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PREFACE - 

-

This report was prepared by Dr. Richard H. Munis, Research Physicist,

and Stephen J. Marshall, Physical Science Technician, of the Physical

Sciences Branch, Research Division, U.S. Army Cold Regions Research and

Engineering Laboratory.

This study was funded by the 301st Air Refueling Wing , Rick enbacker

Air Force Base , Columbus , Ohio , under MIPR No. FQb60l7073—0001, Work . 
-

Unit Infrared Survey of Five (5) Selected Base Facilities.

The contents of this report are not to be used for advertising or

promotional purposes. Citation of brand names does not constitute an

official endorsement or approval of the use of such conm~ercial products.
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QUAL ITATIVE ANALYSIS OF FIVE BUILDINGS
AT RICKENBACKER AIR FORCE BASE, COLUMBUS, OHIO

Richard H. Munis
Stephen J. Marshall

INTRODUCTION

During the week of 25 January 1977, a heat loss survey to pinpoint

locations of excess heat loss was made at Rickenbacker Air Force Base,

Columbus , Ohio. Two thermographers, Dr. Richard H. Munis and Mr.

Stephen J. Marshall, of the U.S. Army Cold Regions Research and Engineer-

ing Laboratory (USACRREL), performed the survey using an AGA Thermovision ~~
. 

-

infrared camera system (see photograph , page 2).

At the time of the survey , Ohio was in a state of emergency due to

a shortage of natural gas. Extreme cold , heavy snowfall , and wind gusts

up to 35 knots hindered the survey. In addition to these difficulties ,
7.

the Image splitter in the main frame of the infrared camera system was

completely shattered during shipping ; this made it very difficult to

operate the system in the usual manner. The result was that approximately

twice as much time was required to perform the survey as would normally

have been required .

Five buildings were inspected with the ACIA system : Building 86c

(Women’s (WAF) Dormitory), Building 1062 (Central Security Contrc~1),

Building 2035 (Capehart Duplex Nousing),Bufldlng 37—38 flm (Wherry Fourplex

Housing), and Building S—i (Wing Headquarters). Following the heat ]oss

survey , a walk—through inspection was made of three of these buildings .

After the initial survey had been completed these three buildings (S-I ,

#865 , #1082) were chosen by the SAC project monitors , Major Steve Mugg
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BUILDING 865
woMEN ’s ( wAF ) DORMITORY

Building 865 is a three—story concrete block structure with precast

concrete floor slabs. It has over 100 projected steel windows consist-

ing of single—pane glass. At the time of the heat loss survey of this

building , the average interior temperature was 70°F and the exterior tern-.

perature was 21°F. It is our understanding that there is no insulation

in the walls of this  building. The thermographic inspection of this

building indicated that the locations of major heat loss were the single—

pane windows ( especial ly those situated at the center of the building on 
V

the west f ace) ,  the walls (particularly where they meet the precast con—

• crete floor slabs ) and the framing spaces of all windows . Heat losses

through the window glass and around the window framing spaces seemed to

be the predominant heat losses.

• Inspection of the east and west faces of this building showed that ,

except for the middle section of the west face , there is approximately

50% glass and 50% masonry on the two faces . On the north and south sides

of the building , there are no window s -— only three doors . Figure 1 shows

the heat loss ( arrows ) above and alongside the second— and third—floor

• doors on the nort h side . Figure 2 (photograph ) shows open ventilators

above these doors which were responsible for some of the heat loss shown

on these thermograms . However , during the heat loss survey , the third—

floor door was propped open as shown in the photograph . Therefore the

heat loss ( shown in Figure 1) alongside this door was being transmitted

• directly through the open door.

3 V
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Figure 3 shows dramatic evidence of heat leakage (arrows) around

the second— and th i rd—floor  projected steel windows on the east side of

this building. Figure ~ shows infiltration losses (arrows) around f i r s t— ,

second— and th i rd—floor  window s on the east face of the building , whil e

V 
Figure 5 shows infiltration losses around windows on the west side of

the building. The bright zones under some of the windows in Figures ~4

and 5 indicate heat leakage from radiators through the walls. ‘

V

Figures 6 and 7 show an interesting heat loss pattern . Thermograms

show essentially two large white areas on each floor at this point . The

one large wh ite , well—defined zone shows heat loss (horizontal arrows)

from the west—facin g windows located in the central section of the build—

• ing . The other three white zones show heat loss (vertical arrows ) from

the windows that abut th i s  section and the north face of this west—facing

section , which is all masonry . Even in these two figures we see evidence

of heat leakage (white arrows) around the projected windows on the main

part of the west face of the building.

14
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!~~I L~~ NG 1082
CFNT~AL SECTJP ITY CONTROL

V ~ui1di~ ?~ 1O~~ is a One—story 0 ncrete  block s t ructure wi th  br ick

fac ing .  The d rawir .gs shi w that there is 1 in. of r ig id  insula t ion  in

the walls.  The windows are projected.  This  bui lding does not contain

many windows ; however , most of the windows it does contain are fai rly

large . If there is in. of rigid insulati~ n in the walls , it does not

seem sufficient .

