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I \ or the past several years, we at Fltzgerald Comraci-: .

ing ] have used a blower door and an infrared cam-

era on nearly every house that we insulate. Using
this diagnostic equipment, we have learned to slightly
modify our normal insulation techniques to achieve large
reductions in air infiltration. This modification reduces
the amount of time that is normally needed to air-tighten
the house while greatly improving quality.

As we gain a better understanding of how bmldmgs
function, we have learned that heat loss in bulldmgs is
much more comphcated than simple formulas would
suggest. Effecti tion retrofits must treat the build-
ing as a total system, mcludmg not only the emelope but
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‘Sidewall Insula;tion and
Air Leakage Control

ﬂ]e mechanical system and occupants as well. Concentrat-
ing on a single aspect of the bulidmg may lead one to
overlook possible interactions that exist with the rest of
the building. We found that cavity-fill insulation and air
leakage form one of the important points of interaction,
or links in the system. We no longer think of ourselves as
just insulation contractors but as weatherization contrac-

- tors. With this perspecme our goal should be to maxi-

mize our customer’s energy savings per dollar spent rather
than to maximize the area of insulation installed per
dollar spent.

Wall Insulation and Infiltration

- The addition of wall insulation reduces the apparent
ermal Conductmty through the wall. But the R-value of
3.5" cavity of absolutely still air theoretically would be
—20. Obviously, more than just conduction is going on
within the wall cavity. Thermal insulation actually works
primarlly by slomng the movement of air.

Air circulates within the cavity because of temperature
differences in the wall, and heat flow through the wall is
greatly enhanced due to this natural convection. ASHRAE
reports that the thermal resistance of a 3.5" air space
‘under typical temperature differences can be in the range
of R-1 to R-3.6 (five to 20 times below that of “still” air!).
When wall insulation is added to the cavity, it acts to break

- the space up into tiny air pockets, impeding the natural

convection in the wall and taking greater advantage of the
insulating properties of “still” air. The heat flow through
the wall will depend on the conductive properties of the
insulating material (such as fiber glass, cellulose, or min-
eral wool) and the size of the air pockets (i.e., the density
of the insulation). ‘

- Heat loss can also occur through forced convection
when air is able to flow into the wall cavity from either

~ inside or outside the building. This air flow is driven by
‘pres&ure differences caused by the stack effect, wind,
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etc.). Most failed insulation jobs we have remedied were
caused by gross air leaks. These failures can result in such

‘ problems as ice dams and frozen pipes. Often the largest

air leaks result in air flowing right through the insulation,
thereby counteracting the beneficial effects of the insula-
tion. These air leaks can be readily identified with an

mfrared camera used with a blower deor
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scans with the blower door running have shown us that
high density insulation works. Most importantly, moisture
problems and ice dams stop, the pipes quit bursting, and
our clients are satistied.

Pre- and post-retrofit blower door tests have shown that
large reductions in air leakage result from our proce-
dures. In 32 houses we sealed accessible bypasses and
blew insulation tightly into walls and other closed cavities.
From before and after blower door tests, we learned that
we had obtained an average air infiltration reduction of
9 000 cubic feet per minute at 50 Pascals (cfm, —for
background on this measurement, s€€ HE Jul/Aug 86,
p.16), a reduction of 46%. While everyone knows that
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Mark Freeland
Jim fills a hidden bypass above the front porch. Don’t

skip anything, he says.
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sealing accessible bypasses is important, no bypasses were
from Air Sealing Homes for Energy Conservation, 2nd Draft, r

Encroy, Mines and Resources Canada, Ottawa, 1984. accessible in four of these houses. Consequently, our only
Figure 1. One of the most important air leakage paths action was to blow cellulose into the wall and closed
that can be sealed by dense cavity fill insulation occurs cavities. We took extra care to pack all hidden connection
at the wall/floor connection. areas. Table 1 shows the results for these houses. From

