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ABSTRACT

Current design practice for deep concrete bridge superstructures generally ignores the influence of the diurnal heating cycle

on the flexural response of members and, instead, considers mean temperature effects. A 1- dimensional heat-flow analysis is used
to study the flexural deformations and stresses that are developed in deep concrete sections as a result of a typical summer
heating cycle. Both nonlinear temperature and stress distributions are observed, and nonlinearity increases with member depth.
An analysis of 2 typical continuous concrete structures indicates stresses exceeding those associated with live load and

amounting to 40 percent of the allowable area possible for concrete structures having a depth of more than 4 ft (1.22 m).

KEYWORDS:Stress, Concrete bridge, thermal stress

1. INTRODUCTION

Bridge superstructures are affected by daily and
seasonal temperature changes. These temperature
changes cause longitudinal movement. In design of
concrete superstructures, this movement together with
creep and shrinkage is provided for with expansion
joints. Little or no reference is made in design
specifications to the effects resulting from temperature
gradients through the depth of the bridge. The stresses
resulting from these gradients appear to be closely
related to the depth of the structure. Concrete structures
are used more frequently for medium- and long-span
bridges. The depth of these structures increases even
though depth-to-span ratios may be nearly constant.
Because of the increase in depth and because of the poor
heat conductivity of concrete, temperature differentials
between both upper and lower surfaces and interior and
exterior of these deeper structures become considerably

greater than those previously experienced for simple

short-span structures. Concern for predicting stresses
that develop as a consequence of temperature gradients
in deeper concrete structures is based on serviceability
rather than strength. High local stresses can be induced
during a temperature cycle of 12 h. For example, in a
concrete structure, a free strain of 240 microstrains is
possible on a hot summer day and easily might occur
more than a thousand times during the life of the
structure. This compares with the total shrinkage strain
of 200 microstrains that is suggested in specifications.
Local stresses caused by thermally induced strains
frequently do not have the same sign as stresses induced
by combinations of dead load, live load, and prestress.
Reynolds and Emanuec have provided design engineers
with a discussion of the most recent knowledge on
thermal response of bridge structures. They have
pointed out the need for further study of the prediction
of thermal stresses. This paper discusses the form of

both temperature gradients and stresses induced by
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these gradients in simple and continuous structures.
Vertical temperature gradients can be nonlinear and
result in nonlinear stress distributions. Such stress
distributions frequently are not discussed in elementary
texts. Analyses of several sections subjected to summer
solar heating were carried out, and stresses exceeding
live load stresses were predicted in a number of cases. A
discussion of various field observations of bridge
movements caused by temperature effects also is

included in this paper.

2. TYPES OF CONCRETE BRIDGE
* Arch Bridges
* Reinforced Slab Bridges
* Beam and Slab Bridge
* Box Girder Bridge
* Balanced cantilever
¢ Integral Bridges
¢ Cable-Stayed Bridges

* Suspension Bridges

1. ARCH BRIDGE

Arch bridges derive their strength from the fact
that vertical loads on the arch generate compressive
forces in the arch ring, which is constructed of materials
well able to withstand these forces. The compressive
forces in the arch ring result in inclined thrusts at the
abutments, and it is essential that arch abutments are
well founded or buttressed to resist the vertical and
horizontal components of these thrusts. If the supports
spread apart the arch falls down. The Romans knew all
about this.

2. REINFORCED SLAB BRIDGE

For short spans, a solid reinforced concrete slab,
generally cast in-situ rather than precast, is the simplest
design. It is also cost-effective, since the flat, level soffit
means that falsework and formwork are also simple.
Reinforcement, too, is uncomplicated. With larger
spans, the reinforced slab has to be thicker to carry the
extra stresses under load. This extra weight of the slab
itself then becomes a problem, which can be solved in
one of two ways. The first is to use prestressing
techniques and the second is to reduce the deadweight
of the slab by including 'voids', often expanded
polystyrene cylinders. Up to about 25m span, such

voided slabs are more economical than prestressed

slabs.

3. BEAM AND SLAB BRIDGE

Beam and slab bridges are probably the most
common form of concrete bridge in the UK today. They
have the virtue of simplicity, economy, wide availability
of the standard sections, and speed of erection. The
success of standard precast prestressed concrete beams
developed originally by the Prestressed Concrete
Development Group supplemented later by alternative
Y-beam
introduced by the Prestressed Concrete Association in
the late 1980s.

