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Crawl space



Doors
 Table E.10
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Special envelope heat flow conditions 

 Ex.: Slab-on-grade floors, below-ground 
walls and floors

 Typically, data from empirical studies are 
used in lieu of conventional heat transfer 
equations. 

 Because the concept of U-factor is so 
simple to understand and apply, much of 
the empirical data are presented in terms 
of equivalent U-factors.
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Floor
 Above grade

 Q=UA(Ti - To)  (same as walls)

 Slab on grade
 Heat flow is strongly related to slab perimeter length 
 Q=F2P(Ti - To)  (P: perimeter of slab, F2:Tables E.11-12)

 Basement: below grade (floor, wall)
 Q=UavgA(Ti - Tg) 

 Uavg: average U-factor for basement walls and floors. Refer to Table E.13
 Ti=inside air temperature

 Tg=Tavg – Amp 
 Tg=design ground surface temperature (refer to Ex. 9.4)
 Tavg: average winter air temperature (refer to Ex. 9.4)
 Amp from Fig.9.10 (refer to Ex. 9.4)
 In the textbook, Tavg is assumed to be the average of the ambient 

temperature (TA) for January and for the year
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Slab on grade (ASHRAE F.28.12, 2001)
 Concrete slab floors may be (1) unheated, relying for warmth 

on heat delivered above floor level by the heating system, or (2) 
heated, containing heated pipes or ducts that constitute a 
radiant slab or portion of it for complete or partial heating of the 
house.

 Wang (1979) and Bligh et al. (1978) found that heat loss from 
an concrete slab floor is mostly through the perimeter rather 
than through the floor and into the ground.

 Total heat loss is more nearly proportional to the length of the 
perimeter than to the area of the floor, and it can be estimated 
by the following equation for both unheated and heated slab 
floors: 

Q=F2P(Ti - To)

F2 = heat loss coefficient per foot of perimeter, W/(m·K) 

P = perimeter or exposed edge of floor, m

Ti = indoor temperature, °C 

To = outdoor temperature, °C
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Slab-on-grade floors

 The ground temperature is different from 
outdoor air temperature, and earth is more 
conductive than air. 

 The heat flow is strongly dependent on the 
slab perimeter length. 

 Table E.11 presents F2 for three climate 
zones. Interpolation can be used for other 
climate zones (correlated to Heating Degree 
Days). 
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ASHRAE F.28.13, 2001



To determine whether more slab-edge insulation seems desirable  consult Table E.12
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Basement
 Heat flow through basement walls and floors is complicated by an 

increasing length of heat flow path with increasing depth, as shown 
in Fig 9.10a and b.
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The amplitude of seasonal 
changes in soil temperature 

Figure 3. Amplitude of seasonal soil 
temperature change as a function of 
depth below ground surface.

Image sources: https://www.builditsolar.com/Projects/Cooling/EarthTemperatures.htm

 A further complication is that the temperature of the earth is not 
equal to ambient air temperature and becomes more and more out 
of phase with air temperature at increasing depths. 



Attic temperature (ASHRAE F.28.8, 2001)
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Principle of diminishing returns !!
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Baseline: F2P = 1.26 * 24.4 * 4 = 123

<calculation of △F2P>
Baseline vs. Case I : 123 – 97.6 = 25.4
Case I vs. Case II  : 97.6 – 81.0 = 16.6
Case II vs. Case III: 81.0 - 60.5 = 20.5 

<calculation of △insulation (m3) >
Baseline vs. Case I : 1.5 – 0 = 1.5m3

Case I vs. Case II  : 6.0- 1.5 = 4.5m3

Case II vs. Case III: 33.3 – 6.0 = 27.3m3

< calculation of △F2P/△insulation (m3) >
25.4/1.5 = 16.9 reduction in △F2P per unit insulation (m3)
16.6/4.5 = 3.69
20.5/27.3 = 0.75 

Case I
(2’vertical+
1”thick)

Case II
(4’ vertical,
2” thick)

Case III
(2’ vertical, 
2” thick & 
insulated 
under 
entire floor 
slab)

baseline

=24.42



16



36.4 2824.7

0.176
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Source: ASHRAE F. 29.12
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For empirical equations regarding Uavg,bw & Uavg,bf, refer to ASHRAE F. 2017. 18.39



Predicting surface temperatures
 Determine the thermal gradient under 

winter design conditions through the 
wall assembly as shown in Fig. 9.11. 
The interior T is 68ºF(20ºC) and the 
exterior air T is 32ºF(0ºC)

Only valid under steady state condition 
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The dotted line 
represents inside 
air film


