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L earning Objectives
At the end of this course, participants will be able to

1.) recognize the most thermally efficient insulation configuration, among three
commonly used in mass walls.

2.) recognize that equal steady stateralRie does not mean equal thermal performance.
3.) recognize the definition of theV&lue equivalent for massive systems.

4.) recognize that each of the three insulation configurations discussed here produces
different effective Rvalues and (thermal performance) within, and across climate zones



As an architect, you know that reducing building energy consumption can be accomplis
cost effectively in the design phase.

This one hour course will provide you with information that you can use to maximize

energy efficiency in mass walls, by simply putting the insulation where it can do the mo
good.



Energy efficiencyis a major part, but not the sum total of sustainable attributes for mass
walls.

Mass walls can be made from a variety of materials, but in this discussion we will talk ot
aboutconcrete wallswith expanded polystyrene (EPS) insulation

Concreteas a building material for mass walls has mamstainableattributes:

Compare concrete to clay brick.

Concrete has the advantage of being cured at between 150 and 165 degrees Fahrenhe
compared to clay bricks, which are fired at between 1600 and 2200 Fahrenheit.



Concreteis completely recyclable and can be made from recycled materials, including
fly ash, which is a by product of coal burning.

Concrete is usually produced within a short distance from where it will be use@o
transportation and associated fuel costs are minimized.



Embodied Energy

Embodied energy is the amount of energy that has gone into the making of a material o
thing made with materials. A very high
fossil fuels which when burnt release vast amounts of CO2. As the production of energy
from fossil fuels is environmentally unfriendly, materials and things that have a lower
embodied energy are more sustainable than those with a higher embodied energy

The Embodied Energy of Concrete

Contrary to lay opinion concrete has relatively low embodied energy.
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http://www.tececo.com/sustainability.embodied_energy.php

Embodied Energy of Building Materials

Although concrete accounts for a substantial portion of the global carbon footprint, o
of the main reasons for this is its widespread use. With an estimated two tons per ca
world-wide, it is the most used building material.
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Now, | et 6s | ook at t he rmgddéxpandedpalystyrene (EPS),u
and see what properties make it suitablestmtainabledesign.

EPS is completely recyclableand can be made from recycled EPS.
It is lightweight, easy to transport, safe to handle, and is an excellent insulator.
It is also a petroleum based product, and can last hundreds of years, either in a landfill ¢

building wall.
Like all building materials, it has pros and cons, and a lot of misinformation surrounding

The aim of this course is to offer, as evidence, work done by scientists, give you links to
sources of information, and let you, the professional, decide how to best use it.



L et 6s mold, which fartsome reason seems to be scaring the living daylights out of
people everywhere. (Is it the mewsuits we fear, or is there nothing to fear but mold
itself?) | can remember wiping it off the bathroom wall every once in a while when | was
growing up. Little did | know it could have taken over my body and turned me to mush.
Obviously, nobody wants mold, and indoor air quality improves when you prevent mold
growth by using notfiood source (for mold) materials and smart building envelope desigr
methods.

In 2004 the EPS Molders Association (EPSMA) sponsored a test program

focusing on EPS and mold resistance. SGS U.S. Testing Company conducted ASTM
C1338, o06Standard Method for Determining
Facings. 0

The test subjected the EPS to five specific fungi to check for growth.

The results showed that in a laboratory under ideal conditions, fungi did not grow. EPS |
not impermeable, but it does have a high degree of resistance to moisture absorption, a
Is not a food source for mold. EPS controls humidity and air infiltration, which can help
prevent the development of mold.

pg 14, Sustainable Construction with EPS Insulation



AFire! FI RE! FI RE! ! 10

EPS foam is combustible. However, when burning, EPS acts like other hydrocarbons a
mainly produces combustion products of carbon dioxide and water.

At temperatures above 2&2 EPS begins to soften, contract and finally melts. At higher
temperatures, above 682 combustible gasses are formed by decomposition of the EPS

That 6s hot!



