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CALIBRATED HOT BOX TEST RESULTS 

DATA MANUAL - VOLUME I 

by 

M. G. Van Geem+ 

ABSTRACT 

This manual summarizes r e s u l t s  f rom 1 5  w a l l  assemblies tes ted  under 

s teady-state and dynamic temperature cond i t i ons  i n  the  c a l i b r a t e d  ho t  box 

f a c i l i t y  a t  Const ruc t ion  Technology Labora tor les ,  a D i v i s i o n  o f  t he  

Por t land Cement Associat ion.  

The c a l i b r a t e d  ho t  box prov ides data on t h e  heat  t ransmiss ion  charac- 

t e r i s t l c s  o f  f u l l - s i z e  w a l l  assemblies under s teady-state and dynamic tem- 

pera ture  cond i t i ons .  Steady-state t e s t s  a re  used t o  o b t a i n  average heat  

t ransmiss lon c o e f f l c l e n t s .  Dynamlc t e s t s  p rov ide  data on thermal perform- 

ance under c o n t r o l l e d  cond i t i ons  t h a t  s imu la te  a c t u a l  temperature changer 

i n  b u l l d l n g  envelopes. Ca l i b ra ted  ho t  box t e s t s  a r e  performed genera l l y  

f o l l o w i n g  procedures descr lbed i n  ASTM Designat ion:  C976, '#Thermal Per- 

formance o f  B u i l d i n g  Assemblies by Means of a Ca l l b ra ted  Hot  BOX.'^ 

This manual summarlzes t e s t  r e s u l t s  o f  s i x  concrete masonry wa l l s ,  two 

masonry c a v i t y  w a l l s ,  t h r e e  concrete wa l l s ,  t h ree  wood frame wa l l s ,  and a 

b r i c k  veneer-wood frame w a l l .  A d e s c r i p t l o n  o f  w a l l  geometry and m a t e r i a l  

p roper t i es  i s  g iven f o r  each specimen. The manual presents s teady-state,  

t r a n s i e n t ,  and dynamic ( p e r i o d i c )  t e s t  r e s u l t s  i n  tabu la r  form, i n  f i g -  

ures, and l n  summary t a b l e s .  Heat  t r a n s f e r  c h a r a c t e r i s t l c s  o f  d i f f e r e n t  

*Research Englneer, Const ruc t ion  Methods Department, Const ruc t lon  Tech- 
nology Laborator ies,  a D i v i s i o n  o f  t he  Por t land Cement Assoclat ion,  
5420 Old Orchard Road, SkDkle, I l l i n o i s  60077 
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models or analyze results. 
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CALIBRATED HOT BOX TEST RESULTS 

DATA MANUAL - VOLUME I 
by 

M. G. Van G e e d  

INTRODUCTION 

The calibrated hot box provides data on heat transmission characteris- 

tics o f  full-size wall assemblies under steady-state and dynamic tempera- 

ture conditions. Heat transmission characterlstics of walls must be 

determined to evaluate thermal performance o f  building envelopes. 

The 1981 ASHRAE Handbook o f  Fundamentals ( ’  I** sunnnari zes steady-state 

properties o f  five commonly used types o f  wall construction. Thermal and 

physical propertles o f  building materials used in wall construction are 

also listed. 

There i s  a need f o r  a document to summarize data from tests on wall 

assemblies under dynamic temperature conditions. Massive materials, such 

as concrete and masonry, store and release heat energy under changlng 

temperature conditions. Only dynamic tests can be used to determine heat 

storage characteristlcs o f  building components. 

This manual summarizes results o f  15 wall assemblies tested under 

steady-state and dynamic temperature conditions in the calibrated hot box 

facjllty at Construction Technology Laboratories (CTL), a d l v i s l o n  o f  the 

Portland Cement Association. Wall descrjptions and test dates are listed 

*Research Engineer, Construction Methods Department, Construction Tech- 
nology Laboratories, a Divlsion o f  the Portland Cement Assoclatlon, 5420 
Old Orchard Road, Skokie. Illinois 60077 

**Superscript numbers in parenthesis refer to references listed at the end 
o f  the descriptive portion o f  the manual. 
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in Table 1.  Steady-state t e s t s  a re  used ' t o  o b t a i n  average heat transmis- 

s i o n  c o e f f i c i e n t s .  Dynamlc t e s t s  p rov ide  data on thermal performance 

under controlled c o n d i  l l u n s  l h d l  ~ t t i i u l d l e  d L t u d l  temperature changes I n  

b u i l d i n g  envelopes. 

Dynamic t e s t  da ta  a r e  a p p l i c a b l e  on l y  f o r  the  temperature cyc les  used 

d u r i n g  t e s t i n g .  Al though cyc les  used f o r  t e s t s  summarized i n  t h i s  r e p o r t  

do n o t  cover  a wide range o f  temperature cond l t ions ,  t e s t  r e s u l t s  i l l u s -  

t r a t e  the s l g n i f i c a n c e  o f  dynamic t e s t i n g .  

Test r e s u l t s  f o r  s i x  a d d i t i o n a l  w a l l s  w i l l  be covered i n  a f u t u r e  

r e p o r t  e n t i t l e d ,  "Ca l i b ra ted  Hot Box Test Resul ts  Data Manual - Volume 

I I . t t ( 2 )  Wall  d e s c r l p t i o n s  for Volume I1 a r e  l i s t e d  i n  Table 2. 

CALIBRATED HOT BOX TEST FACILITY 

T e s t s  were conducted i n  the  c a l i b r a t e d  ho t  box f a c i l i t y  shown i n  

Figs .  1 and 2. Tests were performed genera l l y  f o l l o w i n g  procedures des- 

c r i b e d  i n  ASTM Designat ion:  C976, "Standard Test Method f o r  Thermal Per- 

formance o f  B u i l d i n g  Assemblies by Means o f  a Ca l i b ra ted  Hot Box, tt( 3 )  

approved I n  1983. The f i f t e e n  w a l l s  descr ibed i n  t h i s  manual were t es ted  

be fo re  the standard was approved. 

Descr iptSon 

The f o l l o w i n g  i s  a b r i e f  d e s c r i p t i o n  o f  the  c a l i b r a t e d  ho t  box .  

D e t a i l s  are a v a i l a b l e  !n Reference 4. The f a c i l i t y  cons is ts  o f  two h l g h l y  

i n s u l a t e d  chambers as shown I n  Fig. 2. Walls, c e i l i n g ,  and f l o o r s  o f  each 

chamber a r e  i n s u l a t e d  w i t h  foamed urethane sheets t o  o b t a i n  a nominal 

thickness o f  12 i n .  (305 mn). Dur ing t e s t s ,  t he  chambers are  clamped 

t l g h t l y  aga ins t  an i r l su la ted  frame t h a t  surrounds the  t e s t  w a l l .  Air I n  
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Wal l  
Des I g- 
n a t i o n  

M1 

M2 

M5 

M6 

M7 

M8 

H3 

M4 

c1 

c2  

c3 

F3 

F4 

F 5  

v1 

TABLE 1 - CALIBRATED HOT BOX TEST DATES 

Wall Descr ip t i on  

8- in .  (203-mm) Medium Weight Concrete 
Block 

8- in .  (203-mm) Medium Weight Concrete 
Block w i t h  I n s u l a t i o n  i n  Cores 

8- in .  (203-mm) Normal Weight Concrete 
Block w i t h  R e f l e c t i v e  I n s u l a t i o n  

8-111. (203-rrm) L igh twe igh t  Concrete Block 
w i t h  I n s u l a t i o n  on I n s i d e  Surface 

6- in .  (152-mrn) L lgh twe igh t  Concrete Block 
w i t h  I n s u l a t i o n  on I n s i d e  Surface 

8-111. (203-mm) Normal Welght Concrete 
Block w i t h  I n s u l a t i o n  on I n s i d e  Surface 

10-1n. (254-mm) Block-Br ick Cav i t y  Wall 

10- in .  ( 2 5 4 - m )  Block-Br ick Cav i t y  Wall 
w i t h  I n s u l a t i o n  i n  Cav i t y  

8- in .  (203-mrn) Normal Weight Concrete 

8-311. (203-mrn) S t r u c t u r a l  L igh twe igh t  
Concrete 

8- in .  (203-mm) Low Densi ty  Concrete 

2x4-in. (51x102-mm) Wood Frame w i t h  R-11 
F iberg lass  I n s u l a t i o n  and Cedar S id lng  

2x4- in.  (51x102-mm) Wood Frame w i t h  R-11 
F iberg lass  I n s u l a t i o n  and Cedar S id ing  

2x4- in.  (51x102-mm) Wood Frame w i t h  R-11 
F iberg lass  I n s u l a t i o n  and Hardboard S i d i n g  

10- in.  ,(254-mm) B r i c k  Veneer 

Date o f  Ca l i b ra ted  
H o t  Box T e s t s  

December 1978 - 
January 1979 

January-February 
1979 

February-Apr i l  
1980 

January-February 
1981 

Apr i  1 -June 1981 

March-Apr i l  1981 

March-Apr i l  1979 

A p r i l  1979 

October-December 
1981 

December 1981 - 
February 1982 

February-March 
1982 

Feb r ua r y -Mar c h 
1979 

November 1979 - 
January 1980 

December 1980 - 
January 1981 

May-June 1979 

t 
I 
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TABLE 2 - DESCRIPTIONS OF WALLS SUMMARIZED IN THE 
"CALIBRATED HOT BOX.TEST RESULTS DATA 
MANUAL - VOLUME 11" 

Wall 
Designation 

$1 

s2 

M9 

M10 

F1 

F2 

~ . ~~ 

Wall Descriptjon 

1-3/8-in. (35-mm) Fiberglass Board 

4-in. (102-mn) Polystyrene Beadboard 

12-in. (305-mn) Block-Brick Cavity Wall 

12-in. (305-mm) Block-Brick Cavlty Wall with Insulation 
In Cavity 

2x4-in. (51x102-m) Wood Frame with R-13 Fiberglass 
Insulation and Aluminum Siding 

2x6-In. (51x152-mn) Wood Frame w l t h  R-19 Fiberglass 
Insulatlon and Aluminum Siding 
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Fig. 1 Calibrated Hot  Box T e s t  Facility 

Outdoor 
(C1 imat ic  ) 

Heatinq and 

Conditioni 
B a f f l e -  

,Test W a l l  

Chamber 

Fig.  2 Schematic o f  Calibrated Hot Box 
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each chamber i s  conditioned by heatlng and cooling equlpment to obtaln 

desired temperatures on each side o f  the t e s t  wall. 

The outdoor (climatic) chamber can be held at a constant temperature 

or cycled between -15 and 130'F (-26 and 5 4 ° C ) .  Temperature cycles can 

be programmed to obtaln the desired time-temperature relationship. The 

indoor (metering) chamber, which slmulates an indoor environment, can be 

maintained at a constant room temperature between 65 and 80°F (18 and 

27'C). 

The facllity was deslgned to accommodate walls with thermal resistance 

values ranging from 1 . 5  to 20 hr*ft2."F/8tu (0.26 to 3.52 K*m2/W). 

B a s l c  Instrumentation 

Instrumentation was greater on some walls than on others. Those Items 

common to all wall tests are referred to as basic instrurnentatlon. Sup- 

plementary Jmstrumentatlon was used In selected wall tests. Generally, 

wall tests done later In the program have more Instrumentation. 

Instrumentation was deslgned to monitor temperatures Inside and out- 

slde the Indoor chamber, air and surface temperatures on both sides o f  the 

test wall, and heating energy input to the indoor chamber. Additional 

measurements monitor Indoor cooling system performance. Basically, the 

instrurnentatlon provldes a means of monltorlng the energy required to 

maintain constant temperature Jn the indoor chamber while temperatures I n  

the outdoor chamber are varied. This energy, when corrected for thermal 

losses, provides a measure o f  heat f l o w  through the test wall. 

Thermocouples corresponding to ASTM DesIgnatlon: €230, "Standard Tern- 

perature-Electromotive force (EMF) Tables for Thermocouples, ''(') Type T,  

were used to measure temperatures. There were 16 thermocoup 

-6- 
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space of  each chamber and 16 on each face o f  the  t e s t  w a l l .  Thermocouples 

were u n i f o r m l y  d i s t r i b u t e d  on a 20-in. (508-mm) square g r l d  over the  w a l l  

area. 

Surface thermocouples were secure ly  a t tached t o  the  w a l l  over a l e n g t h  

of approx lmate ly  3 i n .  (76 mm). Tape t h a t  covered sensors mounted on 

surfaces o f  pa ln ted  w a l l s  was pa ln ted  the same c o l o r  as t h e  t e s t  wall 

surfaces. Thermocouples i n  a l r  were loca ted  approximately 3 i n .  ( 7 6  mm) 

from the  f a c e  of t he  t e s t  w a l l .  

Laboratory and I n t e r i o r  surface temperatures o f  the  Indoor chamber 

s ides were measured. These temperatures prov ided data f o r  eva lua t i ng  heat  

t r a n s f e r  between the  chamber and t h e  l abo ra to ry .  Temperature data were 

supplemented w i t h  heat f l u x  t ransducer measurements. 

A watt-hour t ransducer  was used t o  measure cumulat ive e l e c t r l c a l  

energy I n p u t  t o  the indoor  chamber. 

Measurements were monitored w i t h  a programmable d i g i t a l  data acqu ls l -  

t l o n  system capable of sampling and record ing  up t o  124 independent 

channels o f  data I n  l ess  than one minute.  The data a c q u i s i t i o n  system I s  

t o  reduce and s t o r e  i n t e r f a c e d  w l t h  a microcomputer t h a t  is programed 

data.  

For t e s t s  performed p r i o r  t o  October 1979, a1 data channels were 

scanned a t  one, two, o r  f o u r  hour i n t e r v a l s .  For t e s t s  performed a f t e r  

October 1979, thermocouple channels were scanned every t w o  minutes. Aver- 

age temperature and supplementary 

f o r  one o r  t w o  hours. The cumu 

scanned every one o r  two  hours. 

a t a  were obta lned f r o m  average readings 

a t i v e  watt-hour t ransducer  output  was 

-7 - 
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Supplementary Instrumentation 

Supplementary thermocouples were used to measure temperatures at 

selected locations. For the three concrete walls, C 1 ,  C2, and C3, 16 

thermocouples were embedded approxlmately at mldthickness o f  the test 

wall. These internal thermocouples were uniformly dlstributed over the 

same 20-111. (508-mm) grld as surface and air thermocouples. 

Heat flux transducers were applied to seven wall specimens. Walls C 1 ,  

C2, and C3 had heat flux transducers applied to the indoor and outdoor 

wall surfaces. Heat flux transducers were applied to the indoor surfaces 

o f  Walls M 6 ,  M 7 ,  M 8 ,  and F 5 .  For the masonry walls, the apparatus was 

applied at a furrtng strip used to attach insulation and between furring 

strips. Transducers were applied at a wood stud and between wood studs 

for Wall F5. 

A dlgftal humidity and temperature measurement system was used to 

measure relattve humldlty and temperature in air s t r  ams on each s i d e  o f  

most t e s t  specimens. Probes were located in the alr streams approximately 

a t  the speclmen mid-point. 

Alr flow rates in each chamber were measured wlth alr flow meters 

located approxjmately at the wall geometric center. Each flow rate meter 

was mounted perpendicular to the air flow. Data from a t r  flow meters were 

monitored periodically and were not part o f  the automated data acqulsltion 

apparatus. Air flow rates in each chamber for all wall tests were approx- 

imately 20 ft/min. (0.1 m/s). 

Calibration Procedure 

Procedures for calibratqon and determination o f  indoor chamber cooling 

energy were modified November 1981 to increase accuracy o f  test results. 

-8- 
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Methods used f o r  the t lme per iods be fore  and a f t e r  November 1981 a r e  

descr ibed I n  t h e  f o l l o w i n g  sect ions.  

Heat f l o w  through a t e s t  w a l l  I s  determined from measurements o f  t h e  

amount o f  energy i n p u t  t o  the  Indoor  chamber t o  ma ln ta ln  a constant  tem- 

pera ture .  The measured energy i n p u t  must be ad jus ted  f o r  heat  losses.  

f i g u r e  3 shows sources o f  heat losses and gains by the  indoor  chamber 

where: 

= heat  t r a n s f e r  through t e s t  wall 

= heat  removed by Indoor  chamber c o o l i n g  

= heat  suppl ied by Indoor  e l e c t r l c n l  res i s tance  heaters  

= heat  suppl ied by indoor  c i r c u l a t i o n  fan  

= heat  loss /ga ln  f r o m  labo ra to ry  

= heat  loss /ga ln  f r o m  f l a n k i n g  path around speclmen 

Q, 

Qc 

Qf an 

‘h 

Q, 

Q, 
Slnce ne t  energy I n t o  t h e  c o n t r o l  volume o f  t h e  indoor  chamber equals 

ze ro ,  heat t r a n s f e r  through the  t e s t  w a l l  can be expressed by the  fo l l ow-  

i n g  energy balance equat lon:  

Q, = Qc  - 9, - Qfan - 9, - 9, (1 )  

The need f o r  c o o l i n g  I n  t h e  indoor  chamber r e s u l t s  f rom requirements 

for dynamic t e s t s .  I n  cases where outdoor temperatures exceed indoor  

temperatures, coo l i ng  capac i ty  1 s  requ i red  t o  ma ln ta ln  indoor  temperature 

c o n t r o l .  

Indoor chamber c o o l l n g  equlpment operates cont inuous ly  and I s  designed 

t o  remove heat a t  a constant  r a t e .  Cont ro l  o f  Indoor  chamber temperature 

I s  obta ined by va ry ing  the  amount o f  i n p u t  heat  requ i red  t o  balance t h e  

amount o f  heat removed by the  r e f r i g e r a t l o n  system, the  amount o f  heat  

t h a t  f l o w s  through t h e  t e s t  specimen, and the  amount o f  heat l o s t  t o  lab-  

o r a t o r y  space. 

-9- 
consfrucflon technology laboratories 



Contro r Volume 

h 

f 
Outdoor ( C 
Chamber 

imatic 1 
f 

F i g .  3 Indoor (Metering) Chamber Energy Balance 

-1 0- 

I 
I 
I 
1 
I 
I 

Indoor ( Meter k g  
Chamber 

construction technology laboratories 



The f o l l o w i n g  are  b r i e f  desc r ip t i ons  o f  c a l l b r a t i o n  procedures. 

D e t a i l s  a r e  a v a i l a b l e  i n  Reference 5-and i n d i v i d u a l  wall repo r t s .  

C a l l b r a t l o n  P r i o r  t o  November 1987 

Cor rec t i on  t o r  indoor  c o o l i n g  and labo ra to ry  l o s s e s  was accomplished 

by per fo rming  base c a l i b r a t i o n  t e s t s  immediately before and a f t e r  each 

s teady-s ta te  and dylamic t e s t .  Base c a l l b r a t i o n  t e s t s  were s teady-state 

t e s t s  w i t h  indoor  and outdoor chamber temperatures he ld  a t  approx imate ly  

73°F (23'C). These t e s t s  prov ided a measure of "base c a l i b r a t l o n "  energy, 

9, - Q,, f o r  t h e  system. 

Heat losses  t o  l abo ra to ry  space were minimized by keeping Indoor 

chamber a i r  temperature near l abo ra to ry  temperature. I n  a d d i t i o n ,  losses 

were accounted f o r  s lnce the  base c a l i b r a t i o n  t e s t  was run  a t  e s s e n t i a l l y  

the same indoor  chamber and labo ra to ry  temperature as t h a t  f o r  t h e  steady- 

s t a t e  o r  dynamic t e s t  be ing evaluated. 

A watt-hour t ransducer was used t o  measure heat supp l ied  t o  the  i n d o o r  

chamber by heaters ,and a fan,  9, + Qf,,. 

Flanklng l o s s e s ,  Q,, were neglected.  Tests performed on a f i b e r g l a s s  

board w a l l  w i t h  a known R-value approximately the  bame as t h a t  o f  t e s t  

speclmens showed t h a t  neg lec t i ng  f l a n k i n g  losses  d i d  no t  adverse ly  a f f e c t  

t e s t  r e s u l t s .  

C a l i b r a t i o n  A f t e r  November 1981 

Steady-state c a l i b r a t e d  ho t  box t e s t s  o f  two "s tandard"  c a l i b r a t l o n  

specimens were  used t o  r e f i n e  c a l c u l a t i o n s  o f  heat removed by i n d o o r  

chamber coo l ing ,  Q c ,  and f l a n k i n g  losses, 9,. The f l r s t  c a l i b r a t i o n  

Specimen, S 1 ,  has a r e l a t i v e l y  low thermal res i s tance  o f  5 . 7  hr . f t2 . "F/8tu 
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(1 . O  m2*oK/W). It consists of  1.375-In. ( 3 4 . 9 - m )  thick fiberglass and 

was specially fabricated t o  insure unlformlty. 

The second callbratlon wall, S2, has a relatlmvely hlgh thermal r e s i s t -  

ance o f  17.3 hr.ft*."F/Btu (3.0 mZa0K/W). Materlal for Speclrnen S2 was 

selected as part o f  the ASTM Cornittee C16 Hot Box Round Robln program. 

It consists o f  expanded polystyrene bqard that I s  speclally produced and 

cut to Insure unlformlty. Board faces are coated to provlde surfaces 

suitable for attachment o f  Instrumentation. 

Heat removed by Indoor chamber coollng, Q,, was calculated from 

refrigerant enthalpy and mass flow rate, assuming an ideal baslc vapor 

cornpresslon refrigeration cycle. Results from steady-state calibrated 

hot box tests on the two "standard" callbratfon specimens were used t o  

adjust for lnefflclencles In the actual refrigeration cycle. 

