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SYNOPSIS

A total of 47 model slabs whose scale was about 1/3 to a typical deck panel
between adjacent main girders of an existing steel-concrete composite girder
bridge in Japan were tested under the repetition of a wheel load using a wheel
tracking machine originally developed by Osaka City University. The tests were
confined with a low cycle fatigue range in which the repetition of a wheel load
was less than 2x104 times. Numerous data obtained in the tests are used to
reveal the low cycle fatigue characteristics of bridge deck RC slabs. Besides,
assuming that such characteristics may also significantly control the high cycle
characteristics of the slabs, a method for estimating fatigue strength and
fatigue life of bridge deck RC slabs is proposed.
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1, INTRODUCTION

Since it was started to recognize the problem of cracking damage of bridge deck
RC slab in the earlier 1960's in Japan, many engineers and research workers
have studied this problem, The authors were first interested in the problem in
about 1975, and have made some of experimental and theoretical studies [2-5].
The most important result obtained in these studies is that cracking damage of
RC slabs is a kind of fatigue in a broad sense and it is caused by repetitive
and moving loads by traffic vehicles., In design of RC slabs based on the
allowable tensile stresses of reinforcement, an effect by the movement of wheel
load was usually considered under estimations of the maximum bending moment by
means of various influence surfaces about moments.

Since mechanical response of cracking slab is not linear, the moving of load
induces the fluctuating action of combined stresses, and it makes crack lengths
enlarge and crack faces rub out. Therefore, it should be pointed out that
cracking slabs might collapse under a considerably low intensity of wheel load,
because of the degradation of shear resistance of slab which is mainly relying
on the interlocking of concrete aggregate. As such a knowledge is only
qualitative, however, further researches need to quantify it for contributing to
a design method [5,6] .

In this paper, for the purpose of revealing the process of cracking damage of RC
slabs, 47 model slabs whose scale was about 1/3 to a typical deck panel between
adjacent main girders of an existing steel-concrete composite girder in Japan
were tested. For simulating the repetitive loading of traffic vehicles, a wheel
tracking machine originally developed by Osaka City University was used. The
tests were confined with a low cycle fatigue range in which the repetition of
wheel tracking was less than 2x10%4 times.

We examined several relations among magnitude of wheel load, repetition cycle of
tracking, thickness of slab and arrangement of reinforcements under consid-
erations of progress of cracks, variation of stresses of reinforcements and
increase of deflections et al.. We propose an reasonable estimation of fatigue
life in road bridge deck RC slabs by surly observing some results obtained from
our experiments, because a cracking damage of slabs is mainly governed by degree
of tracking cycle of the over-loaded wheel vehicle.

2. LOW CYCLE FATIGUE TEST OF RC SLABS

2.1 Wheel Tracking Machine and Model Slabs

An outline of testing equipment is shown in Figure 1 and 2. Figure 1 is a whole
appearance, and the test slabs are simply supported at all edges. In order to
hold a wheel load intensity constant, a counter weight system was used in an
early stage (1982-1985), But this system is restricted in accuracy to control a
constant wheel load., Lately (1985-1986), therefore, an electrical hydro-servo
system was used to control the wheel load. By this system, the control of a
constant wheel load was remarkably improved (see Figure 3). In addition, an
automatic operation and measurement could be performed with the aid of computer
(see Figure 2). Furthermore, moving speed of wheel load was about 10 m/min.

The details of the test slabs are listed in Table 1. Slabs NOS, NOR and NWR were
tested by the servo control method. All reinforcements of the slabs were
D6 (deformed bar with 6mm in diameter), and rolled out from coiled wire. The
strengths of concrete and re-bar is shown in Table 2. Although the concrete was
placed in the same design mix proportion (Table 3), the strengths of test



cylinders considerably varied depending on the time of casting. Design Value of
slab thickness was 70mm, but it was finished as shown in Table 1.
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2.2 Method of Experiments and Loading Programs

Figure 3 shows variation of constant wheel load to be established in both
systems. It was difficult for the first system to keep a standard value to be
controlled, because this system was directly influenced by an inertia of counter
weight and a viscosity of jack oil which flowed through gum-pipes. The rate of
variation in counter weight system were +10% in a lower load level and *20% in a
higher level, difference in hydro-servo system was less than 5%.

