar with prior to selecting his or her binocular of choice. These features include
light transmission, phase correction, and image stabilization. For light transmission, 90
percent or better should be sought. This means that over 90 percent of the light that
enters the binocular travels to your eye. This is achieved in quality binoculars by
coatings applied to the lenses and prisms to reduce reflection. Phase correction is a
feature that forces light that has been split into two out-of-phase beams to reconnect into
the same phase prior to reaching your eye resulting in a better quality image. Image
stabilization is recent technology now employed by manufacturers to limit image shake in
high-powered handheld binoculars. This is achieved through gyroscopes that detect
motion, a computer chip that calculates displacement, and a movable lens that maintains

image control. Image stabilized binoculars require batteries and are considered expensive
when compared to traditional binoculars. July 2002 prices for an 18x 50 mm, 3.7°
image-stabilized binocular were approximately $1,100 [12].
Cost and technology aside, a very important factor to consider when selecting a
binocular is feel and weight. Binoculars should comfortably fit your hands and eyes.
Weight should be minimal because you will be holding the binocular for hours per day
while observing facades at various angles. The author’s binocular, at 680 g (24 oz),
weighs approximately half the weight of the image-stabilized binocular.
In addition to binoculars, the author recommends using SLR (Single-lens Reflex)
cameras with both automatic and manual settings. While the development of digital
photography will eventually make SLRs obsolete, the current digital technology does not
match the flexibility and quality of an SLR camera when taking the photographs
necessary for a facade inspection. In addition, some courts of law may not accept digital
photographs because of the possibility of manipulation.
SLR cameras function like the human eye; they have a lens, an aperture opening
controlled by a diaphragm – similar to the pupil and iris, and the film is like the retina.
Decreasing the amount of light that the film is exposed to by decreasing the size of the
aperture opening will result in photographs with greater focus and depth of field. It
should also be noted that decreasing the aperture opening will require decreasing the
shutter speed so that enough light can pass through the restricted opening to record the
image. A slower shutter speed may require a tripod in order to hold the camera steady
while photographing. It is also recommended that on sunny days (in the summer) slower
speed film be used and higher speed film be used on darker days (in the winter). The
author typically uses 400-speed film in the winter and 100-speed film in the summer.
The 400-speed film will produce grainy photographs as compared to 100-speed film.
Most new SLR cameras come with an automatic setting, which permits the user to
point and shoot. In many cases this will be satisfactory however, the inspector needs to
realize that when the frame of the picture contains a shadow on a sunny day, deficiencies
in the shade will most likely not appear. The inspector will have to switch to a manual
setting on the camera. Using a zoom lens and focusing only on objects in the shade, the
inspector can measure the recommended shutter speed and aperture setting with his SLR
camera while on the automatic setting. He can then zoom out of the image, change his
camera to manual, and input the setting recommend for the shade. Most SLRs have a
light meter that you can check to ensure that you are slightly over exposing the film. The
bright sunny area of the photo will be washed out while the shaded area should be the
right exposure. The inspector should consider shooting the same picture two more times,
once each with a higher and lower aperture setting.
Photography utilized for facade inspections typically include zoom photography,
standard/wide angle photography, and close-up photography (magnifying filters and
borescope photography).
The author uses a 100-300 mm zoom lens for buildings less than 200 feet in
height. Higher-powered zoom lenses are also available however, the higher the zoom the
more steady the camera must be held and the more light that is required. A tripod, shutter
release, and higher speed film may be required for zoom photography over 300 mm. For
buildings taller than 200 feet, a camera attached to a spotter scope is used where
necessary.