Losses from the Indoor chamber t o  the laboratory, Q,, were calculated 

from thermal properties o f  component materlals maklng up walls and cell- 

ings o f  the Indoor chamber and temperature condttlons on the inner and 

outer surfaces o f  the Indoor chamber. Heat flux transducers mounted on 

the Inside surface of the Indoor chamber were used to check calculations. 

Indoor chamber air and laboratory air temperatures were generally main- 

tained a t  the same nominal value, 72OF (22"C), to minlmlze laboratory 

losses. Thus, the value o f  Q, i s  small relatlve to other terms o f  

the energy balance equatlon. 

A watt-hour transducer was used to measure heat supplfed to the Indoor 

chamber by heaters and a fan, Qh + Qfan. 

Heat loss or gain f r om flanklng around the test speclmen, of, was 

determined from steady-state tests o f  the I'standard1l callbratlon walls - 
Since thermal conductance of each standard callbration wall I s  known, 
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Q, f o r  a g i ven  s teady-state t e r t  can be ca lcu la ted  us ing  the  f o l l o w i n g  

equat 1 on : 

QW = A * C * (  t z - t l )  ( 2 )  

where: 

= heat t r a n s f e r  through t e s t  w a l l ,  Btu/hr (W*hr/hr)  

2 2  
Q w 
A = area o f  w a l l  sur face normal t o  heat f l o w ,  f t  (m ) 

C = average thermal conductance, B t u / h r * f t * * " F  (W/ rn2*K)  

t2 = average temperature o f  ou ts ide  w a l l  surface, O F  ( C )  

tl = average temperature o f  i n s i d e  w a l l  surface, "F ( C )  

Thus, Qf was determined f r o m  Eq. ( 1 )  us ing  ca l cu la ted  values o f  Q,, 

Qc, and Q,, and measured values o f  9, and Qfan. 

F o r  bo th  standard c a l i b r a t i o n  wa l l s ,  values o f  Q f  were observed t o  

f o l l o w  the  r e l a t f o n s h i p :  

Q, = 0.235 ( t z  - tl) ( 3 )  

where: 

Q, = heat loss  o r  ga in  f rom f l a n k l n g  around t e s t  specimen, W*hr/hr 

t2 = average 

tl = average 

Since 0, i s  the  

temperature o f  ou ts ide  w a l l  surface, O F  

temperature o f  i n s i d e  w a l l  sur face,  O F  

res idua l  f r o m  Eq. ( 1 ) .  i t  may inc lude  o ther  undetermined 

losses from the  indoor  chamber. ( 5 )  

USE OF MANUAL 

I n  the sec t ion  " T e s t  Data1', beginn ing on page 39 o f  t h l s  manual, 

results f o r  each wall are presented I n  t a b u l a r  form, i n  f i gu res ,  and i n  

sumnary tab les .  Heat t r a n s f e r  c h a r a c t e r i s t i c s  o f  d i f f e r e n t  w a l l  assem- 

b l i e s  can be e a s i l y  compared by us ing  f j g u r e s  and summary t a b l e s  f o r  each 

constructlon technology laboratories -1 3- 



w a l l .  Data presented i n  numer ica l  form can be used t o  v a l i d a t e  models o r  

analyze r e s u l t s .  

Ench t a b l e  o r  f i g u r e  designation i n  the "Test  Oata" s e c t i o n  identifies 

t h e  w a l l  t e s t e d  and the  t ype  o f  da ta  presented. Des ignat ion  formats a r e  

x x - Y  

where 

X X  w a l l  t e s t e d  

Y = t a b l e  o r  f i g u r e  t ype  as descr ibed i n  Table 3 on t h e  f o l l o w i n g  

Page * 

For example, Table M1-4 s u m a r j z e s  s teady-state t e s t  r e s u l t s  f o r  Wall Ml. 

I f  data  for a p a r t i c u l a r  t a b l e  or f i g u r e  type were no t  a v a l l a b l e  f o r  

a g i ven  w a l l  assembly, t h a t  t a b l e  o r  f i g u r e  was omi t ted.  However, t he  

numbering system a p p l i e d  t o  o the r  tab les  o r  f i gu res  remains as l i s t e d  i n  

Table 3 .  For example, Tables XX-5 and XX-6  on t r a n s i e n t  t e s t s  a r e  no t  

i nc luded  f o r  a l l  w a l l  assemblies. 

Data of d j f f e r e n t  w a l l  assemblies a r e  e a s i l y  comparable because table 

formats are  cons is ten t  throughout the  manual. Table formats were no t  

a l t e r e d  when da ta  were n o t  a v a i l a b l e  o r  headings were no t  app l i cab le .  In 

these cases, columns and rows were l e f t  b lank,  n o t  de leted.  For example, 

t h e  t j  column o f  Table M1-7(a) i s  b lank because i n t e r n a l  w a l l  tempera- 

t u r e s  were no t  measured f o r  Wall M1. 
- 

Contents of  I n d i v i d u a l  sect ions,  tab les,  and f i g u r e s  are  descr ibed l n  

t h e  f o l l o w i n g  paragraphs. 

D e s c r l ~ t i o n .  Reference, and Wal l  Composition 

The f l r s t  sheet o f  da ta  f o r  each w a l l  assembly conta ins a b r i e f  wall 

d e s c r l p t i o n ,  t he  reference repo r t ,  and d e t a i l s  o f  w a l l  composi t ion.  
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TABLE 3 - TABLE AN0 FIGURE DESCRIPTIONS 

~ -. 

Table o r  
F igure  No.  

Table XX-1* 

Table XX-2  

Table XX-3 

Table XX-4 

Table XX-5 

Table XX-6 

Table XX-7 

Tables XX-8 
t h r u  XX-11 

Table XX-12 

Table XX-13 

Table X X - 1 4  

F igure XX-1 

F igure XX-2 

Figures XX-3  
t h r u  XX-6 

I 

Descr i  p t  1 on 

Phys ica l  Proper t ies  o f  Wall a t  T ime o f  Test 

M a t e r i a l  Proper t les  

Deslgn Heat Transmission C o e f f i c i e n t s  

Steady-State Test Resul ts  

Trans ient  Test Resul ts 

Summary o f  Trans ien t  T e s t  Results 

Dynamlc T e s t  Resul ts  ( P e r l o d i c )  f o r  NBS Test Cycle 

Dynamic Test Resul ts  ( P e r l o d l c )  f o r  Tes t  Cycler Other Than 
the  NBS Cycle 

Summary o f  Dynamic T e s t  Resul ts  ( P e r i o d i c ) ,  Thermal Lag 

Summary o f  Dynamic Test Resul ts  ( P e r i o d i c ) ,  Reduction I n  
Amp1 1 tude 

Summary o f  Dynamic T e s t  Resul ts  ( P e r l o d i c ) ,  Energy 
Requl rements 

Trans ien t  T e s t  Results 

Dynamic T e s t  Resul ts  ( P e r l o d i c )  f o r  NBS T e s t  Cycle 

Dynamic Test Resul ts  ( P e r l o d i c )  f o r  T e s t  Cycles Other Than 
the  NBS Cycle 

* Characters I n  the  " X X "  p o s l t i o n  are  w a l l  des ignat ions.  
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C a l i b r a t e d  h o t  box t e s t  r e s u l t s  f o r  each assembly were o r i g i n a l l y  pub- 

l i s h e d  I n  t h e  r e p o r t  l i s t e d  a s  a re fe rence.  

I n  t h e  s e c t i o n  labe led  ''Composltlon,'t an i s o m e t r i c  sketch i l l u s t r a t e s  

w a l l  c o n s t r u c t l o n ,  and m a t e r i a l s  used f o r  cons t ruc t l on .  Paints  and w a l l  

c o a t l n g s  used on w a l l  surfaces a re  omi t ted  f r o m  desc r ip t i ons .  This  

f n f o r m a t j o n  As a v a l l a b l e  i n  i n d i v i d u a l  w a l l  repo r t s .  

Phys i ca l  P roper t i es  o f  Wall (Tab le  XX-1 )  

Tab le  XX-1 I n  the  sec t i on  f o r  each w a l l  assembly l l s t s  phys i ca l  prop- 

e r t i e s  o f  t he  t e s t  speclmen a t  the  t ime  o f  c a l i b r a t e d  h o t  box t e s t s .  

Measured u n i t  weight  o f  t he  w a l l  I s  l i s t e d  I n  weight  per  u n i t  area. Aver- 

age th i ckness  and w a l l  a r e a  a r e  measured dlmensions o f  t h e  c a l i b r a t e d  h o t  

I box t e s t  specimen. Measured w a l l  mo ls tu re  conten t  I s  l i s t e d  f o r  masonry 

and concre te  w a l l s .  

M a t e r j a l  ProDert ies (Table XX-2 )  

Wa l ls  were cons t ruc ted  us ing  m a t e r i a l s  l i s t e d  i n  t h e  l'Cornpositionlt 

s e c t l o n  on t h e  f i r s t  sheet o f  data f o r  each w a l l  assembly. When addi -  

t l o n a l  da ta  are a v a l l a b l e  on the p r o p e r t l e s  o f  any cons t ruc t i on  material, 

the  a d d i t f o n a l  data a r e  l i s t e d  i n  Table X X - 2  o f  t he  sec t ion  f o r  each w a l l  

assembly. I n  t h e  case where more than one M a t e r l a l  Proper t ies  Table may 

e x i s t  f o r  a g lven  w a l l ,  Tables a re  designated XX-2(a), XX-2(b), e t c .  

Oeslgn Heat Transmission Coe f f l c i en ts  (Table XX-3) 

Design values o f  o v e r a l l  r es i s tance  and t ransmi t tance a r e  shown In 

Table XX-3 of t he  sec t l on  f o r  each w a l l  assembly. These were c a l c u l a t e d  

i n  accordance w i t h  procedures es tab l i shed by the  American Soc ie ty  o f  Heat- 

Ing ,  R e f r j g e r a t i n g ,  and A i r -Cond l t lon lng  Engjneers. (1 )  

1 
I 
3 
I 

I 
I 
1 
I 
I 

1 
I 
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2 Sur face res is tances  were taken as 0.68 hr.ft*.OF/Btu (0.12 K e r n  /W)  f o r  

2 i n s i d e  and 0.17 h r * f t * * " F / B t u  (0.03 Kmm /W)  f o r  ou ts ide .  These values a r e  

commonly used I n  design and a re  considered t o  represent  stlll a i r  on the  

indoor  w a l l  sur face and an a l r  f l o w  o f  1 5  rnph ( 2 4  km/hr) on the  outdoor 

w a l l  sur face.  

Resistances f o r  cons t ruc t i on  ma te r ia l s  were taken f r o m  the  1981 ASHRAE 

Handbook o f  Fundamentals(') o r  o ther  s i m i l a r  l i s t i n g s  o f  thermal prop- 

e r t l e s .  Resistances used i n  t h i s  t a b l e  were n o t  measured. 

Steady-State Test Resul ts  (Table XX-4) 

Steady-state t e s t s  were conducted by maintaining constant  ndoor and 

outdoor chamber temperatures. Resul ts were c a l c u l a t e d  f r o m  data c o l l e c t e d  

when specimen temperatures reach equ i l l b r i u rn  and the  r a t e  of heat  f l o w  

through the  t e s t  w a l l  was constant .  

Resul ts  o f  s teady-state t e s t s  a re  summarized i n  Table XX-4  of t h e  sec- 

t i o n  f o r  each w a l l  assembly. For t e s t s  performed p r i o r  t o  October 1979, 

r e s u l t s  a re  averages o f  data c o l l e c t e d  a t  one, two, o r  f o u r  hour i n t e r -  

va ls .  Resul ts are averages o f  data c o l l e c t e d  a t  t w o  hour i n t e r v a l s  f o r  

t e s t s  performed I n  the  pe r iod  f r o m  November 1979 through A p r i l  1980. F o r  

t e s t s  performed a f t e r  A p r i l  1980, r e s u l t s  a re  h o u r l y  averages o f  s l x t e e n  

consecut ive hours o f  data. 

The f i r s t  column o f  Table X X - 4  l i s t s  the mean w a l l  temperature, tm, 

dur ing  each s teady-state t e s t .  Mean w a l l  temperature i s  determined f r o m  

the  average o f  the  indoor  and outdoor w a l l  sur face temperatures. 

The second column shows w a l l  heat f l u x  determined f rom each c a l i b r a t e d  

ho t  box t e s t .  
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t r a n s m i t t a n c e  c o e f f i c i e n t s  c a l c u l a t e d  us lng  measured va 

and t h e  des ign  sur face res l s tance  c o e f f i c i e n t s  g iven 

Deslgn heat  t ransmiss lon  c o e f f l c i e n t s ,  f rom Table X X - 3 ,  

l a s t  row o f  Table X X - 4  f o r  comparison. 

Outdoor a i r ,  outdoor surface, Indoor  a l r ,  and indoor  

t u r e s  a r e  average readings o f  16 thermocouples p laced I n  

descr ibed l n  t h e  I 'Baslc Inst rumentat lon l '  s e c t i o n  o f  t h i s  

The t h l r d  and f o u r t h  columns l i s t  o v e r a l l  thermal resistance and 

ues o f  heat f l u x  

i n  Table X X - 3 .  

are shown i n  the  

sur face tempera- 

the  un i fo rm grld 

manual. For  the  

t h r e e  concre te  w a l l s ,  C 1 ,  C2, and C3, i n t e r n a l  temperatures a r e  t h e  aver-  

age readings of 16 thermocouples embedded i n  t h e  concrete approx imate ly  a t  

m id th ickness .  

Average measured r e l a t i v e  humid l t l es  f o r  t h e  indoor  and outdoor cham- 

bers  a r e  l i s t e d .  R e l a t i v e  humld l ty  w i t h i n  the  two chambers I s  n o t  con- 

t r o l l e d  by Const ruc t ion  Technology Labora to r ies '  (CTL's) c a l i b r a t e d  h o t  

box. However, r e l a t i v e  humid f ty  has been measured f o r  most  t e s t s  per- 

formed s ince  October 1979. 

Maximum and minlmum labo ra to ry  a i r  temperatures obtained d u r i n g  each 

s teady-s ta te  t e s t  a r e  a l s o  l i s t e d  I n  Table X X - 4 .  The labo ra to ry  ac ts  as  

a guard f o r  t he  indoor  chamber f o r  t e s t s  conducted I n  C T L I s  c a l i b r a t e d  h o t  

box. Therefore,  ma in ta ln ing  a smal l  temperature d i f f e r e n t i a l  between the 

l a b o r a t o r y  a i r  temperature and the  indoor  chamber a i r  temperature rninl-  

mlzes heat  l o s s  t o  and f rom the  indoor  chamber. Far example, the steady- 

s t a t e  t e s t  performed on Wal l  Cl a t  a mean w a l l  temperature o f  37'F (3"C), 

had heat  l o s s  f rom the indoor  chamber t o  the  

of the t o t a l  heat flow through the  w a l l ,  Q,. 
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Transient Test Results ( F i s .  XX-1, Tables XX-5 and XX-6) 

Tlme required for a wall to reach a steady-state conditlon can be 

determined from transient tests. This time is affected by both thermal 

resistance and heat storage capacity o f  the test wall. 

Results of a transient test are determined from data collected in the 

period o f  tlme between two steady-state tests. After a wall is In a 

steady-state condition, denoted time 0, the outdoor chamber temperature 

settlng is changed. The transient test contlnues until the wall reaches 

an equilibrium for the new outdoor chamber alr temperature. The rate o f  

heat flow through a test specimen is determined from hourly averages o f  

data. Transient tests were performed on Walls C1, C2, and C3 only. 

Figure XX-1 in the sections for Walls C1, C2, and C3 illustrates 

measured temperatures, temperature differentials, and heat flux through 

the wall f o r  a translent test. Tables XX-S(a) and XX-S(b), respectively, 

llst measured temperatures and heat f l u x  I n  U.S .  unlts and SI unlts. 

Values are shown as a function o f  time. 

Table 4 lists brief descriptions of symbols used in test data figures 

and tables. Symbols are described more thoroughly in the "Dynamic Test 

Results" section o f  this report. 

Table XX-6 for each wall assembly lists time required to reach 99.5, 

95, and 90% o f  the final steady-state heat flux achieved during a tran- 

slent test. Results show steady-state predictions underestimate the 

amount o f  tlme required for massive walls to reach steady-state 

conditions. 

Dynamlc Test Results 

Dynamic tests are a means o f  evaluatlnq thermal response under con- 

trolled conditions that simulate temperature changes actually encountered 
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TABLE 4 - ABBREVIATIONS 

= heat  f l u x  measured by heat f l o w  meter mounted on Indoor  w a l l  %frn 

% f m  

% f m  

qilfrn 

s u r f d c e  

= heat  f l u x  measured by heat f l o w  meter mounted on outdoor w a l l  

su r face  

= heat  f l u x  measured by heat f l o w  meter mounted on indoor  sur face of 

a nonhomogeneous w a l l ,  a t  a s tud o r  f u r r i n g  s t r i p  

= heat  f l u x  measured by heat f l o w  m e t e r  mounted on indoor  sur face o f  

a nonhomogeneous w a l l ,  between studs or f u r r i n g  s t r i p s  

= heat  f l u x  c a l c u l a t e d  us lng  a Response F a c t o r  Program 

= heat  f l u x  p r e d i c t e d  f rom steady-state ana lys i s  

= heat  f l u x  measured by c a l i b r a t e d  hot box 

qrf 

q S S  

9, 

ti = indoor  chamber a i r  temperature 

tl = w a l l  sur face  temperature, Indoor  s ide  

i n t e r n a l  w a l l  temperature a t  approxlmate midth ickness t3  

t2  
to = outdoor chamber a i r  temperature 

tm 

= w a l l  sur face  temperature, outdoor s ide  

= average o f  w a l l  surface temperatures on indoor  and outdoor s ide  

i 
1 
I 
I 
I 
1 
I 
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i n  bulldlng envelopes. Response o f  walls to temperature changes i s  a 

functjon o f  both thermal resistance and heat storage capacity. 

Dynamic tests were conducted by maintaining calibrated hot box indoor 

air temperature constant whlle outdoor air temperatures were cycled over 

a predetermined time versus temperature relationshlp. The rate o f  heat 

flow through a test specimen was determined from hourly averages of data. 

One 24-hour (diurnal) temperature cycle, denoted the NBS test cycle, 

was applied to every wall tested in the calibrated hot box. This cycle 

was based on a simulated sol-air* cycle used by the National Bureau o f  

Standards in thelr evaluatlon o f  dynamic thermal performance o f  an experi- 

mental masonry bulldlng. ( 6 )  It represents a large variation in outdoor 

temperature over a 24-hour period. The mean outdoor'temperature o f  the 

cycle was approximately equal to the mean indoor temperature. The use o f  

this cycle permits the comparison of results wlth those from other wall 

assemblies. 

Additional sol-air dlurnal temperature cycles were performed on most 

test specimens. A description o f  dynamic temperature cycles and corre- 

sponding test walls is given in Table 5. Additional Information on test 

cycles is available i n  individual wall reports. 

For all tests, dynamic cycles were repeated until conditions o f  equt- 

llbrlum were obtained. Equilibrium conditions were evaluated by consist- 

ency o f  applied temperatures and measured energy response. Each test 

required approxqrnately four to six days for completion. After equilibrium 

*Sol-air temperature is that temperature o f  outdoor air that, in the 
absence o f  all radiation exchanges, would g i v e  the same rate o f  heat 
entry into the surface as would exist with the actual combination of  
incldent solar radiation, radiant energy exchange, and convective heat 
exchange wi th outdoor d l  r I ( 
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TABLE 5 - CALIBRATED HOT BOX DYNAMIC TEMPERATURE CYCLES 

! Walls Tested 
' Us lng Cycle 

T e s t  Cycle 
Des lgna t ion  

NBS 

0 r 1 ando January 

Or lando January 
Mod1 f 7 ed 

Or lando A p r i l  

O r  1 ando August 

Phoenix Jahuary 

Phoenix A p r i l  

Phoenlx August 

NBSt10 

NBS-10 

A l l  W a l l s  

M5 , F4 

M5 , F4 

M5 , F4 

M5, F4 

M6,M7,M8,F5 

c1 ,c2,c3 

c1 ,c2,c3 

Cycle Desc r ip t i on  

Used by NBS I n  eva lua t i on  o f  dynamic 
thermal performance o f  an exper imental  
masonry b u l  l d i n g .  ( 6 )  See t e x t .  

Average s o l - a i r  temperature condi t jonr ;  
f o r  Orlando, F l o r i d a  i n  January. 

S i m i l a r  t o  t he  Orlando January c y c l e  
b u t  w i t h  warmer s imulated n i g h t t i m e  
temperatures. 

Average s o l - a i r  temperature cond i t l ons  
f o r  Orlando, Florfda i n  A p r l l .  

Averqge s o l - a i r  temperature cond i t l ons  
for  Orlando, F l o r i d a  I n  August. 

Average 30-year s o l - a i r  temperature 
cond i t i ons  f o r  Phoenix and Tucson, 
Ar lzona on January 21. 

Average 30-year s o l - a i r  temperature 
cond i t l ons  f o r  Phoenix and Tucson, 
Ar izona on A p r i l  21. 

Average 30-year s o l - a i r  temperature 
cond i t i ons  f o r  Phoenix and Tucson, 
Arfzona on August 21. 

S l m l l a r  t o  NBS cyc le ,  b u t  outdoor 
temperatures increased by 10°F (6°C). 

S l m l l a r  t o  NBS cyc le ,  b u t  outdoor 
temperatures decreased by 10°F  ( 6 ° C ) .  
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cond i t i ons  were reached, t e s t s  were genera l l y  cont lnued f o r  a p e r i o d  o f  

t h ree  days. Resu l ts  a r e  based on average readings f o r  a t  l e a s t  t h ree  

consecut ive 24-hour cyc les,  unless otherwise noted. 

