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ABSTRACT: Although the majority of Exterior Insulation and Finish
the syszem is also

Systems (EIFS) are installed on new construction,
well suized to renovate or retrofit extexior walls of existing
muildings. The unicgue features and application methods :hat are

characteristic of an EIFS make it one of the most practical and
gil this purpose,

eccnomical bulilding materials available for thi
Given the unigue conditions that are often encountered when
rengvating an existing building, each project’s specific needs and uses
should be considered to satisfy distinct project conditions, as well as
realize all of zhe benefits that an EIFS has to offer. Once these
conditions are identified and addressed, The mMOST aporopriate EIFS or
apclication method can be selected IZxzom the options cu::ently available.
This paper will explore the benefits of EIFS in retrofitc
Lications, as well as the primary considerations specific to retxrofiz
T sheoculd be entertained prior,to selecting a system or applicacion
method. The types of application methods that are available will also
be discussed along with general information explaining when and how the
different EIFS application methods and system options are utilized. The
cverall obijective is to provide design professionals with general
guidelines to evaluate an existing building and select the most
arpropriate system or application method to suit the particular needs of

the building.

KEYWORDS: exterior insulation and finish system, Class PM, Class PB,

in-£:i11 panels, thermal resistance
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244 EXTERIOR INSULATION AND FINISH SYSTEMS

INTRODUCTION

New construction has been the mainstay of the exterior iasulaticn
and finish system (EIFS) market in the United States for tiae past two
decades, yer EIFS are especially suitable to renovate or retIofit
exterior walls of existing buildings.

Becording to scme current construction industry predictions, the
majoriry of non-residential construction activity in the next several
vears is anticipated in the renovation of existing structures. The

groweh of this sector is anticipated to be so stIong that the value of
rencvarion work could exceed the value of mnew construction by 1995 (11.
AS 3 result of this growth, there will be increasing cemand for
versztile products and systems in the renovation market as building
owness improve the aeschetics and energy efficiency of their properties
ang, in many cases, create totally new exterior wall or facade
appearances in an effort toO attract potential as well as satisfy

.

. exifring tenants.

£ITS can be used to retrofit an entire building or wall surface,
25 w21 as for accent panels, bands oI signage on 2 perzion of the
ProiscT. Existing puildings that curzently incorporate more than one
2ype of substrate Or extericr wall system can be recrofitted witlh an
Z528 <5 czeate an entirely new, monolithic appearance. _

lshough there are a numper of alternative extarior wall systems
Such 3¢ meral. siding, brick and stone veneer systems, ZIFS gffers a vast
£T3y 3f Benefits that makes it an especially ar=raczive cpticn Zor
zemrsfi- applications. addirionally, with many dilZferent systems and
APCiZcarion methods available, 27Tg is extremely versatile and is easily
Atpranle to suit a wide variety of existing peilding types and

OB - s
SRRRILicns.

ere are a substancial numder of beneifits that an =
1iy offer in a setrofit application. The items that are
SEEzaily of imary’ significance are described below, although whis

5T t
-4efma-ign certainly is not intended O include all EZIFS benefits.
= - e A

*he base component of all 27rS is the insulat
-4jes< several types or materials, but tvpically provides a therma
-=@erznce value of 4 - 6 £+ 2.n-9T/BTU (0.70-1.06 m X/W) per inch
-&¥z =m of thickness. Adaiticnally, since the insulaticn is applied
-l3ss exterior of the nuilding, the system provides an sffective ait
s:B¥—ar- g5 well as eliminates chermal bridging assoclated with
c-fmee—:onal wood or steel fzamed suiidings. In the extreme case ©

iecn poard. It c2n be

£ an

.238 zcorly imsulated building - wnick is a prime rsrIofit project - e
~~5¥c sgvings beneflt crovided by 2 complers buildin rer-pfiz could
-2z in an atsracTive paypack period o o€ suilding oswner. AR
ssS=zred pavback pericd, mased sn a reducTion in 20eITY cscsts, <30 be
szImmered TAIOUGH an energy anaiysis. Such an anaiys:is should consicer
2- Bpmemac=ion and efZiciency 3£ stner significant extericr surfaces suC
:= Fmo?fs and windows, as tiey coulid erZfect projected pavroack periods-
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Agsther ies/New Appearance

