SAFETY AND SERVICEABILITY

mby It's Cold Outside (for Your Concrete Bridge)

by Dr. Kyle A. Riding,
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You have likely seen the signs that say
“Bridge ices before road” near bridges.
These signs serve to warn drivers of
the potential danger ahead caused by
black ice that is difficult to see. Clear
pavements can lull drivers into thinking
the roadway is free of ice before they
drive over the bridge and its hidden
dangers. To help mitigate this unseen
danger, bridges can be heavily salted
with rock salt or, in recent years, with
concentrated brines that keep the roads
clear of ice.

Just as it does for drivers, cold, wet
weather poses hidden dangers for bridge
structures and their owners. Most civil
engineers are aware of the danger of
damage to concrete bridges caused by
freezing and thawing, and know that
air entrainment is used in concrete as a
mitigation measure for this hazard. It is
less well known, however, that deicing
salts can exacerbate damage from
freezing and thawing and can cause two
other types of deterioration, namely,
salt scaling and calcium oxychloride
formation.

Salt Scaling

Deicing salt scaling causes progressive
flaking of the concrete surface, leading
to a rough ride. Mild salt scaling can
resemble an exposed aggregate finish,
whereas more severe scaling such
as that shown in Fig. 1 can be more
problematic for bridge durability.
Saltwater can pond in the scaled areas,
leading to further scaling damage
and increased chloride penetration.
Deicing salt scaling can occur on
bridge decks, vertical surfaces of
parapet walls or columns where water
with deicing chemicals is splashed, or
on bent caps below leaky joints. Like
sodium chloride and calcium chloride
deicers, magnesium chloride deicers
can contribute to deicing salt scaling.
Magnesium chloride salts also react
chemically with the glue holding the
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Figure 1. Concrete surface with severe salt scaling caused by use of deicers. All Figures and Photos:
Kyle A. Riding.

concrete together, the calcium silicate
hydrate, resulting in rapid deterioration.

Preventing Salt Scaling

Salt scaling occurs in bridges where the
concrete near the surface has low strength
or a bad air-void system. Air entrainment
should be used and measured during
construction. Low water—cementitious
material ratios (w/cm) below 0.45, curing
with either curing compound or extended
wet curing, and good finishing practices
have been shown to improve salt scaling
resistance by improving the concrete
surface strength.' Retempering concrete
by adding water on the jobsite has been
associated with some cases of salt scaling
damage and should be avoided.> There
has been a concern that high dosages of
supplementary cementitious materials
(SCMs) increase salt scaling damage;
however, field studies have shown that
concrete containing SCMs can do well
in the field if it is well cured and not
overworked during finishing, and not
finished while there is still bleed water
on the surface.>* Machine-finished
concrete tends to do better than hand
finished concrete because more-aggressive
finishing with multiple passes with
a float, which often occurs with hand
finishing, tends to coalesce air bubbles
at the surface, causing a bad air-void
system.

Calcium Oxychloride
Formation

Calcium oxychloride formation
causes joint deterioration in

concrete pavements in cold regions
of the United States; see Fig. 2
for an example of a joint in the early
stages of deterioration. Calcium
oxychloride forms when chlorides
from deicing salts react chemically
with calcium hydroxide and water,
which can result in large expansion,
cracking, and deterioration.® Calcium
oxychloride formation increases with salt
concentration and as the temperature
drops below 40°E’ Calcium chloride
deicing salts are the most destructive,
followed by magnesium chloride salts,
with sodium chloride showing only
a mild risk.® Many salt suppliers use
impure salts or add calcium chloride or
magnesium chloride to salt to lower the
ice melting temperature below that of
sodium chloride.?

Figure 2. A concrete joint in the early stages
of joint deterioration. A straight edge is used
to show the expansion in the concrete near the
joint caused by calcium oxychloride formation.



Instances of joint deterioration have
significantly increased in the past 15
years because agencies have started to
apply concentrated liquid salt brines
before storms as an anti-icing treatment,
which allows the dry concrete to
absorb the saltwater. Joints, areas near
drains, and the cold joint between the
parapet wall and the deck are especially
vulnerable to problems because saltwater
can pond in these locations and
concentrate when the water evaporates.
Salts that penetrate the concrete are also
hygroscopic (that is, they tend to absorb
moisture from their surroundings),
which causes the joints to dry at a much
slower rate. Because concrete cold-
weather related deterioration involves
moisture, these locations that stay
wet longer experience more deterioration
than areas that dry faster.

Reducing Calcium
Oxychloride Damage

If temperatures are not too far below
freezing, the best way to reduce joint
deterioration on bridges is to not use
deicing salts that contain calcium
chloride or magnesium chloride.
Calcium oxychloride formation requires
the presence of a chloride-containing
salt and calcium hydroxide. Good
drainage, joint sealant maintenance,
use of concrete sealers such as soy
methyl ester polystyrene blends,
low w/em, and SCMs help keep salts
out of the concrete.” SCMs reduce the
amount of calcium hydroxide available
to form calcium oxychloride through
dilution of the portland cement and
the pozzolanic reaction. Use of Class F

Figure 3. Proposed signage during concrete
bridge construction. When proper materials are
used along with proper construction practices,
damage caused by freezing and thawing, salt
scaling, and calcium oxychloride is mitigated.
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fly ash (ASTM C618"), slag (ASTM
C989'"), or metakaolin (ASTM C618')
as cementitious materials with portland
cement replacement rates of 35%, 35%,
and 12%, respectively, is needed to
minimize joint deterioration damage.'?
For hand-finished concrete where there
is a concern about using more than 25%
fly ash, a ternary blend could be used.!

Summary

Concrete bridges in cold climates can
be very resistant to damage caused by
freezing and thawing, salt scaling, and
calcium oxychloride formation when
proper materials are used along with
proper construction and maintenance
practices. Recommended construction
practices include avoiding retempering
or overfinishing the concrete, as well
as using air entrainment, a w/cm below
0.45, SCMs to reduce permeability
and calcium hydroxide content in
concrete, and sealers in areas of concern
like joints and around drains. To
remind everyone involved in bridge
construction about material needs and
practices to prevent damage, I think
we should consider installing signs that
state “Bridge ices before road,” when
construction projects begin, instead of
at completion, and we should add the
new sign proposed in Fig. 3.
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