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Physical characteristics of nine perforated floors used by young pigs plus those of rubber mats and of smooth and
rough concrete have been determined. The characteristics were dimensions of the perforations, heat loss, effective
surface temperature, friction, traction and abrasiveness.

INTRODUCTION

The physical characteristics of com
mercially available perforated floors vary
greatly but the specific needs of young
pigs with regard to flooring materials are
unknown. Reports concerning the effects
of flooring on the performance of newborn
pigs (Faber and Coalson 1979; Bertelsen
1981) and weanling pigs (McNutt et al.
1979; Wilson et al. 1979; Kornegay et al.
1981) did not relate performance differ
ences to specific floor characteristics.
Based on practical experience, a number
of factors to be considered when assessing
floor quality have been indicated (Mitch
ell and Smith 1977; Robertson and An
derson 1979), but the relative importance
of those factors and the ways in which
physical characteristics influence most of
them have not been documented. It is

therefore difficult to make qualitative or
quantitative recommendations to the man
ufacturers or purchasers of floors concern
ing desirable floor types.

In the present study a number of phys
ical characteristics of a variety of perfo
rated floors available for use by young
pigs were examined. These measurements
were carried on in conjunction with health
and performance studies (unpublished)
and with studies concerning the floors se
lected by young pigs when offered a
choice (Farmer and Christison 1982).

EXPERIMENTAL PROCEDURE

Floor Types
Physical characteristics of nine perfo

rated floors were examined. Some meas

urements were also made on plywood,
rubber mats, and smooth and rough con
crete. The smooth concrete floor was lo

cated in a laboratory and had a glossy fin
ish; the rough concrete was in an alleyway.
Both of these floors were subjectively
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judged as being unsuitable for pen floor
ing for young pigs and represented the ex
tremes of roughness and smoothness
available to us. The perforated floors used
(Fig. 1) were plastisol-coated expanded
metal (' *Tenderfoot," Oriole Inc.,
Blooming Prairie, Minn.), molded poly
propylene ("Filter-Eeze," Christie Sup
ply Ltd., Calgary, Alta.), perforated gal
vanized metal slats (K. G. Johnson
Livestock Equipment Ltd., Carstairs,
Alta.), fiberglass T-bar slats ("Perma-
Grating," Producers Livestock Industries
Ltd., Regina, Sask.) woven wire ("Easy
Clean," Fristamat Ltd., Kitchener, Ont.),
stainless steel slats ("Weldment," Ma
haska Industries, Oskaloosa, Iowa),
welded mesh ("Galvelpor," Comar Ag
ricultural Industries Ltd., Edmonton,
Alta.), perforated metal with round holes
(W. R. Smale Co. Ltd., Mossley, Ont.),
and flat expanded metal.

Dimensions

The dimensions of the perforated floors
are shown (Table I). Thicknesses were
measured for the main portion of the sur
face. For example, the thickness of T-bar
slats is given for the cross-bars, not for the
uprights. For floor types such as stainless
steel slats (Fig. 1), which had a higher
proportion of solid area at the edges of the

section, void:solid ratio was determined
on the basis of a 1 x 1-m portion of floor.

Heat Loss

The device used to measure heat loss to

floors is shown diagramatically (Fig. 2).
In principle, the amount of electrical en
ergy necessary to maintain the water bath
at a constant temperature was a measure
of the heat lost via the floors. This loss

was not only by conduction to the floor
but also by convection and radiation
which could take place through the floor
perforations. A 20-L plastic container
with walls 0.6 mm thick (PolyPac, Fisher
Scientific Co., Fair Lawn, N.J.) was en
closed in a square plywood box with walls
10 mm thick and 290 mm long. The lid
and walls were covered with 38 mm ex

truded polystyrene which was beveled at
the foot to minimize the protective effect
of the insulation near the floor. The un

insulated underside of the plastic con
tainer rested on the floor to be tested. A

thermostatically controlled, 315-W im
mersion water heater (Model TH-2004,
Blue M Electric Co., Rock Island, 111.)
mounted inside the box was connected to

a timer which ran while current flowed

through the heater. A slow-moving stirrer
and a telethermometer probe passed
through the lid of the device.