Figure 4 shows the supporting system of test slabs and the tracking zone of
wheel. The shorter span is 80cm, the longer span is 3m, and this aspect ratio
may regard them as a one-way slab. The wheel tracking zone is central 2.3m. The
contact area of wheel, covered by a polyurethan- gum of thickness 20mm, to slab
surface increases in proportion to load level. In a lower load level (16.7kN) it
was 15cmx3cm, in a higher load level (54.9kN) 15cmx5cm, and in the highest load
level near the collapse load in static test about 15cmx8cm.



If the test slabs are regarded as a model of highway RC slabs, a corresponding
design load according to the Standard Specifications of Highway Bridge in Japan
can be defined as a load inducing the maximum stress of main reinforcement equal
to the allowable tensile stress (0ga=137MPa). Calculating the corresponding
design load (Pd) by a thin elastic plate theory and an ordinary equation for RC
beams, Pd=20.6kN in test slab ISS, Pd=15.7kN in NWR, and in the other slabs
Pd=16.7kN are obtained.
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Table 2 Strengths of concrete and Figure 3 Variation of wheel load
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Re-bar (D6) Concrete
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NOS, NOR 373 539 21.7 2.1

NWR 373 539 22.7 2.1
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The magnitude of wheel load in fatigue test was set by multiplying P4 by a
certain coefficient u(u>1l). The repetitive cycles of wheel tracking were set in
the range of 1-2x104, When the collapse did not occur within this range, test
was continued up to collapse, after the magnitude of load increased step by
step.

2.3 Results of Test

a) Static test

In static tests, all slabs collapsed in a punching shear mode. Since collapsed
area was limited to the vicinity of three loading points, center of slab and
two points of ¥#90 cm apart from center, the tests were carried out three times
for each slab at different loading points. The collapse loads obtained are
listed in Table 4. An example of collapse mode is illustrated in Figure 5.
Initial crack occurred parallel to distribution reinforcements in the bottom
surface of slab beneath a loaded portion, and it propagated along
reinforcements. Load when the first crack was observed with the naked eyes, was
19.6kN in test slab ISS, 9.8kN in NOR and NWS, 14.7kN in the other slabs., Load-
deflection curves at the slab center are shown in Figure 6. Assuming that
tensile concrete of section is valid, theoretical deflection by thin plate
elasticity, elastic modulus 19.6GPa, under the design equivalent load (Pq) is
0.28-0.31mm for the slab shown as symbol@ in Figure 6. Assuming that tensile
concrete of section is invalid, it is about 3 times as large as them shown as
symbol@ .
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of slab

b) Wheel Tracking Test

(1) Fatigue strength

The results of wheel tracking fatigue test for total 35 test slabs are summ-
arized in Table 5. In this Table, numerals marked ¥ are the data obtained after
the repetition of 1-2x10%4 times of lower loads than collapse load. The rela-
tionship between collapse load and fatigue life is shown in Figure 7. In this
figure, the ordinate shows the ratio of wheel load to static collapse load. By
reason of large scattering, it is difficult to find quantitative conclusions
from Figure 7 and Table 5. But, the followings may be pointed out:

1) The fatigue strength of slab ISS with 75mm thick is considerably larger
than that of slab IS with 72mm thick. It can, therefore, be mentioned that
the fatigue strength and life are significantly influenced by slab
thickness.

2) Slabs IR, OR, ID, NOR, NWR with top reinforcements are more weak in fatigue
strength than slabs IS, ISS, 0S, NOS without them.