Tall buildings, especially in dense metropolitan areas, are a challenge to capture
on a single photo. The author typically uses a 28-80 mm lens for standard photos. A tall
building can be captured on multiple pictures and then spliced together. As an alternate,
the author also uses a 15 mm lens to capture buildings over 500 feet in height in a single
photo. This typically results in distortion at the perimeter of the photo, which is
commonly referred to as fish eye. The distortion can be decreased if you scan and
manipulate the photo in some computer applications such as Adobe Photoshop. Fish eye
type lenses are good for providing context such as an overall picture of a subject building
facade or if there are several deficiencies spread across a wide area. In addition, a
polarizing filter may be used to capture light in one direction thereby contrasting certain
objects and decreasing reflection.
During detailed observations, a macro lens and/or magnifying filter may be used
to permit close-up photography and enlargement of the deficiency being recorded. Such
photographs tend to emphasize a condition of the deficiency such as the layer of rust on a
hanger support for terra cotta (Figure 5). Another type of close-up photography that can
be used is borescope photography. Borescopes are devices that typically contain a fiber
optic shaft or cable and an adapter for a SLR camera. This type of device permits one to
view into cavity wall systems by drilling a small hole, typically less than 13 mm (1/2 in.),
and inserting the shaft or cable. Newer devices that are now available are fiber optic
cables connected to video recording devices. This permits one to film the interior portion
of the wall cavity. The film is then converted to a video computer file and various
images can be captured by a desktop computer to illustrate a point (Figure 6). The
advantage to filming the cavity is that it gives you context for the deficiencies you may
find.

Figure 5 - This photo was
taken with magnifying filters.
Note the multiple rust layers
of the hanger support.

Figure 6 - A borescopic photo of a joint
condition between two stone panels. The
object at right in the photo is a plastic shim
that was left in place during construction
and is now causing increased stress in the
stone panels.

Performing a Facade Inspection
Preparation
Prior to inspection day, one should obtain a plan of the building with a true north
reference arrow so that the position of the building relative to the sun can be established.
If a plan is not available, then a compass can be used. Once the position of the building’s
footprint is established and the latitude is known, then a sun path diagram can be used to
determine the duration of sunlight each facade will receive during the day of inspection.
The inspection of each facade can now be timed to follow the sun.
In addition to anticipating the path of the sun, existing drawings should be
obtained and reviewed so that one can have a mental image of the exterior wall details
while observing the facade deficiencies. Some of the information gathered may provide
some direction in searching for specific types of deficiencies, such as the possible
relationship of cracked or spalled masonry to embedded steel components. If detail
drawings are not available, then documentation from historical publications may be
useful. Ultimately, probing of the facade may be required to establish typical existing
details. However, such probing is usually deferred until after the initial visual survey and
scaffold inspection.
Elevation drawings or enlarged
copies of elevation photographs, also
known as background drawings, should
be prepared prior to inspection so that
individual deficiencies can be noted on
the drawings/photographs. Recording
the deficient conditions on the
background drawings/photographs will
permit easier recognition of any
patterns of failure that may be present
(Figure 7).
Observations

Figure 7 - Identifying deficiencies with
different symbols in Autocad permits
selective printing in order to see patterns or
proximity of deficiencies. The dots on the
building at left show cracks dispersed
predominately along the top and right side
of the building while the spalls shown in the
image at right are more sporadic.

Start your observations early in
the morning to take advantage of
available light, especially in the
summer time when sunrise is from the
northeast. Note the time and position
of the sun. If a shadow is cast from a
corner of the building, estimate the
angle of the shadow relative to the
plane of the facade. Keep in mind that
the earth rotates 15° per hour so if the
shadow edge is approximately 30° off
of the plane of the facade, it will be 2

hours before the sunlight is tangential to the subject façade (Figure 8). Time your
observations accordingly. Plan and pace yourself so that conditions can be seen under
the most optimum conditions. Prior to scanning a specific facade, walk the perimeter of
the building noting possible vantage points and overall conditions. Take an overall photo
of the building as a matter of record.
Select a facade bathed in sunlight to start your observations. Position yourself at
a horizontal distance that permits you to view the facade at approximately a forty-five
degree angle or less (Figure 9). Using your binoculars, scan the facade vertically and
horizontally. Do not ignore objects seen peripherally, focus your attention on such
objects. Be mindful of the typical wall details and Gestalt rules, such as proximity and
good continuance (potential for camouflage), as you visually examine the deficiencies.
Question your observations, do not become a recording device. The deficiencies you are
recording are the symptoms of a failure mode. Experience and attention to these items
will assist you in identifying the failure mode. Photograph observed conditions and note
them on the background drawings/photographs. While framing each photo note if there
are any shadow lines that may prohibit proper recording of the deficiency. Adjust your
camera manually if necessary to obtain the exposure needed to record the deficiency
(Figure 10).