We often find wide open air flow paths at the interstitial  justcavity fill, we obtained .about a 50% average reduction
connections within the house (i.e., open framing spaces in cfm,,. Air movement within hidden cavities appeared
at connections between floors and walls, walls andvaulted  to be a major component of shell leakage in these cases.
ceilings, plumbing chaseways, etc.) and these paths are These reductions were obtained before any interior caulk-
often responsible for the majority of the air leakage in the Mg OF weatherstripping work was done. In fact, in a third
house. (See Figure 1.) Sometimes these connections are of the houses, no further sealing work was needed. For a
closed off at one end with a batt of fiber glass instead ofan  large part, these big air leakage reductions were a side
air barrier. The fiber-glass batt acts as a good filter for the L:ifect of higher quality insulation wo‘rk. In Minnesota at
air flowing through. Blackened, dirty fiber glass is a tip-off ;1)0¢ per therm of natural gas, reduction in 1 cfmatb0 Pa
to the bypass. These connection and transition areas are 18 worth about 5-6¢ per year. Thus, the additional payback

often hidden and difficult to find. Tightly blown insula- from the convection savings improves the simple payback
tion greatly reduces the flow through these paths. of the wall insulation.
Blocking Alr Flow " Table 1. Infiltration Reduction from Sidewall

n fixing failed jobs, we install rigid, . - - . _ -
Idurablé barriers to air flow. We gen- | ”sidin ‘arsel:f ";-:ez V{!k*?ﬁ: pg;‘:ls po:tﬁx;xs % <h . of 's’a"re* 4
erally use foam or cardboard blocking.  f—— . e - = = ,ang , =k
When rigid barriers are impossible to woodlap 300 26000 53 M1 2916
install or too expensive, we blow insu- | stuceo. 5000 37,000 8836 538 396 3,503
lation tightly into the air leakage path- | asbestosshake 5300 39200 8500 4462 480 4038
ways. We are able to blow cellulose and asbestos shake 7,900 51000 9099 4400 511 4,659
mineral wool insulation ata high enough ~ (multifamily) . -
density to stop the air leakage. Infrared ep
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An independent field study of dense-pack insulation in
92 houses in Ohio yielded similar results. According to
Don Michael jones, Director of the Ohio Weatherization
Training Center, “Sidewall and attic insulation measures
accounted for over 50% of the air leakage reductions
achieved (38% average reduction). The simple payback
benefits associated with sidewall insulation have, as a
necessity, been calculated from its [increase in R-value]
alone. Considering the interactive nature of the building
structure, our perspective on the effects of sidewall insula-
tion must be broadened to include the additional benefit
of bypass sealing and overall air leakage reduction.”

For the M200 study of enhanced weatherization in
Minnesota, weatherization crews from nine agencies were
trained to integrate wall insulation and air-sealing tech-
niques. By sealing all attic bypasses and blowing walls first,
the crews gained the air-sealing side effect of cavity fill
and did not waste crew time on air-sealing if the house was

tight enough. Results indicate average air infiltration reduc-
tions of 36%), with costs within the normal DOE weatheri-
zation guidelines (see box).

Most insulation contractors do not get these large air
leakage reductions. A postretrofit test of 120 houses in St.
Paul found an average air change per hour rate (ACH) of
11; our dense pack work in 28 houses stood out at 7 ACH.
Unfortunately, there is no incentive for contractors to
strive for these reductions because they do not get paid
for infiltration reduction. Strong economic forces push
the installer to use less and less material at a faster rate. It
1s no surprise that the results are diminished by fluffed
insulation and missed cavities. Normal insulation proce-
dures, being guided by production, are not stretched by a
performance standard or guided by the necessary diag-
nostic equipment. When a contractor is paid for both
conduction and infiltration work, he can do a better job
at a lower cost.
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Figure 2. Apparent thermal conductivity versus
density of several thermal insulations used as

bilildiﬁg insulations
Source: ASHRAE 1989 Fundamentals Handbook
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During the 1970s David Harrje, Gautam Dutt, and Ken
Gadsby at Princeton University discovered the large en-
ergy penalties of hidden air movement in buildings. This
work demonstrated the importance of bypass sealing.
Our wall insulation method arose out of the need to bring
Princeton’s insights into the real world of the insulation
marketplace.

No Voids, No Bypasses.