3) Between slab NOR with the shorter span of 80cm and NWR with the
of 100cm, a difference can not be appreciable.

longer span



Table 5 Fatigue strength and life
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wheel tracking tests

(2) Cracking and collapse mode

Cracking pattern and collapse mode were similar among all the test slabs. For
example, in slab NOS without top reinforcements under P=24.5kN, they are shown
in Figure 8. Initial cracks caused by concrete-shrinkage were slightly observed
on the bottom surface of slab. When a wheel load was first placed at the center
of slab, cracks were developed along main and distribution reinforcements as
shown in Figure 8. By repeatedly tracking of a wheel load,cracks spread over the
whole area of the bottom surface of slab. In an early stage, the cracks were
very small so that they disappeared after unloading. At repetitive number N=3000
of wheel tracking, cracks parallel to main reinforcements were also observed on

the top surface of slab. Then the slab collapsed at N=7,415,
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On the other hand, in slab NOR with top reinforcements,
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cracks ( width 0.05-0.15

mm), on the top surface as well as the bottom surface of slab initially occurred
due to concrete-shrinkage,



Under P=24.5kN, as increase of the repetitive number of wheel tracking, cracks
on bottom surface spread, and the slab collapsed at N=1775. Collapse modes of
all the slabs were of punching shear. As shown in Photo 2, the failure surface
in the direction of the shorter span spread downward in the direction of
45 degree from the edge of the load portion.

(3) Deflection characteristics

The relation of the repetitive number N of wheel tracking to deflection at the
center of slab is shown in Figure 9. In this figure total deflection means the
sum of elastic and residual deflections (plastic deflection). After the first
tracking (N=1), total deflection amounted to 1.3 times as large as the static
deflection (Figure 6). Then both elastic and residual deflections increase
gradually according to increase of N, But the increasing rate of elastic
deflection was slow in comparison with that of residual deflection. Total
deflection just before collapse amounted to 3-6mm in the test slabs with the
shorter span of 80cm., Since those values are smaller than 15-25mm observed in
the static test, it may be concluded that tracking of a wheel load is apt to
make a shear failure of slab.

For all the tested slabs, the ratio of elastic deflection immediately before
collapse to the calculated deflection by an orthotropic elastic plate theory
neglecting tensile concrete in slab section is shown in Figure 10. The abscissa
in this figure gives the ratio of wheel load to the equivalent design load (Pd)
mentioned before. The ratio of elastic deflection immediately before collapse to
the theoretical value ranges from 0.5 to 1.8, and the average is 1.05 and the
dispersion of distribution is 0.09.

On the other hand, as to residual deflection § , § —log N curve is almost linear
up to a certain repetitive number Ng of wheel tracking, and after Ng the
gradient is acceleratedly larger, and the slabs reach to collapse. In behavior
of slabs before Ng, a lot of fine concrete powder and some angular particles
from cracks dropped, after Ng exfoliations of the covering concrete and
differences in level between crackings of bottom surface became visible. Namely,
it may be regarded that Ng is corresponding to a transition from a bending
cracking stage to a shear cracking stage.

(4) Strains in reinforcement

Figure 11 shows variation of strains in main and distribution reinforcements at
the center of slabs. Under a relatively higher load such that strain in main
reinforcements exceeds to the yield point, the strains were increasing as the
repetitive number (N) of wheel tracking increases and the slabs collapsed at
less than several hundreds of N. On the other hand, under a relatively lower
load such that strains in main reinforcements were less than the yield point,
the rate of strain increase in main reinforcements was slow and it was similar
to that in deflection. In addition, elastic strains in main reinforcements did
not exceed to the calculated values by the conventional design equation. On the
contrary, strains in distribution reinforcements were very small and they held
almost constant or decreased as N increased.