TABLE I. DIMENSIONS OF PERFORATED FLOORS TESTED

Maximum hole (mm)
Hole area Thickness Void: solid

Floor Width Length (cm2) (mm) ratio

Plastic-coated

expanded metal 12 25 1.6 11.9-15.0 0.28

Molded plastic 10 120 12.0 6.5-9.3 0.22

Perforated

metal slats 8 16 1.1 2.6 0.21

Fiberglass slats 10 400 40.0 5.4-7.8 0.24

Expanded metal 9 32 2.0 3.0 0.53

Woven wire 10 38 3.8 5.4 1.38

Stainless steel 10 153 14.8 1.5 0.26

Welded mesh 10 50 5.0 5.1 1.43

Perforated metal

with round holes 10 10 0.8 3.0 0.40
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PLASTIC COATED EXPANDED METAL MOLDED PLASTIC PERFORATED METAL SLATS

FIBERGLASS SLATS EXPANDED METAL WOVEN WIRE

STAINLESS STEEL SLATS WELDED MESH METAL WITH ROUND HOLES

Figure 1. Perforated floprs studied for physical characteristics.

After the device was placed on a floor,
the plastic container was filled with 8 L
of water 10°C warmer than ambient tem

perature. The system was allowed to equi
librate for several minutes until the water

temperature remained steady. The timer
was then set to zero and the total number

of seconds during which current flowed
through the heater was recorded during a

60-min period. Perforated floors were
supported0.3 m above the room floor. For
each run, the joules of electricity utilized
by the heater were corrected for any
change in water temperature (which was
rarely as large as 0.3°C) and also for the
mean gradient between water and air tem
peratures (range 9-11°C). Background
heat losses via the device walls and via the

^insulation

heater

floor

Figure 2. Deviceused to measure heatloss to floors.

wall-floor gaps were measured as the en
ergy used while the device rested on a 655
x 710 x 125-mm block of expanded
polystyrene. The mean background value
was subtracted from the individual values

obtained on the floors to give a corrected
heat-loss value. The units of heat loss for

the device were W/°C, where the internal
dimensions of the box were 0.29 x 0.29

m and the water-air temperature gradient
was in degrees Celsius. For convenience,
these will be referred to as heat loss units

(HLU). Both length dimensions of the box
are significant because the dominant heat
transfer is in a lateral direction and is af

fected by the ratio of length to width
(Bruce and Clark 1979). The appropriate
scaling factors to convert the unit (HLU)
to heat loss per square meter are unknown.

Heat loss was determined at two air

speeds. In virtually still air (less than 0.03
m/sec), and at 0.5 m/sec air velocity was
determined by a constant temperature hot
wire anemometer (Model HWA3, Khal-
sico Scientific Instrument Corp., San
Diego, Calif.) 30-50 mm below the floor
at the center of the device. At the high air
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speed, the draft was directed along the
length of the slats or along the longest di
mension of the holes. Measurements were

made in triplicate for each floor and air
speed combination. Data were analyzed
by analysis of variance as an 11 x 2 fac
torial of floor by air speed. Duncan's new
multiple range test was used to compare
differences among means (Steel and Tor-
rie 1960). Heat loss from five perforated
floors was also measured in still air at tem

perature gradients of 5 and 15°C.

Surface Temperature
Effective floor surface temperature un

der a 250-W red bowl, hard glass, brooder
heat lamp (Model C250R40, Canadian
General Electric Company Ltd., Toronto,
Ont.) in a 270-mm enameled reflector
(IRB-1, Henn-Rich Ltd., St. Bonfiace,
Man.) was measured as the difference
from air temperature using an infrared
thermometer (Model HSA-201, William
Walhl Corp., Los Angeles, Calif.). The
effective surface temperature was a com
posite of the temperature of the floor sur
face and of the void areas in a 100-mm-

diameter circle. Effective surface temper
ature was measured for perforated floors
raised 0.3 m above a concrete floor. To