Hour ly  Test Data  (F lgures  XX-2 t h r u  XX-6, Tables XX-7  t h r u  XX-11) 

Measured temperatures, temperature d l f f e r e n t l a l s ,  and heat f l u x  for 

t he  NBS t e s t  c y c l e  a re  i l l u s t r a t e d  I n  F ig .  X X - 2  and l i s t e d  i n  Table X X - 7  

o f  t he  s e c t i o n  f o r  each w a l l  assembly. Figures XX-3 through XX-6 and 

Tables XX-8 through XX-11 g i ve  r e s u l t s  f rom o ther  t e s t  cyc les,  when 

ava i 1 a b l  e I 

B r i e f  d e s c r l p t l o n s  o f  symbols used i n  f l g u r e s  and tab les  a re  l i s t e d  

i n  Table 4. Symbols a r e  descr ibed I n  d e t a i l  I n  t h e  f o l l o w l n g  para- 

graphs. Tables denoted XX-Y(a) and XX-Y(b) l i s t  r e s u l t s  i n  U.S. and $1 

u n i t s ,  respec t i ve l y .  

Measured Temperatures. Outdoor a i r  (to), outdoor sur face  ( t2),  indoor  

a i r  (t,), and Indoor  sur face  ( t , ) ,  temperatures a r e  average readings o f  16 

thermocouples placed i n  the  un i fo rm g r i d  descr lbed I n  the  "Basic Instru- 

mentat lon"  sec t i on  o f  t h l s  manual. Fo r  t h e  th ree  concrete wa l l s ,  C 1 ,  C2, 

and C3, l n t e r n a l  temperatures (t3), are t he  average readlngs o f  16 

thermocouples embedded I n  t h e  concrete approxlrnately a t  midth lckness.  

Values a r e  l i s t e d  i n  Tables XX-7 through XX-11 and i l l u s t r a t e d  I n  the 

p o r t i o n  o f  F igs.  XX-2  through XX-6 denoted ( a ) .  

Temperature D l f f e r e n t i a l s .  A i r - t o - a i r  (to-ti), sur face- to-sur face 

( t2- t l ) ,  and sur face- to -a l r  (to-t2,t,-ti) temperature d l f f e r e n t i a l s  a re  

I l l u s t r a t e d  I n  the  p o r t i o n  o f  Figs. X X - 2  through XX-6 denoted ( b ) .  
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Heat F lux .  Measured and c a l c u l a t e d  heat f l u x  values are l l s t e d  I n  

Tables XX-7  through XX-11 and I l l u s t r a t e d  i n  the  p o r t i o n  o f  F i g s .  XX-2 

through X X - 6  denated (c). H e a t  f l u x  i s  positlve when h e a t  flows from the 

outdoor  chamber t o  the  indoor  chamber. 

Heat f l u x  determined f rom c a l l b r a t e d  ho t  box t e s t s  i s  denoted q,. 

Heat f l u x  measurements were a l s o  determined us lng  4x4- in.  (102x102-m) 

heat f l o w  meters. Measurements f rom heat f l o w  meters loca ted  on Indoor 

and outdoor w a l l  Mea- 

surements f o r  heat f l o w  meters loca ted  on the  indoor  sur face o f  nonhomo- 

geneous w a l l s  were denoted qifm i f  t he  meter was loca ted  a t  a stud or fur -  

r i n g  s t r i p ,  and q:fm i f  the  meter was l oca ted  between studs o r  f u r r l n g  

s t r i p s .  Heat f l ow  meter da ta  were c a l l b r a t e d  us ing  results of steady- 

s t a t e  c a l l b r a t e d  h o t  box t e s t s  for the  glven w a l l .  Heat f low meters were 

sur faces  were denoted qhfm and qAfm, respec t j ve l y .  

n o t  used on a l l  w a l l  assemblies. 

Values o f  heat f l u x  c a l c u l a t e d  us ing  a response f a c t o r  program a r e  

denoted q r f .  These values were suppl led by Ken Ch i l ds  o f  Oak Rldge 

Nat iona l  Labora tor ies .  Values were ca l cu la ted  us lng  a Response Factor  

Program developed a t  the  Na t iona l  Bureau o f  Standards. Indoor  and outdoor 

chamber a i r  temperatures f rom c a l i b r a t e d  ho t  box t e s t s  were used as Inpu t  

t o  t h e  Response Factor  Program. 

Heat f l u x  predlcted by steady-state ana lys i s  l s  denoted q s s .  Values 

were c a l c u l a t e d  on an hour l y  bas is  from w a l l  surface temperatures us ing  

t h e  f o l l o w i n g  equatton: 

= heat f l u x  through t e s t  w a l l  p red ic ted  by steady-state 

( W/rn2) 

9s s 
2 a na 1 y s 1 s , B t u/ h r f t 



R = average thermal res is tance,  h r * f t2moF/Btu  (m2*K/W) 

t2 = average temperature o f  outdoor w a l l  sur face 

tl = average temperature o f  indoor  w a l l  sur face 

Wa l l  res ls tances  a r e  der ived  f r o m  steady-state c a l i b r a t e d  ho t  box t e s t  

r e s u l t s .  t o  the  t o t a l  res is tance,  RT, 

l i s t e d  i n  Table XX-4 f o r  each w a l l  assembly, minus the  sum of t h e  design 

a i r  f i l m  res is tance,  0.85 h r - f t 2 s o F / B t u  (0.15 K-m2/W). 

Measured w a l l  res i s tance  i s  equal 

Tables XX-7 through XX-11 a l s o  foo tno te  the  c a l i b r a t e d  ho t  box indoor  

and outdoor chamber r e l a t i v e  humid i t ies ,  and maximum and minlmum labora-  

t o r y  a l r  temperatures measured d u r i n g  t e s t s .  

Thermal Lag (Table X X - 1 2 )  

Thermal l a g  1s a measure 

peratures and heat f l o w  t o  f 

i s  r e l a t e d  t o  the  r a t i o  o f  

a b i l l t y  t o  conduct energy. 

o f  the  response of both  indoor  sur face  tern- 

uc tua t i ons  i n  outdoor a l r  temperature. Lag 

t h e  w a l l ' s  a b i l i t y  t o  s t o r e  energy t o  i t s  

For each dynamic t e s t  cyc le ,  Table X X - 1 2  l i s t s  values o f  thermal l a g  

determined f r o m  measured c a l i b r a t e d  ho t  box t e s t  r e s u l t s ,  measured heat 

f l o w  meter readings, and response Factor c a l c u l a t i o n s .  Ca l i b ra ted  ho t  box 

thermal l a g  i s  q u a n t i f i e d  by two methods. I n  one measure, denoted to vs 

tl, l a g  was ca l cu la ted  as t h e  t ime requ i red  f o r  t h e  maximum o r  minimum 

indoor  sur face temperature t o  be reached a f t e r  t he  maximum o r  minimum out-  

door a i r  temperature was a t ta ined .  In t he  second measure, denoted q,, vs 

ag was ca l cu la ted  as t h e  t ime requ i red  f o r  t h e  maximurn or minimum 

the  maximum o r  minimum heat f l o w  

This I s  I l l u s -  

q W  * 

heat f l o w  ra te ,  q,, t o  be reached a f t e r  

r a t e  based on s teady-state p r e d i c t i o n s ,  qs5 ,  was a t ta ined .  

t r a t e d  i n  F ig.  4 ,  Both measures g i v e  s i m i l a r  r e s u l t s .  The second 
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measure was used to determine thermal lag for heat f l o w  meter data and 

response factor calculations. 

The tlme constant for each wall assembly i s  also listed in Table XX-12  

for each wall assembly. A time constant i s  a theoretical value o f  heat 

flow delay calculated from the conductivity, specific heat, density, and 

thickness f o r  each layer of bullding material in a wall system. 

If the difference in temperature a c r o s s  a wall is changed abruptly 

from the steady-state condition, as in a step change, then the heat flow 

through the wall will equal 63.2% o f  the next steady-state equilibrium 
heat f l o w  after a time period equal to the time constant. ( 7 )  

The following equation was used to calculate time constants. . ( 7 )  

where: 

t, = characteristlc time constant o f  bullding component, hr ( 5 )  

gn = (an/ak)1'2, conversion constant adjusting thickness of  layer to 

make material uniform throughout wall 
2 2 = r c d reciprocal of diffusivity of n-th layer, hr/ft (s/m ) 

= an at layer k chosen for normalization 
a" n n n' 

ak 
r = resistivity of n-th layer, or reclprocal o f  conductlvlty o f  n-th n 

layer, hr*Ft-"F/Btu (m*K/W) 

c = specific heat o f  n-th layer, Btu/lb-OF (J/kg*K) 

d, = density of n-th layer, lb/ft 

Xn = thickness o f  n-th layer, ft ( m )  

When available. measured thermal properties listed in Table XX-2 i n  

the section for each wall assembly were used to calculate t ime constants. 

n 
3 3 (kg/m ) 

* 
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P r o p e r t i e s  f r o m  t h e  1981 ASHRAE Handbook o f  Fundamentals were used 

when measured values were not a v a i l a b l e .  

D e t a i l s  on t h e  d e r i v a t i o n ,  c a l c u l a t i o n ,  and s l g n l f l c a n c e  o f  t ime  

cons tan ts  a r e  a v a i l a b l e  i n  Reference 7.  

Reduct ion I n  Ampl i tude (Tab le  XX-13)  

Table X X - 1 3  i n  t h e  s e c t i o n  f o r  each w a l l  assembly l i s t s  reduc t ion  I n  

amp l l t ude  va lues f o r  each dynamlc temperature cyc le .  Percent reduc t l on  

i n  ampl i tude i s  defqned as the  percent  reduc t i on  i n  peak heat f l o w  when 

compared t o  peak heat f l ow  p red ic ted  by s teady-state ana lys is .  Values 

f o r  percent r e d u c t l o n  i n  ampl l tude were c a l c u l a t e d  us ing  the f o l l o w i n g  

equat  i on : 

A = [ l - ( q '  - G)/(q;s 

where: 

A = percent  reduc t  

q '  = maximum or min 

9' a mean heat f l ow  

on i n  ampl i tude 

mum heat  f l o w  through w a l l  

through w a l l  

= maximum o r  minimum heat  f l o w  through w a l l  p red ic ted  9; 5 

qs 5 

by s teady-state ana lys i s  
c 

= mean heat f l o w  through w a l l  p red ic ted  by s teady-s ta te  

anal  ys i s 

Reduct ion i n  ampl i tude i s  i l l u s t r a t e d  i n  F l g .  4 o f  t h i s  sec t ion .  

Ac tua l  maximum heat  f l o w  through a w a l l  i s  Impor tant  i n  de termln ing  

t h e  peak energy l oad  f o r  a b u i l d i n g  envelope. I f  peak heat f low5 are 

reduced, peak energy demands w l l l  decrease. Storage capac i ty  as w e l l  as 

thermal  t ransmi t tance o f  each w a l l  I n  a b u i l d i n g  envelope in f l uences  peak 

energy requirements.  
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Amplitudes f o r  heat f l o w  meter data, qhfm, a r e  genera l l y  not  t h e  same 

as those f o r  measured heat f low,  9,. On a nonhomogeneous w a l l ,  ampl l tudes 

d i f f e r  due t o  l o c a t l o n  and l i m i t a t i o n s  o f  heat f l o w  meters. Amplitudes 

a l s o  d i f f e r  because o f  the phys ica l  e f f e c t  o f  a heat  f l o w  meter mounted on 

a w a l l .  A w a l l ' s  thermal p r o p e r t i e s  a r e  a l t e r e d  a t  the  l o c a t i o n  o f  a heat 

f l o w  meter. Heat f l ow  m e t e r  c a l i b r a t i o n  us ing  s teady-state r e s u l t s  does 

n o t  c o r r e c t  f o r  dynamic e f f e c t s  o f  t he  meter l o c a t i o n .  

Energy Requirements (Table XX-14)  

Resul ts  o f  dynamic t e s t s  were a l s o  compared us ing  measures o f  energy 

expended i n  ma in ta in ing  constant  indoor  temperature w h i l e  outdoor tem- 

peratures were var ied.  Energy expended I s  a measure o f  heat f l o w  through 

the t e s t  w a l l .  

I t  should be noted t h a t  comparison o f  measured energy values f o r  t he  

t e s t  w a l l s  i s  l l m i t e d  t o  specimens and dynamic cyc les evaluated i n  t h i s  

program. Resul ts a r e  f o r  d l u r n a l  t e s t  cyc les and should no t  be a r b i t r a r -  

l l y  assumed t o  represent  annual hea t ing  and c o o l i n g  loads. I n  a d d i t l o n ,  

r e s u l t s  a r e  f o r  i n d i v i d u a l  opaque w a l l  assemblies. A s  such, they a r e  

rep resen ta t i ve  o f  o n l y  one component o f  t he  b u i l d i n g  envelope. 

Two parameters were der ived  as measures o f  energy expended, or heat  

f l o w  through t e s t  w a l l s ,  d u r i n g  dynamlc cyc les .  These a re  I l l u s t r a t e d  I n  

Fig. 5. The curve marked l@qwll I s  a measure o f  heat  f l o w  through the  t e s t  

w a l l .  Resul ts were co r rec ted  f o r  heat ex t rac ted  by indoor  coo l ing .  f o r  

heat t r a n s f e r  t o  l abo ra to ry  space, and f l a n k i n g  losses.  

Areas w i t h i n  " loops"  o f  t he  measured energy curves were used t o  pro-  

vide an i n d i c a t i o n  o f  t o t a l  energy expended. These areas a re  denoted as 
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q;+ and q;- I n  F ig .  5. The sum of t he  abso lu te  values o f  p o s i t i v e  and 

negat ive  areas I s  taken t o  represent  t o t a l  energy over a 24-hr per lod .  

This  value I s  denoted as a 9: I n  Table X X - 1 4  f o r  each w a l l  assembly. 

A s l m l l a r  procedure I s  used t o  c a l c u l a t e  t o t a l  energy over a 24-hr 

p e r i o d  f o r  measured heat  f low meter data, response f a c t o r  c a l c u l a t l o n s ,  

and p r e d l c t i o n s  based on s teady-state ana lys l s .  These a r e  a l s o  denoted 

by the  s u p e r s c r l p t  'IT" i n  Table XX-14 f o r  each w a l l  assembly. 

"To ta l  Energy Comparisons" l l s t  measured energy and response f a c t o r  

c a l c u l a t i o n s  as a percentage o f  p red ic ted  energy based on steady-state 

anal  ys i s . 
N e t  energy f o r  a 24-hr p e r i o d i c  c y c l e  i s  equal t o  t he  sum o f  hou r l y  

measured rates o f  heat f l o w .  These values can be found by t o t a l i n g  values 

of I1qt1 f r o m  columns o f  Tables XX-7  through X X - 1 1 .  Net energy values a r e  

denoted by t h e  supersc r ip t  "Nu in Table XX-14.  

"Net Energy Comparisons1' l i s t  measured energy and response f a c t o r  

c a l c u l a t i o n s  as a percentage o f  p red lc ted  energy based on s teady-state 

ana lys i s .  Measured c a l i b r a t e d  h o t  box ne t  energy and n e t  energy based on 

response f a c t o r  c a l c u l a t i o n s  t h e o r e t i c a l l y  should be equal t o  ne t  energy 

based on s teady-state p r e d i c t i o n s .  D i f fe rences  between n e t  energy meas- 

ured us ing  the  c a l i b r a t e d  ho t  box and ne t  energy based on s teady-state 

predictions may be a t t r i b u t e d  t o  Inaccurac ies i n  c a l i b r a t i o n  procedures. 

These procedures a r e  descr ibed I n  t h e  "Cal I b r a t i o n  Procedures" s e c t i o n  o f  

t he  manual. 

When the  f i r s t  s e t  o f  calibrated h a t  box t e s t s  were performed i n  1978, 

CTL malntalned the  o n l y  h a t  box I n  Nor th  America w l th  the c a p a b i l i t y  t o  

perform t e s t s  under dynamic temperature cond l t l ons .  Sjnce procedures f o r  
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reduclng data  from dynamic c a l i b r a t e d  hot boxes w i t h  indoor chamber cool- 

i n g  have not  been def ined  i n  indust ry  standards, CTL has c o n t l n u a l l y  

r e f i n e d  a n a l y s i s  procedures and added equipment t o  increase accuracy of 

t e s t  results. 

Tests Performed on Wall  Assemblies 

Steady-state,  t r a n s i e n t ,  and dynamic tests  performed on each w a l l  

assembly are l i s t e d  i n  Table 6 .  Transient  t e s t s  were not  performed on 

a l l  specimens. 

I 
1 
I 
I 
I 
I 
I 
1 
I 
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1ABI.€ 6 - STEADY-STATE,  TRANSIENT, AND DYNAMIC T€STS 
PERFORMED ON EACH WALL ASSEMBLY 

Wa'l 
Oes Ignat  i on  Wall Descr lp t i on  

& in .  (203-mm) Medium Welght 
Conc r e t e  81 oc k 

8 - i n .  (203-mm) Medlum Welght 
Concrete B lock  w l t h  I n s u l a t i o n  
I n  Cores 

8-In.  (203-mm) N o r m a l  Welght 
Concrete Block w i t h  R e f l e c t l v e  
I n s u l a t l o n  

8 - i n .  (203-mm) Lightweight  Concrete 
81ock w i th  I n s u l a t i o n  on I n s i d e  
Surface 

6-it1. ( 
Block w 
Surface 

52-mm) L lghtwelght  Concrete 
t h  I n s u l a t l o n  on I n s l d e  

Steady-State 

Wall Mean 
Temperature, 

"F ( " C )  

55 ( 1 3 )  
04 ( 2 9 )  

98 (37)  
84 (29)  
5 5  ( 1 3 )  
33 ( 1 )  

35 ( 2 )  
? O O  ( 3 8 )  

102 (39)  
38 ( 3 )  

102 (39) 
38 ( 3 )  

~~ 

T rans ient  

Wal l  Mean 
Temperature, 

O F  ( " C )  

Dynaml c 

Test 
Cycle 

Oes 1 gnat t on 

NBS 

NOS 

Orlando January N3S 

Orlando Jan.  Hod. 
Orlando A p r i l  
Orlando August 

NBS 
Phoen 1 x January 
Phoenix A p r i l  
Phoenix August 

HSS 
Phoenix January 
Phoen I x Apr t 1 
Phoenix August 



Wal l  
Desigcat lon 

M8 

H3 

H4 

CI 

c2 

TABLE 6 - 

Wdl1 D e s c r i p t i o n  

8-111. (203-m) Normal Weight 
Concrete Block w i t h  I n s u l a -  
t l o n  on I n s l d e  Surface 

? & I n .  (254-m) Block-Brick 
C a v i t y  Wal l  

1 0 - I n .  (254-m) Block-Br lck  
CavI t y  Wal l  w i t h  I n s u l a t l o n  
I n  C a v l t y  

8-111. (203-m) Normal Weight 
Concrete 

8 - i n .  (203-mm) S t r u c t u r a l  
Lightweight Concrete 

(Continued) 

Stead y -Sta te  

Wall Hean 
Temperature, 

O F  ( " C )  

102 (39) 
39 ( 4 )  

97 (36)  
83 (28)  
56 ( 1 3 )  
36 ( 1 2 )  

98 (37)  
84 (27) 
55 (13 )  
33 ( 1 )  

37 ( 3 )  
5 5  ( 1 3 )  

101 (38) 

34 ( 1 )  
52 ( 1 1 )  
88 (31)  
99 (37 )  

T r a n s i e n t  

Wal l  Mean 
Temperature, 

O F  ( " C )  

@ Test 
Start 

-- 

-- 

-- 

73( 23) 

73( 23) 

8 Test  
End 

Dynamic 

Test 
Cycle  

Oe s 1 gnat i on 

NBS 
Phoent x January 
Phoenl x Apr 11 
Phoenix August 

NBS 

HBS 

NBS 
N8S+10 
NBS- 10 

NBS 
NBS+IO 
NBS-10 



Hal 1 
Oesignatlon 

c 3  

F3 

f 4  

F 5  

V l  

TABLE 6 - (Continued) 

Wall Descrlptlon 

8-in. (203-m) Low Denstty 
Concrete 

2x4-In. (51 xlO2-mm) Wood Frame 
wIth R - 1 1  F l b e r g l a s s  I n s u l a t f o n  
and Cedar S l d l n g  

2x4-1n.  (51x102-n) Wood frame wlth 
R-11 F lberg lass  Insulatlon and 
Cedar S l d l n g  

2x4--1n. (51x102-mm) Wood Frame wlth 
R-l? Fiberg lass  Insulatlon and 
Hardboard Sld1ng 

10- In.  (254-mm) B r f c k  Veneer 

Steady-State 

Wall Mean 
Temperature, 

"F ( " C )  

53 ( 1 1 )  
89 (32) 
100 (38) 

98 (37) 
a4 (29) 
5 5  ( 1 3 )  
33 ( 0 )  

34 ( 1 )  
54 (12) 
100 (3a)  

102 (39)  
38 ( 3 )  

99 (37) 
84 (29) 
55 (13) 
33 ( 0 )  

~ 

Trans lent  

Wall Mean 
Temperature, 

O F  ( " C )  

@ Test 
Start 

Dynamic 

Test  

Des ignat ton  
Cycle 

0 l a  

NBS 
NBS+I  0 
Nas-10 

NBS 

NBS 
Janu r y  

Orfando Jan. Mod. 
Orlando A p r i l  
Orlando August 

NOS 
Phoenlx January 
Phoenlx A p r i l  
Phoenix August 

NBS 
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NALL M I  : 8-IN. (293-MI4) MEDIUlll WEIGHT CONCRETE BLOCK 

DESCRIPTION: Medi um wei gh t  8-i n. (203-mm) hol 1 ow core conc re t e  block 
wal l .  