From the above observation, it can be suggested that after bending cracks
parallel to main reinforcements progress soon to the neutral surface of slab,
cracks parallel to distribution reinforcements extended, and then the abrasion
of crack faces mainly develops according to increase of wheel tracking and
causes the degradation of shear resistance of slab.
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(5) Crack width

Figure 12 shows variation of crack widths at the center of slab. The crack
widths were measured by a pi-shaped extensometer set across a few cracks.
Variation of crack widths parallel to distribution reinforcements were similar
to that of residual deflection shown in Figure 9. The measured values of crack
widths parallel to main reinforcements were small. Considering that visible
cracks formed a grid pattern as shown in Figure 8, it can be pointed out that
crack widths parallel to main reinforcements were enlarged by making a slit
opening due to abrasion of crack faces, which could not appear in the measured
value by an extensometer. Such a formation of slit opening was confirmed by
falling of fine powder of concrete from cracks of the bottom surface of slab.
The fact that the slit came out in cracks parallel to main reinforcements rath-—
er than distribution ones may be caused by a beating of crack faces and an

alternative action of shearing forces by the repeated passage of wheel load on
cracks.

In consequence, it can be mentioned that the slit formation decreases the shear
strength of slab which is relying on the interlocking of concrete aggregate and
makes redistribution of shearing force to the direction of the shorter span,

and eventually a large part of shearing force get to be supported as a beam with
a certain effective width.

2.4 CONSIDERATIONS

(1) Cracking damage and fatigue stfength

It is generally considered that the degree of cracking damage of RC slab may be
evaluated by using the following quantities as a damage index:

1) stress intensities of reinforcements under a certain load,
2) residual crack widths,

3) elastic deflection under a certain load, and
4) residual deflection. '
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Since collapse mode is not of a bending type, the stress intensities of
reinforcements are not appropriate for a damage index. It isdifficult to use
residual crack widths as a damage index, because of their large scattering. The
increase of elastic deformation means a degradation of stiffness of slab, but it
is disadvantageous in accuracy, because of the increase rate of elastic
deflection is relatively slow. In consequence, residual (plastic) deflection is
most suitable for a damage index, considering that it also has a physical
meaning of concerning dissipation energy. Figure 13 shows relations of the
residual deflection(s) and the repetitive number(N) of wheel tracking, which is
obtained by rearranging the data in Figure 9 using a bi-logarithmic coordinates.

In the tests of IS, IR, ID, 0S, and OR which were made in the same period and
had the same concrete strength, the slabs collapsed immediately after the
residual deflection reached to a constant value (about 2.5mm). When the residual
deflection & is less than 2.5mm, the relation between log § and log N seems to
be almost linear, namely

log 5 = log A + B log N ceeee (1)

The coefficients A and B in this equation are obtained by the least square
method, as shown in Table 6. In this table, S means the ratio of wheel load to
the static collapse load, N2,5 is the repetitive number of wheel tracking corre-
sponding to §=2.5mm in Eq.(1), and Exp. shows a logarithmic value of N at
collapse directly observed in the tests. From this Table, it is pointed out that
the fatigue life under the equivalent design load (Pd) mentioned before
corresponds to 105-107 times that under a load twice as large as Pd. Conversely,
the degree of damage by one tracking (N=1) of a load twice as large as P¢
corresponds to 105-107 times that by Pd. Table 7 shows prediction of the
strengths (8) at N=1 and N=104, The value indicated by log N2,5 are obtained
from rearranging the results in Table 6 by equation S = A¥ + B¥log N . Exp.
means the values directly evaluated by the least square method from the data in
Figure 7. From these results, it is concluded that the residual strength after
first one tracking reduces to 50-807% of static strength.

(2) Influence of compressive reinforcement for fatigue strength




As mentioned before, the fatigue strength of test slabs with top reinforcements
which were placed in the compressive side was less than that of test slabs
without top reinforcements. This seems to be caused by the following factors.

1) The effective shear section of concrete decreases by an existence of top
reinforcements.

2) The tensile stresses and initial cracks due to concrete-shrinkage are likely
to arise by the restriction of top reinforcements.

