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Simplified Method for Estimating Thermal 
Stresses 1n Composite Bridges 
M. SOLIMAN and JOHN B. KENNEDY 

ABSTRACT 

The North American codes of practice do not specify a temperature distribution 
throughout the depth of composite bridge superstructures; furthermore, no tem­
perature differentials are given for accurately assessing the thermal stresses 
induced in such bridges. A realistic temperature distribution and temperature 
differentials are proposed in this paper. Simple formulas are deduced for use in 
the design off ice for estimating the thermal stresses in the concrete deck slab 
as well as in the steel girders in simple- and continuous-span composite bridges. 
It is shown that thermal stresses can be quite significant and should be included 
in the design of bridges. 

Thermal stresses caused by temperature variation 
through the depth of a composite bridge can be rela­
tively large compared with dead or live load 
stresses; such variation has been shown Clr~l to be 
nonuniform in composite concrete deck slab-on-steel 
beam bridges. These thermal stresses are known to 
cause considerable damage in structures <l-~); their 
presence will magnify the development of cracks in 
the concrete deck slab and thus in time cause corro­
sion of the steel reinforcing and the steel beams 
and deterioration of the concrete by allowing the 
seepage of salt-laden water. State-of-the-art surveys 
of thermal stresses in bridges were carried out by 
Reynolds and Emanuel (6) and more recently by Imbsen 
and Vandershaf (7). S~prisingly, none of the North 
American codes of practice provides guidance for the 
estimation of thermal stresses, or for the tempera­
ture distribution through the depth of the composite 
section; AASHTO (!!_) recently presented a range of 
temperature variation in bridges to account for the 
expansion movement but not for estimating thermal 
stresses. 

The results reported in this paper are based on 
earlier work (2.-11) that investigated the temperature 
distribution and temperature differentials through 
the depth of the composite section; simple formulas, 
suitable for the design office, are derived for es­
timating the thermal stresses in simple- and con­
tinuous-span bridges. 

ANALYSIS 

Following Zuk (_2,llrlll , the method of analysis is 
based on the following assumptions: 

J.. Plane sections remain plane after any tem­
perature change; 

2. The concrete deck slab is restrained in the 
transverse direction of the composite beam by the 
adjacent beam; 

3. Perfect interaction exists between the con­
crete deck slab and the steel beam; 

4. Both concrete and steel are elastic; 
S. Temperature distribution is constant longi-
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tudinally and transversely along the beam but non­
uniform throughout the depth; 

6. Temperature of the reinforcing steel is the 
same as that of the surrounding concrete, and the 
concrete deck slab is symmetrically reinforced; 

7. Fatigue stresses are negligible; and 
8. The concrete deck slab and the steel beams 

are homogeneous and isotropic. 

Temperature differentials through the depth of 
the composite section give rise to shearing forces 
(F) and couples (Q) at the interface between the 
concrete deck slab and the steel beams as shown in 
Figure 1 (a). The resulting longitudinal strains at 
the bottom of the concrete deck slab and at the top 
of the steel beam can be shown to be (12) 

€'" = [2(1- v' J/AcEcJ [2F - (3Q/2a)] + [(I+ v)/2a] ac {."(Ty 1 

- T 0 )dy 1 + [3 (I + v)/2a 2
] ac f~: (Ty 1 - T 0) Y t dy 1 (!) 

- • ' 2 d2 
Exs - -(Qd l /1,E,) - (F/E,) ((d 1 /!,) + (I/As)] + (a,/A,) f_0 1 

(Ty 

d2 
-T0 )bydy-(d,aJl,)f_d

1 
(Ty -T

0
)byydy (2) 

where 

total longitudinal strain at bottom of 
concrete deck slab and at top of steel 
beam, respectively; 

F = interface shearing force, shown in Fig-
ure _l (a); 

Q interface couple, shown in Figure l(a); 
a= one-half concrete deck slab thickness; 
w = slab width; 

ac, as = concrete and steel thermal expansion 
coefficients, respectively; 

Y1 distance from the centroid of the 

y 

concrete deck slab to a fiber where the 
induced thermal stresses are deter­
mined, shown in Figure l(b); 
distance from the centroid of the steel 
section to a fiber where the thermal 
stresses are determined, shown in Fig­
ure 1 (b); 
width of steel section at distance y, 
shown in Figure l(b); 
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temperature distribution. 

concrete and steel modulus of elastic-
ity, respectively; 

As area of the steel section; 
Is c moment of inertia of the steel section; 
T0 initial temperature at time of construc-

tion; 
temperature of any fiber within the 
concrete deck slab, shown in Figure 
1 (c); 

d1, d2 = distance from top and bottom fibers 
in the steel section, respectively, 
measured from the centroid of the steel 
section, shown in Figure l(b); and 

v =Poisson's ratio of the concrete deck 
slab. 

The shearing force (F) and the couple (Q) are de­
termined from the compatibility conditions; namely, 
the strain and the radius of curvature for both the 
concrete deck slab and the steel beams must be the 
same at the interface. Thus equating Equations 1 and 
2 for strain leads to 

(3) 

where A and B are coefficients defined in the Appen­
dix. To deduce the radius of curvature for the con­
crete deck slab at the interface, difference in 
strains at the midplane of the slab and the bottom 
of the slab must be calculated. Such a difference in 
Rtrains due to temperature change is given by 

( 4) 
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and the difference in strains due to F and Q is 

/::;exc2 = (3( 1 - v2)/2a2wE,) (Fa - Q) (5) 

Hence the total difference in strain becomes 

(6) 

From geometry the radius of curvature of the concrete 
deck slab is equal to the ratio a /ll cxc• thus the 
radius of curvature (Rel of the slab at the inter­
face becomes 

(7) 

The rad i us o f cur va tur e of t he steel beam a t t he 
int erface c an be deduced from the moment on t he s tee l 
beam given by 

di 
M,=Fd 1 + Q+a,E,J_d

1 
(Ty -T0 )byydy (8) 

Fr om t he flexu r a l f ormula, (l/R) (M/EI) , t he rad iu s 
of c urva ture o f t he s t eel beam a t the interface be-
c omes 

R, = (E, I, /M,) - d 1 (9) 

The last terms in Equations 7 and 9 are relatively 
quite small and therefore may be ignored without 
significant error. With this simplification, equating 
Re to Rs yields an equa tion o f the form : 

KF+RQ=E,E,w[3( 1 + v)a,I , J~,(Ty 1 -T0)y, dy, 

3 d 2 :1 
-2a a , J__d

1
(fy -T0 )byydyj (10) 

where the coefficients K and R are as defined in the 
Appendix. F and Q can be explicitly determined from 
Equations 3 and 10 for any given temperature distri­
bution through the depth of the cross section. 