Figure 8 - These photographs depict the same two panels on a north façade at
different days and at different times. The photograph at left was taken during
daylight while the photo at right was taken during tangential light.

Figure 9 - Various positions for
observing a façade with binoculars.
Illustration by Nathan P. Walker

Figure 10 - Strong shadows cast by
a railing obscures the observation
of the cracked concrete curb.

After recording your observations at a distance, position yourself at the base of
the building and scan vertically up the facade from various points along the base using
your binoculars. Carefully scan for out of plane movement. Note that this typically
requires you to constantly adjust the focal length while scanning up the facade from the
base of the building. Photograph and note out-of-plane movement on the background
drawings/photographs. Repeat the same procedure of scanning the facade from the roof
and other vantage points. While at the roof, also scan horizontally along the parapet to
observe for displacement (Figure 11).
Continue monitoring the time so that you can
position yourself in the right place when tangential
sunlight first washes across each facade. Keep in
mind that tangential light will only last approximately
15 minutes at each facade. The inspector may need to
quickly photograph each condition and wait to record
notes after tangential light has passed.
Limitations and Close-up Inspections
Although plenty of information can be
obtained through keen visual observations, close-up
inspection via scaffolding is required because of the
limitations of distant observations. Information
gathered from distant visual observations, existing
drawing review, and available history from building
staff should be considered in order to select the most
Figure 11 - An undulating
optimum location for a close-up survey via
parapet was observed only
scaffolding.
when looking on edge as
Some of the same techniques employed to
depicted in this photograph.
perform the distant visual survey can be used during a
scaffold inspection. In New York City, the author
typically uses binoculars during scaffold inspections to view horizontally across a façade
while moving vertically down the façade. Depending upon scaffold location, one can
view back on other facades from multiple angles. In addition to these techniques, macro,
magnified, and borescope photography should be considered.
Macro and magnified photography permits you to communicate the fine details of
an observation. Some SLR cameras come with an automatic close-up setting, which
permits detail photography similar to a macro lens. The close-up option on the author’s
camera permits an image to be focused from 20 cm (8 in.) away using an 80 mm zoom
lens. As an alternative, the author also uses magnifying filters that permit 7 times
magnification of an image at a 15 cm (6 in.) focal length, see figure 5.
Use fiberoptic borescopes during detailed close-up inspections to view inside wall
cavities. This will permit the inspector to observe concealed connectors on a cavity wall
system. Assistance from a contractor is typically required to drill a small probe hole,
usually less than 13 mm (1/2 in.) in diameter. It is always good practice to photo or film
the insertion point of the borescope so that orientation can be maintained. Some
borescopes come with a mark in the lens so that you can maintain your orientation.

Conclusion
Seeing and photographing your visual observations can be a challenge. Since the
act of observing and photographing are considered simple everyday events, extra
consideration should be given to how we see, what we see, and how can we photograph
it. The visual tools we use and our own psychological disposition can assist or hinder us.
Some of the items that can hinder us include not having the right light, insufficient
experience, being clouded by too much experience, being physically cold, and deficient
cameras or binoculars. Some of the items that can assist us is being mindful about the
task at hand, questioning our observations, knowing when there is sufficient sunlight,
being mentally prepared, and utilizing good working equipment.
Remember that façade ordinances have been passed by local governments in hope
that façade failures and the potential loss of life will be averted.
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