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Without a doubt, the most common tube spacing used in slab-on-grade
radiant floor heating is 12-inches. However, there are situations where
tubes spaced as much as 24-inches apart in concrete slabs can provide
very acceptable floor heating performance.
• The interior floor areas of large industrial, retail, or office buildings are
good candidates for wider tube spacing.
• Occupants don’t walk barefooted on these floors as they might in
residential buildings. Slightly higher variations in floor surface
temperature are very unlikely to be noticed much less voiced as a
complaint.
• The heating loads of the spaces above such floors are often low and
thus don’t require heat outputs as high as those of a typical residential
floor heating system.
A computer simulation of 2-directional steady state heat transfer was
used to compare the performance of a heated slab on grade with tubing
spaced12, 18 and 24 inches apart.
The floor modeled was a 6-inch thick concrete slab with 1-inch (R-5)
extruded polystyrene underside insulation, and no floor covering (typical
of an industrial building or basement slab).
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The figure below shows floor surface temperature profiles the model
predicted for tubing spaced 12- inches, 18-inches, and 24-inches apart.
The room air temperature assumed during the simulations 70 ºF. The
water temperature in all tubes was 100 degrees F. The soil temperature
beneath the under-slab insulation was assumed constant at 65 ºF.
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The heat output from the floor slabs with 100 ºF water in the tubing is
given in table 1.

tube spacing
12 inches
18 inches
24 inches

heat output (Tw=100F)
26.3 Btu/hr/sq. ft.
20.2 Btu/hr/sq. ft.
15.7 Btu/hr/sq. ft.

% of 12” output
100%
76.8%
59.7%

Table 1
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At this water temperature, the output of the slab with 24-inch tube
spacing is about 40 percent lower than the floor with 12-inch tube
spacing. However, even outputs of 15 Btu/hr/ft2 can be adequate for
spaces with low heat losses due to limited exterior exposure.
A graph of the peak-to-valley variation in floor surface temperature
versus the temperature difference between water temperature and room
temperature for tubing spaced 24 inches apart is shown in figure 3.
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The graph below shows the upward heat output versus temperature
difference (water temp. minus room air temp.) for a bare concrete slab,
6-iches thick for three tube spacings.
Use the graph by first calculating the difference between the average
water temperature in the circuit and the room air temperature.
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The average circuit water temperatures needed to deliver a heat output
of 30 Btu/hr/ft2 to a room at 65 ºF are given in table 2.
tube spacing

12 inches
18 inches

average water
temperature
for 30 Btu/hr/ft2
upward heat output
105 ºF
117 ºF

24 inches

131 ºF

Table 2
The supply water temperatures would likely be 5 to 10 ºF higher than
these average temperatures depending on the flow rates through the
circuits.
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Is Two Feet Too Far? If you’re designing systems for areas where occupants
might be barefooted, and want to limit variations in floor surface temperature
to 12 ºF, the heat output from the floor would have to be limited to about 19
Btu/hr/ft2. The average circuit water temperature under such conditions would
be about 112 ºF for a room maintained at 70 ºF.
This heat output could satisfy the design loads in many residential basements.
It would also likely handle situations such as the interior areas of manufacturing
plants or other large commercial spaces, especially when used in combination
with closer-spaced perimeter circuits.
I would not recommend 24-inch tube spacing for floors that will be repeatedly
wet and expected to dry quickly. An example would be the area in a highway
garage where snowplows are parked or serviced. A maximum spacing of 18inches is suggested for such installations. With the exception of basements,
the use of 24-inch tube spacing in residential applications is also not
recommended.
There are several other significant benefits of wider tube spacing that should be
considered.
• One is a reduction in system fluid volume, which could be substantial in large
commercial or industrial buildings where the bulk of the system volume is often
in the floor tubing. If antifreeze is used in the system, the reduced system
volume obviously lowers the amount of antifreeze required.
• Lower system volume also decreases the size of the expansion tank required.
• Wider tube spacing also reduces the circuit count and hence the number of
manifold connections required.
• It reduces the number of control joint crossings
• It increases the speed at which the tubing can be placed
• It allows larger diameter 3/4” tubing to be easily bent into U-turns while
forming serpentine circuits.
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