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INTRODUCTION

Concrete slatted floors may be made
up of precast or cast-in-situ sections or
grids in which longitudinal members are
cross-connected at intervals along their
length by ties (Binek and Pratt3, 12).
While advantages of economy and weight
are possible with the useof grids, with an
added security against structural failure
due to overloading (Nelson et alb), the
use of individual slats has been strongly
favoured to date. These normally are
fabricated off the site and then
positioned parallel to one another in the
building with suitable end spacers to form
the floor.

The precast individual slat acts as a
simplebeam and must be designed for the
maximum load that may be applied at
any one time. Design loads may be cal
culated as set out, for example, in the
Farm Building Standards 1965 (8), or
selected from the appropriate floor load
data as presented in the Code for Farm
Buildings 1970 (9). However, detailed re
commendations with regard to slat
dimensions and reinforcement for various
spans and for different classes of livestock
are readily available from a wide range of
extension sources (5,6,7,11,13).

A typical slat section to be found in
this extension material is shown in Figure
1. Dimensions X, Y and Z vary, depend
ing upon the circumstances in which the
slat will be used. Tables, from which

3 Binek, P.S. and G.L. Pratt. 1969. Reinforced
concrete gridwork floor slats. Paper No.
69-922 presented at ASAE Winter Meeting,
Chicago, Illinois.

b Nelson, G.L., G.W.A. Mahoney and B. Berhe.
1968. Grid design for close-confinement
cattle feeding systems. Paper No. 68-417 pre
sented at ASAE Annual Meeting, Utah State
University, Logan, Utah.
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appropriate values may be taken, usually
accompany the section diagram. The size
of the load carrying reinforcing bar, B,
also varies depending upon circumstances,
and again a table is provided from which
a value may be selected. Bar A facilitates
handling of the slat and is usually 1/4
inch (0.64 cm) or 3/8 inch (0.95 cm) dia
meter, depending upon the length and
weight of the slat.

X

BAR A

BAR B

Figure 1 A section through an individual pre
cast concrete slat showing the typical
two-bar reinforcing arrangement.

Individual slats of a cross-section
similar to that in Figure 1 were installed
in an environmental engineering research
facility equipped with a slatted floor for
livestock at the University of Alberta in
1969 and used by the Department of
Agricultural Engineering. Some failures in
these slats have occurred and the purpose
of this paper is to describe these and the
subsequent tests carried out on them in
an attempt to ascertain the reason for the
failures.

SPECIFICATIONS

The choice of individual precast con
crete floor slats in this new facility over
the grid system was dictated primarily by
the need for flexibility to meet changing
demands of researchprogrammesas these

developed. Since the unit was to house
beef cattle, initially at least, a top slat
dimension of 4-1/2 inches (11.4 cm) was
selected as a reasonable compromise for
the weight ranges of animals involved
with the upper limit anticipated as being
around 1000 lb (454 kg) per head.

The slats were manufactured in a pre
cast conciete fabricating plant according
to specifications* prepared by a firm of
engineering consultants on behalf of the
Campus Development Office, University
of Alberta. The dimensions of the slats
are given in Figure 2, together with the
reinforcement details. The length of the
slats was 9 feet 11-1/2 inches (3.035 m).
Relevant slat specifications included (a)
"Concrete for precast members shall be
made with normal Portland Cement, and
shall be air entrained", (b) "Strength of
concrete in slats shall be 4,000 psi (281
kg/cm2) at 28 days", (c) "Size of aggre
gate shall be 3/4 inch (1.9 cm) maxi
mum", (d) "Slats shall be precast in a
form or mold sufficiently stiff to main
tain the required dimensions to within
1/8 inch (0.32 cm)", (e) "Slats shall be
straight to within 3/16 inch (0.48 cm)",
(f) "Slats shall be built with an upward
camber of 3/8 inch (0.95 cm)", and (g)
"Slats shall be cured by water or steam
until a strength of 2,500 psi (176

Ties AT 3"0.C.
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Figure 2 A typical section through the indivi
dual precast concrete slats specified
showing dimensions and reinforce
ment.

c Beef Barn Contract Documents. 1968. Cam
pus Development Office, University of Al
berta, Edmonton.
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deflection under load in the vertical direc
tion.

