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Building design and material properties influence thermal performance and energy consumption for residential and commercial buildings. HEBEL AAC
wall, floor and roof systems provide an innovative combination of excellent thermal conductivity, thermal mass and low air-infiltration. This practical
combination of properties in one system provides an excellent thermal insulation material and permits peak energy usage in the building to be shifted
to off-peak hours, thus reducing operation costs for building users and owners,improving comfort of living and reducing the demand on

power generation facilities.

The effectiveness of HEBEL AAC material in providing and controlling interior dlimatic conditions was illustrated by testing a HEBEL AAC wall in conditions
that simulate actual climatic conditions. In this test, HEBEL AAC wall surface temperatures were measured over a 24 hour period on a west wall, which
was painted black to increase surface temperature.
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The outside wall temperature fluctuated by as much as 126 °F.The inside temperature remained at a pleasant 68 °F with a mere 3.6 °F variation.
Additionally, the peak temperature was shifted to a later time of the day when energy is no longer required to mechanically adjust the indoor
temperature. This "time lag" combined with the heat capacity of HEBEL AAC results in substantial reduction of peak energy consumption. This
reduction is larger in residential buildings than commerdal buildings due to smaller internal heat loads (fewer lights, office equipment, etc.).
The result of this thermal performance is a finandial saving for the owner and greater comfort for the occupants.

The difference in the energy consumption is demonstrated in Chart 1 for 12,000 ft’ office building, while the cost difference and savings for a
35,000 ft* industrial building are shown in Charts 2,3 & 4 when HEBEL AAC3.5/32 pcf and AAC 5.0/38 pcf are used.




INTRODUCTION

PERFORMANCE

THERMAL

HEBEL AAC2.5/321
B Metal Stud @

[ 1E

7/

Design Cooling Loads for HEBELAAC Wall vs. Steel Stud Wall vs. CMU Wall

Chart 1
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Cost Difference for Industrial Building for Four Different Wall Systems

Chart2
$

Tampa Asheville Charlotte Columbia Dallas San Antonio

Atlanta




INTRODUCTION THERMAL PERFORMANCE

Annual Savings Using HEBEL AAC 3.5/32 pef vs. (MU & Tilt-up
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Definitions

THERMAL PERFORMANCE DEFINITIONS

It is important to remember that thermal performance of any building material is the result of several factors and may not be assumed either effective
or ineffective on the basis of any one factor. In this section, there are definitions and examples of the various thermal properties that are used to
determine the overall thermat efficiency of any building material. It will be shown how these thermal properties generally influence the design of

the building envelope and specifically how the HEBEL AAC thermal properties result in outstanding performance and energy savings. The values for
the various HEBEL AAC thermal properties are included in a later section of this chapter.

Thermal Conductivity“K” (Btu.in/h.Ft.F)

Thermal Conductivity "K" (Btu.in/h.Ft2F) is a measure of material conductivity as tested in a laboratory procedure that measures the heat flow through
building material under steady and constant climatic conditions. It is important to remember that these laboratory conditions do not reflect the normal
climatic cycles. This issue will be discussed in further detail in the thermal mass section. Based on the above definition, it is obvious that the lower the K
value, the higher the insulating value. The following table gives the "K" value for different materials;

Designation Thermal Cond
 HEBELAAC32pef Al e
Concrete (Density 150 pcf)
Insulation Board (Polystyene) |
_ Steel _

(1) Based on ASTM (518
(2) ASHRAE
(3) ASHRAE

Thermal Resistance “R” (h.Ft>.F/BTU)

Thermal Resistance "R" (h.F&2F/Btu) is the opposite of the thermal conductivity and is the resistance of materiat to conduct or allow heat flow.

R=(1/K) x Wall Thickness (in.)
Designation Thermal Resistance, “R” (h.Ft2.F/Btu)
8" Concrete 150 pcf Wall System .
[ 31/2"Batinsulation L
1" Steel Plate

Note: HEBEL AAC System and Concrete Wall System assumed to have plaster on both sides of the wall
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Heat Transmission Coefficient, U-Value (Btu/h.FE.°F)

Heat Transmission Coefficient, U-value (Btw/h.F&2°F) is defined as the amount of heat, expressed in BTU's, transmitted in one hour through one square foot
of a buitding envelope in 1 °F temperature difference.

U=1/R
Designation U-Valve (Btwh.Ft2.F)
~ B’HEBELAAC32 pef Wall System N ey
8" Concrete 150 pcf Wall System 1.0
~ 31/2"Battinsulation Shlacaa ey : 0077
1" Steel Plate 329

Note: HEBEL AAC Wall System and Concrete Wall System assumed to have piaster on both sides of the wall

In addition to the above basic material thermal properties, other thermal properties such as specific heat and heat capacity effect the performance of
building envelope.

Speific Heat, s (Btu/1b.°F)

Specific heat, s (Btu/lb."F) is the amount of heat required to raise one pound of material one degree °F.