The precast beams are placed on the supporting

designs by others, culminating in the

piers or abutments, usually on rubber bearings which
are maintenance free. An in-situ reinforced concrete
deck slab is then cast on permanent shuttering which
spans between the beams. The precast beams can be
joined together at the supports to form continuous
beams which are structurally more efficient. However,
this is not normally done because the costs involved are

not justified by the increased efficiency.

4. BOX GIRDER BRIDGE

For spans greater than around 45 meters
prestressed concrete box girders are the most common
method of concrete bridge construction. The main spans
are hollow and the shape of the 'box' will vary from
bridge to bridge and along the span, being deeper in
cross-section at the abutments and piers and shallower
at midspan.

These bridges are usually constructed in-situ with the
falsework moved forward span by span, but can be built
of precast sections. Initially abutments and piers are
constructed. A gantry, with a length at least two
successive spans, is initially positioned between one
abutment and first inner support. The joints between the
segments are cast-formed using cementitious material
or epoxy. When all the segments are installed at their
correct position and their joints are cured,
post-tensioning cables are passed through the segments
and stressed creating the span between two supports.

The gantry is now moved forward to the next span.
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5. BALANCED CANTILEVER
In the early 1950's, the German engineer Ulrich
Finsterwalder developed a way of erecting prestressed
concrete cantilevers segment by segment with each
additional unit being prestressed to those already in
position. This avoids the need for falsework and the

system has since been developed.
Whether

segments, the balanced cantilever is one of the most

created in-situ or using precast
dramatic ways of building a bridge. Work starts with
the construction of the abutments and piers. Then, from
each pier, the bridge is constructed in both directions
simultaneously. In this way, each pier remains stable -
hence 'balanced’ - until finally the individual structural
elements meet and are connected together. In every
case, the segments are progressively tied back to the
piers by means of prestressing tendons or bars threaded

through each unit.

6. INTEGRAL BRIDGE

One of the difficulties in designing any structure is
deciding where to put the joints. These are necessary to
allow movement as the structure expands under the
heat of the summer sun and contracts during the cold of
winter.

Expansion joints in bridges are notoriously prone
to leakage. Water laden with road salts can then reach
the tops of the piers and the abutments, and this can
result in corrosion of all reinforcement. The expansive
effects of rust can split concrete apart.

In addition, expansion joints and bearings are an
additional cost so more and more bridges are being built
without either. Such structures, called 'integral bridges',
can be constructed with all types of concrete deck. They
are constructed with their decks connected directly to
the supporting piers and abutments and with no
provision in the form of bearings or expansion joints for
thermal movement. Thermal movement of the deck is
accommodated by flexure of the supporting piers and
horizontal movements of the abutments, with elastic

compression of the surrounding soil.

7. CABLE -STAYED BRIDGE
For really large spans, one solution is the
cable-stayed bridge. As typified by the Dee Crossing

where all elements are concrete, the design consists of

supporting towers carrying cables which support the
bridge from both sides of the tower.

The diagonal cables transfer the vertical loads from
the deck directly to the towers, thus the main deck of a
cable-stayed bridge works like a continuous beam on
cable supports (more flexible than pier supports) with
additional compression force throughout the deck. Most
cable-stayed bridges are built using a form of cantilever
construction which can be either in-situ or precast

concrete.

8. SUSPENSION BRIDGE

Concrete plays an important part in the
construction of a suspension bridge. There will be
massive foundations, usually embedded in the ground,
that support the weight and cable anchorages. There
will also be the abutments, again probably in mass
concrete, providing the vital strength and ability to
resist the enormous forces, and in addition, the slender
superstructures carrying the upper ends of the
supporting cables are also generally made from
canals, waste landfill,

reinforced concrete walls,

breakwaters, mining, revetments etc

3. THERMAL STRESS

ThereThe behavior of a structure as a result of the
application of heat is different from its behavior caused
by strain accompanied by stress, which results from
load application. Strains do not induce stresses if the
member is unrestrained when it is heated (Figures la
and lb). However, in fully restrained members stress
occurs without strain (Figures Id and le). When a body is
subjected to a nonuniform temperature gradient,
irregular volume changes are produced. Thermal
stresses arise °because thermal expansion is restricted
within the body. A similar body with a uniform or linear
change in temperature undergoes free thermal
expansion, and stresses are not developed. As a
consequence of a nonlinear temperature gradient, a set
of self-equilibriating stresses develop throughout the

depth of the section.
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Figure 2. (a) Axial stresses caused by transverse
elangation of deck slab and (b) bending stresses
caused by restraint of transverse “hogging” in
box girders.