From a practical standpoint, the main
concern was associated with the wide gap
which opened up when two adjoining
slats failed in the lateral direction while at

the same time being warped in opposing
curvatures (Figure 4). Several animals suf-

In view of the failures encountered,
and to ascertain the causes, a sample of
cracked slats and unused and uncracked

slats were submitted, on the advice of the
consultants for the building, to an en
gineering firm specializing in testing.

TEST RESULTS

Resultsd of compressive strength tests
on cylindrical core samples taken from

kg/cm2) has been attained. Slats shall not
be transported until the full strength of
4,000 psi (281 kg/cm2) has been at
tained".

The end supports of each slat provided
for a 3-3/4 inch (9.53 cm) bearing.

FAILURE EXPERIENCE

The slats were placed in the building
early in 1969, although it was not until
July of that year that the unit was ready
for occupation, at which time 60 head of
steers each weighing around 750 lb (340
kg) were introduced. When the slats were
placed in position initially, they were
regarded as being satisfactory with the
gaps between them complying with the
specification requirements of no more
than 1/4 inch (0.64 cm) variation. By the
time the animals were housed, it was
observed that a portion of the slats had
bowed or warped to a varying degree in a
lateral direction. It appeared in fact that
the extent of the warping was increasing
with time.

Within 24 hours following the intro
duction of the animals to the slatted

floor, it was observed that a number of
slats were deflecting excessively in a
lateral direction under the animals feet,
and that these slats had developed many
fine vertical cracks along their sides
(Figure 3). When subjected to a Ught

Figure 4 A general view of the slatted floor showing the variation in gap spacings due to lateral
warping of the concrete slats.

fered damage from this combination, but
fortunately of a minor nature. Faulty

Figure 3 A side view of a warped slat illustrating vertical cracks which developed with lateral
deformation.

lateral load at the mid-point, it was found
that these cracked slats were very limber
and indeed it was possible to deflect
them, using one's foot, to the extent that
they could be knocked against the ad
joining slats on either side. It was also
observed that these cracked slats were
apparently those which had warped to
the greatest extent. Further, it was noted
that the crackedslats showedno apparent

slats were replaced immediately where
they appeared likely to cause damage to
the animal's feet. These extra slats had
been provided for in the contract to sup
ply the additional number required
should it be desirable to reduce gap
spacing at some future date. These slats
had been stockpiled convenient to the
building and it was observed that several
of these had also warped.
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the slats gave an average value of 4,870
psi (342 kg/cm2) with a range of 4,190
(294) to 5,390psi (378 kgW). All tests
exceeded the specified 4,000 psi (281
kg/cm2), which indicated that the cause
of the failures could not be attributed to
inferior concrete.

Loading tests were carried out by the
application of a single concentrated load
at the mid-span on the unused sound
slats. In one test,d a slat was positioned in
the normal manner and the load applied
vertically to produce bending about the
x-x axis. The results are shown in test 1,
Figure 5.

The slat did not show any cracking
until the load reached 2,190 lb (992 kg),
while the failure load was 4,260 lb (1930
kg). The calculated safe load for the slats
as specified was 1,400 lb (635 kg) loaded
at the mid-pointd. The load test thus in
dicated that the slats were adequate to
meet design requirements in the vertical
direction of approximately 250 lb per

"Private communications. 1969. Campus
Development Office, University of Alberta,
Edmonton.

37



38

TEST1

TEST 3

(1.0) (2.0)1.0(3.0) (4.0) 20(5.1)

DEFORMATION ins. (cm)
Figure 5 Load versus deformation curves for

concrete slats.

linear foot (3.71 kg per linear cm) uni
formly distributed.