TEMPERATURE DIFFERENTIALS 

From an extensive review of the pertinent literature, 
it was found that the most realistic and simple tem­
oerature distribution through the composite section 
is the one-dimensional distribution shown in Figur-e 
l(c); the upper portion of the distribution is linear 
through the depth of the concrete deck slab, and the 
lower portion is uniform through the depth of the 
steel beams. On the basis of previous results (2.), 
the temperature differential ( /I T) between the top 
of the concrete deck slab and the bottom of the steel 
beam can be assumed to be as given in Table 1. The 
maximum temperature differentials pertain to the case 

TABLE 1 Recommended Values for 
Temperature Differential, 6 T 

Maximum 
Minimum 

Summer (°F) 

40 
-7.5 

Winter (°F) 

20 
-7.5 

in which the concrete deck slab is exposed to the 
s un's radiation during the summer and winter, which 
results in a deck slab that is warmer than the steel 
beams; the minimum temperature differentials refer 
to the case in which the concrete deck slab is sud­
denly drenched with cold rain or snow and thus cools 
at a faster rate than the steel beams. 
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It can be shown (14) that for the linear uniform 
temperature distribution shown in Figure 1 (c) Q and 
F can be expressed as 

where 

L\ T 

(11) 

(12) 

temperature differential between the 
top and the bottom surfaces of the 
concrete deck slab; 
maximum (or minimum) seasonal temper­
ature obtained from a map of iso­
therms; 
temperature at casting of concrete; 
and 
constants with values presented in 
Tables 2-7 for different steel beam 
sections, recommende d by the U.S. 
Department of Transportation (1 5 ): 
three concrete deck slab thicknesses ; 
and different concrete compressive 
strengths. 

Explicit expressions for k1 , k 2 • •• are given in 
the Appendix. The moment (M

8
) in the steel beam, 

acting a s a n individua l element, i s 

M,=Fd 1 + Q ( 13) 

When F and Q are known, the thermal stresses in 
the concrete deck slab and in the steel beams can be 
calculated from (g) 

TABLE 2 Thermal Coefficients k1 to k4 for f~ = 3 ksi 

k 1 for 2a = k1 for 2a = 
Steel 
Section 7 in . 8 in . 9 in , 7 in . 8 in. 9 in. 

36x300 -13.46 -17.68 -22.40 -0.19 -0.22 -0.23 
36x280 -I 3.1 l -17 .22 -21.83 -0.l 8 -0 ,20 -0.22 
36x260 -1 2.72 -16.71 -21.l 9 -0.17 -0.19 -0.20 
36x245 -12.43 -16.33 -20.72 -0. 16 -0,18 -0. 19 
36x230 -12 . l 2 -15 .93 -20.24 -0. I 5 -0 .17 -0.17 
36x210 -11.48 -15.10 -19.20 -0. I 3 -0. 14 -0. 15 
36xl94 -11 .17 -14.73 -18.78 -0. 12 -0.l 3 -0. 13 
36xl82 -10.92 -14.41 -18.40 -0. 12 -0.12 -0. 12 
36xl70 -10.65 -14.08 -17.99 -0.11 -0. 11 -0.11 
36xl60 - l 0.41 -13.77 -17.61 -0.10 -0. l 1 -0 10 
36xl50 -10.20 -13.50 -17.29 -0.10 -0.10 -0.09 
36xl35 -9.71 -12.90 -16,55 -0.08 -0.08 -0.08 
33x221 -11.83 -15.51 -19.66 -0.14 -0.16 -0.16 
33x201 - l I .39 -14.96 -18.99 -0.13 -0.14 -0. 14 
33xl41 -9 .83 -12.99 -16.60 -0.09 -0.09 -0 .08 
33xl30 -9 .52 -12 .61 -16. 13 -0.08 -0 .08 -0.07 
33xl 18 -9.16 -12.16 -15 .58 -0.07 -0.07 -0.06 
30xl 16 -8.96 - l 1.82 -15.07 -0.06 -0.06 -0.05 
30xl08 - 8.70 - l 1.5 0 -14.67 -0.06 -0.05 -0.04 
30x99 -8.42 -11.15 -14.24 -0.05 -0.04 -0.03 
27x94 -8. l 6 -10.74 -13.63 -0.05 -0.04 -0,02 
27x84 -7 .84 -10.35 -I 3,14 -0.04 -0 ,03 -0.01 
24x94 -7 .93 -10.36 -13.04 -0 .04 -0,03 -0.02 
24x84 -7.63 -9.99 -12.57 -0 .04 -0.02 -0.01 
24x76 -7.37 -9.66 -12.16 -0 .03 -0.02 o.oo 
24x68 -7. 10 -9.3 I -1J.71 -0 .02 -0.01 0.01 
24x62 -6.80 -8.92 -1 l.2 l -0 .02 0.00 0.02 
21x55 -6.55 -8.60 -10.78 -0.01 0 .00 0.02 
2lx68 -6.80 -8.83 -10.97 -0.02 -0.01 0.01 
21x62 -6.60 -8.56 -10.63 -0 .0 1 0.00 0.02 
21 x50 -6.08 -7 .88 -9.73 0.00 0.01 0.03 
21 x44 -5.84 - 7.55 -9.29 0.00 0.02 0.04 
18x55 -5.97 -7.61 -9.28 -0.01 0.01 0.03 
18x50 -5. 78 -7.37 -8.95 -0 .00 0.01 0.03 

axc=(F/2ow)+ (3(Fa-Q)y 1/2a 3w] - [a,E,/(1-v)] (Ty, -T0 ) 

+ [<>cEc /2a( l -v)] (~ (Ty
1 
-T0 )dy, 

+ [3a,E,/2a-'(1 - v)] Y1 ('.(Ty, -To)y1cly, 

Uxs =-a,E,(Ty -T0 ) + (a,E) AsJJdd
2 

(Ty -T0 )bydy 
- J 
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+ (o:,E,/1,) J_d, (T" - T 0 ) bydy + (Q/lsJ y 

+ F [(d I /I,)y- (l/A,)] 
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(14) 

( 15) 

(16) 

<1 zc 

thermal stresses indu ced through the 
depth of the concrete deck slab and 
the steel beams in the longitudinal 
direction (x), respectively, and 
thermal stress induced through th e 
depth of the concrete deck slab in the 
transverse direction (z). 

For the assumed linear uniform temperature dis­
tribution in Figure l(c), Equations 14 and 15 reduce 
to 

axe= (F/2aw)- (Q/IJ Yi +(Fa/ I, ) Y1 

Oxs = (-F/2aw) + (Q/I,) y + (Fd, /I,) y 

( 17) 

( 18) 

where Ic is the moment of inertia of the concrete 
deck slab about its own centroid . 

k3 fo r 2a = k4 for 2a = 

7 in . 8 in . 9 in. 7 in. 8 in . 9 in. 