F i o r a t o ,  A. E. and Crut, 
Masonry Wall s," Research 
Port1 and Cement Associ a t  

REFE2ENCE: 

COMPOSITION: 

C. R . ,  "Thermal Performance o f  
and Development B u l l  e t i  n RD071 , 
on, Skokie, 1980, 17 pages. 

1 . 
Core Concrete Block - 2 cores per block 

2. Type M Mortar: one p a r t  po r t l and  cement, one- 
q u a r t e r  par t  lime, and three parts masonry 
sand by volume 

8 x 8 ~ 1 6 - i  n. (203x203x406-mm) Medi urn Wei g n t  Hol 1 ow 

TABLE MI-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

P roper ty 

h i  t Weight, psf ( kg/m2) 

Average Thickness ,  i n .  (mm) 

Area, f t 2  (m2) 

Moisture  Content,* % by 
ovendry weight  

Me as u re d 
Val ue 

40.1 
(196)  

7.6 
( 1  93) 

72.64 
(6.75) 

0.6 

*Measured on masonry, i ncl udi ng mortar j o i  nts , 
af te r  test. 
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TABLE Mt-2 - M A T E R I A L  P R O P E R T I E S ,  MEDIUM W E I G H T  CONCRETE BLOCK 

Proper ty  

Standard Olmensions, in. (m) 

Measured Dimenslons, in. (mm) 

Percent Sol I d  Volume 

Ovendry U n i t  Welght, p c f  (kg/rn3) 

M o l s t u r e  Content ,  X ovendry weight 

Absorpt lon,  % ovendry weight 

Test  Method 

-- 

ASTM C140  

-- 

-- 

ASTM C140  

ASTM C140 

Spec imen 
Cond i t 1 on 

Mean 

O F  

( " C )  

Temperature, Heas ur ed 
Value 

7 - 5 / 8 ~ 7 - 5 / 8 ~ 1 5 - 5 / 8  
( 1  9 4 x 1 9 4 ~ 3 9 7 )  

49 

115 
( 1  842)  

0.8 

10 .1  



TABLE M1-3 - DESIGN HEAT TRAdSMISSION COEFFICIEidTS 

Component 

1 .  Outside Air Film 

2. 8x8~16-i n. ( 203x203~406-m Hol 1 ow 

3. Ins ide Air Film 

Core Block 

Total R 

R, 
Thermal Kesi  stance 

0.1 7 
(0.03) 

1,52* 
(0.27) 

0.68 
(0.12) 

2.37 
(0.42) 

Tota l  U 0.42 
(2.38) 

*Source: Tab1 es o f  U-Val ues for Concrete Masonry Wall s, NCi4A-TEK 
G l ,  Nat ional  Concrete ivlasonry Associ a t i  on, McLean, 
V i r g i n i a ,  1975. 
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TABLE MI-4 - STEADY-STATE TEST RESULTS 

1 
P 

f 

Nominal Test 
Condi ti on 

- 
= 5 5 O f  
I t30C) 

= 84OF 
(29OC) 

Design Values 

4 
Heat Flux, 

2 
Btu/hr-ft 

(Wm21 

-14.0 
(-44.3) 

7.80  
(24.6) 

- 

2.65 
(0.41) 

2.93 
(0.52) 

2.31 
(0.421 

u, 

Btu/hr.f t2- O F  

2 
(W/m 'K) 

0.38 
(2.14) 

0.34 
(1.941 

0.42 
(2.38) 

to 
Outdoor 

A i r  

*Internal thermocouples were not used for t h i s  wall assenbly. 
q e l a t i v e  humidity Was not measured for this wall a s r e l y .  

Cbeasured Temperatures, 

t2 
htdmr 
Surface 

OF 

("C) 

t3* 
Internal Indoor 

Surface 

67 
(191 

76 
G?41 

- 

Aelat ive 
t k m i d i t p  

Laboratory 
Air Teriperature 

k X  I 

O F  

("C) 

7 1  
122) 

13 
(231 

- 

I 

Hin. 
O F  

I"C1 



I 
I 
I 

Temp 
O F  

I2O r wall M 
I NBS 
I 

90 i 
i 

60 

-I 
0 '  1 I 
0 ' 8  16 24 

Time , hour 

60 

30 

AT, 
"F 

0 

-30 

( a )  Measured Temperatures 

Wall M I  
NBS 

t,- ti 

. ,\. 
L.. \ P- \ --- 

to-+* 

so 

25 

3 

Temp 1 

"C 

30 

15 

ATl 
O C  

0 

-15 

-30 
-60 

0 8 16 24 

Time , hour 

( b )  Temperature Differentials 

Fig. M1-2 Wall MI Dynamic T e s t  R e s u l t s  fo r  NBS Test Cycle 
construction technology laboratories 
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I20 

too 

80 

60 

- 

- 

- 
- 

- 

- 

10 

-40 

-60 

-80 

-100 

-120 

-140 

Heat Flux, 

hr*ft2 
Btu 0 

- 10 

40 

20 

Heat Flux, 
0 -  W 

2 m 
-20 -II - 30 

--i 
. .#w 

0 8 16 24 

Time , hour 

( c )  Heat F l u x  

F i g .  M1-2 Wall M1 Dynamic T e s t  Resu l ts  f o r  NBS T e s t  Cycle 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
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TABLE M1-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NES TEST CYCLE 

I 
I 
I 
I 
I 

' 1  

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1 S  
16* 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

- 

t0  

Outdoor 
A i  r 

48.7 
47.8 
47.6 
48.0 
51.1 
66.2 
74.1 
81.9 
89.0 
94.8 
98.3 

103.0 
109.5 
108.0 
154.4 

97.8 
87.8 
74.7 
66.6 
63.5 
62.3 
59.0 
51.3 
50.1 

74.4 

Measured Temperatures, 

O F  

t 2  
Outdoor 
Surf. 

. ... . 

54.6 
53.4 
52.7 
52.6 
53.8 
63.0 
69.7 
76.3 
82.5 
87.9 
91.7 
95.8 

101.2 
102.2 
100.6 
96.8 
90.3 
80.8 
73.3 
69.2 
66.8 
64.2 
58.4 
56.3 

t3* 
Internal 

I 

74.8 I 

- 

t 1 
Indoor 
Surf. - 
70.3 
69.8 
69.4 
69.0 
68.8 
68.8 
69.2 
70.1 
71 .O 
72.0 
73.1 
73.9 
74.7 
75.7 
76.2 
76.5 
76.5 
76.0 
75.0 
73.8 
73.0 
72.2 
71.5 
70.9 - 
72.4 

- 

t i  
Indoor 

Air 

71.1 
71 .O 
70.9 
70.4 
70.5 
70.5 
70.4 
70.9 
71.1 
71.2 
71.6 
71.7 
71.7 
72.2 
72.3 
72.2 
72.6 
72.7 
71.8 
71 .4 
71.0 
71.4 
71.1 
71.3 

71.4 - 

Measured Heat Flux, 
2 Btu/hr'f t 

q W  
Cal i b. 

Hot  Box 

-2.77 
-4.20 
-5.53 
-6.28 
-6.81 
-7.12 
-6.61 
-5.28 
-3.34 
-1 -25 
1.30 
3.40 
5.72 
7.91 
9.35 

10.78 
11.16 
10.37 
8.93 
6.91 
4.32 
2.07 
0.55 

-1.10 

1.35 

- 
qhfmw 

HFM @ 
Indoor 
Surf. - 

- 

I 

qhfrn** 

HFM @ 
Outdoor 
Surf .  

Calculated 
Heat , F1 ux , 

2 B t u /  hr* f t 

qrf- 
Response 
Factor 

qss 
Steady - 
S t a t e  

-8.14 

-0.67 
-8.50 
-7.79 
-2.97 
0.26 
3.24 
5.98 
8.28 
9.71 

11.35 
13.74 
13.77 
12.65 
10.55 

7.21 
2.49 

-0.85 
-2.43 
-3.22 
-4.1 6 
-6.82 
-7.62 

-8.54 

1.23 

*Data a re  2-day averages, not 3-day averages, o f  t e s t  r e su l t s .  
**Internal thermocouples and heat flow meters were not used on th i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 

**Response factor analysis  was not performed f o r  this wall assembly. 

Indoor Chamber - Not measured f o r  this wall assembly 
Outdoor Chamber - Not measured f o r  this wall assembly 

Max. - 7 5 ~  (220cP 
Min. - 70°F (21OC) 

Laborator Air fern erature:  
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TABLE M1-7(b) - DYNAMIC TEST RESULTS (PERIODIC),  NBS TEST CYCLE, SI UNITS 
~ 