In another test d, a slat was laid on its
side with the load applied as before in the
vertical direction at the mid-span. The
results recorded are shown in test 2,
Figure 5. The slat carried 650 lb (294 kg)
for a deflection of 1/2 inch (1.27 cm) and
as high as 1,540 lb (700 kg) without
breaking although with numerous cracks.
The load was then released, the slat in
verted and reloaded for the second side.

The results recorded are shown in test 3,
Figure 5. It should be noted that the load
to produce 1/2 inch (1.27 cm) deflection
was only 150 lb (68 kg). While the slat
carried up to 580 lb (263 kg), this load
caused extreme deflection.

The calculated allowable loadd for the

slat when loaded as in this lateral test and

based on the design specifications was
300 lb (136 kg).

The slat used in this lateral test was

broken open at the centre and the posi
tion of the reinforcing bars measured.
Figure 6 shows that the bottom bar was
positioned as specified but that the top
bar was one inch off centre. In the first

lateral test, this top bar was to the
bottom of the section, i.e. it was acting in
tension under load. When the slat was
rotated, this bar was unfavourably posi
tioned with respect to bending, thereby
explaining the very wide differences
obtained.

Further evidence of incorrect position
ing of the reinforcing rods was found on
breaking open several defective slats re
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Figure 6 A section through a defective slat
showing the actual positioning of
reinforcement.

moved from the building. The top bar was
off-centre by 1/2 inch (1.27 cm) ormore.
In one case, as illustrated in Figure 7, both
bars were displaced to the edge of the
slat.

Figure 7 A plan view of a defective slat with
the two reinforcing bars exposed

showing off-centre positioning.

DISCUSSION

Volume changes occur in concrete
after setting has taken place and as the
concrete dries out. Factors influencing
drying shrinkage include the quality of
the concrete, the maximum size of the
aggregate, the size and shape of the mem

ber, the amount and distribution of rein
forcing steel, the curing conditions and
the humidity of the surrounding air.
Shrinkage of unrestrained reinforced con
crete members, such as individual precast
slats, produces tension in the concrete
and compression in the steel. Washa (14)
states that the cumulative effect of the

individual factors that increase drying
shrinkage can be large and that the com
bined effect is the product rather than
the sum of the individual effects. The rate

of shrinkage decreases rapidly with time
with, according to Neville (10), 40 to 80
percent of the 20-year shrinkage occur
ring in three months.

The warping of a number of slats
which complied with specifications with
respect to straightness upon delivery
could be attributed to drying shrinkage,
the most relevant contributing factors
probably being the eccentric positioning
of the top reinforcing bar and the humid
ity of the building for two to three
months following the installation of the
slats. With the top bar off-centre, the
shortening of one side of the slat would
be reduced and the slat would develop a
concave curvature on the side opposite to
where the bar was positioned, a condition
which was confirmed on breaking open
such slats.

The building, while under construc
tion, was heated by portable gas-fired
space units for several months, part of
this period coinciding with the most pro
longed sub-zero cold spell ever recorded
in the area. The slats were installed at the

beginning of this period and consequently
were subjected to very low humidities for
some two months or more. Neville (10)
states that the humidity of the medium
surrounding concrete greatly affects the
magnitude of shrinkage. Hence shrinkage
in this instance probably was greater than
normal which would aggravate the
tendency of the slats with eccentric posi
tioning of the top bar to warp.

Normal precasting tolerances would
call for reinforcing steel to be positioned
within 1/4 inch (0.64 cm) of specifica
tion. That this was not achieved in a sub

stantial number of slats was evident from

experiences in this instance. While the
faulty positioning of the reinforcement
may have arisen, for example, as a result
of inexperienced use of a pencil vibrator
during casting, it raises a question of the
adequacy of the two-bar system of rein
forcement normally recommended as
illustrated in Figure 1. The off-centre
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positioning of the top bar by even 1/2
inch (1.27 cm) produces warping and
leaves the slat susceptible to failure under
a light lateral load. Thus, the margin for
error in the placement of the reinforce
ment appears small and the specification
may be too exacting for an inexperienced
or indifferent fabricator to achieve.