Designation

Spedfic Heat, s (Btw/lb.°F)

i sonamniminsis s e

021

Concrete (D.éns‘itlﬁso pf:f) . _ . :
asation Board (Polystyene) | 0085
Steel 0.125

Heat Capacity, HC (Btu/Ft*.°F)

Heat capacity, HC (Btw/Ft%.°F) or sometimes is referred to as "thermal mass", is a measure of how much heat a buiiding component can store or
hold per unit of mass.

Designation Heat Capacity, HC (Btw/F2.°F)
Concrete (Density 150 pef)
Steel

(1) HC for HEBEL 8 in. = Ext. plaster (0.48) + HEBEL AAC (5.33) + Int. plaster (0.26)
(2) For 8 in. wall

(3) For Batt insulation

(4) For 1in. plate
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Understanding the Thermal Mass Benefit Concept

In the “steady state” thermal values obtained from laboratory testing, it is assumed that temperatures at both sides of a wall are constant and
remain constant for a period of time, unlike what actually occurs in normal conditions. In actual conditions, the temperature levels on both sides of
walls may change during a 24-hour period. In many cases, the exterior temperature may experience large temperature swings. These changes may
cause a reversal in direction of the heat flow or at the least, "delay” the heat flow to the point where it substantially reduces the heat transfer to the

inside the building envelope. The following diagrams illustrate each of these conditions.

Reversed Heat Flow Example Amarillo, TX

Ambient Exterior S e
Daytime Temp. 95 °F —————>,;HEBEL .-,

»

Indoor Space Temp.
70 °F

Ambient Exterior
Nighttime Temp. 60 °F

In Amarillo, Texas, it is not unusual that the outside day temperature may fluctuate from 95 °F down to 60 °F in the same 24 hour period while the
indoor temperature is 70 °F. This drop in temperature and the excellent heat capacity of HEBEL AAC materials cause a reversal in the direction of heat
transfer back to the outside within the 24 hours. Subsequently, the total heat gain through the HEBEL AAC wall system is significantly less than low
thermal mass wall system such as framed wall. In this case, the combination of the heat capacity and the excellent thermal resistance exceeds the
performance of a high "steady state" R-value. This dynamic process is known as the "thermal mass benefit” or “mass-enhanced” R-value.
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Delayed Heat Flow Example Orlando, FL

In Orlando, it is not unusual that when the outside day temperature is 95 °F, the outside night temperature will only drop down to 85 °F. During the

same time frame, the inside temperature could be at 70 °F.In this case, the drop in the outside temperature may not be enough to cause a reversal

in the direction of heat transfer. However due to the HEBEL AAC wall thickness, its thermal conductivity (pg.4) and its heat capacity (pg. 5), a time delay
or “time lag” results and shifts the peak temperature load to between 7 to 9 hours later.

Ambient Exterior
Daytime Temp. 95 °F ——>

Indoor Space Temp.
70 °F

Ambient Exterior
Nighttime Temp.85 F ————>

Since HVAC systems are required to be designed for peak loads, this shift in timing of the peak load can result in a significant reduction in the size of
mechanical equipment with a subsequent reduction in energy consumption and cost. The following table shows “time lag” values for different

building materials.

Material Time Lag, hr

(1) NCMA Tek 6-3: Shifting Peak

The above example serves to point out the value of considering all the thermal properties of any given material in order to determine its true value in
actual conditions as opposed to reliance on a single laboratory determined value.
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Thermal Properties of Different Material

The following table illustrates how the thermal properties for different building assemblies vary and when they need to be considered in total.

Material Density | Thickness K-value R-Value |Spedficheat | Heat Capadty [ System
_ (Btu/h;th.F) (h.Ft2.F/Btu) | (Btu/! (Btu/F.ft2) Rating
o onerete ] ok

CMU (* 110 pef)

w/o insulation 20 * %

2 x4 Stud Wall '

with insulation 04 42 * %
Water 415 0.24

- Mild Steel 39 | 0003 -

By using this type of comparison it can be shown that an assembly having a combination of low thermal conductivity plus good heat capacity or
“thermal mass” will produce excellent thermal performance compared to an assembly with high "steady state” R-value and low heat capacity. To
express this difference, engineers use the expression "mass-enhanced” R-value or “effective” R-value. This means a low heat capacity wall assembly

would have to have a higher R-value to perform as welt as an assembly with a high R-value and a high heat capacity.

Beyond the thermal properties already discussed and included in this chapter thus far, test of actual buildings have shown the air infiltration of a
HEBEL AAC wall to be 63% less than a wood stud framed structure and 48% less than an uninsulated 8" CMU wall. The impact of this on thermal
performance will be discussed in later section of this chapter.
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“Mass-enhanced” or “effective”

"Mass-enhanced” or “effective” R-value can be calculated by computing the overall thermal performance of a building. The following chart was
developed by using HEBEL AAC thermal properties and air infiltration values to determine annual cooling load in different cities using an 8" thick
HEBEL AAC wall of 32 pef density . Then, it was determined what the R-value would have to be for a wood stud framed wall with insulation to result in

the same annual cooling load. Thus, the "effective” R-value.