Figure 3. Support prying forces.
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4. BRIDGE TEMPRETURES

Vertical temperature distribution through a concrete
section depends on local weather conditions, section
depth, and thermal properties of the concrete. The basic
quantities that determine the thermal behavior of
concrete are thermal conductivity, thermal diffusivity,
specific heat, and coefficient of thermal expansion.
These properties vary widely for typical concretes and
are a function of composition of the mix, degree of
saturation, and mineralogical character of the aggregate
used (~16). An analysis of heat flow includes the
following values for the concrete properties:
0.8Btu-ft/ft2.h-F (1.4 W/mC), 0.02 ft2 / h (0.002 m2 / h),
0.23 Btu/ IbF (960 J/kgC), and 6 x 10-6 /F (11 x 10-6 /C) for
conductivity, diffusivity, specific heat ,and coefficient of
thermal expansion respectively. These values are typical
for exposed concrete of normal weight. Prediction of
temperature effects on a structure from records of air
temperature and solar radiation is important to design
engineers. By interpreting regularly recorded weather
data, they can make suitable provisions in design to
resist or allow for movements and stresses induced by
temperature changes. Both Barber and Zuk have been
able to relate local weather data to maximum observed

surface temperatures in bituminous and concrete

pavements and bridge deck. Analysis of temperature
distribution throughout the depth of a section of a
typical structure is complex because temperature varies
with time, position in the section, and from section to
section. Results to be presented are based on an analysis
of directional heat flow from the upper and lower
surfaces of a unit strip taken from a wide beam or slab
bridge deck.

Included in the analysis are the following assumptions:

1. The member is homogeneous

2. Surface heat transfer coefficients remain constant

throughout the analysis time period.

3. Thermal properties of the member are independent

of temperature variation.

When shade temperature, solar radiation, and
wind at the exposed surfaces are known for a given day,
then the temperature-time variation within a section can
be obtained. Comparisons of measured and computed
winter and summer gradients show good agreement.
Because of the wide variation in climatic conditions in
any given locality, a variety of temperature distributions
is possible. Several such distributions have been

observed or suggested on the basis of observed data.
Included in these distributions are:

1. A linear temperature distribution in the top slab of

a box section.

2. A constant temperature in the top slab of a box

section.

3. A distribution approximated by a sixth-degree
parabola applicable to deep sections.

The temperature distribution used in the third item

has the form:-
ty=Ty6/d6.........ccooviiin. (1)
where
ty = temperature at fiber in question,

y = vertical distance from bottom of section to fiber in

question,
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d = depth of section, and
T = maximum temperature differential in the section.
A =series of temperature

D = distributions corresponding to the maximum
temperature gradient was computed for rectangular

concrete sections of different depths.

The calculations were based on the values for
conductivity, specific heat, and diffusivity previously
mentioned. Values of solar radiation and ambient air
temperature observed in Toronto, Ontario, on May 31,
1973, a day of high-intensity solar radiation and higher
than average temperature range, were used in the
analysis (Figure 5). Values of average solar radiation for
the May to July period are similar for the United States
and southern Canada. Hence the data shown in Figure 5

are representative.

The results of the analyses of the distributions are
shown in Figure 6. It is apparent that temperature
distribution is a function of section depth. For the
shallowest section, temperature distribution is linear,
and a temperature gradient of approximately 23 F(-5 C)
exists. As section depth increases, surface temperature

increases and appears

to reach a maximum for sections greater than 30 in.
(76 cm) in depth. Temperature distribution appears to
be nonlinear for depths greater than 12 in. (30 cm), and
temperature difference between upper and lower
surfaces increases up to a section depth of 30 in. (76 cm)
and remains constant for section depths greater than
this. The central portion of the deeper sections does not
appear to be affected by the diurnal heating cycle. A
maximum temperature differential of 34 F (1.1 C)
between the interior and the top surface appears to be
typical for the deeper sections. Figure 6 also shows the
temperature  distribution = corresponding to a
sixth-degree parabola (equation 1). For sections greater
than 24 in. (61 cm) deep the correlation between
gradients calculated by using the heat transfer analysis
and those predicted by a sixth-degree parabola isvery
good. However, for the 7-in. (18-cm) section, the

correlation is poor.

