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survives this initial period 

to traffic. Immedi-
Suppose the pavement

to shrink. The friction forces at the base immediately 
resist this shrinkage and the result is tension in the 
Crete If the tension is too great the concrete cracks 
where the tensile strength of the concrete has been ex
ceeded. As the seasons of the year succeed one another, 
the slab is alternately wetted and dried, and in addition, 
subjected to a wide range of temperatures being thus 
kept in constant motion over its sub-base. The forces o 
friction are therefore in constant action resisting this 
motion, and thus cause stresses, now tensile now com
pressive, to exist in the concrete. Should the forces of 
friction be sufficiently great, the resistance of t ^ œncjete 

and it fails, either in tension or compression, 
the concrete is cracked, or else

CEMENT CONCRETECAUSES OF CRACKS IN
PAVEMENTS.*

con-By A. T. Goldbeck.t

T is the intent of this paper to treat mere^./f
of cracking of concrete pavements m the light
pres=n,k—,,te„r,gT,« =

discussion, such as the effec 
of and

1 causes
of our
many phases of the

5°5ffiÜT£Æ o,a,b= road e^nse

best methods of the maintenance of cracks, a V
other allied questions. All of these however have be ^
avoided and an effort has been made to treat o y 
phase of the subject suggested in the title. the

When the internal stress in a material r ^
> ultimate strength, failure ensues and manifests J 

various ways. In a brittle material like concrete, a crac 
indicates that the ultimate internal r€sistln^ bee^ 
whether it is tension, compression, or shea > of
exceeded and, therefore, in order to analyze h 
cracks in a concrete pavement, we must first * cove je 
cause of the high internal stresses existing at rupture. 
This is a difficult task as the internal stresses m eoner j
and reinforced concrete pavements are very complex and 

number of different phenomena

is overcome
bulgdd'up°or'cnished*.lS'Sometimes moisture and tern- 

permute aid one another, and sometimes th«ï j”""1".8** 
one another, but their activities are never ended during, 
the existence of the road. Naturally, as friction can bes 
be developed along the length of the road, temperatur 
changes and moisture are promotive of transverse cracks 
rather than longitudinal cracks.

In addition to direct compressive and tensile stresses, 
road slabs are subjected to bending, due to the loads of 
traffic and more likely to unequal settlement of the sub
base, caused by lack of homogeneity. Ununiform reaction 
between the slab and the sub-base due to frost may also 
produce cracking, the slab then being supported in some 
spots and not in others, thereby creating large tensile 

in bending. Frost action is more likely to cause
cracks. The expand-

I

r may be caused by a 
Acting simultaneously.

A concrete road slab is attacked 
which slide it, in part or as a whole, 

s which bend it and warp it ; which subj . t „
>-' shear, and may even act within its interior o
e disrupting effect. It is little wonder that concrete road
e crack, since, due to the lack of experimental da , J
it are constructed without sufficient knowledge of the lorce

to which they will be subjected.
Let the life of a slab in the road be traced fmm the 

day it is poured in order that the complexity °V JSSJ 
to which it is subjected may be studied. mr 
days or two weeks after the slab is laid an w 
concrete is hardening, it is the practice, for severa 
sons, to keep the surface thoroughly wet. In the h 
Place, water is necessary to hydrate the more inactive 
Particles of cement, and, moreover, it has ^en discovered 
that as long as concrete is kept wet, its leng i - » 
but very little, provided the temperature remains con- 

r, slant. Any slight change that does take place due
moisture is favorable to the integrity of the concrete, b - 
cause moisture expands concrete, and tends to pro u 
small compressive stresses, owing to the frictional re
sistance at the sub-base against this expansive movement. 
Should the temperature rise during this initia p ’ 
additional expansion will result with increased compres-

Even this combined corn-

forces

stress
longitudinal cracks than transverse 
ing and shrinking of the sub-base, due to varying moisture 
content, is also promotive of bending stresses and con
sequent cracking in-the concrete.

In a general way, the foregoing discussion treats of 
some of the causes of cracking of concrete pavements, 
and these causes can best be classified as follows :

1. Expansion and contraction, (a) Change in tem
perature ; (b) change in moisture content.

2. Ununiform bearing under the slab. (a) Frost 
action ; (b) lack of homogeneity in sub-base ; (c) moisture 
expansion and shrinkage of the sub-base.

3. Excessive bending stress due to heavy loads and
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>y impact.
These causes will be considered in detail so far as our 

present knowledge will permit.
Expansion and Contraction.—(o) Change in tern- 

perature : It has been well established by several investi- 
gators that concrete expands and contracts as the tem
perature changes, and the amount of movement equals 
0.0000055 inches per inch of length. If a concrete road 
is built in the summer season when the temperature is 90 
F. and the temperature in the following winter falls to 
o° F., the concrete must contract an amount equal to 
0.0000055 x 90 = 0.00495 inches per inch of length. 
This contraction could do no harm if it were not for’ the 
resistance offered by friction between the sub-base and the 
slab. When the concrete contracts, the friction at the 

resists the contraction and the amount of tension
the amount of

m
e-
or

sive stress in the concrete.
Pressive stress, however, is seldom likely to be very arg 

a" during the initial stages of hardening, and may ne
neglected, as the concrete is generally sufficiently strong 

nd in compression to withstand the small forces then being
a 1 exerted. Should there occur a large decrease m tem

perature during this initial period, the concrete will con
tract, causing it to move with respect to its sub-base, the 
forces of friction thereby developed produce tension, an 
ns green concrete is weak in tension, a decrease in tern 
Perature, when the pavement is only a few days old, may 
■enuse cracks.
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base
produced in the concrete is dependent on _ 
friction acting. Friction at the base varies with the kin 
of base and the degree of roughness and tests recently 
made by the author throw some light on the amount ot 
friction that can act at the sub-base when the slab ex-
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pands and contracts.
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