Figure 1 shows s ign i f i can t  wall heat losses occurring ( arrows) from

the northwest corner of the b u i l d i ng ,  whi le  Figure 2 shows wall heat
‘ 1

losses occurring (arrows) from the northeast corner. Figures 3, ~~ and V

V 5 show wall heat losses occurring (arrows) from the east face of the

bu~liin~ . Figures 6 and 7 show the wall heat losses near the south—facirVg

j V ~~~r Figures 6 and 7 show air leakage underneath the window (vertical

arrows) to the left of the door on the north side of the building . They

also show considerab~e leakage around the jaznbs of the dc or on the  south

side of the bui ld ing , as wel l  as the wood panel above the ~oor.

Fi~ ure 8 shows evidence of window leakage around the framing space

and around the mullinns of two windows near the southeast corner of the

• building . Figure 9 shows a thermogram of an east—facing window covered

by a drape; however, the arrows point to inffltration losses around the

mull ion and the framing space. Figure 10 shows heat loss (arrows) occurring

around the framing space of an east—facing window . Figure 11 indicates heat

esc aping ( arrows ) through an open vent on the east side of the bui ld ing .
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Figure 12 shows more heat loss from the single—pane glass above

the two doors on the east face than from the single—pane glass in the

two doors . Figures 13 and 114 show the same effect as shown in Figur ’n 6

and 7 at the door on the north side of the building . Figures 15 and 1.

show leakage around individual sash uni ts .  Figure 17 is a photograph

of the south and east sides of this building.
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BUILDING 2035 
V

CAPERART HOUSING UNIT

The Capehart Housing Unit is a combination of face brick and stucco

exterior finish (Fig. 14b ) .  It is a one—story building with subgrade in—

sulation arid attic insulation , but according to the drawings there is no

wall insulation . Exterior wall materials are either stucco or face brick

followed by sheathing 25/32 in. thick and on the inside aluminum foil—

backed dry wall. The Capehar t structure is built on a concrete slab .

This particular Capehart unit has storm sashes on all windows except the

south-facing picture window which is fitted with insulating glass.

Figure 1 shows heat loss (arrows) through the wall under a north—

facing window. Figure 2 shows heat loss through the east—facing laundry

room wall. Figure 3 shows heat loss (arrows ) through the south—facing

laundry room wall. Figure 3 also shows heat loss through the foundation

of the laundry roots. Figure 14a shows heat loss (arrows) from the wall

under a window on the west face of the west wing of this structure .

Figure 14b (photograph ) of the west face of the Capehart structure shows

roof heat loss by virtue of the fact that there is no snow on the roof

located above four of the north—facing windows . Most of the rest of the

roof is covered with snow. However , the photograph shows that the joists

are outlined with snow, but that in between the joists there is no snow.

Figures 5, 6 and 7 indicate air leakage ( arrows ) around the south— 
V

~~~~~~~, 
facing picture window. Figure 8 shows heat escaping from foundation vents.

Figures 9 arid 10 show heat loss (arrows) from the gable vents from either

12

- ‘ — 

~~~~~~~~~

-‘-- ,. j- - •~~~~~~ V~~ ~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~ • •
~~



• V~~_•__ •_ — 
- -• 

V~~~~V — V~~•~~•_ ~~~~~~~~ - 
~~~~~~~~~ V • 

V

end of this housing unit. Figure 11 shows heat loss from the roof of the

unit. At the time these thermograms were taken, there was only a small

amount of snow on the roof. The location of the snow is marked by those

areas which are black.
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~-h i t  ~‘ot’~ral drawl ‘:g~; in .1 I - n t  e~ tha t  there are f iv e types of

Wherry II ~~ V i f l~~ t n ~ t ~~. ‘:‘ hc~;e u n i t e  are a combination of one— and two—

rv t r~ .- t ‘ ,re ’~ ut  111 ~j r~~ b r i  oh ant st ucco as the basic ex te rior  wal l

“ 1 i ~~ ~~~~~~~ w a l  l~i that  have ~tucoo f i n i s h  have no brick underneat h the

nt  ucoV ~~~. • V t  her w o r l s , the ot uoco Is Installed directly on the sheath—

• t ri g. ,l t v r i ~--i l wall scot iof l  for  a Wherry housing unit  has the f o l l o w i n g

nat  cr 1  n~ s: ~t uoo o on l a t h ;  I V _ l U ,  wa t erp r o of—insu la t in g  sheathing ; hatt
r

n~o,l ~tt 1 ~i u i l  / . ‘—. i n .  f •
V I —b ac ked ~y p~ um board . In cer t ai n housing

u~i t s  t ’r lo k I s  ~oe~ 1n~ t c n l  of ot uoo ’ . Tho thickness ot’ the l inulut ion

a l l  V w a l l  , no oord I ru’ t o t ho drawings , Is 1 in. The draw l rigs

~~~~~~~~~~~ 
• ‘\V ~ ~~ t h e  t h e ’rmal re ’o I s~ nm-c of  this Insulation I q  7 per 1— in.