The design flexibdility and versatility offered through the use of
different types and colors of finish TOBT3 35 well as the ease and
ability to create special shapes such as quoins, cornices and reveals is
unique to EZIFS. 1In essence, it provides the ability to creare an

entirely new look or theme for an existing building, generally without

This is extremely imporeant,

eostly structural modifications.

5
- ;. =

FIG. 2 -- Post-retrofir. =

cularxly Zor public-use buildings such as hotels and cerail space «
MUST maintais curb appeal in order o remain conpetitive. Figures =
2 provide before and after éxamples of an sxisting building chat =
iven z totally new appearance tirough the use of an extarisr 2

atlon and finisn system.

e = v s e Va5



 jnclude deterioration of existing paints,
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¢qlurion o Sxisting auilding Problems

EIFS can be used to retrofit or re
wall substrates, although unit masonry,

buildings are some of the most
are renovated for a wide variety of reason

desire to create a new appearance and enhan
water infiltration problems. Genera

as many others, can be resolved by renovatin
To create a "new” exterior facade, new

rrim as well as other decorative building shapes
many cases all of the renovation work Can

on to the building occupants and without

into the system's design. In
pe accomplished without disrupti
reduccion in floor space.

Cost Bffan— S e

novate a wide range of exterior
concrete, Stucco, and metal
common applications. Existing buildings
s and conditions that might
coatings, Or materials, a

ce energy efficiency O solve
lly all of these conditions, as well
g with an EIFS.

windows and flashing or

can be incorporated

TABLE 1 == tymiczal exteriom wall svstem COSL3.

Descriotion

Typical
installed COST

Integrated siding, fabric-reinforced
synthetic extarior finish on 1°7 (25.4 mm)
polystyrene ipsulation board (BIFS).
Add $0.78/£t.% ($8.39/x) for 2" (50.8 =m)

polystyzene.

Simulated brick including mastic,
cement base.

Simulated stone face including mastic.

1 sigl
on steel frame 24-gauge.
aluminum siding, 0.019" (0.48 mm) thick on
steel construction, painted.

Meral facing panels field-assembled over
5,000 ££.? (464.5 o) lé~gauge aluminum
exrerior, 1-1/2" (38.1 mm) fiberglass and
i8~-gauge galvanized steel interior.

Wood siding, sheets, rexture 1-11, cedar,
5/8" (15.86 mm) thick, two Coats stain,

sprayed.

stucco, three coats 3/4" (19.05 mm}thick
with mesh, masonry construction, colored,
srowel-finished.

26-gauge, 17 (23.9 mm) insulaciocn.
galvanized, colored one side

Steel siding, ZIactory sandwich panel,

$s.40/ft.=(558.13/n6)

s8.05/ft.? (586.83/m")
$11.75/£%7 (5126.48/m’)
§2.42/€.} (526.05/m’)

52.21/ft.’(523.79/m%

$11.05/£0.7 (S118. 95 /1)

§2.16/ft .7 (523.25/m)

33.08/5:.’(533.;5/mﬂ

-

$6.15/%5% .2 (585.20/m)

posg L
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Variables in existing conditions, project location and size,
ther factors render

different application methods as well as numerous o
it difficult to accurately predict the installed costs of any building
material without evaluating each project individually. However, general
costs for budget purposes and a comparison to some common exterior wall
systems are available through a number of published resources. Table 1,
although not geared specifically to renovation projects, provides
approximate installed cost data including overhead and profit for a
variery of exterior wall systems 2. ©On many renovation projects, EIFS
will be cost-competitive solely on the basis of the system's ability to
adapt to a wide range of existing building conditions without the costly
puilding and structural modifications needed to accomodate many other

exterior wall systems.