Time, 
h r  

~~~ 

Measured Heat Flux, 
Calculated 
Heat F1 ux, 

iJ/m 2 
Measured Temperatures, 

"C - 

qw 
Cal i b. 

i o t  Box - 
-8.14 

-13.24 
-17.44 
-19.81 
-21.49 
m22.47 
-20.84 
~16.65 
-10.52 
-3.95 
4.10 

10.72 
18.03 
24.94 
29.49 
34.01 
35.22 
32.70 
28.16 
21.78 
13.63 
6.52 
1.73 

-3.46 

I 

qhfm** 
HFM 0 

Outdoor 
Surf. 

t 0  

Outdoor 
Air 

t 2  
Outdoor 

Surf .  

t3* 

internal 
t 1 

Indoor 
Surf. 

w** 
Response 

Factor 

ti  
[ndoor 

Air 

21.7 
21.7 
21.6 
21.4 
21.4 
21.4 
21.4 
21.6 
21.7 
21.8 
22.0 
22.1 
22.1 
22.3 
22.4 
22.3 
22.6 
22.6 
22.1 
21.9 
22.1 
21.9 
2! -7 
21.8 

21.9 

- 
- 

9 5 s  

Steady- 
S t a t e  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15* 
16* 
17 
18 
19 
20 
21 
22 
23 
24 

I 9.3 
8.8 

8.9 
10.6 
19.0 
23.4 
27.7 
31.7 
34.9 
36.8 
39.5 
43.0 
42.2 
40.2 
36.5 
31 .O 
23.7 
19.2 
17.5 
16.8 
15.0 
10.7 
10.1 

8.7 

12.6 
11.9 
11.5 
11.5 
12.1 
17.2 
21 .o 
24.6 
28.1 
31.1 
33.2 
35.4 
38.4 
39.0 
38.1 
36.0 
32.4 
27.1 
23.0 
20.7 
19.4 
17.9 
14.7 
13.5 

21.2 
21 .o 
20.5 
20.5 
20.4 
20.7 
21.2 
21.7 
22.2 

23.3 
23.7 
24.3 
24.6 
24.7 
24.7 
24.4 
23.9 
23.3 
22.8 
22.3 
21.9 
21.6 

20.8 

22.8 

-25.68 
-26.93 
-27.35 
-26.81 
-24.58 

-9.38 
0.82 

10.23 
18.86 
26.11 
30.63 
35.78 
43.34 
43.44 
39.90 
33.26 
22.73 

-2.67 
-7.66 

-10.15 
-13.12 
-21.50 
-24.02 

7 .a5 

23.6 
~~ 

23.8 
. . - .  

22.4 4.27 3.88 Mean 

*Data a r e  2-day averages, not 3-day averages. of test  r e su l t s .  
**Internal thermocouples and heat  flow meters were not used on t h i s  wall assembly. 

**Response f a c t o r  analys s was n o t  performed f o r  t h i s  wall assembly. 
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TABLE M1-12 - SUMMARY OF DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  THERMAL LAG 

Heasured 
I Test 

Cyc'e 

N8S 

Catc u l  ated 

Avg . 

3 

Calibrated Hot Box 
I 

'5s "' 'hfm q s s  v =  qrf 
Avg. - Avg . 

0 Hax.  8 M i n .  @ Max. 8 Mln. - 
- - - L - - 

8 Max.  @ Mln. @ Max. @ Mln.  1 
I Measured, % 

Heat Flow Meter* 

@ Max. 0 H i n .  Avg. 

- - - 

Calculated, X 

Response F a s t o r * *  

@ Max. @ H l n .  Avg. 
I 7 

- - - 

*Heat flow meters were not used on thls wall assembly. 
**Re:ponse factor analysls was not  performed for t h i s  wall assembly. 

T A B l E  MI-13 - SUMMARY OF DYNAMIC T E S T  RESULTS ( P E R I O D I C ) ,  REDUCTION I N  AMPLIIUDE 

*Heat flow meters were not used on t h l s  wall assembly. 
**Response factor analysis was not  performed f o r  t h l s  wall assembly. 

Calc . 
Time 

Constant, 
hrs 

0 .9  



TABLE HI-14 - SUMMY OF DYNAnIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS 

Test 
Cyc 1 e 

NBS 

Net Energy, Total Energy 
Total Energy, 

Btu/f t (LJ- h r h  ) 

Cornpar i sons, 
2 2 'L Btu/ft  (W*hr/m 1 2 2 

Measured Calculated T T T tkasured calculated 
% 'hfm 'rf 

T *  T *  T T T T N *  N "  N d 'hfm 'rf 4,s 9,s 4,s 9,s d: qhfm %f 9,s 

133.1 168.9 79 32.5 29.5 
(420) (533) (102.5) (93.11 

*Heat flow meters were not used on this wall assenbly. 
**Response factor analysis was not performed for this wall assembly. 

Net Energy 
Carpari sons, 

'L 



I 
I 
I 
1 
1 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

Average Thickness, i n .  (mm) 

DESCRIPTION: 

REFEKENCE : 

7.6 
(1 93) 

COMPOSITION: 

1 

WALL M2: &IN. (203-MM) MEDIUM WEIGHT CONCRETE 
BLOCK MnH I N S m O N  I N  CORtS 

Medi urn wei ght 8-i n. (203-mm) h o l l  ow core concrete block 
wall w i  t h  1 oose-f i 11 i nsul a t i  on i n cores. 

Fiorato,  A. E. and Cruz, C. R. ,  "Thermal Performance of  
Masonry Ma1 1 s, I' Research and Development B u l l  e t i  n RD071 , 
Port1 and Cement Association, Skoki e , 1980, 17 pages. 

1 . 8 x 8 ~ 1 6 4  n. (203x203~406-m) Medi urn Wei ght Hol 1 ow 
Core Concrete Block - 2 cores per block 

2. Si l  icone-Treated Per1 i te Insulation Loose 
u n i t  weight o f  6.1 pcf (97.7 kg/m3) 

-3 3. Type M Mortar: one pa r t  portland cement, one- 
quarter pa r t  lime, and three par ts  masonry 
sand by volume 

TABLE M2-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

Property 
Measured 
Val ue 

Area, f t 2  (m2) 

Moisture Content," % by 
ovendry weight 

72.64 I (6.75) 

0.6 

1 I 1 

*Measured on masonry , i ncl udi ng mortar j oi nts , 
a f t e r  test. 
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I 

TABLE bt2-2 - HATERIAL PROPERTIES, M E D I U M  WEIGHT CONCRETE BLOCK 

Property  

~~ ~ 

Standard Dimensions, i n .  (mm) 

Measured Dimensions, I n .  (mm) 

Percent  Sol .Id Volume 

Ovendry U n t t  Wefght ,  p c f  (kg/m3) 

Mofsture  Content ,  X ovendry weight  

Absorpt lon,  X ovendry wetght 

T e s t  Method 

-- 

ASTM C140 

ASTM C140 

ASTM C140 

Spec tmen 
Condi t lon 

Mean 

O F  

Temperature, 

( " C )  

Measured 
Value 

-- 

49 

1 1 5  
( 1  842) 

0 . 8  

10.1 



TABLE M2-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

. . ..- .. - 

1. Outside A i r  F i lm 

2. 8 x 8 ~ 1 6 - i  n. ( 203~203x406-mm) Hol 1 ow 
Core Block with P e r l i t e  Loose 
F i  1 1 Insul a t i  on 

3. Inside Air Fi lm 

. . .  

Total R 

Total U 

R, 
Thermal Resistance 

0.17 
(0.03) 

4.00" 
(0.70) 

0.68 
(0.12) 

4.85 
(0.85) 

0.21 
(1.18) 

*Source: Tab1 es o f  U-Val ues for Concrete Masonry Wall s ,  NCMA-TEK 
b l ,  National Concrete Masonry Association. Mdlean. 
V i rg in ia ,  1975. 

- 
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t 
Ln 
P 
I 

Hax. 

O F  
("C) 

13 
(23) 

11 
(22) 

69 
(211 

10 
(21) 
- 

, 
nin. 
O F  

("C) 

73 
(23) 
70 

(21) 

61 
(191 

69 
(21) 

- 

l a  1 

76 
(24) 

74 
(23) 

69 
(21) 

66 
(19) 

Nunindl Test 
, Condi t ion 

12 
(22) 
72 

(221 

71 
(22) 

TO 
(21) 

- I RT* 

Heat Flux, 

0.23 
11-33) 

0.22 
(1.25) 

Btu/hr.ft hr.ft2*OF/3tu 2 I  

31 41 - 
(3) (5)  

-6 1 
(-211 (-1 71  

- 

t,,, = 84:F 

= 55:F 

(29 C) 

(13 C) 

0.21 
11.18) 

4.7 
(14.9) 

(-25.9) 

- - - 

4.99 
(0.88) 

4.35 
(0.77) 

t,,, = 33tF -17.6 4.54 
(1 C) I (-55.5) I (0.80) 

I I 

TABLE M2-4 - STEAOY-STATE TEST RESULTS 

Heasured Temperatures. 

O F  

I°C) 

3 W h r  f t2 * O F  

2 
( W m  *K)  

0.24 
(1.34) 

0.20 
(1.14) 

to 
Out door 

A i r  

123 
(511 

9s 
(35) 

t2 
Outdoor 
Surface 

120 
(49) 

94 
(34) 

t3* 
Internal 

- 

- 

*Internal thermocouples were not used for t h i s  wall assembly. 
qelative humidity uas not measured for  this wall assenbly. 

Surface Indoor I 

- I -  



120 

I I 

90 

- 0  

Temp I 

OF 60 

30 

60 

30 

0 

- 30 

Wall M2 1 50 

25 

0 16 24 

Time , hour 

( a )  Measured Temperatures 

Wall M2 
NBS 

I5 

0 

- I5 

1-30 
-60 

0 0 16 24 

Time , hour 
( b )  Temperature Differentials 

Fig. M2-2 Wall M2 Dynamic Test  Results f o r  NBS Test Cycle 
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I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

Heat Flux, 
Btu 

hr*ft2 
- 

Wall M2 
NBS 

I 1-20 

Time , hour 

( c )  Heat Flux  

F ig .  M2-2 Wall M2 Dynamic Test Resul ts  for NBS T e s t  Cycle 

I 
I 
I 
I 
I 
I 
I 
I 56- 
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~1 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 

- 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 

9 
1 0" 
11* 
12* 
13* 
14" 
15* 
16* 
17* 
18 
19 
20 
21 
22 
23 
24 

a 

Mean 

TABLE M2-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

t 0  

Outdoor 
A i  r 

48.3 
47.1 
47.5 
47.5 
55.4 
68.4 
76.0 
84.0 
91.1 
95.7 
99.1 

105.0 
110.3 
108.3 
103.8 

95.6 
82.8 
72.2 
65.8 
63.2 
62.0 
56.2 
50.9 
49.6 

74.4 

Measured Temperatures, 

OF 

t 2  
Outdoor 
Surf. 

53.1 
51.7 
51.3 
50.9 
54.8 
63.9 
70.8 
77.9 
84.4 
89.5 
93.6 
98.5 

103.7 
104.5 
102.5 
97.5 
88.8 
79.9 
72.9 
68.9 
66.5 
62.2 
57.2 
55.0 

75.0 

t3** 
tnternal 

t 1 
Indoor 
Surf. - 
71.6 
71.3 
71.1 
70.8 
70.6 
70.5 
70.8 
71 .O 
71.3 
71.8 
72.3 
72.9 
73.4 
73.7 
74.1 
74.6 
74.7 
74.5 
74.2 
73.8 
73.3 
72.9 
72.5 
72.0 

72.5 

ti 
Indoor 

Air 

71.5 
71.4 
71.6 
71.5 
70.9 
71 .O 
71.6 
71.5 
71.4 
71.5 
71.3 
72.0 
72.3 
71.6 
72.0 
72.7 
72.2 
72.1 
72.0 
71.9 
72.0 
72.0 
71.7 
71.3 - 
71.7 

Measured Heat Flux, 
2 Btulhr 'f t  

qw 

Cal i b. 
i o t  Box 

-1.38 
-2.29 
-2.96 
-3.74 
-4.34 
-4.59 
-4.45 
-4.03 
-3.32 
-2.28 
-1.32 
0.05 
1.50 
2.40 
3.43 
4.65 
5.28 
5.10 
4.87 
4.17 
2.98 
1.86 
0.70 

-0.49 

0.08 - 

qhfm** 
HFM e 

Indoor 
Surf. - 

- 

I 

lhfm** 
HFM 0 
3u tdoor 
Surf. 

Cal cul ated 
Heat Flux, 

2 0tu / h r  ' f t 

qrf*** 

Response 
Factor 

9s s 

Steady- 
State  

-5.00 
-5.30 
-5.35 
-5.37 
-4.27 
-1.78 
0.02 
1.85 
3.53 
4.77 
5.75 
6.92 
8.16 
8.33 
7.67 
6.20 
3.82 
1.46 

-0.36 
-1.33 
-1.85 
-2.88 
-4.13 
-4.60 

0.68 

*Data a re  2-day averages, not 3 -dy  averages, o f  test  results. 
**Internal thermocouples and heat f ow meters were not used on this wall assembly. 

Calibrated Hot Box Relative Humidity: 

**Response factor  analysis was not p e r f o m d  f o r  this wall assembly. 

r Indoor Chamber - Not measured f o r  t h i s  wall asseinbl 
Outdoor Chamber - Not measured f o r  t h i s  wall assemb y 

Laboratory Air Tern erature:  
Max. - 73T (23*CY 
Min. - 69°F (21°C) 
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TABLE M2-7(b) - DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  NBS TEST CYCLE, $1: UNITS 

Measured Heat Flux, Measured Temperatures, I I I  Calculated 
Heat Flux, 

. .  . . . . . ___ 

*Data are 2-day averages, not 3-day averages, of test results. 
**Internal themcouples and heat flow meters were not used on this wall assembly. 

*-Response factor analysis was not perfombed for this wall assembly. 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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n 
0 a 
t 
t' 
2 
F a 

Thermal Lag, h r s  

Measured . C a l c u l a t e d  

C a l i b r a t e d  Hot Box Heat F l o w  Meter* Response F a c t o r * *  

to vs tl 9,s vs  9, q s s  "' qhfrn 9,s vs  qrf 

@ Max. @ Mln .  @ Max. 1 M l n .  @ Max. @ Min. @ Max. @ M i n .  
Avg. - ' Avg. - Avg . 

TABLE M2-12 - SUMMARY OF DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  THERMAL LAG 

Ca lc .  
Ttme 

Constant,  
hrs 

T e s t  
Cycle 

Test Cycle 

NBS 

NBS 

Measured, % C a l c u l a t e d  , X 

. C a l l b r a t e d  Hot Box Heat Flow Mete r *  Response Factor**  

@ Max.  @ H i n .  Avg. @ Max. @ Min.  Avg. @ Max. 63 Mln. Avg. 

- - - - - 32 23 28 - 

*Heat f l o w  mete rs  were n o t  used on t h l s  w a l l  assembly. 
**Response f a c t o r  a n a l y s l s  was n o t  pe r fo rmed  f o r  t h t s  w a l l  assembly. 

TABLE H2-13 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION I N  AMPLITUDE 

*Heat f l o w  mete rs  were not used on t h l s  w a l l  assembly. 
**Response f a c t o r  a n a l y s i s  was n o t  pe r fo rmed  f o r  t h l s  w a l l  assembly.  



TABLE H2-14 - S W Y  OF D Y W I C  TEST RESULTS (PERIOOIC), ENERGY REQUIRERNTS 

Total Energy, 

Btu/f t (W. hrlm ) 
2 2 

Total Energy 
Net Energy, Conpar i sons, 

2 2 ’L 

I ol 
? 

Btu/f t fW * hr/m ) 

*Heat flow meters were Ft used on this wall a s s e l y .  
**Response factor analysis was not performed for this w a l l  assenbly. 

Test 
Cycle 

NBS 

Net Energy 
Cargari sons, 

‘L 

Reasured calculated T T T kasured Calculated 
- 9w %fm qrf --- 

T *  T *  T T T  T N N *  N * ,  N 4: ‘hfm qrf %s %s qss qss % ‘hfm %f qss 

72.2 100.7 72 1.8 16.3 
(227.7) (317.7) (5.7) (51.3) 

N 
9w 
qss 

N 

- 
11 



I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

! 48.2 

I (235) 

(238) 

73.94 
(6.87) 

0.8% 

9.375 

I '  
I 

WALL M5: 8-IN. (203-MM) NORMAL WEIGHT CONCRETE BLOCK m - m  

DESCRIPTION: 8-in. (203-mm) concrete block wall w i t h  stucco on exter ior  
surface and gypsum wallboard secured t o  furring strips on 
interior surface. 

REFERENCE: Fiorato, A. E., "Heat Transfer Characteristics o f  Walls 
Under Dynamic Temperature Condi t i  ons ,I' Research and 
Development Bulletin RD075, Port1 and Cement Association, 
Skokie, 1981, 20 pages. 

COMPOSITION: 
1. 1/2-in. (13-m) Stucco 

5 2. 8x8~16-1 n. (203x203~406-m) Normal Weight 

3 b l  ock 
4 

2 a t  17-i n. (432-mm) center-to-center 

1 4. 3/4-in. (19-mm) ref lect ive a i r  space 

Hollow Core Concrete Block - 2 cores per 

3. 3/4-i n.xl-l/Z-i n. (1 9x38-mn) F u r r i n g  S t r ips  

5. 1/2-in. (13-mm) foil-backed gypsum wallboard 

Note: A bond beam was c a s t  i n  the t o p  course of 
block. See referenced report for  detai 1 s. 

TABLE M5-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

Property 
Me as u red 
Value 

U n i t  Weight, p s f  (kg/m*) 

Nominal Thickness, i n .  (mm) 

Nominal Area, ft* ( m 2 )  

Moisture Content,* % by 
ovendry weight 

"Measured on masonry, i ncl udi ng mortar j o in t s ,  
a f t e r  test. 
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m 
Iu 

TABLE 145-2(a) - MATERIAL PROPERTIES,  NORMAL WEIGHT CONCRETE SPLITTER BLOCK* 

Property  

Standard Dimensions, in. (m) 

Measured Dimensions, i n .  (m) 

Percent  Sol I d  Volume 

Ovend ry Uni t We1 ght , p c f  ( kglm3) 

Moisture  Content ,  % ovendry weight  

Absorpt ion,  X ovendry weight 

Test  Method 

-- 

ASTM C140 

-- 

-- 

ASTM C140 

ASTM C140 

Spec 1 men 
Condition 

*Wall was constructed using s t r e t c h e r  and s p l l t t e r  b lock.  z! 
F 
3 

5 
s 
3 
3 

Ip w 

P 
P 

s 
su, : 
i? 

Mean 

O f  

Temperature, 

( " C )  

Meas ured 
Value 

~~ 

7 - 5 / 8 ~ 7 - 5 / 8 ~ 1 5 - 5 / 8  
{ 194x1 94x397) 

7 . 6 3 ~ 7 . 6 4 ~ 1 5 . 6 3  
(194x1 94x397) 

55 

124 
( 1  987) 

1 . 4  

7 . 5  



TAbLE Pl5-2(b) - MATERIAL PROPERTIES, NORMAL WEIGHT CONCRETE STRETCHER BLOCK* 

1 cn 
c3 
I 

n 

Property  

Standard 0.1 mens i o m ,  1 n . (mm) 

Pleasured Olmenslons, i n .  (m) 

Percent Solld Volume 

Ovendry Unl t Wetght , pc f  (kg/m3) 

Molsture Content ,  X ovendry welght  

Absorptj on, X ovendry welght  

Test Method 

-- 

ASTM C140 

-- 

-- 

ASTM C140 

ASTH C140 

Spec .I men 
Condlt!ofl 

- 
t 
$ s 
ip' 

*'Wall was constructed u s i n g  s t r e t c h e r - a n d  s p l i t t e r  b lock .  

3 

n 
3 
3 
0 
6 

G i  

a 
ii 
3 

2 
P 
0 

1. 

Mean 

O F  

( " C )  

Temperature, Mea s u red 
Value 

7 - 5 / 8 ~ 7 - 5 / 8 ~ 1 5 - 5 / 8  
(194x1 94x397) 

7 . 6 3 ~ 7 . 6 3 ~ 1 5 . 6 0  
( 194x1 94x396) 

49 

126 
(201 0) 

1 .5  

7.3 



TABLE lr15-2(~)  - MATERIAL PROPERTIES, MORTAR* 

Test 

I 
m 
P 

Cond I t 1 on Property 

Compressive Strength,** PSI ( W a )  -- a l r  dry  

-- Un t t We7 g h t  , p c f  (kg/m3) a l r  d ry  

Mean 

O F  

( " C )  

Temperature, Measured 
Value 

1760 
( 1 2 )  

(1  794) 
112 

*One part masonry cement t o  t h r e e  par ts  masonry sand by volume. 
**Measured on 2-In. (51-m) cubes moist  cured f o r  1 4  days and then a l r  d r l e d  f o r  263 days.  



I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

m 
Between Fu r r i  ng , 

hr*f t*- 'F/Btu 
(m2- K/W) 

I 
I 

A t  Fur r i  ng , 

hr - f t2 - "F /Btu  
(m*-K/W) 

TABLE M5-3(a) - DESIGN HEAT TRANSMISSION COEFFICIENTS 
OF WALL EXCLUSIVE OF BOND BEAM 

I R, Thermal Resistance 

Component 

1. Outside A i r  F i lm 

2. 1/2-in. (13-mm) Stucco 

3. 8x8~16- i  n. ( 203x203~406-mm 1 Hol 1 ow 
Core Block 

4. 3/4x1-1/2-i n. ( 19x38-m) Furr ing 
St r ips  

5. 3/4-in. (19-mm) Ref lect ive A i r  Space 

6. 1 /2-1 n. (1 3-mm) Foi 1 -backed Gypsum 
Wal l  board 

7. Inside A i r  F i lm 

0.17 
(0.03) 

0.1 o* 
(0.02) 

1.04* 
(0.18) 

-- 

3.46* 
(0.61) 

0.45* 
(0.08) 

0.68 
(0.12) 

0.17 
(0.03) 

0.10 
(0.02) 

1.04 
(0.18) 

0.94* 
(0.17) 

I- 

0.45 
(0.08) 

0.68 
(0.12) 

3.38 I (1.04) 5*90 1 (0.60) 

0.30 
Total U I (0.96) I (1.68) 

*Source: ASHRAE Handbook o f  Fundamental s, American Soci e t y  o f  Heat i  ng , 
Refrigerating, and Air-condi t ioning Engineers, Inc. , New York, 
1977, Chapter 22. 

Adjust for Furr ing (14,3%), Exclusive of Bond Beam: 

2 
U = 0.857 (0.169) +*0.143 (0.296) 

= 0,187 Btu /hr - f t  - O F  (1.06 W/m - K )  

Adjust f o r  Bond Beam (7.8%): 