h i  - k r r e - : o . ~ wo v e ’r • t h i  I s  an o rro r; it should  he ~ .7 per 1— In. th 1 ok—

The lrrtw l ug of n t y p 1 on I wu I I  ~ e’~~t ion  of a Wherry l ioun t rig u n i t  d oes 
V

• fl V ~ ~~~~~~ ~~ I as ,ur exterior !‘I n I ~L .  That raises a qu est i on  a~ t o  whet  her

t lieo i n  on n t I n Is t he same in  t h i  I t uat  Ion as It Is where t he ext cr1 or

I fin ish Is ~t uo.-o

~‘i ~~~~~~~~~ 1 I~ t V ~ V V ’r ~~%~~ t ypo — one ’ l.horr y housing u n i t  . ~‘I gu r o I

ft -‘~~~~ ~x~-e~~ hcat. I ~~~~~~~ ri r r~ -‘.o I t 1~ roti1~h t he  hr I ek veneer , wh ile t

I ru ma I heat Ic through the t ucco . ~eneral I y speak I ru g • I ru mo ot  1’

the t h e ’ r’” I t ’ t he Wherry o u u n  i ~~ nut  t , the brick veneer apperers to  be

warrrer than the o t u e u o - . If there are no ~ifl’ t’erences In  the  thickness of

L n s r i l a t l o r r  behi net the ot rnu -o and the bri ck , it  I s not clear why there I

such n contrast  I n  the thermal ratterns of these two m a t e r i a l s .
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Although these housing units have storm windows, many of them are

• not being used properly; that is, the lower section was In the top posi-

tion. This shows on the thermograms as excess heat loss through the

lower part of  the window .

Figures 2 and 3 are thermograms of the housing unit at 38 Elm. The

• stucco in this unit does not exhibit the same type of thermal pattern

V that it does in the unit shown in Figure 1. Figure 2 shows two sets of

two windows. Notice that in each set the lower windows are warmer than

the upper windows. In addition , the lower windows on the left are warmer

than those on the right, indicating that the room on the left is at a

higher temperature. Figure 3 also shows excess heat coming from the

lower sash. 
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BU ILDING S—i
WING HEA DQUARTERS

Pn i i~iir .~ £— ~ Is a one—story frame building with aluminum siding 
V

(F’~ j .~ 5) .  A typical wall section in this building consists of aluminum

sHir . .~ with 1/2—in, foam backing, fram e siding , 1—in, sheathing , no

insulat ion in the w~~ l cavity , and f inally , 1/ 2—in ,  insulation board .

During the thermographic survey of this building , we noticed that

there was not much temperature contrast across any given wall in this

bVJi :iing . However, the thermograms in Figures 1 and 2 do show some

o°ntrast . Also , Figure 2 is interesting in that there are a number of • 
-

r euldonly spaced black spots on the east face at the north corner . 
V

Immediately adjacent to the left window in Figure 2 is a large, dark

z°ne. This dark zone is located to the right of the top part of’ the

window and extends almost the lengt h of’ the top part of this window .

Further to the right of this window can be seen two dark stripes that

are approximately the sane length as the one immediately adjacent to the

w I n ~1ow . However , they are not as clearly defined and are not quite as

z i V i e .  A n i n i t i a l  impression of the two dark stripes is that they could V

possibly be a partial thermal profile of studs. However , all these dark

areas could also be attributable to moisture trapped in the siding or

sheathing. ‘ince , generally , the thermal profile of the studs could not

be seen over the walls of this building , we must assume that the foam—

backed aluminum siding is retarding the heat flow through these studs.

19
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Fi~- u r e  2 t h e ’ in t ’l lt ra ti~~n l O S S  around the tor and sides of

t L ~‘ w r. w ( it rr V W O  . 1 n 1  I t  r u t  I r~ 1 ‘s sos cnn also be seen in Fi ~~ur e s

V I , - T h ’~ e I soeo , h w evo r , are ‘catel where the ri ass meets t he

f r~~’e of • no w I n  w , wh e reas in Figt~re 2 , the losses that have been V

tesor o f n r o n s V x n i the f r a ni  n~ space of ’ the window . Figure 5 is a
1

h t r ~tp h f t h e  east section of’ the n V -u-th face.

1~’ue t -  t h e a ‘. cw em i s s iv i t y  of the aluminum siding (with its charac—

t e r i st i V ’o f h~ oh r e f l e c t a n c e ) ,  it was difficult to obtain the true heat

V5 V 5 V ’h ar r t o t er l st  los  of ’ t h is  st r u c t u r e .  Fr om t h i s  s tandpoin t , it  w o u l d

I 

have been m or e • i e s i r ~tb l e  to p e r for m  the heat loss survey from the inside

of t h i s  s t r ;  ‘ture . This w ou l d  have allowed us t o  observe the thermal

‘f ’ the inou aticn board and see whether or not cold air was

v i n ~’ t hrou oh the wall cavity , o r  even whether cold air was being con—

• T~t c t ed  th r ’uoh t h e  s tuds.  However , due to the s ize  of  th i s  s t ructure

tnt the problems of security and moving furniture , the survey had t o  be

Pt ’
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