




















also will provide an adequate bond. When thin clay products
are used to face precast concrete panels, metal ties are not
required to attach them to the concrete since adequate bond
is achieved.

Latex additives in the concrete or latex bonding materials
provide high bond and high strength, but have limitations.
They are water sensitive, losing as much as 50 percent of
their strength when wet (although they regain that strength
when they become dry). The lowered strength of the con-
crete is usually sufficient to sustain low shear stress such as
the dead weight of the clay product. However, when differ-
ential movements occur, additional stresses are produced
which can cause bond problems.

In general, clay products that are cast integrally with the
concrete have bond strengths exceeding that obtained when
laying units in the conventional manner in the field (clay
product to mortar). In either case, it is necessary to be care-
ful to not entrap air or excess water-caused voids. These
voids could reduce the area of contact between the units and
the concrete and thus reduce bond.

The bond between the facing and the concrete depends on
the absorption of the clay product and the water-cement
ratio of the concrete. Low absorption will result in 2 poor
bond, as will high absorption caused by the rapid loss of the
mixing water, which prevents proper hydration of the ce-
ment and the development of good bond strength. Bricks
with a water absorption of 6 to 9 percent obtained by 5 hour
boiling provide good bonding potential.

Bricks with an initial rate of absorption (suction) of less
than 30 g per 30 sq in. per min. (30 g per 194 cm? per min.),
when tested in accordance with ASTM C67,* are not re-
quired to be wetted. However, brick with high suction or
with an initial rate of absorption in excess of 30 g per
30 sq in. per min. (30 g per 194 cm’ per min.) should be
wetted prior to placement of the concrete. This will reduce
the amount of mix water absorbed and thereby improve
bond. Unglazed quarry tile and frost-resistant glazed wall
tiles, generally, are not required to be wetted. Terra cotta
units should be soaked in water for at least one hour prior to
placement to reduce suction. They should be damp at the
time of concrete placement.

Because of the differences in material properties between
the facing and concrete, clay product-faced concrete panels
are more susceptible to bowing than homogeneous concrete
units. However, panel manufacturers have developed design
and production procedures to minimize bowing.

The likelihood that a panel will bow depends on the de-
sign of the panel and its relative stiffness or ability to resist
deflection as a plate member. Critical panel lengths for bow-
ing depend on temperature and moisture gradients, panel
thickness and concrete modulus of elasticity. Panels that are
relatively thin in cross section as compared to their overall
plan dimensions are more likely to bow as a result of design,
manufacturing and environmental conditions. Minimum
thickness of backup concrete of flat panels to control bow-
ing is usually 5 to 6 in. (125 to 150 mm), but 4 in. (100 mm)
can be used where the panel is small or where it has ade-
quate rigidity obtained through panel shape or clay product
thickness.
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Unrestrained bowing of a panel induces no stresses. If the
bowing is restrained, by a midpoint tie-back connection or
by end connections that resist rotation, significant stresses
may develop over time. If excessive bowing is taken out
after the panel has been erected, then cracking of the panel
may occur. The force necessary to straighten a bowed panel,
and the resulting stresses, can be determined easily.

Panel design also must take into consideration the condi-
tions that panels will encounter when in their final location in
the structure and subjected to the wide range of seasonal and
daily temperatures. In general, interior surfaces of panels are
subjected to a very small temperature range while exterior
surfaces may be exposed to a large daily or seasonal range.

The precaster and designer should consider the following
factors in design and production in order to minimize or
eliminate panel bowing:

1. The temperature differential (exterior to interior)

2. Coefficients of expansion of the materials

3. Ratio of cross-sectional areas of the materials and their

moduli of elasticity

4. Amount, location and type of reinforcement in the con-

crete panel

5. Use of prestressing

6. Type and location of connections to the structure

7. Shrinkage of the concrete and expansion of the facing

Concrete shrinkage produces panel shortening which is
resisted by the reinforcing steel, inducing compressive
stresses in the steel and tensile stresses in the concrete. The
magnitude of the shrinkage curvature (bowing) depends on
the amount of nonsymmetry of reinforcement and on the rel-
ative areas of concrete and steel in the panel — as well as
the physical properties of the bricks — as they relate to the
concrete backup. Eccentric reinforcement near the clay
product face increases bowing as drying proceeds. The
greater the steel percentage, the higher the bowing tendency.
If the panel’s thickness is sufficient, usually 6 in. (150 mm)
or more, two layers of reinforcement should be used, with
the greater steel percentage near the drying face (the surface
without clay product on it).