Asphalt has a higher absorptivity than a normal
gray-white concrete deck, and the surface temperature
of a deck with asphalt will be different from that of a
concrete deck without asphalt under similar climatic
conditions. The computations were repeated for a
concrete deck with a 2-in. (5-cm) asphalt covering. The
temperature of the concrete below the asphalt was 6.3 F
(-14.2 C) lower than that for an exposed deck.These
results support the suggestion that a. 1. 5- to in (4- to
5-cm) thickness of surfacing is required before the
insulation value of asphalt surfacing compensates for
the greater heat absorption associated with dark
(22).In

curvatures

surfaces continuous  structures, thermally

induced result in continuity
stresses.Maximum curvature occurs at the same time of
day as maximum temperature gradient(12:00 noon to
1:00 p.m. for thin members and 3:00 p.m. to 4:00 p.m. for
thicker sections). Thin sections developed larger

curvatures than did thick sections (Figure 7).

Continuity thermal stresses are a function of both
curvature and member depth. The maximum continuity
stress in a multispan continuous system is given by the

following
equation:

0=CIC2E¢d ...oovvivniiniinnnnn, (2)

where

a =bending stress resulting from continuity,

C1= a constant that is a function of number of spans

C1 =1. 5 for 2-span system,

C1 =1.0 for a multi span system,

C2=a constant that is a function of section geometry
C2 =0.5 for rectangular member,

E=Young's modulus [taken as 5 x 106 Ib/in.2 (34.5 x
106 kPa)],

¢=curvature

D=member depth.

Thus continuity stresses are proportional to ¢d for a
given material and span geometry. Figure 8 shows the
relationship between nondimensional curvature and
depth for both surfaced and unsurfaced members. The
figure indicates that for rectangular members maximum
continuity stresses occur in members that are
approximately 15 in. (38 cm) deep. Figure 9 shows the
depth

surfaced and unsurfaced

influence of member on mean bridge

temperatures for both
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conditions. The difference between shallow and deep
members exists because of the moderating influence of
the interior of deeper slabs on temperature change. The
computed maximum mean temperature and, therefore,
maximum elongation occur between 6:00 p.m. and 7:00
p-m. for both shallow and deep slabs. This agrees with
measurements of mean bridge temperature ~ 23). Figure
10 shows the relationship between mean temperature
and shade temperature for various depths. Mean
temperature is higher than ambient shade temperature
for sections thinner than 20 in. (51 c¢m). For thicker
sections [ >36 in. (92 cm)], the ratio of mean temperature
to shade temperature appears to approach a constant
value. Hence, if maximum shade temperature is known,

mean temperature of a section of g.

Figure 4. Heat flow in exposed bridge deck. Figure 5. Intensity of solar radiation and range in

ambient air temperature.
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5. ANALYSIS OF THERMAL STRESS

The analysis used in the prediction of stress is based
on 1-dimensional beam theory and includes the

following assumptions:

1. The material is homogeneous and isotropic;

2. Plane sections remain plane after bending is valid

(Euler-Bernoulli assumption);

3.Temperature varies with depth, but transverse or

longitudinal temperature variations do not exist;

4. Thermal stresses can be considered independently
of stress or strain imposed by other loading conditions

(principle of superposition applies); and

5. The section analyzed is far enough from a free end

for end-distortion effects to be insignificant.

The resultant expression for longitudinal
eigenstress, at a distance above the nautral axis, has the

following form;
0 =Ea[-AT +x JyxATdx + [yATdx]......... 3)
Jyx2dx Jydx
Where
a= coefficient of thermal expansion,

x1, X2 = distance from neutral axis to extreme

fibers,

y= total section width excluding voids, x distance

from neutral axis to fiber in question,
T= change in temperature, and
dx= thickness of elemental particle.

This expression applies to a long, thin member with
no end restraints. If the second term in equation 3 is
omitted, then the member has restraining moments at
the ends only. If the third term is omitted, then a
restraining axial force only is present. If both the second
and third term are omitted, then ends of the member are
rigid y held. Figure 6b shows the eigenstresses
produced by the temperature gradients discussed

previously
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gure 7. Maximum curvature versus depth.

Figure 8. Curvature x depth versus dopth.

Figure 10. Ratio of mean temperaturs to shade

igure 9. Maximum mean bridge temperature versus
epth. temperature versus dopth.

‘igura 11. Maximum surface and interior stresses.