Penetrated cracks through the whole section of slab may easily occur by the

restriction of reinforcements in both the tensile and compressive sides. In

slabs with penetrated cracks, therefore, it is supposed that the abrasion of

crack faces are accelerated by the repetition of wheel tracking, and the shear

resistance of slab rapidly decreases.

(3) Mechanism of fatigue collapse

Under tracking of a relatively large load, main reinforcements yielded and the
slabs collapsed at less than several hundreds of repetition of wheel tracking.
On the other hand, under tracking of a relatively small load less than twice as
large as the equivalent design load (Pd), the reinforcements of slab did not
yield and their strains held almost constant, and the slabs approached to col-
lapse with the growth of deflection and the extension of cracks. Bending
fracture of slab under repeatedly moving loads, theoretically, may be considered
as an incremental collapse or a cyclic plastic collapse. Collapse at a small
number of repetition of wheel tracking seems to be mainly controlled by an
incremental collapse.

E.Melan assumed that a slab would arrive at the stage of shakedown in which an
elastic behavior repeated only, if a total moment MSjj + Mrij , which was
composed with an elastic moment MSjj occurred under repetition of wheel load
and residual moment MTjij to be independent for time did not violate a yield
condition according to E.Melan's theory, a slab will shake down so as to behave
elastically after a certain plastic deformation ceases, if a total moment MSjij
4+ Mrij , in which MSij is an elastic moment occurred by a moving load P and
Mrij is a residual moment independent on time, does not violate a yield
condition in a whole domain of the slab. Then determining shakedown load(Pgq)
will be reduced to the following problem:

Pgd = maximize P

subject to  £( Mex+ Mryx, Mey+ Mry, Mexy+ Mrxy) = 0 ..... (2)
where function f is yield condition.
Although all test slabs are of finite rectangular plate with all simply
supported edges, the slabs may be regarded as an one-way slab, because a wheel

load on the slab repeatedly moves over enough long distance in the direction of
longer span and shear failure by twisting moment at the corners of the slabs is

prevented.

Since a residual moment yielded under such a loading condition diminishes by
virtue of structural symmetry and simply supported condition at the edges.
Eq.(2) can be reduced to:

Pgd = maximize P

subject to  f( Mex, Mey, Mexy) = O veese (3)



Solution Psd of Eq.(3) equals to an elastic limit load when load P is applied
at the slab center. It is conversely suggested that such a load corresponds to
Psd when the maximum value of elastic principal moment of the slab is equal to
the ultimate moment My of cross section.

Shakedown load Pgq for each slab is listed in Table 8 from using the ultimate
moment My given by the Standard Specification for Design and Construction of
Concrete Structure in Japan [1].

If theoretical stresses in distribution reinforcement are less than those in
main reinforcement, load Pgd may be governed by the ultimate moment in the
direction of distribution reinforcement. For this case, however, load Pgq is
still based on the ultimate moment in the direction of main reinforcement,
because the magnitude of actual stresses in distribution reinforcement is very
small than that in main reinforcement as known in the experimental results
already obtained.

Comparing the test results in Figure 7 and the theoretical results in Table 8,
we can derive the following discussion: One of the reason why the fatigue
strength of test slab ISS with the larger strength of reinforcement was larger
than other slabs, may depend on the effect of larger incremental collapse load,
namely larger shakedown load. On the other hand, the fracture of slab under
tracking of a smaller load than shakedown load may be due to a shear fracture of
concrete. As mentioned before, after the development of bending cracks, the
crack faces especially parallel to main reinforcements rub out by the repetition
of wheel tracking. Therefore, it is supposed that a mechanism supporting
shearing forces of a slab varies to that as a beam with a span equal to the
shorter span of slab.

Now, consider that a simple beam with a certain effective width carries the
whole shearing force. Then, the effective width may be defined as follows:

N YE
bel) = g , & e (B

in which x-axis is taken from the center of slab in the direction of the shorter
span, y-axis (normal to x-axis) is taken in the direction of the longer span, Qx
is shearing force on slab section facing to x-axis, Qxo is the value of Qx at
y=0 and b is slab width.