Prestressing of panels has been used on several projects
and has been effective in controlling bowing of long, flat,
relatively thin panels. Such panels are generally more sus-
ceptible to bowing. As with any multi-layer panel, proto-
types may be necessary to verify analysis as to the best pre-
stressing strand location to avoid an increase in bowing.
Prism tests should be conducted on the proposed clay prod-
uct to establish the modulus of elasticity. The precaster can
then design the prestressed cross section for a transformed
cross section based upon the ratio of the established moduli.
This usually results in the prestressing strand being moved
laterally off center to compensate for the transformed sec-
tion. Prestressed panels which are 8 in. (200 mm) thick have
been produced up to 60 ft (18.3 m) in length, with a maxi-
mum sweep (bowing) of / in. (13 mm). It is recommended
that, in non-prestressed concrete panels, a control joint be
introduced through the clay product face thickness when the
panel length exceeds 25 ft (7.6 m).

Panel producers may compensate for bowing by using
cambered forms, e.g., 1 in. (25 mm) for 40 ft (12 m), to pro-
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duce panels initially bowed inward. Also, in some cases, re-
inforcing trusses may be used to add stiffness. In others,
vertical and/or horizontal concrete ribs that run continuously
from one end of the panel to the other may be formed on the
back of the panel to increase stiffness. This will require
backforming, however, which is more costly.

After initial set, concrete begins to shrink as it loses ex-
cess water to the surrounding environment. When the clay
products are bonded, the shrinkage of the concrete is re-
strained by the facing as well as the reinforcing steel. This
results in compressive stresses in the facing and tensile
stresses in the concrete at the interface. The deformation re-
sulting from these stresses may cause an outward bowing of
the clay product surface.

Shrinkage of concrete is influenced by a variety of fac-
tors, including: (1) water-cement ratio of the cement paste,
(2) physical characteristics of the aggregate, (3) cement
paste content and characteristics, (4) mix proportions, (5)
age of concrete when exposed to drying or when an external
load is applied, (6) size and shape of the member, (7)
amount of steel reinforcement, (8) environmental exposure
conditions such as relative humidity, temperature and car-
bon dioxide content of the air, and (9) curing conditions.

The most important single factor affecting shrinkage is
the amount of water placed in the mix per unit volume of
concrete. This is because shrinkage of concrete is due
mainly to the evaporation of the mixing water. As a result,
the humidity of the surrounding air for a given concrete mix
affects, to a large extent, the magnitude of the resulting
shrinkage. Values of final shrinkage are generally of the
order of 0.0002 to 0.0007 in./in., depending on the factors
listed earlier.

Control of concrete shrinkage necessitates close attention
to the concrete mix design and curing regime (proper hu-
midity and temperature) conditions. The application of a
curing compound on all exposed concrete surfaces prior to
stripping will result in nearly uniform shrinkage on the two
faces of the panel and thus limit the magnitude of the mois-
ture differential that causes bowing.

Moisture differences between the inside and outside of an
enclosed building can also cause bowing; however, such a
calculation is not precise and involves many variables. The
clay products layer of the panel absorbs moisture from the
atmosphere and periodic precipitation, while the interior
layer is relatively dry, especially when the building is
heated. This causes the inside layer to shrink more than the
outside, causing an outward bow. This would tend to bal-
ance the theoretical inward thermal bowing in cold weather.

Temperature differentials between the inside and outside
of a wall panel can cause the members to bow, too. It should
be noted that, since dark surfaces absorb solar radiation, the
color of the clay product can have a marked effect on the
surface temperature reached. The temperature differential is
tempered by “thermal lag” due to the mass of the clay prod-
uct and the concrete.