R-Value of HEBEL AAC Wall System for 12,000 sf one-story Office Building

. Design Cooling Load 9Btuw/h) HEBEL AAC Wall )
City DesignTemp | HEBELAACWall R-Value® Effective R-Value
. Atteta o} @ b w78 F 100 0 |
Tampa_ a0 298,268 __I_ 100
 Ashevile | 8} as08 | w0 =
Charlotte 93 283232 100 l_ R232
Colombia %5 292255 100 | Rw02
Dallas 100 301,145 10.0 Jr R-25.6
. SanAntonio 97 | 310137 00 | RXS

(1} Calculated by the Trane Trace Load Design 600 computer program
(2) HEBEL AAC 2.5/32 Wall System R-Value; Total R-Value = Qutside air film (0.17) +

Exterior Plaster (0.36) + HEBEL 8” (8.33) + Interior Plaster (0.11) + Inside Air Film (0.68)

Effective R-Value for HEBEL AAC Wall System

Chart 5

Steady-State HEBEL AAC R-Value
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Thermal Conductivity (K-value), R-value and U-value for HEBEL AAC Only

Table 1 R-Value U-Value
HEBEL AAC Density Thermal Thickness, in. Thickness, in.
Type pcf (onductmty 8 10 [ 12
. MC25 % ] el |1 .-;,0;03._ 007
AAC25 0.10 | 0.08
T RAAPE 0]2 l 00

Thermal Conductivity (K-Value), R-Value and U-Value for HEBEL AAC, Exterior and Interior Plaster

Table 2 R-Value U-Value
HEBEL AAC Thermal Thickness, in. Thickness, in.
Type (ondu(tmty 6 8 10 | 12
AAC2.5 013 ] 010 | 0.09 | 0.07
o MBSO 175] 015 I:o.w. 010 009
t- AAC75 0151 012 { 010 | 0.09
*R—value = Raulskieair(o- 17)+ Rm,,,,,m,(o.36)+ RHEBHAA(+ Ri,,,pm,(o. 1)+ Rinside a,,(0.68)
Thermal Conductivity (K-Value), R-Value and U-Value for HEBEL AAC, Brick Veneer and Interior Plaster
Table 3 R-Value U-Value
HEBEL AAC Thermal Thickness, in. Thickness, in.
(onduttlvlty

763'1 9.7

01 | 0.0'9” 008

* R-value = R ssie air (0. 17)4 R 4bric (0.44)+ RAirspat! 1 (1.0) + R yeges pnc + Rintplasrer(o 11) + R insige air (0.68)

10
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Thermal Conductivity (K-Value), R-Value and U-Value for HEBEL AAC, Exterior Plaster and Glued 1/2” Gypsum Board

Table 4 R-Value U-Value
HEBEL AAC Density Thermal Thickness, in. Thickness, in.
Type pcf (onductmty 6 8 10 12 6 8 10 | 12
32 096 791 | 999 1208 1416 | 013 ] 0.10 | 0.08 007 |
33 I 11 | 688 862{1036}1209] 015 012 ] 0101 008
4 1.15 | 6.88 | 8.62 | 10.36 [ 12.09 015 012 | 010 | 0.08

* R—value = R ,ysside air (0. 17)+R ext plaster (0.36)+ R gy anc + Rdrywall (0.45)+ R insige air (0.68)

Thermal Conductivity (K-Value), R-Value and U-Value for HEBEL AAC, Exterior Plaster, Furring and 1/2” Gypsum Board

Table 5

R-Value

U-Value

Thermal

Thickness, in.

Thickness, in.

12

Conductivity

el 1 5:-,11

* R-value = R yysigeair (0.17)+ Rexrplastel (0.36)+ R yeget anc+ Rdrywall+ furring (1.4) + R inside i (0.68)

Specific Heat (s) and Heat Capacity (HC) for HEBEL AAC, Exterior and Interior Plaster

Table 6

Heat Capacity

HEBEL AAC

Specific

Thickness, in.

Heat

11
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Specific Heat (s) and Heat Capacity (HC) for HEBEL AAC, Exterior Plaster and 1/2” Drywall

Table 7 Heat Capacity

HEBEL AAC Specific Thickness, in.

Type Heat 10 12

1 0% ] 110 l' 9.03
ol T 895 | 1053

025 | 836 | 1020 | 1203

Specific Heat (s) and Heat Capacity (HC) for HEBEL AAC, Brick Veneer and Interior Plaster

Table 8 Heat Capacity

HEBEL AAC Density Speific Thickness, in.

Type pdf Heat 6 | 8 [ 10 12

AT i

32 0.5 1459

3 F 05 ] wmu |7

4 0.25

Specific Heat (s) and Heat Capacity (HC) for HEBEL AAC, Brick Veneer and 1/2” Glued Drywall

Table 9 Heat Capacity

HEBEL AAC Thickness, in.

Type

Brick 4"
Density = 135 pcf
Spedific heat = 0.20 Btu/1b. °F

12