If b is enough large to the shorter span (a), be(x) in Eq.(4) reduces to P/2Qxo,
where P is the intensity of wheel load at the center of slab. The be(x) is a
_ function of x, and takes the minimum value at x=u/2 (u is width of wheel loaded
portion), and the maximum value at x=a/2. In the fatigue tests described before,
the fracture surface spread downward in the direction of 45 degree from the edge
of wheel loaded portion. Then, assuming that x=u/2+d (d is effective depth) is
critical point for a shear fracture, the effective width for shear resistance is
defined as follows.

by, =b, (5 +d) veeen (5)

Setting the contact area of a wheel as u x v=15cmx5cm, and d=6.0-6.5cm for each
test slab, Egs.(4) and (5) give beo=0.37-0.38m using a thin elastic plate
theory. According to the Standard Specification for Design and Construction of
Concrete Structure in Japan [1], the shear fatigue strength of RC beam without
shear reinforcements is given as follows:

v

log N
md:vcd(l_——-%) veve. (6)
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in which f'cd is compressive strength of concrete, p 1s reinforcement ratio.

Static shear strengths (Pgo=2Vcd) of the test slabs obtained by Eq.(6) are and
shakedown load (Pgd) are shown in Table 8.

For all the collapse slabs, relationships between the fatigue lives (N) and the
ratio (S) of the applied wheel load (Pf) to the static shear strength (Pso) are

shown in Figure 14, in comparison with the values predicted by the following
equation [1]

log N
P.=P 1 - =8 ceees (7)
f s0 ( 11 )
Table 7 Strengths at N=1 and N=10% Table 8 Psd and PSO for each test slab
Crite | sy | se100 | A B* I's 0S INOS
rion Slab IR | ISS NWR
1s logN2.s 0.5253 0. 4011 0.5253 -0.0311 1D OR NOR .
Exp. 0. 6658 0.3277 0.6658 -0. 0845 Psd (kN) 9.2 60.0 23.8 35.7 32.9
IR logNz.s 0.5139 0.3424 0.5139 -0. 0429
Exp. 0.7468 0. 1751 0.7468 | -0.1429 (49.2) | (60.0) | (49.2) | (45.9) | (46.0)
o5 |loge.s | 0.5799 | 0.4486 | 0.5799 | -0.0328 Pso(kN) | 47.9 | 37.0 | 47.9 | 35.7 | 36.3
Exp. 0. 6489 0.3737 0.6489 | -0.0688 Note) Parenthesis shows the results refered to
oR TogNz . e 0.7167 0. 2430 0.7167 ~0.1184 only the ultimate bending moment in the
Exp. 0.8175 0.1629 0.8175 -0. 1636 direction of main re-bar.

Figure 14 includes the results due to Matsui's experiments [8] in a high cycle
range. His experiments carried out under a wheel tracking load for simply
supported rectangular slabs whose shorter span was 1.8m, width was 3m, slab
depth was 19cm, and main reinforcement ratio was 0.013. The collapse mode was
similar to that of our experiments. Applying Eqs.(5) and (6) to his slabs, we
obtain beo=0.87m, Pgd=53.6kN, Pgo=24,5-29.4kN for slab FA, and beo=0.89m,
Psd=45.1kN, Pgp=29.4-31.4kN for slab FB. From Figure 14, it may be mentioned
that Eq.(7) gives a good agreement with the data of all the test slabs except
slab ISS with a higher yield point of reinforcements.