simulate the walls of a front creep area,
a vertical plywood structure 1.22 m long,
with a 0.61-m right-angle projection at
each end, rested on the perforated floor.
This structure was 0.61 m high. The heat
lamp was suspended so that, measuring
horizontally, the center of the light was
0.3 m from the front and 0.3 m from one

side wall of the simulated front creep.
Four floor surface temperatures were
taken: directly below the lamp and at 0.25,
0.5 and 0.75 m from that point, measuring
along a line parallel to the front wall.
These four temperatures were measured
in triplicate, following several hours of
equilibration, when the heat lamp was
0.61 or 0.91m above the floor of the sim

ulated creep. Readings were also taken
with the lamp and its reflector radiating
through a 300-mm hole in a plywood
cover 0.61m above the floor. Results are

reported as the mean of the temperatures
at the four distances for each lamp height.
Because the measurements were not rep
licated, no statistical tests were applied.

At the time that effective floor surface

temperatures were measured, the air tem
perature 25 mm above the floor was de
termined at the same four locations using
a fast-response thermistor probe (Model
421, Yellowsprings Instrument Co., Yel
low Springs, Ohio) shaded from direct ra
diation from the heat lamp.

Friction

Polyethylene and the horn of a pig's
hoof have similar coefficients of friction

against flooring materials (Kovacs and
Beer 1978; L0ken 1978). Coefficients of
sliding friction were measured by drag
ging a loaded wooden block covered with
a replaceable layer of polyethylene (from
a Fisher PolyPac) across floors at a speed
of 23 mm/sec. The wooden block was be

velled on the front edge so that it rode
smoothly over the floors. The contact area
with a level floor was 82 x 92 mm and

the total mass of block plus load was 4.8
kg. The dragging force was provided by
an electric rotisserie motor which reeled

in a cord attached to a load cell mounted

at the front of the wooden block. The load

cell (Model SSM-100, Interface Inc.,
Scottsdale, Ariz.) caused the dragging
force to be indicated on a chart recorder.

For each floor, sliding friction was
measured five times across and five times

along the line of the perforations (if any).
This was done when the floors were dry
and also when wet. These procedures
were performed on two occasions. The
data were analyzed as factorial of 12 floors
x 2 moisture levels. Duncan's multiple
range test was used to evaluate differences
among the means.

Traction

In order to account for the complex in
teractions of the size and structure of the

pig's foot with the hole size and structure
of perforated floors, young pigs of two
ages were used in traction experiments.
Traction was determined as the ability of
harnessed pigs to haul a load. A pig wear
ing a harness designed for a pet dog was
placed in a narrow chute on the floor to be
tested. The pig was urged to move toward
the open end of the chute either by noise
or by tapping on its hindquarters. An elas
tic cord attached to the harness was con

nected to a load cell mounted outside the

rear wall of the chute. The pulling force
of the pig was recorded on a chart re
corder. The mean of three pulls was taken
as the value for one pig. Initially it was
thought that the duration of sustainable
pull would be an appropriate indicator of
traction, but the pulls were usually tran
sient and consistent results were obtained

only by using the peak pull. It was essen
tial to have an elastic cord connecting the
pig and the load cell. If a non-elastic cord
was used, pigs which ran to the open end
of the chute were halted so abruptly that
they were disinclined to attempt to escape
again. The 400-mm cord used was ex
tended 54 mm per kilogram of load but a
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more easily extendable cord might have
been more suitable.

Except for the floor with round holes,
each perforated floor was tested for trac
tion along and across the direction of the
perforations. Every floor-direction com
bination was tested using 30 pigs (six from
each of five litters) when the pigs were 7
± 1 and 28 ± 1 days of age. Each pig
was used on a single occasion at each age
and on the same floor type.

Data for six of the floors, in terms of
newtons pull per kilogram body weight,
were initially analyzed as a fractorial of
six floors x two directions x two ages.
Because of a highly significant floor x
direction interaction term, direction was
dropped from subsequent analyses. The
data reported here were analyzed as a fac
torial of 12 floors x 2 ages. Because of
the unequal subclass numbers resulting
from having 30 values for non-directional
floors and 60 values for the other floors,
differences within each of the two age
groups were inspected by Duncan's mul
tiple range test following one-way anal
yses of variance for each age.