Natiiral ‘and forced convection in the wall cavity sig-
N nificantly reduces the effectiveness of wall insula-
tion. To achieve the thermal resistance values measured
by standard test methods, minimizing convection is es-
sential. This is nothing new, of course. Since the 1930s,

old-time insulators have known that a good wall insula-
tion job meant filling all the cavities as tightly as possible.

In practice, this meant mineral wool blown in using a 2-
hole-per-cavity method. Exterior siding was removed near
the top and bottom of each stud space, and 2 %" holes
were drilled through the sheathing. To find firestops and
blockers, each run was plumbed with a weight. Any wall

cavity taller than 3-4' required two holes, for both pres-

sure release and tight packing. This prevented voids and
settling. (As noted in HE, Sept/Oct 85, p. 6, avoid areain
the wall insulation can degrade the R-value of the retrofit
by 7% to 40%.) Siding was replaced to look asgood as new
and energy bills were reduced by as much as one-half.
However, the customer often chose the low bidder. In
order to keep costs low, the contractor drilled one hole
per cavity (nota manufacturer-approved procedure), did
not probe every cavity, and ignored voids and settling.
These cheap jobs have provided high quality insulators
with a lot of business in the 1980s.




on most of our jobs because it gives us the biggest reduc-
tions. and costs less.

Cmmtmg bags helps us estimate the density, but the
true test is by finger; only direct training and expenence
can teach the optimal feel.

Drilling and Filling
The foliemng discussion describes the procedures we
use for cavity fill insulation. The methods were developed
for the heating-dominated climate of Minnesota and may
not be completely transferable to other climates. This
checklist is intended as a supplement to in-field training.
Beﬁ;re starting the work, we do the following:

. Pressmue the house at 50 Pa and take a prekminary
reading of the cfm,, flow and run the test with all inside
-and basement doors open.
® Ask the homeowner about the cost to heat or cool the
house and whether any special problems exist such as
ice dams, drafts, pipes freezing, cold rooms, condensa-
tion, and roof leaks.
e Visually inspect the interior for holes in the plaster
- Soean loose paneling, back—plaster walls (which contain two
Our working standard is no by layers of plaster lathe, one in the middle of the cavity),
:meet\ this standard, we blow :th tion so tig pocket doors, missing wall sections under the kitchen
‘ -V ‘ ‘ ~sink, and any other places where insulation might blow
into the house. Note the location of electrical fixtures.

* Check for unvented space heaters and any gross fur-
- nace safety problems. We do not want to start work
‘until these are fixed. nghtenmg a house with an exist-
ing health and safety problem is bad business; dead

~ customers provide lousy word-of-mouth advertising.
While looking for possible tmuble spots, note the loca-

- tion of major wall leakage sites, i.e., the ceiling-to-joist

connection at the porch roof, flat roof connections,

piumbmg chaseways on an outside wall, slanted roof

- cavities crossing joist volumes, and an

3 ‘barrier cannot be mspected and mayj

thermegfa?hykshaws bypasses at less than 3.5 Ib. /ft Sde
but we have blown off walls at over 4 1b. /ft Sw—we ve

- Now insulation can begin. For
-»-theﬁt;b&ﬁﬁ method over the two-hol

fectis even less for fiber
glass. Figure 2 shows
‘how insulation density
influences the appar-
ent thermal conduc-
tivity. These numbers
do notreflect the p
~ sible increased savings
due to air infiltration.
JInanactual house, we
may be giving up $10
per year in conduction
savings to gain $100
blow the wall rightoff the studs. Turn  PCTyear in infiltration
the problem into an opportunity—  $3vings. In general, we
get a feel for what’s txght enough »  prefer using cellulose
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developed as a cheaper alternative that gave a good job f
without voids or settling. This is how we do it: ‘

1. Choose which pieces of Siding must be removed to

(as described above). In the 1950s, cellulose insulation give the quickest production, i.e., the fastest access to ;
was introduced and the one-hole tube-fill method was the most full-height wall cavities. We prefer to drill




holes near the floor to minimize ladder work and
hassle with the tube. The house demgn however de-
- termines the easiest approach.

2. Remove wall siding. Do this carefully, since the goal is
to return the house to its original condition or better.
It is a false economy to save $300 on installing the in-
sulation by destroying a $3,000 siding job. (See box.)