3. FATIGUE STRENGTH OF RC DECK SLAB OF HIGHWAY BRIDGE

Assuming that Eq.(7) is valid in high cycle range of the repetition of wheel
tracking, as it may be supported by Figure 14, one may evaluate the fatigue
strengths and lives of RC deck slabs of highway bridge. According to the
Standard Specifications of Highway Bridge in Japan, the contact area of rear
wheel tire to the surface of deck slab is 50cmx20cm, a distance between adjacent

main girders, namely the span of deck slab is 2-3m, and the effective depth of
deck slab is 14-22cm.
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Table 9 Values of beo(m) Table 10 values of PSO(kN)

and Pso(kN) and log N

2 (m) £{m)
2.0 2.5 3.0 2.0 2.5 3.0
d{cm) | beo Pso beo Pso beo Pso d{cm) | Pso 1ogN Pso 1ogN Pso togN
14 1.02 269 1.05 217 1.06 279 14 231 6.53 246 | 6.79 253 | 6.91
18 1.14 386 .17 397 1.18 400 18 279 | 1.29 295 | 7.49 304 | 7.59
22 1.19 490 1.23 49 1.25 504 22 302 | 7.57 321 | .77 332 | 7.88

Table 9 shows the effective widths by Eq.(5) and the static strengths (Pgo=2Vod)
by Eq.(6) for various deck slabs to meet the above specifications, under the
assumptions of f'cd=23.5MPa and p=0.015, In Table 9, it can be observed that the
effect of the span of slab is rather small, but Pso is mainly influenced by the
effective depth of slab.

According to Eq.(7), the fatigue strength at N=2x106 reduces to 43% of static
strength. Table 10 shows the fatigue strengths and lives of deck slab when the
maximum stress intensity of main reinforcements equals to the allowable tensile
stress (oca=137MPa) specified by the above specifications. From this table, it
is observed that among the slabs with the same static strength according to the
specifications, fatigue lives become really longer as the depth of slab becomes
larger, but they are scarcely influenced by the span of slab.

4, CONCLUSIONS
The conclusions of this study are following:

1) Al1l the slabs collapsed in a punching shear mode under both the static and
fatigue tests, and any fracture of reinforcements was not associated.

2) The fatigue strengths of slabs with the same amount of reinforcements were
considerably influenced by slab depth.

3) The fatigue lives of slab with compressive reinforcements were shorter than
that without them. Main factor of this result seemed to be initial shrinkage
cracks in concrete, which were caused by the restriction of both tensile and
compressive reinforcements.

4) Elastic deflections just before collapse were 0.5-1.8 times (mean 1.05,
variance 0.09) as large as theoretical values obtained by an orthotropic
thin elastic plate theory neglecting tensile concrete stiffness in slab
section. .

5) The influence of tracking of a wheel load on the strength of slab is very
large. Namely, by one tracking of a wheel load the strength of slab reduces
to 50-80% of static strength.

6) Under the repetition of wheel tracking load twice as large as the equivalent
design load, the stresses of main reinforcements did not vary so much, and
the stresses of distribution reinforcements were less than values by an
ordinary design equation for RC beams.

7) The number and width of cracks on the bottom surface of slab grew larger as
the repetition of wheel tracking increased. Especially crack widths parallel
to main reinforcements increased in association with not only flexural
deformation but also the abrasion of crack faces of concrete.

8) Slabs with a slit opening at cracks due to the abrasion lost the shearing
resistance of slab section normal to distribution reinforcements. Conse~
quently, the mechanism supporting to shearing forces of a slab varied to
that as a beam with a certain effective width.



N
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Calculating the effective width by a thin elastic plate theory and using the
shear fatigue strength equation for beams without shear reinforcements which
is presented by the Standard Specification for Design and Construction of
Concrete Structures in Japan, one can well predict mean values of the
fatigue strengths obtained in our experiments in low cycle range of N<104,
and the Matsui's experimental results in a high cycle range of N>104.

If the results mentioned above are applied to RC deck slabs of highway
bridge, it is found that, for slabs designed by the standard specifications
of highway bridge in Japan, the fatigue lives of deck slabs with the same
static strength are larger as the effective depth is larger.
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