0.03 0.04 0.05 -0.13 -0 .10 -0.08 
O.o3 0.04 0,05 -0.13 -0.10 -0.07 
0.03 0.04 0.04 -0.12 -0.09 -0.07 
0 .03 0 .04 0.04 -0.I 2 -0.09 -0.07 
0.03 0.04 0.04 -0.12 -0.09 -0.06 
0.03 0.03 0.04 -0.11 -0.08 -0 ,06 
O.Q3 0.03 0.04 -0.10 -0.07 -0.05 
0.03 0.03 0.04 -0.10 -0.07 -0 .05 
0.03 0.03 0.03 -0.10 -0.07 -0 .05 
0.03 0,03 0.03 -0.09 -0.06 -0.04 
0.03 0.03 0.03 -0.09 -0.06 -0.04 
0 .02 0.03 0.03 -0.08 -0.05 -0.03 
0.03 0.04 0.04 -0. I l -0.08 -0 .06 
0.03 0.03 0.04 -0.l l -0.08 -0 .06 
0.02 0.03 0.03 -0.08 -0 ,06 -0.04 
0.02 0.03 O.D3 -0.08 -0.05 -0.03 
0.02 0.02 0,03 -0,07 -0.04 -0 .03 
0.02 0.02 0.03 -0.07 -0.04 -0.02 
0.02 0.02 0.02 -0.06 -0.04 -0 ,02 
0.02 0.02 0.02 -0.06 -0 .03 -0.02 
0.D2 0.02 O.D2 -0.05 -0.03 -0.01 
O.Q2 0.02 0.02 -0.05 -0.02 -0.01 
0 .02 0.02 0.02 -0.05 -0.03 -0.01 
0.02 0.02 0,02 -0.04 -0.02 -0.00 
0 ,02 0.02 0.02 -0.04 -0.02 0 .00 
0.02 0.02 0.02 -0.03 -0.01 0.DI 
0 .01 0.02 0.02 -0.02 0.00 0.01 
0.01 0.01 0.01 -0.01 0.00 0.02 
0 .02 0.02 0.02 -0.03 -0.01 0.01 
0 .01 0,02 0.02 -0.02 0.00 0 .01 
0.01 0.01 0.01 -0.01 0.01 0,02 
0.01 0.01 0.01 0.00 0.02 0.03 
0.01 0.01 0.02 -0.01 0.01 0.02 
0.01 0.01 0.01 0.00 0.02 0.03 



TABLE 3 Thermal Coefficients k 1 to k4 for f~ = 4 ksi 

k 1 for2a= k 2 for 2a = k 3 fol' 2a = k4 for 2a = 
Steel 
Section 7 in . 8 in. 9 in. 7 in. 8 in. 9 in. 7 in. 8 in . 9 in . 7 in. 8 in. 9 in . 

36x300 -14.18 -18.63 -23 .63 -0. 19 -0.22 -0.23 0.04 0 .04 0 .05 -0. 13 -0.10 -0.07 
36x280 -13 .82 -18 . 16 -23.04 -0 .18 -0.20 -0.22 0.04 0 .04 0.05 -0. 12 -0.09 -0 .07 
36x260 -13.41 -17 .62 -22 .38 -0 .17 -0. 19 -0.20 0.03 0.04 0 .05 -0.12 -0.09 -0.07 
36x245 -] 3. 10 -17.23 -21.89 -0 .16 -0.18 -0. 19 0.03 0.04 0.04 -0.12 -0.09 -0.06 
36x230 -l 2.78 -16.82 -21.40 -0.15 -0. 17 -0. 17 0.03 0.04 0.04 -0 . J 1 -0.08 -0 06 
36x2JO -12 11 -15.95 -20.32 -0 .13 -0.14 -0.14 0.03 0.04 0.04 -0.J 0 -0.07 -0 .05 
36xl94 -11.80 -15.58 -19.90 -0.12 -0.13 -0. 13 0.03 0.03 0.04 -0.10 -0.07 -0 .05 
36x182 - J 1.54 -15.25 -19 .50 -0.l 2 -0. 12 -0. 12 0 .03 0.03 0 .04 -0.09 -0 .07 -0 ,05 
36x170 -11 26 -14.91 -19 .09 -0.11 -0.11 -0.11 0.03 0.03 0.03 -0.09 -0.06 -0.04 
36xl60 -11.00 -14.59 -18 .70 -0.10 -0.10 -0. 10 0 .03 0.03 0.03 -0 .09 -0.06 -0.04 
36xl 50 -10.79 -14.31 -18.37 -0 .09 -0. 10 -0.09 0 .03 0.03 0.03 -0 08 -0.06 -0.04 
36xl35 -10.29 -13.69 -17.60 -0 .08 -0.08 -0.07 0 ,02 0,03 0.03 -0.07 -0.05 -0.03 
33x221 -12.47 -16 .37 -20.79 -0.14 -0.16 -0. 16 0.03 0.04 0.04 -0.J l -0.08 -0.06 
33x201 -12 .02 -15 .80 -20.09 -0 .13 -0.14 -0. 14 0 .03 0.04 0.04 -0. J 0 -0 .07 -0.05 
33xl41 -I 0.41 -13 .78 -17 64 -0 .09 -0.09 -0.08 0.03 0.03 0 03 -0.08 -0.05 -0.03 
33xl30 -10.08 -13 .38 -17 .15 -0.08 -0.07 -0.06 0 .02 0.03 0.03 -0.07 -0.05 -0,03 
33xl18 -9 .71 -12.92 -16.58 -0.07 -0.06 -0.05 0 02 0.03 0 .03 -0.07 -0.04 -0,02 
30xl16 -9. 49 -12.56 -16 .. 03 -0.06 -0.06 -0.04 0 .02 0.03 0.D3 -0.06 -0.04 -0.02 
30xl08 -9.23 -12.22 -15 .61 -0.06 -0.05 -0.03 0.02 0.02 0.03 -0.06 -0.03 -0 02 
30x99 -8.94 -11.8 7 -15 .17 -0.05 -0.04 -0 02 0.02 0.02 0.02 -0.05 -0.03 -0.01 
27x94 -8 .66 -11.42 -14.51 -0.04 -0.03 -0.02 0 .02 0.02 0 .02 -0.05 -0 .01 -0 .01 
27x84 -8.33 -11.01 -13.99 -0.04 -0.02 -0.01 0.02 0.02 0.02 -0.04 -0.02 0.00 
24x94 -8.41 -11.01 -13 .86 -0.04 -0.03 -0.01 0.02 0.02 0.0'.' -0.05 -0.02 0 .01 
24x84 -8.10 -10.62 -13.37 -0 .03 -0.02 0.00 0 .02 0.02 0 .02 -0 .04 -0.02 0 .00 
24x76 -7.84 -10.28 -12.94 -0.03 -0.01 0.01 0 .02 0.02 0.02 -0 ,03 -0.01 0.00 
24x68 -7 .55 -9.91 - I 2 .46 -0.02 -0.01 0.01 0 .02 0.02 0.02 -0.03 -0 ,01 0.01 
24x62 -7.24 -9.51 -11.94 -0.Ql 0.00 0.02 0 .01 0.02 0.02 -0 .02 0.00 0.01 
2lx55 -6.98 -9.16 -11.48 -0.01 0.01 0.03 0.01 0.01 0 OJ -0.01 0.01 0.02 
2lx68 -7 . 23 -9.38 -11.66 -0.02 0 .00 0.02 0 .02 0,02 0 .02 -0.02 0 ,00 0 .01 
2lx62 -7.02 -9 .11 -11 .29 -0.01 0 ,00 0 ,03 0,02 0.02 0.02 -0.02 0.00 0.02 
2Jx50 -6.48 -8.39 -10.34 0 .00 0.02 0.04 0.01 0.01 0.01 0 00 0 .02 0 .03 
2Jx44 -6.23 -8.04 -9.86 0 .00 0.02 0.04 0.01 0.01 0.01 0.01 0 .02 0 .03 
18x55 -6.34 -8.08 -9.83 0.00 0.01 0.04 0 .01 0.01 0 .02 0 .00 0.01 0 ,03 
18x50 -6.15 -7.82 -9.48 0.00 0.02 0.04 0.01 0.01 0.01 0.00 0.02 0 .03 