CONSIDERATIONS
ior walls or facades may be renovated to fulfill a

Existing exter
Therefore, each project’s specific

wide range of needs or conditions.

needs should be considered and addressed prior to selecting a particular

type of EIFS or application method. The considerations that follow are

of primary significance particularly with respect to a recrofit

application and are intended to assist in selecting the mest appropriate
1so help the building

EIFS option or applicatien method. They can a
owner realize all of the benefits offered by an EIFS. General
ressed but do not pertain

considerations that also need to be add
specifically to retrofit applications are outside of the scope of this
paper put are readily available through many previously puclished

articles [3].

Suhsprare Tvpe/Copndition

One of the primary considerations is evaluation of the type of
substrate to which the EIFS will Dbe arcached. This includes substrate
econditions with respect tO existing paints or coatings, soundness and
integrity, and planar irreqularities. The importance of determining the
suSstrate condition cannot be overemphasized, as it plays an integral

D i O b
role in selecting the mOST appropriate and cost effective EIFS from the

system options and application methods currently available. These are
important considerations, as the COSts for substrate preparation and
special conditions can vary greatly depending upon the method of
application or retrofit system that is selected, which ultimately
affects upon the final installed cost of the EIFS to the building owner.
Generally, the project architect or engineer evaluates the
condition of the substrate. Substrate requirements for the various
retrofit systems are generally determined via visual observations, along
with field screening tests. The visual observations reveal physical
characreristics concerning the puilding, indicate details and conditions
that may require special consideration, as well 3s provide information
including existing suriace conditions such as paints/coatings, mildew
and residue.. The field screening tests typically consist of fieid
adhesion and/or fastener pullout (tensile load) tests, which provide
valuable performance data for various system options, and appiication
merhods that the EIFS manufacturer offers. Component compatibiliity
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tests may also be of assistance in some situations to verify
compatibility between the substrate and EIFS components. This type of
data is crucial for retrofit applications, due to the unknown or
concealed conditions often encountered on renovation projects.

Once all of the field data has been compiled, it can be used to
help determine the System options or application methods that can
potentially satisfy the substrate requirements, as well as local
conditions and appropriate safety factors.

Dgf-:r?'! s

Conditions where the EIFS will'adjoin existing penetraticns such
as doors and windows or existing flashings require consideration in
order to provide proper details and assure an overall watertight
building envelope. Treatment of these conditiocns, which will vary from
project to project, can range from providing an isolation or sealant
joint between the penetration and EIFS to replacing or adding additional
flashings. 1In some cases, new windows or doors are incorporated to
create a totally new appearance, as well as resolve potential
transition difficulties between dissimilar materials. As an example,
the need for additional or modification of flashings is very commen,
particularly at the transiticn from the EIFS to a roof parapet cap or
gravel stop. Figure 3 illustrates a relatively easy and cost effective
method to counterfiash the EIFS at a typical pazapet cap.
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The possibility of condensation occurring within the well system
o - d be assessed. If condensation is severe, it could adversely

t‘; atfect the assembly. This is a particularly important consigeration on
: ,.r;mﬁit projects, as sealers/coatings on the existing exterior walls
ey, create a vapor retarder within the wall system conce the
& LIFS is applied. Fortunately, it 1s relatively easy to derzermine if

B .epdensation can be expected, particularly with some of the programs,
as WVT, that are available commercially {4). I1f it is determined

rhare i5 a vapor problem, & change in one or more of the svstem

B cospopents can typically resolve the concern.

wy, in effect,

-

P Regardless of the type of thermal insplation board used, many
thicknesses are avallable which provides a wide range of potential

Ezbemal resistance values.
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Since the EIFS is applied to the exterior face of the building,
increasing the insulation board thickness should not reduce the interior
floor area. 1In general, unless dictated by unique details, aesthetics
or building code requirements, the insulation board thickness used is a
function of the necessary or optimum thermal resistance value desired
for the entire wall assembly including the existing components. For
illustration purposes, Figures 4a and 4b show a theoretical existing
masonry building sections before and after renovation with an EIFS.