It is desirable to have a backup concrete with low shrink-
age and a thermal expansion coefficient that closely approx-
imates that of the clay product facing. The coefficient of
thermal expansion of concrete can be varied by changing the
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aggregate type (see Table 1.3.1, Ref. 1), for example, to
limestone, which has a coefficient of expansion closer to
that of clay products.

When removed from the kiln after firing, clay bricks will
begin to permanently increase in size as a result of absorp-
tion of atmospheric moisture. The design coefficient for
moisture expansion of clay bricks as recommended by the
Brick Institute of America (Ref. 6) is 0.0005 in. per in., and
is specified as 0.0003 by Ref. 7; a coefficient of expansion
of 0.0005 is typical for ceramic quarry tile.

The factors affecting moisture expansion are:

1. Time since manufacturing — Expansion increases
linearly with the logarithm of time. It is estimated that ap-
proximately 25 percent of the total potential moisture ex-
pansion of bricks will have occurred within two weeks after
the bricks have been fired. Also, approximately 60 percent
of the total potential moisture expansion will occur approxi-
mately one year after the bricks have been fired.** How
much the brick will expand subsequent to placement in the
panel depends upon how much expansion has already oc-
curred and what proportion this represents of the total poten-
tial for expansion.

2. Temperature — The rate of expansion increases with
increased temperature when moisture is present.

3. Humidity — The rate of expansion increases with an
increase in relative humidity. Bricks exposed to a relative
humidity of 70 percent have a moisture expansion two to
four times as large as those exposed to a relative humidity of
50 percent over a four-month interval. The 70 percent rela-
tive humidity bricks also exhibit almost all of their expan-
sion within the first 12 months of exposure, while the 50
percent relative humidity bricks generally exhibit a gradual
continuous moisture expansion over a much longer period
of time.

In addition to continuous permanent growth due to mois-
ture absorption, seasonal reversible expansion and contrac-
tion of clay bricks will occur with changes in the ambient air
temperature. When directly exposed to solar radiation, it is
not uncommon for the exterior surface of a panel to reach
temperatures of 150° F (65° C) with dark colored brick,
130° F (55° C) with medium colored brick, or 120° F
(50° C) with light colored brick on a hot summer day with
an ambient air temperature well below 100° F (38° C). Like-
wise, surface temperatures of as low as -30° F (-35° C) can
be reached on a cold winter night.

The expansion of the clay products can be absorbed by
four simultaneously occurring negative dimensional changes
of the clay product and mortar (grout) or concrete:

1. Drying shrinkage of the mortar or concrete

2. Elastic deformation of the mortar or concrete under

stress

3. Creep of the mortar or concrete under stress

4. Elastic deformation of the clay product under stress

In general, strains imposed slowly and evenly will not
cause problems." Consider the first six months to a year after
panel production (see Fig. 12). Tile expansion is small and
the rate of strain application is slow, but mortar shrinkage is
nearly complete. The mortar or concrete creeps under the load
to relieve the tensile stress generated in the tile by the mortar
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tend % in. (13 mm) beyond the wall surface and be turned
down at a 45-degree angle to form a drip. Weep holes, at
least % in. (6 mm) in diameter, should be provided in head
joints immediately above the flashing or concrete ledge at
intervals of 16 to 24 in. (400 to 600 mm) maximum to per-
mit drainage of accumulated water.

If, for aesthetic reasons, it is necessary to conceal the
flashing, the number and spacing of weep holes are even
more important. In these cases, the spacing should not ex-
ceed 16 in. (400 mm) on center. Concealed flashing with
tooled mortar joints can retain water in the wall for long pe-
riods of time, thus concentrating the moisture at one spot.

WORK AS A TEAM

Clay product-faced precast concrete panels offer a flexi-
ble and economical way to achieve the desired appearance
through prefabrication. The designer must develop a good
working relationship with both the precaster and the clay
product supplier so that all parties are aware of expectations
and potential problems with, for example, returns, soldier
courses, joints and window details. The contract documents
should clearly define the scope of veneer patterns. When
this occurs as it should, the result is a pleasing combination
of aesthetic beauty and durability.
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