TABLE 4 Thermal Coefficients k 1 to k4 for f~ = 5 ksi 

k 1 for 2a = k2 for 2a = k 3 for2a= k4 for 2a = 

Steel 
SecUon 7 in. 8 in . 9 in . 7 in. 8 in . 9in 7 in 8 in . 9 jn, 7 in . 8 in , 9 in . 

36x300 -14.62 -19.21 -24.37 -0.19 -0.22 -0.23 0.04 0 .04 0.05 -0. 12 -0.09 -0.07 
36x280 -14.25 - 18 ,72 23.78 -0. j 8 -0.20 -0 ,22 A"' A A' 0 .05 -0.J 2 r\ (\C) -0.07 U , V'"t U,V"'t -v.v;1 

36x260 -13.82 -18.18 -23. 11 -0. 17 -0 ,19 -0 20 0 .04 0.04 0.05 -0. 12 -0 .09 -0 .06 
36x245 -13.51 -17.77 -22.61 -0 .16 -0. 18 -0.18 0.03 0.04 0.05 -0.11 -0 ,08 -0.06 
36x230 -13 .18 -17 .36 -22 . 10 -0.15 -0. 17 -0 .17 0 .03 0.04 0.04 -0. 11 -0 .08 -0 ,06 
36x210 -12.49 - I 6.4 7 -21.01 -0.13 -0.14 -0 .14 003 0.04 0 ,04 -0 .10 -0 .07 -0.05 
36xl94 -12 . 18 -16.10 -20.58 -0.12 -0. 13 -0 .13 0 ,03 0.04 0 .03 -0.10 -0.07 -0.05 
36xl82 -11.91 -15 .76 -20 .18 -0.12 -0. 12 -0.12 0,03 0.04 0 .03 -0.09 -0.06 -0.04 
36x170 -11.63 -15.41 -19 .76 -0. 11 -0.11 -0 11 0,03 0 .03 0 .04 -0.09 -0.06 -0.04 
36xl60 -1 1.37 -15.09 -19.36 -0.10 -0.10 -0.l 0 0,03 0.03 0.03 -0 .08 -0.06 -0.04 
36xl50 -11.15 -14.81 -19 .02 -0.09 -0.10 -0.09 0 ,03 0.03 0 ,03 -0.08 -0.05 -0.03 
36xl35 -10.64 -14.18 -18.25 -0.08 -0 .08 -0.07 0.02 0 .03 0.03 -0.07 -0.05 -0.03 
33x221 -12.86 -16.90 -21.47 -0.14 -0.16 -0.16 0.03 0.04 0 .04 -0.11 -0.08 -0.05 
33x201 -12.40 -16 .32 -20.76 -0.13 -0.14 -0. 14 O.D3 0 ,04 0.04 -0.10 -0.07 -0.05 
33xl41 -10.76 -14 .26 -18.27 -0 09 -0 .08 -0.o? 0.03 0.03 0 .03 -0.07 -0.05 -0.03 
33xl30 -10.43 -13.85 -17.77 -0.08 -0.07 -0.06 0.02 0.03 0.03 -0.07 -0.04 -0.03 
33xll8 -] 0.05 -13.38 -17 .19 -0 .07 -0.06 -0.05 0.02 0.03 0.03 -0.06 -0.04 -0.02 
30xl 16 -9.82 -13 .00 -16.61 -0.06 -0 .06 -0.04 0 .02 0,03 0.03 -0 06 -0.04 -0.02 
30xi08 -9.55 -12.66 -16.19 -0.06 -0 .05 -0.03 0 .02 0.02 0.03 -0.05 -0.03 -0.01 
30x99 -9 .26 -12 .30 -15 .74 -0.05 -0.04 -0.02 0 ,02 0.02 0.02 -0.05 -0 ,03 -0 ,01 
27x94 -8.97 -11.84 -15 ,04 -0 .04 -0 .03 -0.Dl 0.02 0 .02 0.02 -0.05 -0.02 -0.01 
27x84 -8.63 -11.42 -14.51 -0.03 -0.02 0.00 0 .02 0.02 0 .02 -0.04 -0.02 0.00 
24x94 -8.70 -11.40 -14.36 -0.04 -0.03 -0.01 0 .02 0.02 0.02 -0.04 -0.02 0.00 
24x84 -8 .39 -11.00 -13.86 -0.03 -0.02 0.00 0 .02 0.02 0.02 -0.04 -0.01 0 .00 
24x76 -8 .12 -10.65 -13.41 -0.03 -0.01 0 .01 0 .02 0.02 0.02 -0.03 -0.01 0.01 
24x68 -7 .83 -10.28 -12 .92 -0.02 o.oo 0.02 0 .02 0.02 0 .02 -0 ,02 0 ,00 0 .01 
24x62 - 7 .51 -9.86 -12.38 -0.01 o.oo 0 ,03 O.Dl 0.02 0.02 -0.01 0 .00 0 .02 
2lx55 -7 .25 -9.51 -11.90 -0.01 0 .01 0 .03 0 .01 0.01 0.01 -0.01 0.01 0.02 
2lx68 -7.49 -9.72 -12 .07 -0.02 0 .00 0 .02 0.02 0 .02 0 .02 -0.02 0.00 0.01 
2lx62 -7 .28 -9.44 -11.69 -0.01 0 .01 0.03 0.02 0.02 0.02 -0.01 0.01 0.02 
2lx50 -6 .72 -8.70 -10.71 0.00 0 .02 0 .04 0.01 O.Dl 0 .01 0.00 0.02 0.03 
2lx44 -6.46 -8.33 -I 0 .21 0.01 0 .02 0.04 0.01 0 .01 0.01 0,01 0.02 0.03 
18x55 -6.57 -8.3 7 -10.16 0.00 0.02 0 .04 0.01 0.02 0.02 0.00 0.02 0.03 
18x50 -6.37 -8.l 0 -9.80 0.00 O.D2 0.04 0.01 0.01 0.01 0 .00 0.02 0.03 



TABLE 5 Thermal Coefficients k1 to k4 for f~ = 6 ksi 

k 1 for 2a = k1 for 2a = k1 for '.!a= k4 for '.!a = 
Steel 
Section 7 in. 8 in. 9 in . 7 in. 8 in. 9 in. 7 in. 8 in. 9 in. 7 in , 8 in. 9 in. 