EIGEN-STAESS

The stress distributions are characteristic of those

produced by a positive temperature gradient.
Compressive stresses are present in the upper and lower
surfaces; tensile stresses are present in the central region
of the section. As section depth increases, maximum
compressive surface stress also increases; maximum
interior tensile stress reaches a maximum at a depth of
approximately 30 in. (76 cm). A summary of maximum
stresses is shown in Figure 11 for both a surfaced and
unsurfaced section. Adding 2 in. (5 c¢cm) of asphalt
lowers maximum stress levels slightly. Stress values of
more than 700-lb/in.2 (4800-kPa) compression were
obtained on the top surface of some of the deeper
sections. In prestressed members, where sustained
compressive stress is present, the additional stress of 700
Ib/in.2 (4800 kPa) corresponds to approximately 45
percent of an acceptable allowable stress [ 1,600 Ib/in.2
(11 000 kPa)].

stresses caused by live load, dead load, prestress and

Combined longitudinal compressive

thermal load reduce flexural tensile strength of concrete
in the transverse direction . A major stress-inducing
effect of thermal loading in bridges occurs in continuous
structures where interior supports offer restraint. To
minimize the effects of dead load, many engineers
construct new bridges that are cellular (that is, they
include voided slabs, box girders, and T-beams). The
magnitude of eigenstress is affected by web thickness in
both box sections and T-sections. An increase in the ratio

of web thickness to flange thickness results in an

increase in maximum compressive stress and a decrease
in maximum tensile stress (Figure 12). This trend is
more pronounced in sections. Figure 13 shows the
influence of web thickness on induced curvature and
indicates that curvature is insensitive to a change in web
thickness. Similar results were obtained from various
thermal stress analyses of T-sections with varying web
Although

temperature gradients is generally ignored in design,

thicknesses. thermal stress caused by
Bosshart has shown that stresses caused by thermal
effects can be a large percentage of the total stress in
continuous spans. Observations have indicated that, on
a warm, sunny day, vertical temperature differences of
40 F (4.4 C) are possible. This temperature variation is
considerably larger than variations specified in codes
containing clauses dealing with temperature gradients .
Temperature differences of this magnitude give rise to
thermal stresses on the bottom fiber at a mid-span
section that were equal in magnitude to maximum
design live load stress and top fiber stresses that were 3
times as large as the stresses produced by maximum live
load. Thermal stresses as high as 780 1b/in.2 (5400 kPa)
were computed from observed temperature data

Analysis of a continuous member under thermal
gradient consists of predicting the magnitude of
eigenstresses (equation 3) and continuity stresses
(equation 2). For a given structure, one can use the data
7 and 12 to predict both

Figure 13. Influence of web thickness on curvature.

shown in Figures

‘igure 12. Influence of web thickness on
igenstress.
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continuity and eigenstresses. Two typical, prestressed,
concrete bridge structures were analyzed under thermal
loading by using the solar radiation and ambient air
temperature data shown in Figure 5. The structures
chosen were a 2-span, prestressed, box-girder bridge
with a section depth of 78 in. (198 cm) and a 3-span,
prestressed, voided-slab bridge with a maximum depth
of 52 in. (132 cm). The box-girder bridge is typical of box
structures used in California. Typical stress values for
dead and live load were available. The voided-slab
bridge is representative of bridge structures used in
Ontario-Values of stress caused by dead and live load
were computed. Eigenstresses for both box-girder and
voided-slab bridges can be obtained from the data
shown in Figure 12. Both the box-girder and voided-slab
bridges were analyzed by considering equivalent
I-sections, each of which had a different web thickness
and depth. Induced curvature is insensitive to web
thickness. Therefore, Figure 7, which is based on a
rectangular section, can be used to obtain maximum

curvature and continuity stresses.