Abrasion

Abrasion was measured using a modi
fication of Nilsson's plaster block test
(Nilsson 1979, pers. commun.). Blocks
of plaster of Paris (calcium sulfate, hemi-
hydrate), 70 x 70 x 40 mm, were made
by mixing watenplaster in a ratio of 0.60
by weight and pouring the slurry into
molds which were partially filled with
sand. The upper ends of a U-bolt were set
in the sand prior to pouring so that half of
the bolt was encased in plaster. After
drying to constant weight (an average of
263 g) the base of each block was leveled
by rubbing on rough concrete and then
sandpaper. Prior to each abrasion test the
block was dusted lightly with a soft brush
and weighed. It was then placed on the
floor with a 974-g load on top. The block
was drawn over the floor at a speed of 43
mm/sec by a rotisserie motor. (In both the
friction and the abrasion tests, use of the
electric motor was a considerable im

provement over our preliminary attempts
to draw the blocks by hand.) The draw
cord was connected to the plaster block by
means of a soft ribbon around the block.

Trials for each floor consisted of drawing
a block for four 1-m drags both along and
across the floors. Abrasion was measured

in triplicate as the mass loss of the block
during an 8-m drag. Following a one-way
analysis of variance, differences among
means were examined by Duncan's mul
tiple range test.
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RESULTS AND DISCUSSION

Dimensions

Various dimensions of the perforated
floors tested are given (Table I). Holes in
perforatedfloors should not allow piglets'
feet to penetrate but should be large
enough to allow urine and feces to pass.
Mitchell and Smith (1978) measured the
dimensions of piglets' feet from birth to
3 wk and concluded that the maximum
hole or slot width for farrowing pen floors
should be 10 mm. For pigs over 5.6 kg or
15 days a slot width of 15 mm was suit
able. All of the floors examined in this
studymeet these criteria (TableI). The 12-
mm width of the hole in the plastic-coated
expanded metal represents the maximum
width of a diamond-shaped opening and
not a long slot which a newborn piglets'
foot might enter.

The rigidity of a floor is influenced by
its thickness, structure and degree of sup
port. Marx and Schuster (1980) have
shown that, other characteristics being
equal, weanling pigs prefer floors which
are rigid.

The void:solid ratio of most floors

tested was in the range of 0.2-0.5 (Table
I). The high void:solid ratio of the woven
wire and welded mesh floors might be per
ceived by the pigs as being higher than the
values reported here. This is because the
solid portion was measured as the diam
eter of the metal rods (Fig. 1) whereas the
pigs' feet would contact the rods in a more
tangential fashion. Young pigs preferred
floors with a low void:solid ratio (Farmer
and Christison 1982). Conversely, floors
with a high void:solid ratio stayed cleaner
(Baxter and Robertson 1980). It has been
suggested that a void:solid ratio of 0.5 is
required for a reasonable degree of clean
liness (Robertson and Clark 1980), but the
overall hole area is also important because
the small hole area of the perforated metal
with round holes (Fig. 1) appears to pre
vent suckling pigs from tamping sow man
ure through the holes despite a void:solid
ratio appreciably higher than other,
cleaner, floors (unpubl. data).

Heat Loss

With suckling pigs, when ambient tem
peratures rangedfrom 20 to 35°Cthe tem
perature gradient between the skin surface
and the air ranged from 15 to 3°C, re
spectively (Mount 1968). When heat loss
to five floors was measured with water-air
temperature gradients of 5 or 15°C, the
HLU did not differ (P<0.05) at the two
gradients. For other measurements, the
water-air temperature gradient was stand
ardized at 10°C. Results of heat loss meas
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urements to 11 floors at two air speeds are
presented (Table II). The device had a
floor contact area equivalent to a group of
four relaxed, suckling piglets. On this ba
sis, the HLU on the concrete were com
parable to the rates of heat lost from new
born pigs to concretefloors (Mount1968).
When exposed to a strong draft, overall
heat loss increased by 41% but there was
no consistent pattern in the types of floor
which showed smaller, or larger, in
creases in heat loss due to the draft.