36x300 -14.84 -19.50 -24.76 -0.19 -0.22 -0.23 0.04 0.04 0.05 -0.12 -0.09 -0.07 
36x280 -14.46 -19.01 -24.15 -0.18 -0.20 -0.22 0.04 0.04 0.05 -0.12 -0.09 -0.07 
36x260 -14.04 -18.46 -23.48 -0.17 -0.19 -0.20 0.04 0.04 0.05 -0.11 -0 ,08 -0.06 
36x245 -13.72 -18.06 -22.98 -0.16 -0.18 -0 18 0 ,04 0.04 0.05 -0.11 -0.08 -0.06 
36x230 -13.39 -17.64 -22.47 -0.J 5 -0.17 -0.l 7 0.03 0.04 0.04 -0.11 -0.08 -0.06 
36x210 -J 2.69 -16.74 -21.36 -0.13 -0.14 -0.14 0 .03 0.04 0.04 -0.10 -0.07 -0.05 
36xl94 -12.37 -16 .36 -20.93 -0.12 -0.13 -0.13 0,03 0.04 0.04 -0.09 -0.07 -0.04 
36xl82 -12.10 -16.03 -20.53 -0.12 -0.12 -0.12 0.03 0.03 0.04 -0.09 -0 .06 -0.04 
36xl70 -11.82 -15.67 -20.10 -0.11 -0.11 -0.11 0.03 0.03 0.04 -0.09 -0 .06 -0.04 
36xl60 -11.5 6 -15.34 -19.70 -0.10 -0.10 -0. 10 0.03 0.03 0.03 -0.08 -0.05 -0.04 
36xl50 -11.33 -15 .07 -19.36 -0.09 -0.09 -0.09 0.03 0.03 0.03 -0.08 -0.05 -0 .03 
36xl35 -J 0.82 -14.43 -18.58 -0.08 -0.08 -0.07 O.Q3 0.03 0.03 -0.07 -0.04 -0.03 
33x221 -13.06 -17 .l 7 -21.82 -0.14 -0.16 -0.l 6 0.03 0.04 0.04 -0.10 -0.07 -0.05 
33x201 -12 .60 -16.58 -21.l 1 -0. 13 -0.14 -0. 14 0.03 0.04 0.04 -0.10 -0.07 -0.05 
33xl41 -10.94 -14.51 -18,59 -0.08 -0.08 -0.07 0.03 0.03 0.03 -0.07 -0.05 -0.03 
33xl30 -10.61 -14.10 -18.09 -0.08 -0.07 -0.06 CY.02 0.03 0.03 -0.07 -0.04 -0.02 
33xll8 -l 0.23 -13.62 -17.51 -0.o7 -0.06 -0.05 0.02 0.03 0.03 -0 ,06 -0.04 -0.02 
30xll6 - 9.99 -13.24 -16.91 -0.06 -0.05 -0.04 0.02 0.03 0.03 -0.06 -0.03 -0.02 
30x108 -9.72 -12.89 -J 6.49 -0.05 -0.05 -0.03 0.02 0.02 0.03 -0.05 -0.03 -0.01 
30x99 - 9.43 -12.53 -16.03 -0 05 -0,04 -0.02 0.02 0.02 0.02 -0.05 -0.02 -0.01 
27x94 -9.12 -12.05 - I 5 .32 -0.04 -0.03 -0.01 0.02 0,02 0.02 -0.04 -0.02 -0 .01 
27x84 -8.79 -11.63 -14.77 -0.03 -0.02 0.00 0.02 0.02 0.02 -0.04 -0 .02 0.00 
24x94 -8.85 -11.60 -14.62 -0.04 -0.03 -0.01 O.D2 0.02 0.02 -0.04 -0.02 0.00 
24x84 -8 .54 -1 l .20 -14.11 -0.03 -0.02 0.00 0.02 0.02 0,02 -0.03 -0 .01 o.oo 
24x76 -8.27 -10.85 -13.65 -0.02 -0.01 0.01 0.02 0.02 0.02 -0.03 -0.01 0.01 
24x68 -7.97 -I 0.4 7 -13.l 5 -0.02 0.00 om 0.02 0.02 0.02 -0.02 0 .00 0.01 
24x62 - 7 .65 -10.05 -12.61 -0.01 0.01 0.03 0.01 0.02 0.02 -0.01 0.00 0.02 
21 x55 -7 .39 -9.69 -12.12 -0.01 0.01 0.03 0.01 0.01 O.OJ -0.01 0.01 0,02 
21x68 -7. 63 -9.90 -12.29 -0.01 0.00 0.03 0.02 0.02 0.02 -0.02 0.00 0.02 
21x62 -7.41 -9.61 -11.90 -0.01 0.01 0.03 0.02 0.02 0.02 -0.01 0.01 0.02 
21x50 -6.85 -8.86 -10.89 0.00 0.02 0.04 0.01 0.01 0.01 0.00 0.02 0.03 
21x44 -6.58 -8.49 -10.38 O.Ql 0.02 0.05 0.01 0.01 0.01 0.01 0.02 0,03 
I 8x55 -6.68 -8.51 -10.33 0.00 0.02 0.04 0.01 0.02 O.D2 0.00 0.02 0.03 
18x50 -6.48 -8.24 -9.96 0.00 0.02 0.04 0.01 0.01 O.QI 0.00 0.02 0.03 

TABLE6 Thermal Coefficients k1 to k4 for f~ = 7 ksi 

k 1 for2a= k2 for 2a = k1 for 2a = k4 for 2a = 
Steel 
Section 7 in . 8 in. 9 in. 7 in. 8 in. 9 in. 7 in . 8 in. 9 in . 7 in. 8 in. 9 in. 