In some EPS insulation configurations, it is necessary to include a fire retardant, which «
emit toxic fumes when burned. Fortunately, if the EPS is encased in masonry, the fire
retardant is not needed, which eliminates extra cost and added potential biohazard.

What i f the EPS melts? Wonoét the wal
features a modified dovetail configuration specifically designed to prevent
separation (see boxes, arrow). Since the exterior cannot move very far from the
Interior, this arrangement maintains the structural integrity of the wall.



EPS is an inert material, (98%) air, with no chemicalgyaffsed or leached during use or
disposal.

EPS is unaffected by conventional types of mortar, plaster and concrete, so it is can be
almost anywhere.



Okay, so we have two sustainable building materials, concrete and EPS
Now, how do we use them to minimize the energy load on buildings?

We know that building envelope design contributes substantially to energy efficiency or
inefficiency.



Characteristics of mass walls
High heat capacity. able to absorb and store large quantity of energy.

Long Thermal Lag Time: limits temperature swings.



What iIs insulated thermal mass?



Insulated thermal massfeatures thermal mass exposed to the interior of a wall, and
separated from exterior influence by a layer of insulation.

Typically this insulation configuration can be found in a cavity wall, Tomhsylated
concrete blockfeatures insulated thermal mass in a single wythe wall.

Also, precast concrete sandwich panelsay offer insulated thermal mass.



How can insulated thermal mass provide typl9¥RC energy savingsof over 60%,
compared to sarmg&ize, common block buildings?



Continuous i1 nsulated ther mal barri er




Theinbui | di ng wi tcteates intarior
walls with insulated thermal mass, which absof
and store large amounts of energy. '
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High heat capacity of the walls, along with the F“ﬁ '
thermal lag time and no thermal bridging, oF
combine to give insulated block an effective
R-value of R22 in this application.



To Do Do

Thermal Lag Time

Time required for a material to reach a new constant rate of heat gain or loss.

Insulated block has a long thermal lag time.

Building interiors stay warm or cool longer, without adding energy.
Relative thermal lag times:

Insulated Block Wall 50 Hours

Standard Block Wall 12 Hours

Conventional Insulated Stud Wall 2 Hours



Thermal BreakThe temperature contours show the large temperature drop across the
foam insert.

Winter conditions Summer conditions

Source: Villanova University



In a test conducted on an insulated concrete block at Villanova University, the effect of
varying thickness of the EPS insulation on thedRie was studied, and its sensitivity was
found to be low. This suggests that the complete thermal break provided by the EPS, al:
with the mass effect of the iIinterior wa

thermal performance.
| sotherms for 10 and 20 thick
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Percentage increase in R values
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Insulated Thermal Mass

Limits the rate of temperature fluctuation.
Allows off-peak loading time for heating and cooling cost savings.

Allows for installation of smaller capacity HVAC equipment,
resulting in immediate savings.




R-value measures resistance to heat flow

IsSRval ue the best description of a

Are there better indicators for multilayer wall systems?



One term that measures tinermal performance of a building is called the thermal
time constant.

TheThermal Time Constant (TTC) of a building envelope, defined as the product of
the heat capacity (Q) and the resistance (R) to heat transmission, is representative o
the effective thermal capacity of a building.

A high TTC indicates a high thermal inertia of the building and results in a strong
suppression of the interior temperature swing.

Source:Givoni



Example Thermal Time Constant (TTC) Calculations
This example shows two walls with the same-Ralue that do not share the
same thermal performance.