2 
h U = 0.922 (0.187) f 0.078 (0.195 

2 
= 0.19 Btu/hr ' f t  'OF (1.07 W/m 'K) 

2 
, R = 1/U = 5.33 h r - f t  -"F/Btu (0.94 K = m  /W) 
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TABLE M5-3(b) - DESIGN HEAT TRANSMISSION COEFFICIENTS AT BOND BEAM 

Component 

- _ _ _ _ _ _ ~ ~  ~ ~ ~ 

1. Outside A i r  F i lm 

2. 1/2-in. (13-mm) Stucco 

3. 8x8~16- i  n. ( 203x203~406-mm 1 B1 oc k 

4. 3/4x1-1/2-i n. (1 9x38-mm) Furr ing 

5. 3/4-in. (19-mm) Ref lect ive A i r  Space 

w i th  Concrete i n  Cores 

St r ips  

6. 1 /2-i  n. ( 1  3-mm) Foi  1 -backed Gypsum 
Wal l  board 

7. Inside A i r  F i l m  

Total R 

Total U 

R, Thermal Resistance 

Between Furring, 

h r - f t 2 =  "F/Btu 
(m2 K/W 1 

0.17 
(0.03) 

0.1 o* 
(0.02) 

0.84* 
(0.15) 

-- 

3.46" 
(0.61) 

0.45* 
(0.08) 

0.68 
(0.12) 

5.70 
( 1  .OO) 

0.18 
(1 .OO) 

A t  Furring, 

h r - f t 2 *  'F/Btu 
(m2=K/W) 

0.17 
(0.03) 

0.10 
(0.02) 

0.84 
(0.15) 

0.94* 
(0.17) 

-- 

0.45 
(0.08) 

0.68 
(0.12) 

3.18 
(0.56) 

0.31 
(1.79)  

*Source: ASHRAE Handbook o f  Fundamentals, American Society o f  Heating, 
Ref ri gerat i  on, and A i  r-Condi ti oni ng Engi neers, Inc . , New York , 
1977, Chapter 22. 

Adjust for  Furr ing (14.3%) a t  Bond Beam: 

U = 0.857 (0.175) + 0.143 (0.314) 

= 0.195 Btu/hr-ft2=OF (1.11 W/mz=K) 

I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
Nominal Test 

Condition 

9 
Heat Flux, 

Btu/hr. ft 2 

= 35'F 
( 2 O C 1  

h =  100°F 
W ° C )  

Design Values 

TABLE M5-4 - STEAOY-STATE TEST RESULTS 

-13.14 
(-41.5) 

9.39 
(29.61 
-- 

Heasured Tenperatures, 

5.76 0.17 
(1 .Ol) 

5.33 0.19 - 
(0.941 (1.07) 

(-161 3 1  - 

I 

t l  
Indoor 

Surface 

ti 
Indoor 
A i  r 

73 
(23) 

14 
(23) 
- 

Relative m i d i  ty 

Tndoor 
Chamber, 

x 

20 

25 

- 

Outdoor 
Chamber, 

'L 

13 

25 

- 

- 

Haax. 

OF 

I°C) 

74 
(23) 

69 
(211 
- 

*Internal themcouples were not used for this wall assembly. 
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TABLE M5-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE r Ti me, 

Calculated 
Heat F1 ux , 

2 Btu/hr-f t  

Measured Temperatures, 

OF 

Measured Heat Flux, 
2 Btu/hr*f t  - 

9s s 
Steady. 
S t a t e  

-2.77 
-3.13 
-3.40 
-3.54 
-3.66 
-3.08 
-1.67 
-0.50 
0.67 
1.81 
2.76 
3.48 
4.39 
5.28 
5.46 
5.18 
4.41 
3.03 
1.45 
0.34 

-0.31 
-0.71 
-1.48 
-2.34 

I 

q h h *  
me 

Outdoor 
Surf. 

hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
13 
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

qhM* 
HFM 0 

Indoor 
Surf, 

t 0  

Outdoor 
A i  r 

t 2  
Outdoor 
Surf. 

t3* 
Internal 

tl ti qw 

Cal i b. 
Hot Box 

qrf* 
Response 
Factor 

Indoor 
Surf. 

Indoor 
Air 

60.9 
59,O 
57.4 
56.5 
55.8 
58.4 
65,l 
70.7 
76.4 
82.0 
86.7 
90.4 
95.0 
99.4 

100.6 

74.2 
74.0 
73.7 
73.5 
73.4 
73.2 
73.1 
73.1 
73.2 
73.4 
73.6 
73.9 
74.2 
74.4 
74.8 

73.8 
73.8 
73.7 
73.7 
73.7 
73.6 
73.6 
73.6 
73.6 
73.6 
73.7 
73.7 
73.8 
73.8 
73.9 

0.22 
-0.1 3 
-0.63 
-1 -23 
-1 -56 
-1 a70 
-1.96 
-1 -88 
-1 -71 
-1.63 
-1 .I2 
-0.48 
0.08 
0.51 
1.13 

52.4 
51 .O 
50.1 
50.1 
50.0 
57.7 
69.3 
76.8 
84.2 
90.8 
95.7 
99.0 

104.8 
109.2 
107.3 
103.6 
96.1 
84.5 
73.7 
68.0 
65.7 
64.5 
58.5 
53.6 

75.7 

1 
1 
1 
1 
1 
1 
1 
1 
1 

construction technology laboraiorles 

99,6 
96.2 
89.8 
82.4 
77.0 
73.7 
71.5 
67.6 
63.3 

75.1 
75.3 
75.5 
75.5 
75.4 
75.2 
75.0 
74.7 
74.5 

74.0 
74.0 
74.1 
74.0 
74.1 
74.0 
74.0 
73.9 
73.9 

1.72 
2.05 
2.48 
2.45 
2.40 
2.22 
1.75 
1.32 
0.89 

I I 1 I 1 
I I I I I 

0.48 - 76.5 I I 74.2 1 73.8 I 0.22 I 
*Internal themcouples and heat flow meters were n o t  used on this wall assembly. 

*Response f a c t o r  analysis  was not p e r f o m d  f o r  this wall assembly. 

Calibrated H a t  Box Relative Humidity: 
Indoor Chamber - 1% 
Outdoor Chamber - 19% 

Laboratory Air Ten erature:  
Max. - 76OF ( 2 4 d  
Min. - 70°F i21ocj 
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a 

TABLE M5-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, S I  UNITS 

Calculated 
Heat Flux, 

W/m2 

Measured Temperatures, Measured Heat Flux, 
W/m2 - 

Ihfin* 
HFM @ 

[ ndoor 
Surf. 

*C 

t3" 
Internal 

Time, 
h r  

- 

tl 
Indoor 
Surf. - 
23.5 
23.3 
23.2 
23.1 
23.0 
22.9 
22.8 
22.8 
22.9 
23.0 
23.1 
23.3 
23.4 
23.6 
23.8 
23.9 
24.1 
24.1 
24.1 
24.1 
24.0 
23.9 
23.7 
23.6 

I 

qhfm* 
HFM 0 

Outdoor 
Surf. 

t 0  

Outdoor 
A i  r 

t 2  
Outdoor 
Surf. - 
16.7 
15,O 
14.1 
13.6 
13.2 
14.7 
18.4 
21.5 
24.7 
27.8 
30.4 
32.4 
35.0 
37.5 
38.1 
37.6 
35.7 
32.1 
28.0 
25.0 
23.2 
22.0 
19.8 
17.4 

qw 
Cali b. 

Hot  Box 

w** 
Response 
Factor 

ti 
Indoor 

Air 

23.2 
23.2 
23.2 
23,2 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.2 
23.2 
23.2 
23.2 
23.3 
23.3 
23.4 
23.4 
23.4 
23.3 
23.3 
23.3 
23.3 

9s s 
Steady- 
S t a t e  

~ 

0.68 
-0.42 
-2.00 
-3.87 
-4.91 
-5.38 
-6.18 
-5.92 
-5.41 
-5.15 
-3.52 
-1.51 
0.26 
1.61 
3.57 
5.44 
6.48 
7.81 
7.73 
7.56 
7.00 
5.52 
4.18 
2.79 

11.3 
10.6 
10.1 
10.0 
10.0 
14.2 
20.7 
24.9 
29.0 
32.7 
35.4 
37.2 
40.4 
42.9 
41.8 
39.8 
35.6 
29.1 
23.2 
20.0 
18.7 
18.1 
14.7 
12.0 

-8.76 
-9.87 

-10.72 
-11.17 
-11.56 
-9.73 
-5.27 
-1 a 5 8  
2.1 2 
5.70 
8.70 

10.97 
13.85 
16.67 
17.21 
16.34 
13.92 
9.57 
4.58 
1.06 

-0.99 
-2.25 
-4.68 
-7.38 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 24.3 - 24.7 23.5 - 0.68 1.53 23.2 I 
1 
I 

*Internal thermocouples and heat flow meters were not used on this wall assembly. 
wResponse factor analysis was not  p e r f o m d  for this wall assembly. 

I 
1 
I 
I 
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T i  me , 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
16  
17 
18 
19  
20 
21 
22 
23 
24 

Mean 

Measured Temperatures, 

O F  

Calculated 
Measured Heat Flux, Heat F lux ,  

2 Btu/hr*f t 2 B t u / h r -  f t  

t0  

Outdoor 
A i  r 

'qhfm* qhfm* 
I 

HFM @ HFM 0 
Indoor Outdoor 
Surf. Surf. 

58.4 
58.2 
56.4 
55.9 
53.4 
53.0 
53.4 
56.4 
59.8 
64.9 
70.2 
79.3 
83.4 
87.6 
88.8 
88.9 
81.6 
71.7 
65.7 
64.5 
62.4 
62.0 
60.2 
60.2 

qrf** 
Response 
Factor 

66.5 

ti 
Indoor 

Air 

t 2  
Outdoor 
Surf. 

% 
Cal i b. 

Hot Box 
. .  

62.9 
62.0 
60.8 
59.9 
58.4 
57.3 
57.1 
58.1 
60.1 
63.0 
66.7 
72.4 
76.7 
80.4 
83.1 
84.2 
81.9 
76.2 
71.6 
69.4 
67.5 
66.3 
64.9' 
64.1 

t3* 
Internal 

67.7 

tl 
Indoor 
Surf. 

73.5 
73.5 
73.4 
73.4 
73.4 
73.4 
73.4 
73.5 
73.6 
73.6 
73.7 
73.7 
73.7 
73.7 
73.7 
73.7 
73.7 
73.6 
73.6 

73.6 
73.5 
73.4 
73.3 
73.2 

-1.65 
-1.70 
-1.87 
-1.76 
-1.81 
-2.13 
-1.90 
-1.53 
-1.16 
-0.75 
-0.28 
-0.33 
-0.04 
0.33 
0.33 
0.18 
0.08 

-0.15 
-0.45 

73.1 
73.0 
72.9 
72.9 
72.0 
72.9 
73.0 
73.1 
73.3 
73.6 
73.8 
74.0 
74.2 
74.2 
74.2 
74.1 
74.0 
73.8 
73.7 

I 73.5 

---I- 

73.6 1 -0.68 
73.6 -0.84 
73.5 -1.08 
73.5 I -1.25 
73.5 -1.56 

+ 
73.6 I -0.92 

9s s 
Steady- 
Sta t e  

-2.23 
-2.40 
-2.63 
-2.79 
-3.08 
-3.29 
-3.31 
-3.08 
-2.67 
-2.05 
-1.30 
-0.1 3 
0.75 
1.49 
2.00 
2.1 9 
1.66 
0.42 

-0.54 
-1 .oo 
-1.38 
-1.61 
-1 -86 
-2.00 

-1.20 

*Internal t h e m c o u p l e s  and heat flow meters were not used on t h i s  wall assembly. 

Calibrated Hot  Box Relative Humidity: 

*Response f a c t o r  analysis  was not perfomed for t h i s  wall assembly. 

Indoor Chamber - 18% 
Outdoor Chamber - 199; 

Laboratory Air Temperature: 
&x. - 73'F (23'C) 
Mln. - 67OF (19OC) 1 
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TABLE M5-8(b) - DYNAMIC TEST RESULTS (PERIODIC),  ORLANDO JANUARY TEST CYCLE, SI UNITS 

- 

Time, 
hr  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15 
16 
17 

19 
20 
21 
22 
23 
24 

18 

Mean 

to 
Outdoor 

A1 r 

14.7 
14.6 
13.5 
13.3 
11.9 
11.7 
11.9 
13.5 
15.5 
18.3 
21.2 
26.3 
28.5 
30.9 
31.6 
31.6 
27.6 
22.1 
18.7 
18.1 
16.9 
16.7 
15.6 
15.7 

19.2 

Measured Temperatures, 

"C 

t 2  
Outdoor 
Surf. 

17.2 
16.7 
16.0 
15.5 
14.6 
14.1 
13.9 
14.5 
15.6 
17.2 
19.3 
22.4 
24.9 
26.9 
28.4 
29.0 
27.7 
24.5 
22.0 
20.8 
19.7 
19.0 
18.5 
17.8 

19.8 

t3* 
Internal 

t 1 
Indoor 
Surf. 

23.1 
23.1 
23.0 
22.9 
22.9 

22.8 
22.7 
22.7 
22.7 
22.7 
22.8 
22.9 
23.0 
23.1 
23.2 
23.3 
23.4 
23.4 
23.4 
23.4 
23.3 
23.2 
23.2 

22.8 

23.0 

- 

ti 
.ndoor 

Air - 
23.1 
23.1 
23.0 
23.1 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.1 
23.1 
23.1 
23.2 
23.2 
23.2 
23.2 
23.2 
23.2 
23.2 
23.1 
23.1 

23.1 
- 

Measured Heat Flux, 

q w  

Cal i b. 
Hot  Box 

-2.16 
-2.64 
-3.42 
-3.95 
-4.92 
-5.22 
-5.36 
-5 90 
-5.56 
-5.70 
-6.72 
-5.99 
-4.83 
-3.66 
-2.35 
-0.90 
-1.04 
-0.1 2 
1.04 
1.04 
0.56 
0.27 

-0.46 
-1.43 

-2.89 

w/m2 - 
qhfin* 

HFM 8 
Indoor 
Surf. - 

- 
- 

I 

qhfm* 
me 

Outdoor 
Surf. 

Calculated 
Heat F1 ux. 

W l m  
2 

9rfW 

hsponse 
Factor 

*Internal thewnocouples and heat flow meters were not used on this wall assembly. 
**Response factor  analysis was not performed f o r  t h i s  wall assembly. 

9s s 
iteady- 
i t a t e  

-7.05 
-7.57 
-8.29 
-8.82 
-9.73 

-10.38 
-10.45 
-9.73 

-6.45 
-4.09 
-0.40 

4.70 
6.30 
6.90 
5.24 
1.32 

-1 -72 
-3.1 7 
-4.35 
-5.08 
-5.87 
-6.33 

-8.42 

2.38 

-3.79 - 
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TABLE M5-9(a) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO JANUARY MOOIFSED TEST CYCLE 

Tine, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean - 

t0  

Outdoor 
A i r  

64.4 
64.0 
61.8 
61.6 
59.6 
60.0 
60.2 
62.7 
65.3 
69.0 
73.1 
80.7 
85.0 
89.3 
89.8 
09.7 
84.2 
76.6 
71 .O 
70.1 
67.9 
67.8 
66.0 
66.2 

71.1 

Measured Temperatures, 

t 2  

Outdoor 
Surf. 

68.1 
67.2 
65.9 
65.0 
63.8 
63.2 
63.1 
64.0 
65.5 
67.6 
70.4 
75.0 
79.2 
82.7 
84.8 
85.6 
83.9 
79.7 
75.8 
73.8 
72.2 
71.1 
69.9 
69.2 

71.9 

- 
- 

OF 

t3*  

Internal 

t 1 

Indoor 
Surf. 

73.9 
73.9 
73.8 
73.7 
73.6 
73.5 
73.4 
73.3 
73.3 
73.3 
73.3 
73.4 
73.5 
73.7 
73.8 
74.0 
74.2 
74.4 
74.4 
74.4 
74.3 
74.2 
74.1 
74.0 

- 

t I 
Indoor 

A i r  - 
73.7 
73.7 
73.6 
73.6 
73.6 
73.6 
73.6 
73.6 
73.5 
73.5 
73.6 
73.6 
73.6 
73.7 
73.7 
73.7 
73.8 
73.8 
73.8 
73.8 
73.7 
73.7 
73.7 
73.7 

73.6 
- 

_ _  ~~ 

Measured Heat Flux, 
2 

Btulhr - f t  - 

q W  

Cal i b. 
Hot Box 

-0.00 
-0.14 
-0.37 
-0.58 
-0.82 
-0.82 
-1.06 
-0.89 
-1.17 
-1.02 
-1.22 
-0.85 
-0.86 
-0.18 
-0.18 
0.43 
0.42 
0.49 
0.60 
1.03 
0.58 
0.72 
0.37 
0.26 

-0.22 

qhh*  

HFM 0 
Indoor 
Surf. 

- 

- 
I 

q h h *  

HFM 0 
Outdoor 
Surf. 

Calculated 
Heat F1 ux, 

2 Btu/hr f t  

qr f *  

Response 
Factor 

- 

q55 

Steady- 
State 

I 
1 
1 
1 
1 
1 
i 
1 
n 
1 
1 
1 
1 
1 
5 
1 
1 
1 

Construction technology laboratorles 

*Internal thermocouples and heat flow meters were not  used on t h i s  wall assembly. 
*Response factor analysis was not p e r f o m d  f o r  t h i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 
Indoor Chamber - 20% 
Outdoor Chamber - 19% 

Max. - 75OF (24.R 
Min. - 71°F (22%) 

Laboratory A i r  Tenr erature: 

-78- 

-1.21 
-1.38 
-1.65 
-1 -82 
-2.05 
-2.15 
-2.15 
-1 -94 
-1 -63 
-1.19 
-0.61 
0.34 
1.20 
1.89 
2.31 
2.44 
2.04 
1.11 
0.29 

-0.1 3 
-0.44 
-0.65 
-0.88 
-1 .oo 

-0.39 - 



TABLE M5-9(b) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO JANUARY MODIFIED TEST CYCLE, SI UNITS 

Ti  me, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15  
16 
17 

19 
20 
21 
22 
23 
24 

ia 

ban 

t0  

Outdoor 
A i  r 

18.0 
17,8 
16.5 
16.4 
15.3 
15.6 
15.6 
17.1 
18.5 
20.6 
22.8 
27.1 
29.4 
31.8 
32.1 
32.1 
29.0 
24.8 
21.7 
21.1 
19.9 
19.9 
18.9 
19.0 

21.7 

Measured Temperatures, 

O C  

t 2  
Outdoor 
Surf. 

20.1 
19.6 
18.8 
18.3 
17.6 
17.3 
17.3 
17.8 
18.6 
19.8 
21.4 
23.9 
26.2 
28.1 
29.3 
29.8 
28.9 
26.5 
24.3 
23.2 
22.3 
21.7 
21.1 
20.7 

22.2 - 

t3* 
Internal 

- 

tl 
Indoor 
Surf. 

23.3 
23.2 
23.2 
23.1 
23.1 
23.1 
23.0 
23.0 
22.9 
22.9 
23.0 
23.0 
23.0 
23.1 
23.2 
23.4 
23.4 
23.5 
23.6 
23.6 
23.5 
23.5 
23.4 
23.3 - 
23.2 

ti  
Indoor 

Air 

23.2 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.2 
23.2 
23.2 
23.2 
23.2 
23.2 
23.2 
23.2 
23.2 

23.1 

Measured Heat F lux ,  

- 

qW 
Cal i b. 

Hot  Box 

-0 0 00 
-0,44 
-1.16 
-1.84 
-2.57 
-2.57 
-3.35 
-2.81 
-3.69 
-3.20 
-3.83 
-2.67 
-2.72 
-0.58 
-0.58 
1.36 
1.31 
1.55 
1.89 
3.25 
1.84 
2.28 
1.16 
0.82 

-0.69 

W h 2  

qhfm* 
HFH C 

Indoor 
Surf. 

- 
- 

I 

qhfm* 
HFM Q 

Outdoor 
Surf. 

Calculated 
Heat F1 ux, 

W h 2  

qrf ** 
Response 
Factor 

9s s 
Steady- 
State  

-3.83 
-4.35 
-5.21 
-5.73 
-6.46 
-6.78 

-6.1 3 
-5.14 
-3.76 
-1.91 

1.06 
3.77 
5.97 
7.30 
7.70 
6.43 
3.51 
0.93 

-0.40 
-1.39 
-2.05 
-2.77 
-3.17 

-1.22 

-6.78 

*Internal thermocouples and heat flow meters were n o t  used on this wall assembly. 
-Response f ac to r  analysis was not perfonned fo r  this wall assembly. 

-79- 
consiruction technology laboratories 



Temp 1 

O F  

I20 

90 

60 

30 

- 
Wall M5 

Apri I 

0 
0 8 16 24 

Time , hour 

( a )  Measured Temperatures 

April 1 M5 

I -30 

50 

25 

0 

O C  

1” 
AT, 
O C  

-30 1 
I I 
0 16 24 

-60 ’ 
0 

Time , hour 
( b )  Temperature Differentials 

F ig .  M5-5 IJall ?I5 Dynamic T e s t  Results f o r  Orlando Apri l  Tes t  CYC 1 e 

I construction technology laboratories -80- 



40 

- 

30 

m 
-20 

20 

10 

Heat Flux, 
Btu 0 

hr-ft2 

- 10 

-20 

-30 

-40 

-50 
0 

Wall M5 
April 

I20 

1100 

I 
80 

60 i 40 

1 -loo 

0 16 

Time , hour 
24 

( c )  Heat Flux 

.Fig. M5-5 Wall M5 Dynamic T e s t  Results for Orlando April Test Cycle 

-81 - 
constructlon technology laboratories 



- 

Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

TABLE M5-10(a) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO APRIL TEST CYCLE* 

t 0  

Outdoor 
A i  r 

70.7 
69.4 
67.5 
66.2 
64.6 
64.3 
65.0 
66.9 
70.1 
72.9 
76.8 
82.5 
88.2 
93.3 
97.7 

100.8 
98.5 
91.9 
83.7 
78.0 
74.7 
73.9 
73.0 
72.6 

77.6 

Measured Temperatures, 

t 2  
Dutdoor 
Surf. - 
74.7 
73.2 
71.9 
70.3 
69.0 
68.0 
68.0 
68.5 
70.3 
72.0 
74.7 
78.1 
82.5 
86.4 
90.5 
93.5 
94.3 
91.3 
87.0 
82.7 
79.8 
78.0 
76.9 
75.9 

78.2 

OF 

t3* 

[nternal 
t 1 

Indoor 
Surf. - 
78.5 
78.2 
77.9 
77.5 
77.1 
76.7 
76.2 
75.5 
75.1 
74.7 
74.5 
74.3 
74.3 
74.5 
74.9 
75.5 
76.3 
77.1 
77.9 
78.5 
78.8 
79.0 
78.9 
78.7 

76.7 - 

- 

ti 

Indoor 
A i  r 

77.7 
77.5 
77.3 
77.1 
76.8 
76.4 
76.0 
75.5 
75.1 
74.7 
74.4 
74.2 
74.1 
74.1 
74.3 
74.7 
75.3 
75.9 
76.5 
77.1 
77.5 
77.7 
77.8 
77.8 

76.1 

- 
- 

Measured Heat Flux, 
2 Btulhr 'f t  

qw* 
Cali b. 

Hot Box 

qhfm** 

H F H  @ 
Indoor 
Surf. - 

- 
- 

I 

qhfm"" 
HFM Q 

Dutdoor 
Surf. 

Calculated 
Heat Flux, 

2 Btulhr'f t 

Wx** 
Response 
Factor 

_I_ 

9s s 
Steady- 
State 

-0.80 
-1.05 
-1.26 
-1.51 
-1.70 
-1.82 
-1.72 
-1.46 
-1 .oo 
-0.57 
0.04 
0.80 
1.72 
2.50 
3.29 
3.80 
3.80 
3.00 
1.92 
0.88 
0.21 

-0.21 
-0.42 
-0.59 

0.33 

*Test was conducted under f loat ing conditions. Indoor surface and a i r  temperatures were 
permitted to respond t o  outdoor changes without heating, cooling, o r  forced a i r  c i rculat ion on 
the indoor side. No heat flow through wall was measured. 

**Internal thermocouples and heat flow meters were not used on this wall assembly. 
**Response factor analysis was not performed for t h i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 
Indoor Charnkr - 25% 
Outdoor Chamber - 21% 

Max. - 72OF ( 2 2 O C T  
Mln. - 68'F (2OOC) 

Laboratory Air Tem erature: 
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TABLE M5-10(b) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO APRIL TEST CYCLE, $1 UNITS* 

- 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14  
1 5  
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

- 

t0  

Outdoor 
hi r - 

21.5 
20.8 
19.7 
19.0 
18.1 
17.9 
18.3 
19.4 
21.2 
22,7 
24.9 
28,l 
31.2 
34.1 
36.5 
38.2 
36.9 
33.3 
28.7 
25.6 
23.7 
23.3 
22.8 
22.5 

25.4 - 

Measured Temperatures, 

"C 

t 2  
3utdoor 
Surf. 

23.7 
22.9 
22.1 
21.3 
20.6 
20.0 
20.0 
20.3 
21.3 