3. Drill through the sheathing with a low-speed %" drill
(400-600 rpm) using a 2 4" self-feed bit or equiva-
lent. Angle the hole up in the direction the tube will
go- This allows easier insertion of the tube. If the hole
is in the middle of the cavity, angle up and down.
Brace yourself because you will take a hit if the bit
suddenly binds. The larger the bit and the greater the
speed and torque of the drill, the greater the risk of
sending yourself airborne. Take care not to plunge
blmdly with the drill bit; do not drill into outlet boxes
or wiring. Use non-conducting ladders and GFCI pro-
tection. Do not drill in the rain. The most highly
skilled person on the crew should be the driller.

4. Itis the driller’s responsibility to open holes and find

all blockers that are either side-to-side in the wall or

~ close to the hole. Use a wire to probe each hole. The

hoser’s job is to find all blockers up and down and to

tell the driller to make any additional openings as

needed. The hoser uses the tube to probe while

filling each,cavxty Together, they probe 100% of the

_cavities. Somemnes ‘the driller may leave easy

oles for the hoser to dnﬁ whﬂe waiting. for larger
cavities to fill.

T " MarkFresland
Using the hose to plumb the cavity. -

5. We try to start filling within a half-hour of arriving. As
~ one of the crew begins to remove siding, someone
~ should be setting up the blower. The blower must be
~ in good working order. Find adequate power for the

blower: either 1-3 (depending on the brand) 20-amp

circuits, agenerator, or aselfcontained truck-mounted |

‘blower. Typically, there are two types of blowers:

~ through-the-fan, tﬁiitﬂﬁs&-ﬁﬁ}y blowers and positive |
- airlock, allfiber blowers. On old-style cellulose-only
“blowers, start with the air gate wide open. For the
truck mount or pw:rsmve-dispiacement portable blower, |
‘start with the feed gate totally closed and set the air |

‘ 1 : Kama Lutz
The homeowner looks on as Gary adjusts the settings on
the blower for the hoser on the roof.

to a level where it will not blow open the wall (thlS
unfortunately, must be learned by trial and error).

~ Add a switch to the feeder if the blower cannot be run

in the air-only mode. For both blowers, always start
‘with the hose clean and, whenever there is a clog or
other problem, go back and clean the hose. We rec-
ommend a 1%4" internal diameter val tube for quick
and clean work.

Startin a normal, 2x4, eight-foot- tall wall withouta lot
of windows or busy details. Put the tube all the way
into the cavity until you actually feel the blocker at
the end. Verify that you have 8 of tube into the 8
cavity. Turn on the blower and time the fill. Cellulose
should be moving fast, crackling through the tube.

. For the cellulose-only blower, pull the hose out one

foot at a time as the material packs up and stops
flowing. Close the air gate to pack tight an 8' cavity in
2-4 minutes. Before the cavity packs, there is time for
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~ the operator to drill 3 or 4 more holes nearby or to
start a second cellulose-only blower. Our crew does
not stand around and wait for cavities to fill. -

F or the Qsmve-dlsplacemem blower, a different pro-

- wﬁlk continue to supply material at the same rat

s the cavity packsnght, the blower

ﬂmugh much less. material leaves the tube. T ;
‘ \'the wall and clogs the hose. Therefore,

prevems exeess matenal from buﬂdmg upin theh
as you finish the stud run. Open the feed gate slowly

“to pack the 8' cavity in 90 seconds to 2 minutes.

Start with three 8' cavities, 16" on center, and one 30
Ib. bag of cellulose. If done correctly, a 30 1b. bag
should run out just before completion of the third
run. The holes should be so nght thatyour ﬁnger will
not go through. The target is 1 Ib./ft.? of gross wall

~ area or 3.5-4 Ib./ft.* density. As you go, you should

10.

11.

12.

“abedroom (ba

feel air coming out of the empty hole of the next

‘ cavity but you should not feel air exhausting from the
 cavity you just filled. Go back and pack mcme msuia—

tion in if the cavity is leakmg

If the cawty does not fill up after 4 mmutes “shut
down and go msttie to see where it’s gomg Never run
over 4 minutes without a look. Either you're filling up

Ec‘relatlonﬁ} or, hopeful}y, ahid-

den bypass.
As the hoser is fi ng the big areas first opened, the
driller proceeds to open the detail areas around win-
dows and potential hidden bypasses.