Exterior insulated wall TABLE 3-8, CALCULATION OF THE THERMAL TIME CONSTANT
or 2 WaLLs (METRIC)

Woall #1
g
outside § inside THICK DEI’\’SITY RESIST. CUMULAT. HC QR,
5 LAYER [{m) pUKg/m' RESIST. p*c lir
= Ext, surface 0.03
Ext., plaster 0,02 1800 0.025 00425 414 0.35
Palvstvrenc 0.025 30 0.7 041 12 0.12
TTC — 43 8 Concrere 0,10 2200 .06 (7495 S0é 40.2
- . Int. plaster 0,01 L1600 0.014 0.832 368 3.1
o Walls T°1C 43.8
Interior insulated wall
Wall #2
= THICK DENSITY RESIST. CUMULAT. HC QR
,g LAYER Ii(m} piKg/m®) 1 RESIST. p*c  Hr
outside % inside Ext. surface 0,03
2 Ext. plaster .02 1800 0.025 0.0425 414 0.35
- Concrete (.10 2200 0.06 0.085 06 4.3
Polystyrens 0.025 30 0.71 0.47 12 0.14
Int. plaster Q.01 1600 0.014 0.832 368 31

TTC =7.8 Wall's TTC &8

Source: Givoni




As you can see, the thermal time constant of the wall with thermal mass exposed to the
interior is a higher value (43.8) than the thermal time constant of the wall with insulation
exposed to the building interior (7.8).

Again, the thermal time constant is a produdhefheat capacity (Q) and the resistance (R)
to heat transmission. The heat capacity of the thermal mass and its relative placement w
the wall account for the difference in values. Hence, the insulation /thermal mass
configuration drives thermal performance.

Equal R values do not mean equal thermal performance



Scientists at Oak Ridge National Laboratory have produced a number of reports on
building energy efficiency as it relates to the insulation configuration in mass walls.

Much of the information presented here is taken directly from those reports. The links to
reports will be found in the sources section at the end of this course.



Let 6s take a | ook at the different ener
insulation configurations in massive walls, as explained in the Oak Ridge National Lab
Report:.Dynamic Thermal Performance and Energy Benefits of Using Massive Walls in

Residential Buildings.

Three wall systems
Exterior mass walls conventionally insulated walls, featuring interior insulation.

|solated thermal mass wallsfeaturing a layer of insulation on both sides of the thermal
mass (similar to ICfinsulated concrete form) walls.
InsulatiorConcretelnsulation dC-)

Insulated thermal mass walls where interior thermal mass is separated from exterior
thermal mass by a layer of EPS.
ConcretelnsulationConcrete (€-C)




Oak Ridge National Lab Report:
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nwal I configurations with the concrete
wall (ICI) performed slightly better than Exterior mass configurations. However, their
performance was significantly worse tha

The ICI configuration can be used for approximate analysis of the very popular Insulate
Concrete Forms (ICFs) constructions, since ICF walls consist of the internal concrete cc
pl aced between shells made of insul atin
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The insulation configuration in thed-l (ICF) creategsolated thermal mass
which negates the beneficial effects of thermal mass.
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The insulation configuration drives thermal performance.
Which is the more energy efficient insulation configuration?
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Note that this insulation configuration can be found in both a single wythe
insulated block, and a double wythe cavity /composite wall. A single wythe
application has the added advantage of delivering substantial labor savings.

Thermal
mass

Thermal
MESS

outside inside

insulation




In the reportDynamic Thermal Performance and Energy Benefits of Using Massive
Walls in Residential Buildings,Oak Ridge scientists conducted research on the dynamic
benefit of different insulation configurations in different climate zones.

The working premise of the authors is t
IS needed to account for both insulation configuration and climate zone locations.

They call this measure a Dynamic Benefit for Massive Systems (DBMS).
It recognizes that the thermal mass benefit is a function of the material configuration an

climate conditions.