- Determining the optimum insulation board thickness or thermal
resistance value for the EIFS based upon the projected payback period
for the installed system cost can be estimated via one of many energy
analysis methods. Methods of analysis can range from a simple payback
that is determined by dividing system costs by annual savings to highly
complex analyses that incorporate items such as owning/operating
costs, life-cycle costs, taxes, building use and occupancy, daily heat
cycles, cooling costs (if applicable), and significant heat loss via
doors, windows and zoofs, among other factors. Additionally, the net
benefits of the various systems/thermal insulation values versus their
installed costs should be analyzed for optimum economic performance
(parring design considerations) to take into actount the monetarv value

of the investment.
TABLE 2a--2xpiected payback analysis for a3

thegrarisal =areofit orndact in Providence, 3T

Thermal Resistance (R) Valiues [3]
Ft.-n-°F/BTU / M"K/W

Existing EIFS | EIFS

Description Constzuczion ! Reczofit #1 Reczofitc #2
EIFS with 1" (25.4 mm)
insulaction R = 5.0/.88 5.0/0.88
EIFS with 2"4(50.8 mm) ’
insulation R = 10.0/1.76 s e 10.0/1.76
Qutside surface
15 MPH (24.14 K/H) winds 0.17/0.03 0.17/0.03 0.17/0.03
Face brick 4" (101.6 mm) 0.44/0.08 0.44/0.08 0.44/0.08
Cement mortar, 0.5"
(12.7 mm) 0.100/0.02 0.10/0.02 0.10/0.02
Concrete block, c¢inder
aggreggate 8" (203.2 mm) 1.72/0.30 1.72/0.30 1.72/0.30
1" x 3" (25.4 mm X
76.2 mm) furring 0.94/0.17 0.94/0.17 0.94/0.17
Gyvpsum wallboard, 0.5"
(12.7 mm) 0.45/0.08 0.45/0.08 0.45/0.08
Inside surface 0.68/0.12 0.88/0.12 0.58/0.12
Toral Thermal Resistance ! 4.50/0.30 3.5/1.58 1 14.5/2.55

B Lwiagg

176",‘2:
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TABLE 2b--EIFS Re=ro<is #1

251

Projected Preoiected Projected

Fuel Energy Costs ‘Energy Costs Savings=>
Year (MBTU/MJ) {Present "R") (New "R"™)
1982 $38.09/540.19 {$54 000)
19923 $32.23/841.39 514 €57 §6 943 57 714
1994 $540.41/542.63 $15 096 $7 151 S7 945
1995 $41.62/543.91 §15 549 57 365 $8 184
1996 $42.87/848.23 S16 016 $7 586 $8 429
1897 $544.16/846.59 S16 496 $7 Bl4 $B 682
1098 $45.48/547.98 $16 991 $8 048 $8 943
1928 S46.85/542.43 517 501 38 290 $8 211
2000 $48.25/850.81 $18 026 S8 538 $98 487
10 000 £t.? Areaz to be retrofirted with EZIFS
(528 m?)
$5.40/5¢ .7 EIFS instzllation cost {Table 1j
(S58.13/m?)

5

4.5/0.80 Present "R" wvalue (ft.*h°F/BTU / m"K/W)Pig. 4a
5.0/0.88 "R" valve to be added with EIFS Retrofit 21

(££.*h°F / m*K/W) FPig. 4b
$54 000 Cost 'to retrofit with EIFS (area x EIFS installation

cost)
3.00% Inflation rate of fuel
5 954 Annual degree days [7]
g85% Heating system efficiency
$0.13 S/KWH Electricity
5.4 Projected vears to payback. |

* Projected savings do not ref

flows.

lect net present values of future cash
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“TABLE 2c--EIFS Rerrofir #2