A review of literature reveals that a

variety of alternative arrangements exists
for positioning the reinforcement in
individual concrete slats of trapezoidal
cross-section. The simplest requires a
single bar centrally placed towards the
bottom of the section. Turnbull8

indicates that such slats are satisfactory
provided care is taken to handle them
correctly by lifting at the ends. Another
arrangement, recommended for example
by Kraggerud (4), has two light bars at
the top with a single heavier bar at the
bottom. The reverse of this triangular
arrangement is also used (2) with a single
bar at the top and two at the bottom.
Buckler (1) used two bars located side by
side at the bottom of the section, while
Gooding (3) recommends a four-bar
arrangement with two located at the top
and two at the bottom of the section.

This prolificy of reinforcing methods
may be associated in part at least to an
apparent lack of data in the literature
relating to the lateral loads to which slats
are subjected. This specific aspect of slat
design does not appear to have been
examined, yet observation of animal
behaviour on slats would suggest that
lateral loading and deformation should be
considered in design, at least in the case
of the individual slat system. Until such
loading data are available, and in the light
of the problems encountered and re
ported here, it would seem prudent to
eitheremphasize the need for very careful
positioning of the reinforcing bars in the
conventional, two-bar arrangement or to
consider the use of a three — or four —
bar system to reduce the risk of slat
failure.

A practical solution to the problem in
this particular installation was found by
devisinga simple but effective steel spacer
unit as shown in Figure 8. The exposed
surface of the steel plate selected had a
raised diamond pattern to reduce the risk

3 Personal communication. 1970. J.E. Turnbull,
Engineering Research Service, Canada Depart
ment of Agriculture, Ottawa.

of animals slipping on it. The spacers
were placed on top of the slats at mid-
span perpendicular to the slat length.
Badly warped slats were replaced and the
less warped ones levered to fit the spaces.
These spacers have not interfered with
the effectiveness of the floor nor with the

comfort of the animals.

l3.8c<*'
Figure 8 A diagrammatic representation of a spacer unit located at the mid-span of individual

precast concrete slats to restrict lateral deformation.

RECOMMENDATIONS

For relatively long, precast individual
concrete slats, the positioning of the rein
forcement with the commonly used two-
bar arrangement is critical. Accurate
positioning of the top bar is particularly
important if failures in the lateral plane,
as described, are to be avoided. Even
where normal precasting tolerances are
adhered to for reinforcing steel position
ing, such a design must be suspect in the
lateral plane over relatively long spans
and consideration should be given to the
use of spacers at the mid-span.

Until lateral load data are available, a
more reliable design might be based on
the assumption that lateral loads may
approach recommended vertical values. In
such circumstances, the four-bar arrange
ment of reinforcing would appear to be
the most suitable although, for the nar
rower slat widths, the three-bar system
with a single heavy bar to the bottom of
the section and two light bars towards the
top may be more appropriate. In either
design, bar positioning may be lesscritical
while resistance to warping and lateral
deformation should be much improved.

SUMMARY

Experiences of failures and excessive
lateral deformation of individual precast
concrete slats are described. Drying
shrinkage of the concrete resulted in
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warping in a lateral direction, the extent
of this condition increasing with time.
Loading tests indicated that the slats were
adequate to meet design requirements in
normal bending but that even light lateral
loads applied to the convex side of the
warped slats caused excessive deflection.
Compressive strength tests indicated that

4"(10.2cm)-

the problem was not due to defective
concrete. The cause of the failures was
attributed to off-centre positioning of the
top reinforcing bar in the conventional
two-bar arrangement.

The apparent lack of valid data relat
ing to the lateral loads to which slats are
subjected was noted and the need for
such data for design purposes stressed.
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Two members of the Canadian Society of Agricultural Engineering were recognized for their personal and professional contribution
to Agricultural Engineering by being awarded Honorary Memberships in the Society. The presentation of the awards to G.N.
Denike (above left) and R.P. Frey (above right) were made byPresident, M.E. Dodds at the annual banquet in Ottawa July 7
1970. ' * '
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