It has been suggested (Bruce 1979) that
all metal mesh floors have the same ther

mal resistance, but we found significant
differences in heat loss to different per
forated metal floors (Table II). In practice,
however, these differences may not be of
importance because of the influence of
heat lamps or of the behavioral patterns
(Boon 1982; Farmer and Christison 1982)
of groups of pigs. Bruce (1979) measured
the effective thermal resistance of floors

for a simulated 45-kg pig. This thermal
resistance had units given as °C-m2/W and
was abbreviated as Rf45. The HLU of our
experiments are not directly comparable
to Rf45, but on a purely empirical basis
there is agreement between the values ob
tained by the two methods. By taking one-
tenth of the reciprocal of HLU in still air,
values for molded plastic, fiberglass T-bar
and concrete floors were 0.15, 0.11 and
0.042, respectively. These are identical to
the respective values for Rf45 reported for
extruded plastic, slotted or T-bar PVC,
and a concrete floor (Bruce 1979; Robert
son and Anderson 1979). These workers
suggested that metal mesh floors all had
a thermal resistance of 0.12, whereas, in
our experience, 0.1/HLU varied from

0.10 for stainless steel slats to 0.07 for

expanded metal. Nevertheless, we suggest
that when using the heat production model
of Bruce and Clark (1979) to calculate
critical temperatures of pigs under various
conditions, values of 0.1/HLU could be
used as an approximation when Rf45 values
are not known.

Surface Temperature
Newborn pigs are usually provided with

supplemental heat from heat lamps so that
floor and air temperatures in the creep area
are higher than the temperature of the far
rowing room. In general, 250-W heat
lamps at a height of 0.61 m increased ef
fective floor surface temperature by
3.5-5.5°C, above air temperature with
slightly higher values for molded plastic
and concrete and an appreciably higher
value for the rubber mat (Table II). The
effects of distance from the center of the

lamp were consistent from floor to floor
with mean air-floor surface temperature
gradients of 6.8, 5.9, 2.6 and 1.8°C, re
spectively, for distances of 0, 0.25, 0.50
and 0.75 m. Measurement of the air tem

perature 25 mm above the creep floor
showed that the heat lamp increased air
temperature by 1-3°C. Directly below the
lamp, the mean increase was approxi
mately 2°C and at 0.75 m, the mean in
crease was 1°C. The cover over the creep
area had no effect on creep floor temper
ature or creep air temperature.

Friction

The coefficients of sliding friction on
various floors when wet and dry are given
(Table III). Little floor-to-floor variation
was found. With the exception of the rub-

TABLE II. HEAT LOSS AND SURFACE TEMPERATURE FOR VARIOUS FLOORS

Surface temperature!
Lamp height (m)

Heat losst
Airsipeed (m/sec) 0.61

cover

0.61

cover

0.91

0.02 0.50
cover

Floor on off off

Plywood (16 mm) 0.32/ 0.46/ - - -

Plastic-coated expanded metal l.Q4de 1.17* 4.8 5.8 2.6

Molded plastic OMe \A2e 7.2 5.2 4.0

Perforated metal slats 1.62b 1.916c 5.4 4.7 3.8

Fiberglass slats 0.93de 1.29e 5.5 5.6 4.2

Expanded metal 1.486c 1.74a/ 3.4 4.4 3.1

Woven wire \Mde 1.816c 3.9 3.9 2.6

Stainless steel slats 0.9Sde \A2de 5.2 5.5 4.3

Welded mesh I.lied 1.866c 3.8 3.9 2.4

Perforated metal with

round holes 1.54b 2.186 4.0 4.0 3.6

Rubber mat - - 13.0 11.4 8.0

Smooth concrete 2.39a 3.13a 7.3 8.5 5.9

tHeat loss units for the device are W/°C.
^Surface temperature units are°C above air temperature (22°C) under a heat lamp. No statistical analyses
were performed.
a-f Means in the same column followed by different letters differ (P<0.05).
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TABLE III. FRICTION, TRACTION AND ABRASIVENESS OF VARIOUS FLOORS