22.2 
23.7 
25.6 
28.1 
30.2 
32.5 
34.2 
34.6 
32.9 
30.5 
28.2 
26.6 
25.5 
25.0 
24.4 

25.7 

t3* 
[nternal 

tl 
t ndoor 
Surf. - 
25.8 
25.7 
25.5 
25.3 
25.0 
24.8 
24.5 
24.2 
24.0 
23.7 
23.6 
23.5 
23.5 
23.6 
23.8 
24.2 
24.6 
25.1 
25.5 
25.8 
26.0 
26.1 
26.1 
26.0 - 
24.8 - 

- 

t i  
Indoor 

Air - 
25.4 
25.3 
25.2 
25.0 
24.9 
24.7 
24.5 
24.2 
23.9 
23.7 
23.6 
23.5 
23.4 
23.4 
23.5 
23.7 
24.0 
24.4 
24.7 
25.0 
25.3 
25.4 
25.5 
25.4 

24.5 
- 
- 

Measured Heat F lux ,  

Y/m2 

%* 
Call b. 

Hot  Box - 

qhfmx* 
HFM B 

Indoor 
Surf. 

1 

qhfin** 
HFM P 

Outdoor 
Surf. 

Calculated 
Heat Flux, 

W h 2  

qrf*** 

Response 
Factor 

9s s 
Steady- 
State 

-2.52 
-3.31 
-3.97 
-4.76 
-5.35 
-5.75 
-5.41 
-4.62 
-3.17 
-1.78 
0.1 3 
2.52 
5.44 
7.90 

10.37 
11.98 
11.99 

9.45 
6.05 
2.79 
0.66 

-0.66 
-1 -33 
-1 -86 

1.03 

*Test was conducted under f loa t ing  conditions. Indoor surface and a i r  temperatures were 
permitted to respond t o  outdoor changes without heating, cooling, or forced a i r  c i r cu la t ion  on 
the indoor side. No heat flow through wall was measured. 

**Internal thermocouples and heat flow meters were not used on this wall assembly. 
***Response fac to r  analysis was not p e r f o m d  f o r  this wall assembly. 
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TABLE M5-11 (a) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO AUGUST TEST CYCLE 

Cal cul ated 
Heat F1 ux, 

2 Btu/hr. f t 

Measured Heat Flux, 
2 

Btu/hr' ft 

Measured Temperatures, 

'F 
T i  me, 

h r  
- 
95s 

Steady- 
State 

- 

ti 

t ndoor 
A i r  

- 
9W 

Cal i b. 
io t  Box 

I 

qhfm* 

HFM 8 
Outdoor 
Surf. 

qhfin* 

HFM Q 
Indoor 
Surf. - 

t3* 

[nternal 

tl 
Indoor 
Surf. 

t 0  

Outdoor 
A i  r 

t2 
htdoor  
Surf. 

qrf- 

Response 
Factor 

~ 

84.4 

82.7 
80.9 
80.1 
78.5 
78.8 
79.3 
81.5 
82.3 
84.2 
85.6 
89.2 
91.7 
96.0 
98.5 
01.6 
99.0 
96.2 
92.8 
90.9 
88.4 
87.3 
85.1 

83.0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

75.3 
75.2 
75,l 
75.0 
74.9 
74.8 
74.7 
74.6 
74.6 
74.5 
74.6 
74.6 
74.6 
74.7 
74.9 
75.0 
75.2 
75.4 
75.5 
75.6 
75.6 
75.6 
75.5 
75.4 

73.9 
73.9 
73.8 
73.9 
73.8 
73.8 
73.8 
73.8 
73.8 
73.8 
73.8 

73.8 
73.9 
73.9 
73.9 
73.9 
74.0 
74.0 
74.0 
74.0 
74.0 
74.0 
73.9 

73.9 

73.8 

- 
- 

3.31 
2.97 
2.85 
2.52 
2.43 
2.1 5 
2.21 
1.97 
2.20 
1.71 
1.89 
1.88 
2.00 
2.14 
2.32 
2.54 
2.80 
3.11 
3.34 
3.57 
3.72 
3.69 
3.71 
3.37 

1.91 
1.64 
1.60 
1.24 
1.09 
0.78 
0.86 
0.99 
1.45 
1.64 
2.04 
2.31 
3.08 
3.58 
4.45 
4.97 
5.56 
4.99 
4.37 
3.63 
3.23 
2.70 
2.48 
2.04 

81.7 
80.3 
80.4 
77.9 
77.4 
75.3 
77.1 
78.6 
82.7 

86.4 
88.2 

96.8 
102.7 
105.0 
107.5 
100.7 
95.4 
90.7 
88.4 
85.3 
84.5 
81.8 

87.6 

83.3 

93.8 

Mean 87 "4 - 75.0 2.68 2.61 

*Internal themcouples and heat f l ow  meters were not used on t h i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 

*xResponse factor analysis was not p e r f o m d  fo r  t h i s  wall assembly. 

Indoor Chamber - 19% 
Outdoor Chamber - 20% 

Laboratory A i r  Temperature: 
Max. - 75'F (24OC). 
Min. - 69*F (21'C) 
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TABLE M5-ll(b) - DYNAMIC TEST RESULTS (PERIODIC) ,  ORLANDO AUGUST TEST CYCLE, SI UNITS 

- 

Time, 
h r  

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

lean - 

- 

t0  

Outdoor 
A i  r - 

27.6 
26.8 
26.9 
25.5 
25.2 
24.1 
25.0 
25.9 
28.2 
28.5 
30.2 
31.2 
34.3 
36.0 
39.3 
40.6 
41.9 
38.2 
35.2 
32.6 
31.3 
29.6 
29.2 
27.7 

30.9 

Measured Temperatures, 

'C 

t 2  
Outdoor 
Surf. 

29.1 
28.3 
28.1 
27.2 
26.7 
25.8 
26.0 
26.3 
27.5 
27.9 
29.0 
29.8 
31.8 
33.2 
35.6 
37.0 
38.6 
37.2 
35.7 
33.8 
32.7 
31.3 
30.7 
29.5 

30.8 

t3" 
Internal 

- 

tl 

Indoor 
Surf. 

24.0 
24.0 
23.9 
23.9 
23.8 
23.8 
23.7 
23.7 
23.6 
23.6 
23.6 
23.7 
23.7 
23.7 
23.8 
23.9 
24.0 
24.1 
24.2 
24.2 
24.2 
24.2 
24.2 
24.1 - 
23.9 

ti 
Indoor 

Air 

23.3 
23.3 
23.2 
23.3 
23.2 
23.2 
23.2 
23.2 
23.2 
23.2 
23.2 
23.2 
23.2 
23.3 
23.3 
23.3 
23.3 
23.3 
23.3 
23.3 
23.3 
23.3 
23.3 
23..3 

23.3 - 

Measured Heat Flux, 

- 

% 
Cal i b. 

Hot Box - 
10.43 

9.32 
8.98 
7.96 
7.67 
6.79 
6.99 
6.21 
6.94 
5.39 
5.97 
5.92 
6.31 
6.74 
7.33 
8.01 
8.83 
9.80 

10.53 
11.26 
11.74 
11.64 
11.69 
10.63 

8.46 

W/m2 

qhfm* 
HFFI @ 

Indoor 
Surf. 

- 
I 

qhfm* 
WM Q 

Outdoor 
Surf. 

Calculated 
Heat Flux, 

W/m2 

qrf* 
Response 
Factor 

*Internal thermocouples and heat flow meters were not used on this wall assembly. 
**Response f ac to r  analysis was not performed f o r  t h i s  wall assembly. 

9s 5 

Steady- 
Sta t e  

6.04 
5.1 7 
5.04 
3.91 
3.45 
2.45 
2.72 
3.11 
4.57 
5.17 
6.44 
7.30 
9.70 

11.31 
14.05 
15.67 
17.55 
15.74 
13.79 
11.45 
10.18 

8.51 
7.84 
6.44 

8.23 
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Te s 
CY C 

@ Max. d Mfn. 

4 . 5  2 . 5  

3 4 

4 4 . 5  

6 6 . 5  

4 4 

e 

@ Max. 

3 

3 . 5  

4 

t 

4 

NBS 

Or 1 ando 
January 

Or 1 ando 
Jan. Mod 

Or1 ando 
4 p r l l  

3r lando 
9ugust 

TABLE M5-72 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG 

Thermal Lag, hrs 

Meas ured 

C a l i b r a t e d  H o t  Box 

I q s s  vs  qw 
to vs tl 

@ Mln. 

2 

4 

4 . 5  

* 

4 

Avg . 

3 

3 . 5  

4 . 5  

6 . 5  

4 

Heat  Flow Meter**  

'ss "' 'hfm 

@ Max. @ H i n .  

- 

Avg . 

*Not  a v a i l a b l e .  See note  beneath Table  M5-10(a). 

*+*Response fac tor  a n a l y s i s  was n o t  performed f o r  t h l s  w a l l  assembly. 
**Heat f l o w  meters were not  used on t h l s  w a l l  assembly. 

~- 

Calcu la ted  

Response Factor * * *  

q s s  vs  Qrf 

(3 Max.  @ Min.  

- 

Avg . 

Calc. 
Tlne 

Constant, 
hrs 

1 .5  

1.5 

1 . 5  

1 . 5  

1.5 



TABLE M5-13 - SUMHARY OF DYNAMIC T E S T  RESULTS ( P E R I O D I C ) ,  R E D U C T I O N  I N  AMPLITUDE 

Test 
Cyc 1 e 

NBS 

Or 1 ando 
January 

Or 1 ando 
Jan. Mod 

Or 1 ando 
A p r i l  

Or 1 ando 
August 

Measured, % 

Callbrated Hot Box Heat F l o w  Meter** 

@ Max. 

5 5  

63 

56  

* 

65 

@ Min. 

47 

55  

43 

* 

47 

Avg . 

~ 

Calculated, % 

Response Factor*** 

@ Max. @ Hin. Avg. 

*Not available. See n o t e  beneath Table  H5-10(a) .  
**Heat f low meters were n o t  used on t h t s  wall assembly. 

***Response f a c t o r  analysls was n o t  performed for  t h l s  wall assembly. 



TABLE H5-14 - S U M Y  OF D W I C  TEST RESULTS (PERIODIC), ENERGY R E Q U I E E N T S  

N H  
%i 

N N  
9,s 

45 

76 

57 

* 

103 

Total Energy 
Carpar i sons , 

‘hfm 

Qss 

Net Energy 
Canparisons, 

x 
Total Energy, 

2 2 B W f t  (W. hrlm 1 

Net Energy, 

B W f t  (W-hr/m 1 2 2 

Test 
Cycle 

- 
N 

k 
Qrs 

N 

- 
T 

SJ 
3,s 
T 

likasured Calculated h s u  red cal c111 ated 

d T *  
‘hfm 

T *  
Qrf 

T 
qss d M *  

‘hfm 
N- 

%f 
N 
Qss 

MBS 33.2 
(104.9) 

23.8 
(75.2) 

15.0 
(41 .5) 
* 

64.4 
(203.1) 

64.9 
1204.7) 

45.9 
(144.7) 

32.5 
I102.5) 

36.1 
(113.81 

62.6 
(197 -6) 

51  

52 

46 

* 

103 

5.2 
(16.41 

-22.0 
(-69.4) 

-5.2 
(-16.6) 

* 

64.4 
(203.1) 

11.6 
(36.7) 

-28.9 
f-91 I 1 1  

-9.3 
(-29.2) 

7.9 
(24.8) 

62.6 
(197.6) 

I 
co 
0 
I 

Or1 ando 
January 

Orlando 
Jan. Ibd. 

Or I ando 
hpri 1 

Orlando 
Rugust 

(I 

P kNot available. See note beneath Table MS-lO(al. a 
*at flow meters were not used on this wall d s s d l y .  

**kResponse factor analysis uas not performed for this wall assembly. 5 
$ 
3 



WALL M6: 8-IN. (203-Mt4) LIGHTWEIGHT COdCRETE 
BLOCK WITH ItJSULATIOri Oi4 INSIDE SURFACE 

Uni t wei ght ,  psf (kg/m2) 

DESCRIPTION: Lightweight 8-in. (203-m) hollow core concrete b lock  Mall 
w i t h  f i b e r g l a s s  b a t t  insu la t ion  between f u r r i n g  strips and 
gypsum wall board on i nteri o r  surface. 

42.1 
( 205 1 

REFERENCE: Fio ra to ,  A, E, and Bravinsky, E., "Heat Transfer 
Characteri st ics o f  Wall s Under Arizona Temperature 
Conditions ,I' Construction Techno1 ogy Laboratories,  Port1 and 
Cement Association, Skokie, 1981, 61 pages. 

COMPOSITION: 

1. 8x8~16-i  n. (203x203x406-mm) L i g h t w e i g h t  
Hollow Core Concrete Block - 2 cores 
per block 

F u r r i n g  Strips a t  16-in. 
(406-mm) center-to-center 

3, 1 -3/4-i n. (44-mrn) R-8 Fi berg1 ass 
Insul a t i  on 

4. 1/2-in. (13-m) Gypsum Wallboard 

2. 1 -1 /2-i n. xl-3/4-i n. ( 38x44-mm ) 

TABLE M6-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

P roper ty 
Measured 

Value 

1 Average Thickness, i n .  (mm) 

73.67 1 (5.84) 

Moisture Content," % by 
ovendry weight  

1 .o 

*Pleasured on masonry, i ncl udi ng mortar j oi  nts, 
a f t e r  tes t  . 
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TABLE M6-2(a)  - M A T E R I A L  PROPERTIES,  LIGHTWEIGHT CONCRETE BLOCK 

Property 

Standard Dlmenslons, ln. (mm) 

Measured Dlmenslons, i n .  (mm) 

Percent S o l l d  Volume 

Ovendry Unlt Welght, pc f  (kg/m3) 

Molsture Con,tent, Ih ovendry weight 

Absorpt ion,  X ovendry wefght  

Test  Method 

-- 

ASTM C140 

-- 

-- 

ASTH C140  

ASTM C t  40 

Spec lmen 
Condl t l o n  

Mean 

"F 
Temperature,  

( " C )  

fleasured 
Va 1 ue 

7 - 5 / 8 X 7 - 5 / 8 ~ 1 5 - 5 / €  
( '194x1 94x397) 

7.56~7.56~15.56 
(1 92x1 92x395)  

53 

'Ill 
(1778) 

1 .o 

9 . 2  



TA3LE M6-2(b) - MATERIAL PROPERTIES, MORTAR* 

T e s t  Method 

-- 

-- 

Proper ty  
Mean 

Speclmen Temperature,  Measured 
Condl t lon  O F  Value 

( * C )  

-- -- 0.39 
(10) 

( 1 7 . 7 )  
rnolst  -- 2560 

Average Mortar  Bed Jolnt Spaclng, 
In. (m) 

Compresslve S t r e n g t h , * *  p s l  (HPa) 

*One part Type 5 masonry cement t o  t h r e e  p a r t s  masonry sand by volume. 
**Measured on 2 - I n .  (51-mmf cubes molst  cured f o r  28 days.  



I 
u3 

f 

CI 
0 
1 # 
3 
3 

s 
a 
P 
0 

TABLE M 6 - 2 ( ~ )  - HATERIAL PROPERTIES,  R-8 FIBERGLASS BATT I N S U L A T I O N  

P r o p e r t y  

Nominal Thfckness, In. (mrn) 

Thlckness,  a s  rece lved ,  I n .  (m) 

Installed Thickness,  I n .  (m) 

D e n s i t y ,  as recelved,  pc f  (kg/m3) 

Test  M e t h o d  

ASTM C t 6 7  

ASTH C t  67 

Spec Imen 
Cond I t 1 on 

-- 

-- 

-- 

-- 

Mean 

O F  

I " C )  

Temperature, 

-- 

Hea s u r ed 
Value 



TABLE M6-3 - DESIGN HEAT TRANSMISSION COEFFICIEP4TS 

Component 

1 .  Outside Air Fi lm 

2. 8x8~16- i  n. ( 203x2O3x406-mm) 
Hol low Core B1 ock 

3. 1 -3/4x1-1/2-i n. (44x38-m) 
Furri ng S t r i p s  

4. 1-3/4-in. (44-mm) Fiberglass  
Insulat ion 

5. 1 /2-i n.. (1 3-mm) Gypsum Ma1 1 board 

6,  Inside Air Film 

Total R 

Total U 

R ,  Thermal Resistance 

Between Furring 
h r * f t 2 =  'F/Btu 

( m 2 - K / W )  

0.17 
(0.03) 

2.18" 
(0.38) 

- 

6.00" 
(1.06) 

0.45* 
(0.08) 

0.68 
(0.12) 

9.48 
(1.67) 

0.11 
(0.50) 

A t  Fu r r ing  
h r - f t 2 - * F / B t u  

(m2-K/W) 

0.17 
(0.03) 

2.18 
(0.38) 

2.19" 
(0.39) 

- 

0.45 
(0.08) 

0.68 
(0.12) 

5.67 
( 1  .OO) 

0.18 
(1 . O O )  

*Source: ASHRAE Handbook o f  Fundamentals, American Society o f  Heating, 
Refri gerati ng, and A i  r-Condi t i o n i  ng Engineers Inc. New York, 
1977, Chapter 22. 

Adjust  f o r  Furring (11.7%): 

U = 0.883 (0.105) + 0.117 (0.176) 

= 0.11 Btu/hr-ft*="F (0.64 W/m2-K) 

R = 1 / U  = 8.63 h r - f t * -  "F/Btu (1.56 K.mZ/W) 
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TABLE H6-4 - STEADY-STATE TEST ESULTS 

I 
ID m 
I 

Naninal Test 
Condition 

t,,, = 1 0 2 O F  
(39W 

Design Values 

q 

Heal Flux, 

2 
Btu/hr- f t  

2 
IW/m 1 

7.91 
(24.9) 

-7.82 
(-24. I )  

- 

2 
h r a f t  *OF/Btu 

(m -K/W) 
2 

1.40 
(1.30) 

9.03 
(1.59) 

8.83 
(1.56) 

0.14 
(0.77) 

0.11 
(0.63) 

0.11 
(0.64) 

0 
t 

Outdoor 
Air 

*Internal thermocouples were not used for this wall assdly. 

Measured Tenperatures, 

t2 
Outdoor 
Surf ace 

OF 

I'C) 

Y 
Internal Indoor 

Surface 

ti 
Tndoor 
A i r  

74 
(23) 

13 
(23) 

- 

Relat i ue h i  di t y  

Indoor 
Chamber, 

% 

37 

27 

- 

Outdoor 

C h h r  , 
% 

44 

24 

- 

Laboratory 
4ir Tenperatwe 

%ax. 

'F 
I'C) 



Temp, 
O F  

AT 1 

O F  

Wall M 6  1 I2O r 

25 

30i 0 0 8 16 24 O 

Time I hour 

( a )  Measured Temperatures 

Wall M 6  1 'O 
2 0 -  

0 

Temp. I 

O C  

AT, 
"C 

-30 I 
1 -30 

0 e 16 24 
- 60 I I 

Time, hour 

( b )  Temperature D i f f e r e n t i a l s  

F ig .  M6-2 Wall M6 Dynamic Test Resu l ts  f o r  NBS Tes t  Cycle 
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Fig. M6-2 Wall M6 Dynamic Test  Results f o r  NBS T e s t  Cycle 
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I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 

I 
1 
I 
I 
I 
I 
I 

a 

TABLE M6-7(a) - DYNAMIC TEST RESULTS (P€RIODIC), NBS TEST CYCLE 

Calculated 
Heat F1 ux, 

2 Btu/hr-ft 

Measured Heat F1 ux. 
2 Btu/hr. f t  

Measured Temperatures, 

O F  
Time, 

hr 
- 

111 

qhfm 
HFM 

letween 
Studs 

- 

ti 

ndoor 
A i  r 

73.3 
73.3 
73.3 
73.3 
73.2 
73.2 
73.3 
73.2 
73.3 
73.2 
73.2 
73.3 
73.3 
73.3 
73.3 
73.4 
73.3 
73.3 
73.3 
73.3 
73.4 
73.3 
73.3 
73.2 

73.3 
- 
- 

-. . 

t0  

Outdoor 
A i  r 

U 

qhfm 

HFM @ 
Stud 

0.85 
0.51 
0.1 5 
-0.18 
-0.51 
-0 83 
-1.10 
*1.26 
-1.29 
-1.21 
-1.01 
-0.71 
-0.38 
0.01 
0.46 
0.91 
1.33 
1.68 
1.90 
1.95 

1.72 
1.45 
1.16 

i .a7 

W * *  
le s po n s e 
Factor 

t 2  
Outdoor 
Surf. 

t3* 
Internal 

t 1 
[ ndoor 
Surf. 

q W  

Cal i b. 
lot Box - 
0.69 
0.32 
-0.24 
-0.37 
-0 88 
-1 -67 
-2.26 
-2.26 
-2.41 
-1.68 
-1 -73 
-0.80 
-0.58 
-0.13 
0.43 
1.77 
2.10 
2.39 
2.30 
2.17 
1.87 
1.53 
1.86 
0.98 

955 
Steady- 
State 

-1.98 
-2.24 
-2.44 
-2.56 
-2.62 
-2.12 
-1.04 
-0.11 
0.76 
1.57 
2.24 
2.71 
3.39 
4.1 2 
4.20 
3.91 
3.32 
2.23 
1.02 
0.13 
-0 36 
-0.55 
-0 99 
-1.70 

52.3 
50.3 
49.1 
48.6 
48.9 
56.6 
69.0 
77.3 
84.4 
91.1 
95.7 
98.5 
104.3 
09.4 
07.7 
03.8 
97.1 
85.8 
74.3 
67.9 
65.0 
64.7 
60.2 
53.9 

59.0 
56.9 
55.2 
54.1 
53.6 
57.3 
65.4 
72.2 
78.3 
84.1 
88.9 
92.1 
96.8 
101.8 
102.5 
100.7 
96.9 
89.7 
81.3 
75.0 
71.4 
69.9 
66.6 
61.2 

73.6 
73.5 
73.3 
73.2 
73.1 
73.0 
13.0 
73.0 
72.9 
73.0 
73.2 
73.2 
73.4 
73.6 
73.8 
73.9 
74.0 
74.1 
74.1 
74.1 
74.0 
73.9 
73.8 
73.7 

0.44 
0.18 
-0.09 
*O. 33 
-0.55 
-0.74 
m0.89 
PO. 96 
-0.89 
4.74 
*0.51 
*O 22 
0.08 
0.39 
0.74 
1.08 
1.37 
1.55 
1.64 
1.57 
1.41 
1.22 
0.95 
0.71 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 
-. . 

76.3 73.5 0.14 0.31 0.31 - 0.45 75.7 

*Internal thermocouples were not used on wall assembly. 

Calibrated Hot Box Relat ive  Humidity: 

-Response factor analysis was n o t  performed for this wall assembly. 

Indoor Chamber - 36% 
Outdoor Chamber - 35% 

Max. - 74OF (23OC) 
MJn. - 69OF (21°C) 

Laboratory Air Temperature: 

construction technology laboratories - 99- 



Time, 
h r  

t0  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
1 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

t 2  

Mean 

Calib. 
Hot Box 

2.17 
1.00 

-0.75 
-1.16 
-2.70 
-5.25 
-7.14 
-7.1 4 
-7.59 
-5.31 
-5.44 
-2.53 
-1.82 
-0.41 

TABLE M6-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, $1 UNITS 

HFM I? 
Stud 

2.67 
1.60 
0.47 

-0.58 
-1.61 
-2.61 
-3.46 
-3.97 
-4.08 
-3 a 8 1  
-3.20 
-2.23 
-1.19 
0.04 

Measured Temperatures, 

'C 

7.52 

6.84 
5.89 
4.84 
5.06 
3.08 

7.25 
5.29 

6.16 
5.90 
5.44 
4.56 
3.66 

5.98 

Outdoor Outdoor 
Air Surf. I 

11.3 
10.2 
9.5 
9.2 
9.4 

13.7 
20.6 
25.2 
29.1 
32.8 
35.4 
36.9 
40.2 
43.0 
42.1 
39.9 
36.2 
29.9 
23.5 
19.9 
18.3 
18.2 
15.7 
12.2 

I 
15.0 
13.8 
12.9 
12.3 
12.0 
14.1 
18.6 
22.3 
25.7 
28.9 
31.6 
33.4 
36.0 

39.2 
30.2 
36.1 
32.1 
27.4 
23.9 
21.9 
21.1 
19.2 
16.2 

38.8 

t3" 
Internal 

t 1 
Indoor 
Surf. 

23.1 
23.1 
22.9 
22.9 
22.8 
22.8 
22.8 
22.8 
22.7 
22.8 
22.9 
22.9 
23.0 
23.1 
23.2 
23.3 
23.3 
23.4 
23.4 
23.4 
23.3 
23.1 
23.0 
23.2 

23.1 

- 

ti 
Indoor 

Air - 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
23.0 
22.9 
22.9 
22.9 
22.9 
23.0 
22.9 
22.9 
22.9 - 
22.9 - 

Measured Heat F1 ux, 
n 

1.36 1.44 
5.58 I 2.88 
6.63 4.20 

I 
0.44 I 0.98 