According to the report:

AnDBMS values are obtained by compari sc¢
walls and lightweight wood frame walls. The product of DBMS and stestdye R
val ue iRsvalue &duivatedt fofiMassive Systemso |t enabl es

massive walls. It does not have a physical meaning. It should be understood only as
answer to the question:

AWhat wall Rvalue should a house with wood frame walls have to obtain the same
space heating and cooling | oads af a ¢

-



The steady state-RRalues of an insulated thermal mass configuration produce different
results in different climate zones. For example, take an insulated block with a steady ste
value of about 12. Its+Ralue equivalent (effective-Ralue) ranges from R8, to R30,
depending on the weather.
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Figure 6. Dynamic R-value equivalents for massive walls with foam core and concrete
layers located on both sides.

Source: Oak Ridge National Lab



A conventionally insulated wall (interior insulation) with a steady statalRe of R12,
can have an effective-fRalue of between R3 and R18, depending on the climate zone.
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An i1 sol ated t her mal-insuated gsonaredelforms)(withcalsteady stat
of R-12, can produce an effective R value of betwedl6RRnd R21, climate dependent.
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Figure 7. Dynamic R-value equivalents for massive walls with massive core
and insulation located on both sides.

Source: Oak Ridge National Lab



Contrary to the evidence supported by the Oak Ridge National Lab studies,
ASHRAE building codes do not recognize the respective enerqy efficiencies of
different insulation confiqurations in mass wall systems.

Does this prevent more energy efficient buildings from being designed and built?



Insulated Block

A Can be produced on existing equipment,
using custom molds, by
most blockmanufacturers.

Sturdy as regular block.

Fire resistant.

Moisture and mildew resistant.

Installs like conventional block.

Arrives at the job site ready to use.

To Do o o I




Lower Construction Costs

Single wythe, insulated block eliminates
secondary steps:

V  re-scaffolding

V  additional insulation

V  exterior/interior finishes.

Construction schedules
are accelerated.

Walls and insulation are complete whe
mason is done, providing substantial |aij
savings.



Multiple Finishes

Insulated block is made in standard dimensions with any architectural finish so
it can be interspersed with conventional CMU for ease of construction.




Environmentally Safe

Maximum thermal stability
and environmental safety:

EPS inserts will hold the required insulation
value and form if moisture is introduced.

EPS inserts are neioxic and contain no
formaldehyde.

EPS inserts use no
hydro-fluorides during manufacturing.




Reduces Noise

U Sound Transmission Class (STC) of 53+.
U Shuts out street sounds.

U Closes in manufacturing noise.







Don Reedo0s 6800 sqguare f«
PA. Erected 1994, using insulated block.



Multicolored blocks offer many aesthetic options.



Air conditioners were never installed or needed.



HVAC energy cost is $.31/sq ft annually.



Entire building heating cost less than $200/ month.



Single wall mounted unit heats the market .



Reduced capacity HVAC systems provide
substantial material savings.




Insulated block provides quiet building interiors,
even in high traffic locations.



%n T

Standard block used to wrap steel safety
columns look identical to insulated block.




Insulated block:

high heat capacity

long thermal lag time
maximizes energy efficiency
lowers HVAC system costs
LEED compatible

produces quiet buildings
durable

low maintenance

fireproof

pays for itself through energy savings



Don Reedb6és HVAC energy savings to date:

$400 / month x 12 months x 15 years = $72,000

No air conditioner needed, saved another $10Kk.

Total savings of $82,000, plus insulated block produced
a secure, quiet, fireproof, maintenance free building.



Per Square Foot of Wall Savings After 15 Years

Energy and material savings = $82,000
$ 82,000 divided by 5500 sq ft of wall = $14.90/ sq ft of wall
Initial installed cost less than $15 / sq ft of wall in1994.,

After 15 years, total cost of wall is recovered.



Insulated block creates insulated thermal mass.




Here are ten slides that show construction steps in conventional buildings. Click throug
them, and think about how many layers of craftsmen are on this job, at what expense,
what results, in terms of energy efficiency, building safety, noise reduction, and indoor
guality. What are the guys with the spatats adding to the college dorm environment?
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vww.buffalostate.edu/construction DUIT
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