36x300 -14.89 -19.57 -24.85 -0. 19 -0.22 -0.23 0.04 0.04 0.05 -0.J 2 -0.09 -0.07 
36x280 -14.5 l -19.08 -24.24 -0.18 -0.20 -0.22 0.04 0.04 0.05 -0.12 -0.09 -0,07 
36x260 -14.09 -18.53 -23.56 -0.17 -0.19 -0.20 0.04 0.04 0.05 -0.11 -0.08 -0.06 
36x245 -13.77 -18 . l 2 -23.06 -0. 16 -0.18 -0.18 0.04 0.04 0.05 -0.11 -0 .08 -0.06 
36x230 -13.44 -17 .70 -22 .55 -0.15 -0.17 -0.17 0.03 0.04 0 .04 -0. 11 -0.08 -0.06 
36x210 -12.74 -16.80 -21 .44 -0.13 -0 .14 -0 .14 0.03 0.04 0 .04 -0.10 -0 .07 -0.05 
36xl94 -12.42 -16.43 -20.02 -0.12 -0.13 -0.13 O.Q3 0.04 0 .04 -0.09 -0.07 -0.04 
36xl82 -12.15 -16 .09 -20.61 -0 .12 -0 .12 -0.12 0,03 0.03 0.04 -0.09 -0 .06 -0.04 
36xl70 -11.86 -15.74 -20.18 -0. 11 -0.11 -0.I l 0.03 0 .03 0 .04 -0.09 -0 .06 -0.04 
36xl60 -11.60 -15 .40 -19.78 -0 .l 0 -0 ,10 -0.10 0.03 0.03 0.03 -0.08 -0.05 -0.04 
36x l50 -11.38 -I 5.13 -19.44 -0.09 -0.09 -0.09 0,03 0.03 0.03 -0.08 -0.05 -0.03 
36xl35 -10.87 -14.49 -18.66 -0.08 -0 .08 -0.07 0.03 0.03 0.03 -0.07 -0.04 -0.03 
33x221 -13.11 -17.23 -21.91 -0.14 -0.16 -0. 16 0.03 0.04 0.04 -0.10 -0.07 -0.05 
33 x20 1 -12.64 -16.64 -21.19 -0.13 -0.14 -0.14 0.03 0.04 0.04 -0.10 -0.07 -0.05 
33xl 41 -10.98 -14.57 -18.67 -0.08 -0.08 -0.07 0.03 0.03 O.Q3 -0.07 -0.05 -0.03 
33xl30 -10 .65 -14.15 -18.l 6 -0.08 -0.07 -0.06 0.03 0.03 0.03 -0.07 -0.04 -0.02 
33xl 18 -10.27 -13.68 -17.58 -0.07 -0.06 -0.05 0.02 0.03 O.Q3 -0.06 -0.04 -0.02 
30xll6 -10.03 -13.29 -16.98 -0.06 -0.05 -0.04 0.02 0.03 0.03 -0.06 -0.03 -0.02 
30x l08 -9.75 -12.95 -16.55 -0.05 -0.05 -0.03 0.02 0.02 0.03 -0.05 -0.03 -0.01 
30x99 -9.46 -12.58 -16.10 -0.05 -0.04 -0.02 0.02 0.02 0.02 -0.05 -0,02 -0.01 
27x94 -9.16 -12.10 -15.38 -0.04 -0.03 -0.01 0.02 0.02 0.02 -0.04 -0.02 -0.01 
27x84 -8 .83 -11.68 -14.84 -0.03 -0.02 0.00 0.02 0.02 0.02 -0.04 -0.01 0.00 
24x94 -8.89 -11.65 - 14.68 -0.04 -0.03 0.00 0.02 0.02 0.02 -0.04 -0.02 0.00 
24x84 -8.57 -11 .25 -14.16 -0.03 -0.02 0.00 0,02 0.02 O.Q2 -0.03 -0.01 0.00 
24x76 -8.30 -10.89 -13.71 -0.02 -0.01 0 .01 0.02 0.02 0.02 -0.03 -0.01 O.OJ 
24x68 -8.0 1 -10.51 -13.21 -0.02 -0.00 0.02 0,02 0.02 0.02 -0.02 0.00 0.01 
24x62 -7 .68 -10.09 -12.66 -0.01 0.01 0.03 0.01 0 .02 0.02 -0.01 0.00 0.02 
2lx55 - 7.42 -9.73 -12.17 -0.01 0.01 0.03 0.01 0.01 0.01 -0.01 0.01 0.02 
2lx68 -7.66 -9.94 -12.34 -0.01 0,00 O.D3 0.02 0.02 0.02 -0.02 0.00 0.02 
21x62 -7.44 -9 .65 - I 1.95 -0.01 0 .01 O.OJ 0 .01 0,02 0.02 -0.01 0.01 0.02 
2lx50 -6.88 -8.89 -10.94 0.00 0.02 0.04 0 ,01 0.01 0.01 0.00 0.02 0.03 
2lx44 -6.61 -8.5 2 - I 0.42 0.01 0.02 0.05 0.01 0.01 0.01 0.01 O.D2 0.03 
18x55 -6.7 l -8 .55 -10.37 0.00 0 .02 0.04 0.01 0.02 0,02 0.00 0.02 0.03 
18x50 -6.5 l -8.27 -10.00 0.00 0.02 0.04 0.01 0.01 0.01 0.00 0.02 O.Q3 
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TABLE 7 Thermal Coefficients k 1 to k4 for f~ = 8 ksi 

k 1 for 2a = k 2 fo r 2a = 
Steel 
Section 7 in , 8 in. 9 in , 7 in, 8 in . 

36x300 -14.79 -19 .43 -24.67 -0.19 -0 .22 
36x280 -14.41 -18 .95 -24.07 -0.18 -0 .20 
36x260 -13.99 -18.40 -23 .39 -0.l 7 -0 .19 
36x245 -13.67 -17.99 -22 .89 -0 J 6 -0 .18 
36x230 -13.34 -I 7 .57 -22.38 -0.15 -0 .17 
36x210 -12.65 -16.68 -21.28 -0.13 -0 .14 
36xl94 -12.33 -16.30 -20 ,85 -0.12 -0 .13 
36xl82 -12.06 -15 .97 -20.45 -0.12 -0 .12 
36xl 70 -11.78 -15 .61 -20 .02 -0. 11 -0.11 
36xl60 -11.51 -15.28 -19.62 -0.10 -0 .10 
36xl50 -11.29 -15 .01 -19.28 -0.09 -0 .09 
36xl35 -10.78 -14.37 -18.50 -0.08 -0 .08 
33x22 l -13.01 -17 .11 -21.74 -0.14 -0 .16 
33x201 -12.55 -16.52 -21.03 -0.13 -0.14 
33xl41 -10.89 -14.45 -18.52 -0.09 -0 .08 
33xl 30 -10.56 -14.04 -18.01 -0.08 -0 .07 
33xl 18 -10.19 -13.57 - I 7 .43 -0.07 -0 .06 
30xl 16 -9.95 -13.18 -16 .84 -0.06 -0.05 
30xl 08 -9.68 -12.84 -16.42 -0.05 -0.05 
30x99 -9.39 -12.47 -15.96 -0.05 -0.04 
27x94 -9 ,09 -12.00 -15.25 -0,04 -0.03 
27x84 -8 ,75 -11.58 -14 .71 -0.03 -0 .02 
24x94 -8.82 -11.56 -14.56 -0.04 -0 ,03 
24x84 -8.50 -II.IS -14.05 -0.03 -0.02 
24x76 -8.23 -10,80 -] 3.59 -0.02 -0 .0J 
24x68 - 7.94 - I 0.42 -13.JO -0.02 -0 .00 
24x62 -7 .62 -10.00 -12 .55 -0.01 0.01 
2lx55 - 7 .35 -9 .65 -12 .07 -0.01 0.01 
2lx68 - 7.59 -9.86 -12.24 -0.01 0.00 
21x62 -7 .38 -9.57 -I l.85 -0.01 0.01 
2J xSO -6.82 -8.82 -J 0.85 0.00 0,02 
21x44 -6.56 -8.45 -10,34 0.01 0.02 
J 8x5 5 -6.66 -8.48 -I 0.29 0.00 0.02 
l 8x50 -6 46 -8.21 -9.92 0.00 0.02 