Any hidden connections that have not been probed
by the tube must be opened and examined. This in-

- cludes adding roof vents for access to side attics, re-

moving ceiling boards on enclosed porches, drop-

~ ping soffit panels, lifting fascia, removing shingles,

14

~ drilling holes inside where siding cannot be removed,
—and lifting stair-tréads. .=

13,

After discovering a bypass, the dnHer checxsgs ;the
best access point and decides how to block off this
one-of-akind construction detail. The ‘appro riate
fix might be foam, a vent chute, tin, poly bag

-blowing tight v with insulation. Attic bypasses are also
sealed at this time. Our policy is to seal any access bie
~ bypass with a ngtd block; anything else we blow full

(except, Qf course; chases around combustion flues).
After this stage is complete and before the crew leaves,

. the work is checked with an infrared camera and

15.

~ blower door. Anygfaults are then corrected. Let the
~ residents know how well you've done and see if they

have any requests or complamts

Before the siding is replaced, msert a small plecc of
fiber-glass batting into each hole to prevent wicking

‘ ~of moisture from outside. We have found that plugs

_are not necessary. Replace the ‘sxdmg and clean up
the 3@2} site, ’m}{h ms;de a;ad out.

16. The final step is to check for house and basement
. depressurization. Check for negative pressures pro-
duced by exhaust fans or the HVAC system, which
can lead to spillage and backdrafting of combustion
appliances. Take appropriate actions to balance pres-
sures. For further details, refer to the MWX90 Train-
~ ing Manual to be published soon by the University of
Minnesota Dnderground Space Center.

Opportunities‘ and Obstacles

bviously, if the cavity is not leaky, it will not tighten

with filling. Very tight construction, like airtight-
drywall-assembly walls, do not release air, and voids occur
when air back-pressure prevents the flow of material. In
tight, new construction, we prefer fiber-glass batting. High
density blowing works better on leakier houses. We have
found that the houses that show the greatest impact are
those that have a pre-weatherization blower door reading
(in cfmg)) that is greater than the above-ground surface
area of the house (in ft.%).

Setﬂmg of msulauon is not an issue at 3.5 to 4 1b./ft.?
density; blowing open the wall is. The higher air pressure
requlred to pack insulation tight enough to stop air leaks
is sometimes too much for wallboard and paneling. This
is disastrous occasionally and will continue until the crew
learns vigilance. If you crack a wall, please do not con-
tinue to fill the entire room. Cleanmg and patching are
unfortunate facts of life with wall filling, but need notbe a
part of every job. We strongly encourage proper training
in the field.

Resistance from crews, auditors, and, most importantly,
manageﬁ is the most formidable obstacle to successful
implementation of an integrated method based only on
costeffective measures. Nobody likes changing old, ac-
x:epted practices. The Weatherization Assistance Program
rule that limits the proportion of labor to material cost is
seen as another Qbstade Incentives and mandatory per-
formance testing may be the only ways to collect the full
it of the new method. Crews should get paid for the

on work they do. We test every job. The cost of
bﬁ,ower door testing with infrared thermography is more
""""" -made up for with time saved by determining the un-
ssary measures and by preventmg major faults when
g the necessary ones.
ty fill insulation can reduce air infiltration, How-
r, these reductions will not be realized if a leaky cavity
is filled with low-density insulation or if voids are left
behind. Indeed, we have had reports of increased air
change rates after wall insulation, perhaps due to the
holes drilled. Good quahty control is an essential part of
the ; prctess I

Endnotes

This article was written in part for the MWX90: Minnesota Model
Low-Income Weatherization Program for the 1990s Training Manual.
The work is funded by Exxon oil overcharge monies. Principal
investigator for this project is Lester Shen at the Underground
Space Center, University of Minnesota, Minneapolis, MN
55455. Inquiries should be made to him. A training video

will soon be available through The Energy Conservatory at
(812)82’74 L 1 7.
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