Projectad Projected Projected

Fuel Energy Costs Energy Costs Savings~*
Year (MBTU/MJ) (Present "R") (New "R")
19892 $38.09/540.18 .. .. ($61 800)
1983 $39.23/541.38% $14 837 $4 549 S10 108
1994 $40.41/%42.63 $15 0896 $4 685 $10 411
1995 $41.62/543.91 $135 549 §4 826 _ $10 724
1996 $42.87/545.23 $16 016 $4 970 | $11 045
1987 $44.16/546.59 S16 486 §s 120 $11 377
1998 $45.48/547.98 $16 991 $5 273 $11 718
1869 $46.85/548.43 $17 501 $35 431 $12 070
2000 $48.25/550.91 $18 026 $5 594 $12 432

Cond-=ione and Assumptions

10 000 ft.?! Area to be retrofitted with EIFS
{829 m")
S6.18/f.°? EIFS installation cost (Table 1)

($66.52/m")

4.5/0.80 Present "R" value (ft.”h°F/BTU / m™X/W) Fig. 4a

10.0/1.76 "R" value to be added with EIFS Retrofit #2
(£t .30 °FT/BTU / m-XK/W) Fig. 4b

$61 800 Cost to retrofif with EIFS (area x EIFS installation
cost)
3.00% Inflation rate of fuel
&
5 954 Annual degree days ([1] g
&
85% Heating system efficiency ~
=
G
$0.13 S/KWH Electricity by
£.7 ?rojected vears o pavback. {

Projected savings do zor reflect net present values of future cash

~

flows.
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Tables 2a-c provide ar example of 2 projected pavback analysis
pasec upon heating cesis for two assemblies calculacted with &
commercially avsilable energy analysis program [3].

The data provided takes -into account fuel costs, wall arez to be
retrofittecd, existing and propesed thermal resistance values, annual
heating degree days, as well as estimated fuel inflation rates, heating
system efficiency and installed costs for the EIFS based upon the data
in Table 1. Projected savings are provided in Tables 2b. and 2c over &
one- to eight-year time perioc. Based on the example, EIFS Retxofit 42
with 2" (50.8 mm) thick insulation board (R 10.0) provides a shorter
payback peziod, and barring design or other considerations should be

assembly that is selected.

the

APPLICATION METHODS AND SYSTEM OPTIONS

Once the considerations are identified and addressed, the mcst
appropriate class of system or application method can be selected fzrom
the system options or aprilication methods that are currently available.

clpss pf Svs-enm

Class “PB” and Class “PM¥” have been established by the EIT
ndustrv Members hssociation (EIMR), the industry trade group, &s the
wo types or classes of EIFS [£]. The typical Class PM system is
atcachec to the subs-rate with a mechanical anchor system, while the

lication method.

- o

rtop4

1

tvpical Class PB system is attached via an adhesive app
A mecharnical ancher system, which may or may not include adhesives, may
alsc pe =z suitable method of attachment for the Class PB system,
depending upon the prcject regquirements ancd the EIFS manufacturer's
recommendatrions. Choosing the class of system - whether for 2 new oI
renovation project - is generally a function of numerous items including
budget and building types. With the exception of retrofit projects, the
zhod of attachment generally does not play a role in selecting the
class of system. However, for retrofit projects, the condition of the
subsctrate, particulary with respect to existing coatings, may be such
that some substrate preparation may be needed in order to adequately
support the application of an adhesively applied (Class PB) EIFS.
MAlthough the installed cost of a Class PM system is generally 10% to 30%
higher than a Class PB system on typical new construction projects, the
Ciass PM system may be financially favorable in a rerrofit project,
since it generally does not reguire the substrate preparation required

with a Class PB system.
g~ olsene Tyr-D1

The most suitable application for the overwhelming majority of
: projects is in-place or con-site, due primarily to cost
veness, ease of satisfying unigue field conditions, as well 2as
2ctical problems encountered with erecting prefabricated panels on
most existing buildings. Howevex, panelization on retrofit projects
should be considered on in-fill applications where existing building
matecials or windows, such as on an old manufacturing facility, are to

be totally removed and replaced with an EIFS. Con itions such as these
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can create an ideal in-fill panelization project since there will
typically be many identical style and size panels.
should be sufficient panel attachment points along the head, sill, and
jambs of the opening. Since the panels are complete and ready to
install prior to arriving at the site, the existing windows can be

removed and the EIFS panels quickly installed, decreasing the potential

exposure of the building interiorx. Other potential retrofit
panelization projects might include accent bands,