The thermal stresses given by Equations 17 and 18 
are for simply supported composite bridges. In the 
case of continuous composite bridges the resultant 
thermal stresses are obtained by super imposing the 
thermal stresses given by Equations 17 and 18 and 
the stresses induced by the presence of the inter­
mediate supports; these latter stresses are derived 
from the redundant moments resulting from continuity, 
as shown in Figure 2. This will be illustrated in 
the design example given later. 

DISCUSSION 

The adopted maximum and minimum temperature differ­
entials (6T) for both summer and winter, given in 
Table 1, are based on shade air temperatures found 
from maps of isotherms for the particular construc­
t ion site considered. These temperature differentials 
were chosen to represent the most unfavorable condi­
tions expected, as proposed by Zuk C!l) and confirmed 
by Emanuel and Hulsey (!.l . The suggested minimum 
temperature differentials in summer and winter of 
-7.5°F compare favorably with those given by the 
Bi:llbl1 Sld!!Udtu» BS 5400 (16) dllU wil11 th!,! VdlU!,!» 
calculated by Emanuel and Hulsey (1) using a finite 
element analysis. Although the maximum temperature 
differential of 40°F for summer is higher than the 
25°F given in BS 5400 (16), it is in good agreement 
with the value obtained by Emanuel and Hulsey (1). 

Both German specifications DIN 1072 and DIN 1078 
(!]) have suggested a linear temperature distribution 
through the section depth from the top of the con­
crete deck slab to the soffit of the steel beam; 
however, because the diffusivity of the steel is much 
higher than that of the concrete, such a temperature 
distribution is unrealistic compared with the one 
adopted herein (!!) . The use of Tables 2 through 7 
for the constants k1 to k4 in estimating the thermal 

9 in , 
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k 3 for2a= k 4 fo r 2a = 

7 in , 8 in . 9 in. 7 in . 8 in. 9 in. 

0,04 0.04 0.05 -0.12 -0.09 -0.07 
0.04 0.04 0.05 -0..1 2 -0.09 -0.07 
0.04 0.04 0.05 -0. 1 ~ -0.08 -0.06 
0.03 0.04 0.05 -0. l I -0.08 -0.06 
0.03 0.04 0.04 -0 .11 -0 .08 -0 .06 
0,03 0.04 0.04 -0.10 -0.07 -0.05 
0,03 0,04 0.04 -0.09 -0.07 -0,05 
0.03 0.03 0.04 -0.09 -0.06 -0,04 
0.03 0.03 0.04 -0.09 -0.06 -0.04 
0.03 0.03 0.03 -0.08 -0.06 -0.04 
0.03 0.03 0,03 -0.08 -0.05 -0,03 
0.03 0.03 0.03 -0.07 -0.04 -0.03 
0.03 0.04 0.04 -0.10 -0.07 -0.05 
0,03 0.04 0.04 -0.10 -0.07 -0.05 
0,03 0.03 ·0.03 -0.07 -0.05 -0.03 
0.02 0.03 0.03 -0.07 -0.04 -0 .02 
0,02 0.03 0.03 -0.06 -0.04 -0 .02 
0.02 0.03 0.03 -0.06 -0.03 -0 .02 
0.02 0.02 0.03 -0.05 -0.03 -0.01 
0.02 0.02 0 ,02 -0.05 -0.02 -0.01 
0.02 0.02 0.02 -0.04 -0.02 -0.0J 
0,02 0.02 0.02 -0.04 -0.02 0.00 
0.02 0.02 0.02 -0.04 -0.02 0.00 
0.02 0.02 0 ,02 -0,03 -0.01 0.00 
0,02 0.02 0.02 -0.03 -0 ,0J O.OJ 
0.02 0.02 0.02 -0.02 0.00 0.01 
0.01 0.02 0.02 -0.01 0.00 0.02 
0.0J 0.01 O.Ol -0.01 0.0J 0.02 
0.02 0 .02 0.02 -0,02 0.00 0.01 
0.02 0.02 0 .02 -0,01 0.01 0.02 
0.01 0.0J 0,01 0.00 0.02 0.03 
0.01 0.01 0.0J 0,01 0.02 0.03 
0.01 0,02 0.02 0.00 0.02 0.03 
0.01 0.01 0.01 0.00 0.02 0 ,03 

stresses will be demonstrated by the following worked 
example. 

Worked Example 

It is necessary to estimate the thermal stresses in­
duced in a two-span continuous concrete composite 
bridge with the following characteristics: 

in.; 

Length of span = 80 ft; 
Effective concrete deck slab width (w) 96 

Concrete deck slab thickness (2a) = 8 in.; 
f~ = 8 ksi; 

• f for WF 36x245 steel beam of grade A36 

36 ksi~ 
• E = 20 x 10' ksi; 
• E~ = 3.9 x 10' ksi (private communication from 

D.W. Pfeifer, Portland Cement Association, May 1970); 
• m = 7.44; 

Poisson's ratio of concrete (v) = 0.2; and 
ac = 5.5 x 10- 6 /°F. 

With reference to Fiyure 1 (c), T0 = 60°F and Tb 
= 85°F maximum in summer and -22°F minimum in winter. 

Solution 

There are four cases of temperature variations 
through the depth of the section that have to be 
considered. However, for brevity only Case (iv), 
shown in Figure 3(a), will be given in detail here; 
the same procedure will apply to the other three 
cases. From geometry of the composite section, Ac 
=768in. 2

; Ic=4,096 in. 4
; As=72.l in.'; Is: 

16,100 in.•; and moment of inertia of transformed 
composite section (It) = 37,283 in.'. Using Table 7 
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From Equations 17 and 18, the thermal stresses in­
duced (with the intermediate pier support assumed 
removed) are 

top 

Oxc 

bottom 

top 

bottom 

! ~ (-56.21 /768) - (-715.10/4096) 

-4 

+4 

-4 -0.55 ksi 

+ [(-56.21X4)/4096J 
+4 0.41 ksi 

I !-18.041 
= (56.21172.1) + [(-56.21X18.04)/161001 

+18.04 

-18.04 ! ~ 2.72 ksi 
+ (-715.10/16100) 

+18.04 -1.16 ksi 

Because of the thermal strains and the presence of 
the intermediate pier support, the redundant moment 
at the pier support for a two-span continuous bridge 
is (Figure 2) 

MR= (3/2)(-M,) (Itfl,) (I 9) 

or 

MR= (3/2) (I 729.13) (37283/16100) = 6,006.26 kip-in. 