Figures 14 and 15 show the results of thermal stress
analyses for the box-girder and the voirled-slab bridges
respectively. Figure 1 stress. Maximum thermally
induced stress for the 2-span structure occurs on the top
fiber at the intermediate support. Compressive stresses
of 940 Ib/in.2 (6500 kPa) are predicted. The entire top
surface of the structure is in compression; average
compressive stress is 770 Ib/in.2 (5300 kPa), and this is
due to thermal effects alone. Half of the bottom surface
is subjected to tension; stresses are 200 1b/in.2 (1400 kPa)
at the intermediate support. Figure 14c shows the
stresses caused by live load plus impact load. The
stresses due to thermal effects are almost 2.5 times as
large as those caused by live load plus impact at the
mid-span section. They are greater than those caused by
live load plus impact at every point on the top surface of
the bridge. The total design compressive stresses on the
top surface are increased by 50 percent by the addition
of thermal effects. This increase is from a maximum of
1,400 Ib/in.2 (9700 kPa) to 2, 100 Ib/in.2 (14 500 kPa) at
the mid-span sections. Stresses caused by thermal load,
therefore, represent 33 percent of the total stress at the
top fiber. At the bottom surface thermal stresses and
stresses caused by gravity loads tend to cancel each

other. Figures 15b and 15c show respectively total

thermal stress and live load plus impact stresses for the
3-span, voided-slab bridge. Top compressive stresses
caused by thermal load are almost 3 times as larfe as
those caused by maximum live load. Average
compressive stresses of 715 Ib/ in: (4900 kPa) caused by
thermal effects alone were obtained on the top surface;
the entire center span was subjected to stresses of more
than 800 1b/ in.2 (5500 kPa). Bottom stresses were mucb
smaller. Tensile stresses of only 40 Ib/in.2 (280 kPa) were
obtained on the bottom surface throughout the entire
center span. Adding thermal stress increased total
working top stress values by more than 47 percent. Total
top fiber compressive stresses of more than 2,400 1b/in.2

(16 500 kPa) were obtained.

6. DISCUSSION OF FINDINGS

The strains introduced into concrete bridge
structures as a result of a summer diurnal heating cycle
are similar in magnitude to those associated with
lifetime shrinkage strains. Similarly, stresses resulting
from restraint of thermal strains can exceed those
associated with design live load and can have a different
sign. Solar heating or cooling introduces nonlinear
temperature gradients in concrete structures. Hence
expansion or contraction, which results from changes in
the mean temperature, and bending, which develops as
a consequence of the nonlinear gradient, should be
considered in design. Current design practice appears to
consider the influence of mean temperature only.
Analyses of rectangular, T-, and I-sections of various
depths indicate that temperature distribution, stress
distribution, maximum curvature, and maximum mean
bridge temperature resulting from a typical diurnal
heating cycle depend on section depth. Shallow sections
generally exhibit larger curvatures and higher mean
temperatures than deeper sections do. For deeper
sections, the moderating influence of the interior where
temperatures do not change appreciably during a daily
heating cycle results in high self-equilibriating stresses
and low curvature. A detailed analysis of the stresses
induced in various continuous concrete structures of
various cross sections and depths indicates that surface
compressive stresses of more than 900 1b/in.2 (6200 kPa)
and interior tensile stresses of more than 300 lb/in.2
(2100 kPa) are possible on a typical hot summer day in a
typical continuous concrete structure [48 in. (122 cm) in

depth]. Local total thermal stresses several times larger
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than stresses caused by live load were computed.
Consideration of thermal stress substantially increased
(by 50 percent) total design stress and accounted for a
third of total working stress. Typical reported thermal
and elastic properties were assumed for the concrete in
the 1-dimensional heat-flow analysis. The stresses
previously noted show a sign change for winter
conditions and have a magnitude of approximately 70 to
80 percent of the summer values. The stresses developed
as a consequence of heating and cooling cycles can affect
the serviceability of concrete structures, particularly the
deck slab in deep, solid concrete structures and both
deck slab and webs in cellular, box-type structures. The
stress range caused by thermal effects plus gravity and
prestressing loads and computed for 2 examples was
found to exceed 40 percent of the allowable compressive
design stress for these structures. Thermal stresses
caused by daily heating and cooling should be
considered in conjunction with lifetime creep and
shrinkage stresses and heat of hydration stresses. All
these stress effects may contribute to the lack of

serviceability of an exposed structure.

7. CONCLUSION

As a consequence of the relatively poor thermal
conductivity of concrete, significant flexural stresses
develop in concrete bridge superstructures when they
are subjected to solar heating or cooling and changes in
ambient temperature.

These thermally induced flexural stresses can
exceed 40 percent of the allowable compressive stress
for concrete. Although they do not influence the
strength of the superstructure, they can affect long-term
serviceability. Current design procedures should be
considered adequate provided that reinforcing is well
distributed

Calculation procedures that consider stress-inducing

throughout a concrete superstructure.
thermal effects should be used to proportion the

reinforcement.
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