Coeffic""*'* ~
Tractiont

sliding friction 7 days old 28 days old

Floor Dry Wet Along Across Avg Along Across Avg Abrasiveness$

Plastic-coated

expanded metal 0.388c 0.3484 13.3 13.2 13.3a 9.4 9.9 9.7a 1554

Molded plastic 0.384a/ 0.323* 12.6 10.9 11.7/7 9.6 7.9 8.8a6 12586

Perforated metal slats 0.389c 0.370c 12.6 9.9 11.26c 8.5 9.4 9.0a6 8086c
Fiberglass slats 0.362def 0.326* 7.7 12.6 10.26c 5.4 10.1 7.76c 482c4

Expanded metal 0.356e/ 0.323* 10.0 9.1 9.6c 6.9 9.7 8.26c 12426
Woven wire 0.343/s 0.262g 10.9 10.5 10.76c 8.5 7.1 7.76c 2884
Stainless steel slats 0.334g 0.296/ 6.7 8.3 7.64 5.3 5.4 5.44 1384

Welded mesh 0366cde 0.3364c 14.2 8.5 11.46 7.6 6.8 7.2c 9486c

Perforated metal

with round holes 0.31lcde 0.370c - - 9.96c - _ 6.8c4 1054

Rubber mat 0.466a 0.647a - - 6.94 - - 5.24c 2684

Smooth concrete 0319cde 0.325c - - 4.8c _ _ 3.5c 1924

Rough concrete 0.41 lb 0.4036
- - 9.4c - - 9.4a6 3215a

tTraction units are newtons pull per kilogram body weight.
$Abrasiveness units are milligramsmass loss from a plaster block.
a-g Means in the same column followed by different letters differ (P<0.05).

ber mat, wet floors consistently had lower
friction than the same floor when dry.
These values are for new floors and L0ken

(1978) has noted that wear and dirt affect
floor surface properties.

Traction

The traction of live pigs has been meas
ured by the sophisticated force and pres
sure plate described by Webb and Clark
(1981) and also by slowly tilting the floor
on which pigs stand until they lose their
foothold (Mulitze 1982). The variables
which contribute to traction have not been

quantified, but the simple test of hauling
a load gave values which were lower on
smooth than on rough concrete and were
lower when pigs pulled along rather than
across fiberglass slats (Table III). The
present technique may, therefore, be a
simple and reliable way to estimate the in
teraction between floorings and animals'
feet. Behavioral trials (Farmer and Chris
tison 1982) suggested that traction was an
important criterion in floor selection. For
the nine perforated floors there was a cor
relation (P<0.01) between friction and
traction at 7 days (r = 0.79) and at 28
days (r = 0.77) of age. This suggested
that friction had an important influence on
traction despite the narrow range of fric
tion values, but when all 12 floors were
considered there was no significant rela
tionship between the two variables (r =
0.19 and 0.03 at 7 and 28 days, respec
tively).

Abrasiveness

The abrasiveness of floors has been

measured using samples of pig hoof horn
(Kovacs 1975) or of a plastic which had
a similar wearing resistance (Kovacs and

Beer 1978). For young pigs, however, se
rious abrasions occur on the knees, nip
ples and foot pads rather than on the horn.
We therefore used Nilsson's plaster block
test which had given a measure of abra
siveness related to the severity of leg in
juries of suckling pigs housed in farrowing
crates with concrete floors which had been

treated in a variety of ways (Svendsen et
al. 1979). Abrasiveness values (Table III)
indicated that most floors had a low ab

rasiveness. Subjectively, it appeared that
the molded plastic floor had a higher ab
rasiveness value than expected because
projections raised 1-2 mm above the main
floor surface (Fig. 1) gouged channels in
the plaster block.

Unpublished results indicated that when
piglets were suckled on four different per
forated floors (plastic-coated expanded
metal, perforated metal slats, fiberglass
slats or perforated metal with round
holes), there was no relationship between
the incidence of severe knee lesions and

the abrasiveness scores of the floors.

Therefore, we do not recommend the use
of the plaster block test as a measure of
the abrasiveness of perforated floors for
young pigs.
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