Addirtionally, there

penthouse screens and

signage.
TABLE 3 -- Common rerxzofit applicatl !
Class of Substrate Substzate
system type/condition preparation options
PB A)Unpainted and 1) Remove dirt, mildew, etcC.
(Adhesively uncoated stucco, unit
fastened)? masonry, concrete,
wood-based sheathing,
terra cotta and
cement board.
B) Painted or 1) Sandblast existing
coated stucco, surface to remove paint,
unit masonry, cpatings, etc.’
concrete, wood- 2) Attach metal lath or
based sheathing, sheathing to the existing
and cement board. substzate.
3) Remecve dirz, mildew,
loose paint/coatings, etc.
Apply manufacturer's adhesion
incermeciary or primer.
4) Remove dizw, mildew,
loose paint/coatings, etc.
Install mechanical fasteners
s following achesive
application.
C) Unpainted and un- 1) Attach metal latih or
coated tile, glazed sheathing to the existing
unit masonry and metal substrate.
buildings. 2) Remove dirt, mildew, etcC.
Apply manufaccturer'’s achesion
intermediary or primary.
PM 2l) of the above. 1} No special substrate
(Mechanically preparation typically
fastened) requized. ]

1. All options must comply with the EIFS manufacturer's
recommendations. A field evaluation, such as fastener pullout
(tensile load) and/or achesion tests may de required ts qualify a
particular option.
2. Adhesive or adhesive/mechanical fasteners are tae predominant
methods of artachment. Mechanical fastener atTachment only is
generally limited in use to low-rise construcsion. {onract he EIFS

3. Except wood-pased sheathing and cement board.

QERPRAT7 V358

Cwmad

BRRL T T T

east

manufacturer for mechanical fastener system regquirements.

— B A(w ay
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c-—-gte Prepesaiion Requl romanil

joirie)

Substrate preparation reguirements are & funeticn of numerous

-he class of svstem, Type and condizion of the existing
anc local design conditions play
rlsc of significance

icems. Howevex,
gubscrateg, mechod of System aTIachment.
a primary role in derermining these reguirements.
are the EIFS manufacturer’s recommendations, a5 they may varIy from
manufacTurer Lo manufacturer. Although ingustry standards for substrate
preparation or, rewrofit projects do not formally exist, there are 3
number of practices that are successiulily used in the United States

today .

Taple 3 provides 2 synopsis of many common Substrate preparation
requirements that are necessary prior to application of the EIFS,
although there may bhe slight differences depending upon the
manufacturer. rdditionally, due UO specific project conditions, all
ns mav not be applicahlie in 211 cases. This exemplifies the need

opri
ing a particuiar ppTion OX

+o evaluate the project prior tTo select
applicazion method. .

The substrate preparation regu
address specizl or unigue conditions generally encouncered On retrofit
Table 3 is nou intended to agaress standard
£IF5 projects, such as being ary

i rements shown are intended TO

or renovarion project.
substrate recguirements cypical of all
and free of planal irregularities.

CONCIUSION
TITS are extremely versaTile ewserior wall SYSTEmS wizh the unigue
apiliry To adapt TO 2 wide variety of congizions often encountered on

the needs of eauh incdividual project

Q
+ or Tenovation projecis.
oy appiication metnod

should be considered in ordex to assure the sysiem
selected will suit the project. Once +hese needs 0T reguirenments are
determined, Lhe mOsST appropriate and cost-effegctive sysTem option or
oolicavion method can De seiscted from those That are aveilable.

% Fh oot

- R
Tvzliuating the project in this type of manner will assist in agdressing
porentiel areas pf concern prior Io commencementy of the Jjob, ang shoul
result in use of the system that i mpst appropriate for the project.
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