The resulting stresses from a = (M/I)y are 

for f~ = 8 ksi, (2a) = 8 in., yields 
kip-in., k2 = -0.18 kip-in., k3 = 0.04 
k4 = -0.08. Thus, from Equations 11-13, 

k1 = -17.99 
kip., and top } {-13.06} -0.28 ksi 

Oxc = [6,006.26/37283 (7.44)] = 

Q = ( 40)(-17.99) - (85 - 60)(-0.18) = -715.l 0 kip-in. 

F = (85 - 60)(0.04)- (-715.10)(-0.08) = -56.21 kips 

M, = (-56.21) (18.04) + (-715.10) = -1,729.13 kip-in. 

. • 
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FIGURE 3 Induced thermal stresses in the bridge design example. 
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Thus the resultant thermal stresses at a section near 
the pier support become 

top -0.55 - 0.28 = -0.83 ksi 
Oxc 

bottom J 0.41 - O. l l = 0.30 ksi 

top } 2. 72 - 0.82 = 1.90 ksi 
Dxs = 

bottom -1.16 + 5.00 = 3.84 ksi 

The thermal stresses in the concrete deck slab in 
the transverse direction are calculated from Equation 
16 as 

top } (0.2)(-0.83) - (5.S)(W- 6 )(3.9) (J0 3
) (125 - 60) = -1.56 ksi 

Ozc bottom = (0.2)(0.30)- (5.5)(J0-- 6 )(3.9)(l03 ) (85 - 60) = -0.48 ksi 

The induced thermal stresses for the other three 
cases, (i) to (iii), are presented in Figure 3(b). 
The thermal stresses at sections near the outer sup­
ports are shown in Figure 3(c). These results indi­
cate that significant tensile thermal stresses can 
develop in the concrete deck slab in the longitudinal 
direction not only at the top of the concrete deck 
slab but also at its bottom. Furthermore, the trans­
verse stresses in the deck slab, which result from 
thermal variations, can be quite large and are likely 
to cause severe longitudinal cracking of the concrete 
deck unless adequately reinforced. 

SUMMARY AND CONCLUSIONS 

A simple method of analysis is presented for esti­
mating the thermal stresses in composite concrete 
deck slab-on-steel beam bridges; the method can be 
applied to both simple spans and continuous spans. 
The results are based on a realistic temperature 
distribution through the depth of the bridge section 
and on accepted maximum and minimum temperature dif­
ferentials for summer and winter. From the results 
given it can be concluded that 

• The magnitude of the longitudinal thermal 
stresses in composite bridges can be significant 
compared with stresses due to dead and live loads. 

• The thermal stresses induced in the concrete 
deck slab in the transverse direction can exceed the 
tension capacity of the concrete by several fold; 
therefore additional steel reinforcements are neces­
sary in the transverse direction to guard against 
the formation of longitudinal cracks in the concrete 
deck. 
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APPENDIX 

The explicit expressions for the thermal coefficients 
k1, k2r k3r and k4 are as follows: 

k1 = [AC 2 /(AR-KB)] 

k2 = [KC 1 /(AR - KB)] 

k3 =(C 1 /A) 
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where 

C2 =-(I + v)ac wl5E5Ec a2, 

A= (1/E,AJ + (di/l,E,) + [2 (I - v2)/waEcJ, 
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K = 2wd
1 3 3 Ee - 3 (I -v2

) al,E,, Jnd 

R = 2wa 3 Ee+ 3 (I - v2
) I,E,. 

Publication of this paper sponsored by Committee on 
General Structures. 

Multi-Increment Cost-Allocation 

Methodology for Bridges 

AH-BENG TEE, KUMARES C. SINHA, and EDWARD C. TING 

ABSTRACT 

In this paper is presented an overview of a bridge cost-allocation procedure that 
uses data from bridges built in the state of Indiana between 1980 and 1983, The 
framework of the present analysis was based on the incremental concept with modi­
fication at various steps in the allocation process such that a larger number of 
cost increments were obtained. A technique is discussed for obtaining a large 
number of cost increments in order to render the economies-of-scale problem asso­
ciated with the incremental methodology insignificant. The quantitative correla­
tion between study vehicle classification and AASHTO vehicles was based on the 
relative effect of both axle loading and axle spacing of each vehicle on con­
tinuous-span bridges. The cost responsibility of each vehicle class was determined 
first on the basis of its structural and geometric requirements and then on the 
relative frequency with which it uses the bridges. A discussion of the approach 
employed in the distribution of the bridge construction, bridge replacement, and 
bridge rehabilitation cost is presented. 

There are several methods of allocating bridge costs 
in the literature. However, the most commonly used 
and widely accepted methodology for structural cost­
allocation analysis is classical incremental analysis 
<!-i>· Although the concept of classical incremental 
analysis for bridge cost allocation is well docu­
mented, the approach for developing the various 
bridge cost functions in the allocation process 
varies among studies. The bridge cost-allocation 
process discussed in this paper is also based on the 
classical incremental framework but with modification 
at various steps. Presented herein is a multi-incre­
ment cost-allocation process based on data from 
bridges built in Indiana between 1980 and 1983. 

VEHICULAR CLASSIFICATION AND DESIGN LOADING 

Vehicles that use the Indiana highway system were 
categorized into 14 basic classifications (Table 1) • 

School of Civil Engineering, Purdue University, La­
fayette, Ind. 47907. 

Each class was further divided into various weight 
groups. For the purpose of incremental analysis, with 
the exception of the live loads, all loads and forces 
were handled in the same manner as the original 
bridge. The live loads that represented the weight 
of the moving traffic were modified to reflect a 
range of different types of vehicles. According to 
AASHTO bridge specifications (l), traffic-relatea 
loadings can be represented by standard trucks or by 
equivalent lane loads. The trucks specified are 
designated with an H prefix followed by a number in­
dicating the total weight of the trucks in tons for 
the two-axle trucks or with an HS prefix followed by 
a number indicating the weight of the tractor in tons 
for the tractor-trailer combinations. The AASHTO 
bridge specification provides only five classes of 
design loading, namely, HS 20, HS 15, H 20, H 15, 
and H 10. Other loadings required for the present 
analysis can be obtained by proportionally changing 
the weight~ of the designated trucks (ll· The modi­
fied AASHTO live loadings and the corresponding lane 
loadings used in the present study are shown in Fig­
ure 1. The cost functions of each bridge element were 