*Internal thermocouples were not used f o r  t h i s  wall assembly. 
*Response f a c t o r  analysis  was not performed f o r  t h i s  wall assembly. 

S;tfnr 
HFM 

Be tween 
Studs 

1.38 
0.57 

-0.27 
-1 -03 
-1.73 
-2.34 
-2.82 
-3.03 
-2.82 
-2.35 
-1.61 
-0.69 
0.24 
1.24 
2.34 
3.40 
4.31 
4.89 
5.18 
4.96 
4.44 
3.05 
3.00 
2.25 

0.97 

Calculated 
Heat F1 ux, 

M/a2 

W** 
Response 
Factor 

9SS 

Steady- 
S ta t e  

-6.24 
-7.07 
-7.68 
-8.09 
-0.25 
-6.68 
-3.28 
-0.35 
2.39 
4.96 
1.07 
8.56 

10.68 
12.99 
13.24 
12.33 
10.47' 
7.05 
3.20 
0.40 

-1.14 
-1 -74 
-3.12 
-5.31 

1.43 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Time, 
hr  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
1 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

TABLE M6-8(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE 

to 
Outdoor 

Air 

46.3 
45.1 
44.3 
43.4 
43.0 
42.1 
42.1 
48.1 
56.4 
63.9 
71.2 
76.2 
79.3 
81.7 
93.1 
74.9 
64.9 

56.7 
53.0 
50.7 
50.0 
48.0 
47.5 

58.2 

57.1 

Measured Temperatures, 

"F 

t 2  
l u  tdoor 
Surf. 

50.4 
49.2 
48.2 
47.3 
46.6 
45.8 
45.4 
40.5 
54.1 

65.8 
70.6 
74.0 
76.7 
70.0 
75.1 
67.4 
62.7 
60.5 
57.6 
55.3 
54.2 
53.0 
51 .7 

59.8 

58.3 

t3* 
Internal 

t 1 
Indoor 
Surf. - 
68.3 
68.2 
68.1 
68.1 
68.0 
68.0 
67.9 
67.9 
67.9 
67.9 
68.0 
68.0 
68.2 
68.3 
68.4 
68.6 
68.6 
60.7 
68.7 
68.7 
68.7 
68.6 
68.5 
68.4 

68.3 
- 
- 

ti 
Indoor 

Air - 
68.6 
68.6 
68.6 
68.6 
68.6 
68.6 
68.6 
68.5 
68.5 
68.5 
68.5 
68.5 
68.6 
68.6 
68.6 
68.6 
68.6 
68.7 
68.7 

68.7 
68.7 
68.6 
68.7 

68.7 

- 
68.6 - 

Measured Heat Flux, 
2 B t u / h r -  f t  

qW 
Calib. 

lot Box 

-1.09 
-1.41 
-1 -13 
-1.59 
-1 .a2 
-1.91 
-1.96 
-2.51 
-2.43 
-2.53 
-2.59 
-2.46 
-1.78 
-1.70 
-1.24 
-0.42 
-0.14 
-0.09 
-0 08 
0.21 

-0.15 
-0.53 
-0.44 
-0.52 

-1.26 

II 

qhfm 
HFM @ 
Stud - 

-0.99 
-1.16 
-1.34 
-1.48 
-1.66 
-1.80 
-1.95 
-2.07 
-2 20 
-2.28 
-2 - 25 
-2.15 
-1.97 
-1.69 
-1.38 
-1.04 
-0.72 
-0.49 
-0.37 
-0 36 
-0.40 
-0.52 
-0.68 
-0.85 

-1.33 - 
*Internal thermocouples were n o t  used f o r  this wall assembly. 

Cal i brated Hot Box Re1 a t i  ve Humidity : 

*Response f ac to r  analysis  was not performed f o r  this wall assemb 

Indoor Chamber - 34% 
Outdoor Chamber - 33% 

Laboratory Air Tem erature:  
Max. - 7 5 O F  (24OCY 
Min. - 72OF (22%) 

-1 03- 

ql#m 

HFM 
Between 

Studs 

-0 74 
-0.86 
-1 .oo 
-1.09 
-1.21 
-1.31 
-1.41 
-1.48 
-1 -56 
-1.56 
-1.50 
-1.39 
-1.15 
-0.90 
-0.63 
-0.37 
-0.16 
-0.05 
-0 05 
-0.12 
-0.21 
-0.34 
-0.49 
-0.82 

-0. a4 

Cal cul a ted 
Heat F1 ux, 

2 B t u / h r * f t  

qrf* 
Re span se 
Factor 

qss 
Steady- 
State 

-2.37 
-2.51 
-2.62 
-2.73 
-2.81 
-2.91 
-2.94 
-2.55 
-1 -83 
-1.09 
-0.30 
0.36 
0.80 
1.16 
1.45 
0.90 

-0.16 
-0.81 
-1.10 
-1.49 
-1.79 
-1.92 
-2.06 
-2.21 

-1.31 

Y. 
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Measured Heat F lux ,  
Calcul atsd 
Heat F1 ux, 

t 2  
Outdoor 
Surf. 

t3* 

Internal 

TABLE M6-8(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE, SI UNITS 

Measured Temperatures, 

'C W/m2 - 
Y 

qhfm 
HFH 8 
Stud 

2 I W/m Time, 
h r  

q i l h  

Between Response 
Studs Factor 

t o  
Outdoor 

A i  r 

t l  
Indoor 
Surf. 

ti 
Indoor 

Air 

q W  

Cal i b. 
Hot Box 

qss 

Steady- 
State 

20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.4 
20.4 
20.4 
20.4 
20.4 
20.3 
20.4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
1 3  
1 4  
15  
16  
17 
1 8  
19  
20 
21 
22 
23 
24 

7.9 
7.3 
6.8 
6.3 
6.1 
5.6 
5.6 
8.9 

13.6 
17.7 
21.8 
24.6 
26.3 
27.6 
28.4 

18.3 
14.6 
13.7 
11.7 
10.4 
10.0 
9.3 
8.6 

23.8 

20.2 
20.1 
20.1 
20.1 
20.0 
20.0 
19.9 
19.9 
19.9 
19.9 
20.0 
20.0 
20.1 
20.2 
20.2 
20.3 
20.3 
20.4 
20.4 
20.4 
20.4 
20.3 
20.3 
20.2 

20.2 

- 
- 

-3.44 
4 . 4 6  
-3.57 
-5.02 
-5.75 
-6.03 
-6.19 
-7.93 
-7.66 
-7.97 
-8.16 
-7.77 
-5.62 
-5.35 
-3.92 
-1 -32 
-0.44 
-0 30 
-0.25 
0.66 

-0.49 
-1.67 

-1.66 
-1.38 

-3.11 
-3.65 
-4.23 
-4.67 
-5.24 
-5.69 
-6.16 
-6.54 
-6.95 
-7.1 4 
-7.11 
-6.77 
-6.23 
-5.33 
-4.34 
-3.28 
-2.27 
-1.53 
-1 -17 
-1.13 
-1.28 
-1.65 
-2.16 
-2.68 - 
-4.18 

-2.32 
-2.72 
-3.14 
-3.44 
-3.81 
-4.13 
-4.43 
4 .67  

-4.92 
-4.72 

-3.64 
-2.83 
-1 -98 
-1.18 
-0.52 
-0.15 
-0.16 
-0.38 
-0.66 
-1.07 
-1.54 
-1.97 

-4. a2 

-4.28 

-7.46 
-7.90 
-8.26 
-8.62 
-8.85 
-9.17 
-9.28 
-8.05 
-5.79 
-3.43 
-0.94 

1.12 
2.52 
3.67 
4.56 
2.83 

-0.52 
-2.56 
-3.48 
-4.69 
-5.64 
-6.05 
-6.48 
-6.98 

10.2 
9.5 
9.0 
8.5 
8.1 
7.7 
7.4 
9.2 

12.3 
15.4 
18.8 
21.4 
23.3 
24.8 
26 .O 
23.9 
19.7 
17.1 
15.8 
14.2 
12.9 
12.3 
11.7 
10.9 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Yean 14.0 14.6 I 20.3 -3 99 -2.65 -4.14 

* I n t e r n a l ,  t h e m c o u p l e s  were not used f o r  this wall assembly. 
+*Response f a c t o r  ana lys i s  was not  performed fo r  th i s  wall assembly. 
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I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Time, 
hr 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

TABLE M6-9(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE 

t 0  

Outdoor 
A i  r 

61.1 
58.6 
56.2 
54.4 
53.0 
54.9 
59.4 
67.3 
75.9 
81.5 

88.2 
91.4 
95.0 
97.9 

101.3 
101 .o 
95.4 
87.5 
81.3 
75.1 
70.1 
67.0 
64.2 

76 .O 

85.2 

Measured Temperatures, 

"F 

t 2  
Iutdoor 
Surf. 

66.6 
64.0 
61.7 
59.7 
58.1 
58.4 
60.8 
65.6 
72.0 
76.9 
80.4 
83.7 
86.6 
89.8 
92.7 
95.8 
97 .O 
94.3 
89.3 
84.5 
79.8 
75.4 
72.2 
69.5 
- .  

76.5 

t3* 
Internal 

- 

tl 
Indoor 
Surf,  

73.6 
73.5 
73.4 
73.3 
73.1 
73.1 
73.0 
72.9 

72.8 
72.8 
72.9 
73.0 
73.2 
73.3 
73.5 
73.6 
73.7 
73.8 
73.8 
73.9 
73.8 
73.0 
73.7 

73.3 

72.8 

- 

ti 
Indoor 

A i  r 

73.1 
73.2 
73.1 
73.1 
73.0 
73.1 
73.0 
73.1 
73.1 
73.0 
72.9 
73.0 
73.0 
73.1 
73.1 
73.1 
73.2 
73.2 
73.2 
73.2 
73.2 
73.2 
73.3 
73.3 

73.1 

Measured Heat Flux, 
2 Btu/hr-f t  

q W  
Calib. 

Hot Box 

1 S O  
0.81 
0.58 
0.13 

-0.34 
-0.75 
-1.21 
-1.71 
-1.48 
-1.32 
-1.47 
-1.07 
-0.71 
-0.50 
0.14 
0.18 
0.69 
1.34 
1.96 
1.78 
2.07 
1.79 
1.66 
1.54 

0.23 

M 

qhfm 
HFM B 
Stud 

1.18 
0.94 
0.67 
0.40 
0.13 

-0.16 
-0.42 
-0.65 
-0.80 
-0 86 
-0.85 
-0.72 
-0.52 
-0.20 
-0 02 

0.26 
0.56 
0.92 
1.18 
1.42 
1.53 
1.58 
1.49 
1.35 

0.35 

- 
- 

Gfm 
HFM 

Between 
Studs 

0.78 
0.59 
0.38 
0.18 

-0.02 
-0.22 
-0.41 
-0.54 
-0.81 
-0.80 
-0 52 
-0.35 
-0.16 
0.01 
0.27 
0.51 
0.74 
0.99 
1.16 
1.29 
1.30 
1.26 
1.14 
0.98 

0.34 

Calculated 
Heat Flux, 

2 B t u l h r -  f t  

Wx+ 
Response 
Factor 

qss 
Steady- 
S t a t e  

-0.96 
-1.30 
-1.59 
-1 -85 
-2.03 
-1.99 
-1 -66 
-1 .oo 
-0.11 

0.57 
1.07 
1.53 
1.93 
2.37 
2.79 
3.22 
3.39 
2.97 
2.22 
1.52 
0.83 
0.22 

-0.22 
-0.58 

0.47 

*Internal thermocouples were not  used fo r  t h i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 

*Response f ac to r  analysis  was n o t  performed f o r  t h i s  wall assembly. 

Indoor Chamber - 34% 
Outdoor Chamber - 33% 

Max. - 74OF ( 2 P C )  
Min. - 69-F (20°Cl 

Laboratory Air Temperature: 
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TABLE M6-9(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE, SI UNITS 

Time, 
hr 

Calcul atod 
Heat Flux, 

W m  2 
Measured Temperatures, 

"C 
Measured Heat F l u x ,  

W/m2 - 
Y 

qhfm 

HFM @ 
Stud - 
3.72 
2.96 
2.12 
1.25 
0.40 

-0.49 
-1.32 
-2.05 
-2.52 
-2.73 
-2.68 
-2.28 
-1.63 
-0.63 
-0.08 
0.81 
1.75 
2.91 
3.72 
4.47 
4.81 
4.93 
4.68 
4.25 

- 
111 

qhfm 

HFM 
Between 

Studs 

t0 

Outdoor 
A i  r 

+* 
Internal 

t 2  
Du tdoor 
Surf. - 
19.2 
17.8 
16.5 
15.4 
14.5 
14.7 
16.0 
18.7 
22.2 
24.9 
26.9 
28.7 
30.3 
32.1 
33.7 
35.4 
36.1 
34.6 
31.8 
29.2 
26.6 
24.1 
22.3 
20.8 

t 1 
Indoor 
Surf. 

9W 
Cal i b. 

Hot Box 

%f** 

Response 
Factor 

ti 

Indoor 
Air 

22.8 
22.9 
22.8 
22.8 
22.8 
22.0 
22.8 
22.0 
22.8 
22.8 
22.7 
22.8 
22.8 

22.8 
22.8 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 

22.8 

qss 

Steady - 
Sta t e  

16.2 
14.8 
13.4 
12.4 
11.7 
12.7 
15.2 
19.6 
24.4 
27.5 
29.6 
31.2 
33.0 
35.0 
36.6 
38.5 
38.3 
35.2 
30.8 
27.4 
23.9 
21.2 
19.4 
17.9 

23.1 
23.1 
23.0 
22.9 
22.8 
22.8 
22.8 
22.7 
22.7 
22.7 
22.7 
22.7 
22.8 
22.9 
22.9 
23.0 
23.1 
23.2 
23.2 
23.2 
23.3 
23.2 
23.2 
23.1 

2.49 
1.87 
1.19 
0.55 

-0.06 
-0.70 
-1 -29 
-1 -72  
-1 -92 
-1.90 
-1.63 
-1.1 1 
-0.49 
0.04 

1.62 
2.33 
3.1 3 
3.67 
4.06 
4.11 
3.98 
3.58 
3.08 

0.86 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12  
1 3  
14 
15  
16 
17 
1 8  
19 
20 
21 
22 
23 
24 

Mean 

4.74 
2.55 
1.83 
0.40 

-1 -07 
-2.37 
-3.81 
-5.41 
-4 68 
-4.15 
-4.65 
-3.38 
-2.24 
-1.56 
0.44 
0.56 
2.18 
4.24 
6.19 
5.60 
6.52 
5.66 
5.25 
4.84 

0.74 

-3.03 
-4.10 
-5.02 
-5.82 
-6.40 
-6.27 
-5.23 
-3.15 
-0.35 

1.81 
3.37 
4.82 
6. 0 
7.49 
8.79 

10.17 
10.69 
9.37 
6.99 
4.79 
2.62 
0.70 

-0.70 
-1.83 

1.49 24.4 24.7 23.0 - 22.8 1.10 1.07 

*Internal  thermocouples were n o t  used f o r  this wall assembly. 
*Response f a c t o r  analysis  was n o t  performed for t h i s  wall assembly. 
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TABLE M6-10(a) - DYNAMIC TEST RESULTS (PERIODIC). PHOENIX AUGUST TEST CYCLE 

Cal cul ated  
Heat Flux, 

2 Btu/hr-f t 

Measured Temperatures, 

OF 

Measured Heat F1 ux , 
B t u / h r *  f t 2 

Time, 
h r  

- 

ti 

Indoor 
AS r 

78.4 
78.3 
78.3 
78.2 
78.2 
78.2 

70.2 
78.2 
78.2 
78.1 
78.2 
78.3 
78.3 
78.4 
78.3 
78.3 
78.4 
78.4 
78.4 
78.3 
78.4 
78.3 
78.3 

78.3 

- 
78.3 

- . . .. . . 

t0  

Outdoor 
A i  r 

.- 

t3* 
Internal 

t 1 
Indoor 
Surf. - 
79.2 
79.1 
79.0 
70.9 

78.8 
78.7 
78.7 
78.6 
78.7 
78.7 
78.9 
79.0 
79.0 
79.2 
79.3 
79.4 
79.5 
79.6 
79.5 
79.4 
79.4 
79.3 
79.2 

78.8 

4 f m  
HFM 

Between 
Studs 

U 

qhfm 
HFM @ 
Stud 

2.23 
2.10 
1.87 
1.73 
1.53 
1.35 
1.15 
1.04 
0.95 
0.97 
1.06 
1.20 
1.36 
1.64 
1.02 
2.09 
2.32 
2.60 
2.76 
2.90 
2.92 
2.84 
2.70 
2.54 

t 2  
Outdoor 

Surf. 

W** 
Response 
Factor 

qss 
Steady- 
S ta t e  

q W  

Calib. 
Hot Box 

2.98 
2.56 
2.51 
2.19 
2.19 
1 . l l  
0.80 
0.56 
0.89 
0.73 
1.32 
1.56 
1.60 
2.11 
2.07 
2.47 
3.36 
3.93 
3.88 
4.12 
4.04 
3.71 
3.52 
3.29 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14  
15 
16 
17 
1 8  
19 
20 
21 
22 
23 
24 

82.6 
81 .O 
79.6 
78.0 
76.6 
78.9 
85.8 
94.2 
99.3 

102.6 
105.3 
107.5 
109.4 
111.5 
114.2 
11 5.8 
113.1 
105.6 
98.5 
92.0 
88.3 
86.6 
85.5 
04.3 

85.6 
84.0 
82.6 
81.1 
79.8 
80.6 
84.8 
90.7 
95.3 
98.6 

101.3 
103.6 
105.7 
107.7 
110.0 
111.9 
111 .o 
106.4 
101.1 
96.0 
92.2 
90.2 
88.7 
87.3 

0.92 
0.70 
0.51 
0.31 
0.14 
0.26 
0.87 
1.73 
2.43 
2.92 
3.33 
3.65 
3.96 
4.27 
4.60 
4.89 
4.73 
4.00 
3.17 
2.41 
1.86 
1.56 
1.36 
1.17 

1.62 
1.53 
1.34 
1.24 
1.09 
0.94 
0.80 
0.75 
0.74 
0.81 
0.96 
1.10 
1.26 
1.47 
1.63 
1.86 
2.04 
2.24 
2.35 
2.38 
2.33 
2.20 
2.03 
1.81 

1.52 Jean 94.8 94.8 79.1 - 1.90 2.32 2.40 

*Internal thermocouples were not used f o r  t h i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 

-Response fac to r  analysis  was not performed f o r  t h i s  wall assembly. 

Indoor Chamber - 34% 
Outdoor Chamber - 35% 

Max. - 76OF (24OCY 
Min. - 73°F (23°C) 

Laboratory A i r  Tem erature:  
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TABLE M-lO(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX AUGUST TEST CYCLE, SI UNITS 

Calculated 
Heat Fl ux, 

w/m2 

Measured Temperatures, 

O C  

Measured Heat Flux, 

W/m2 - 

U 

qhfm 
HFM I 
Stud - 
7.04 
6.62 
5.90 
5.46 
4.83 
4.26 
3.61 
3.28 
3.01 
3.05 
3.33 

4.29 
5.16 
5.72 
6.59 
7.31 
8.19 
8.71 
8.15 
8.21 
8.94 
8.50 
8.01 

3.78 

- 
6.00 
- 

Time, 
hr 

- 

ti 

Indoor 
Air - 

25.8 
25.7 
25.7 
25.7 
25.7 
25.7 
25.7 
25.7 
25.7 
25.7 
25.6 
25.7 
25.7 
25.7 

25.7 
25.7 
25.8 
25.8 
25.8 
25.7 
25.8 
25.7 
25.7 

25.8 

- 

t l  
Indoor 
Surf. - 
26.2 
26.2 
26.1 
26.1 
26 .O 
26.0 
25.9 
25.9 
25.9 
25.9 
25.9 
26.1 
26.1 
26.1 
26.2 
26.3 
26.3 
26.4 
26.4 
26.4 
26.3 
26.3 
26.3 
26.2 - 
26.2 

t 2  
lutdoor 
Surf. 

t3* 
[nternal 

111 

qhfm 

HFM 
Be tween 
Studs 

to 
Outdoor 

Air 

w** 
Response 
Factor 

s, 
Calib. 

Hot Box 

qss 
Steady- 
S t a t e  

5.11 
4.82 
4.24 
3.92 
3.43 
2.97 
2.53 
2.36 
2.33 
2.54 
3.02 
3.48 
3.97 
4.65 
5.13 
5.88 
6.43 
7.07 
7.40 
7.49 
7.34 
6.92 
6.41 
5.91 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
1 3  
14 
15  
16 
17 
18 
19 
20 
21 
22 
23 
24 

a 

28.1 
27.2 
26.4 
25.6 
24.8 
26.0 

34.6 
37.4 
39.2 
40.7 
41.9 
43.0 
44.2 
45.7 
46.6 
45.1 
40.9 
36.9 
33.3 
31.3 
30.3 
29.7 
29.1 

29.8 

29.8 
28.9 
28.1 
27.3 
26.6 
27.0 
29.9 
32.6 
35.2 
37.0 
38.5 
39.8 
40.9 
42.1 
43.3 
44.4 
43.9 
41.3 
38.4 
35.6 
33.4 
32.3 
31.5 
30.7 

9.39 
8.08 
7.90 
6.89 
6.89 
3.51 
2.52 
1.78 
2.80 
2.32 
4.16 
4.92 
5.05 
6.66 
6.53 
7.80 

10.59 
12.41 
12.24 
12.99 
12.73 
11.70 
11.10 
10.39 

2.90 
2.21 
1.62 
0.99 
0.45 
0.81 
2.75 
5.47 
7.67 
9.19 

10.49 
11.51 
12.49 
13.47 
14.51 
15.41 
14.92 
12.81 
9.99 
7.00 
5.86 
4.93 
4.28 
3.67 

qean 34.9 34.9 4.81 7.32 25.7 7.56 

*Internal thermocouples were not used fo r  this wall assembly. 
*Response f a c t o r  analysis  was not  performed for this wall assembly. 
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Test 
Cycle 

NBS 

Phoenlx 
January 

Phoenix 
Apri  1 

Phoenix 
Augu5 t 

(3 Max.  

3 

5 

4 

4 

TABLE Hd-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERHAL LAG 

@ Hin. 

4 

4 

3 

3 

Thermal Lag, hrs 

4 

3 .5  

4 

4 

C a l l b r a t e d  Hot 60x 

3 

3 

4 . 5  

4 

to vs tl 

3 .5  

3 .5  

4 . 5  

4 

@ Max. 

5 

4 . 5  

5 

3 

2.1  

2 . 1  

2 .1  

2 . 1  

@ H i n .  
Rvg . 

4 .5  

4 

4 . 5  

3 . 5  
- 

Measured 

Heat  Flow Meter  
@ Stud 

@ Max. 

5 

4 

5 

4 . 5  

Q Hin.  
Avg . 

4 . 5  

3 .5  

5 

4 . 5  

Heat  Flow Meter  
Between Studs 

I 
Calc. 
Time 

Constant  I 
hrs 



I 

P 
I 

d 

--. 

r 

Test  
Cyc 1 e 

NBS 

Phoenl x 
January 

Phoenl x 
A p r l l  

Phoenl x 
August 

TABLE H6-13 - SUMMARY OF DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  REOUCTION I N  AMPLITUDE. 

@ Max. 

6 5  

7 1  

67 

6 7  

@ Hln .  

59 

56 

54 

64 

Reduct lon I n  Amplitude, % 

Calibrated Hot B O X  

@ Max. 

40 

47 

37 

22 

Q Min. 

22 

I 8  

22 

16 

Avg . 

31 

33 

30 

25 

Heat F l o w  Meter 
8 Stud 

(3 Max. 

56 

65  

58 

60 

(3 M i n .  

48 

42  

51 

56 

Avg . 

52 

5 4  

5 5  

58 
- 

Heat F l o w  Meter 
Between Studs 

Avg . 

62 

64 

61 

66 



= -  

I 
4 
4 

cn 
I 

T 
4w 

%* 
T 

69 

75 

70 

103 

rn 

.- 

Test 
Cycle 

I485 

Phoenix 
January 

Phoenix 
April 

Phoenix 
hugus t 

&: 
T 

qss 

51 

ia 

49 

82 

TABLE M-14 - S W Y  OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREPlEEIJTS 

N ,I 
‘hfm -- 

N 
%S 

I 1  

101 

13 

82 

Total Energy, 

Btu/ f t  (W-hr/m ) 2 2 

N 111 

‘hfm 

N 
%s 

68 

64 

69 

66 

Pleasured 

49 

41 

66 

I I 

-30.3 
(-95.6) 

5 .6 
( 1 7 . 7 )  

57.5 
(181.4) 

33.4 24.6 19.2 
(105.41 I (77.5) 1 (60.61 

(-100.7) 

0.3 
(26.2) 

-30.7 I -31.9 I -20.2 
( -91.0) (-100.7) (-63.6) (-63.6) 

7.8 
(24.5) 

26.7 1 18.8 1 1::: 
(84.3) (59.2) (48.6) 

51.5  45.6 
I181.4) (143.9) (115.1) 

Calc. 

T 
9,s 

48.3 
(152.4) 

-41 .O 
-129.3) 

37.9 
(1  19-61 

55.7 
(175.7) 

------T 
Met Energy, 

Btu/ft (U-hr/m ) 

Total Energy 
m a r  i sons, 

2 2 

7.7 7 .4  
(24.4) (23.4) 

45.6 36.5 
(143.9) I (115.1) 

Calc. 

N 

10.9 
(34.41 

-31 -6 
(-99.8) 

1?.3 
(35.7) 

55.7 
(175. I )  

Net Energy 
Comparisons, 

- 
N 

5 
qsr 
N 

- 
31 

96 

so 

103 

- 

c) 
0 

ii 
2 a a. a 
ib 

B 

n 
3 
3 
0 



I 
I 
I 
I 
I 
1 
I 
1 
1 
I 
I 
I 
I 
1 
I 
1 
I 
I 
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WALL M7: 6-IN. (1 52-MM) LIGHTMEIGHT COdCRETE 
BLOC K WITH I t4SULATIOrJ 0 N INS1 U t  SUR' r ALL - 

Uni t wei ght, psf ( kg/m2) 

Average Thickness, i n .  (nun) 

DESCRIPTION : li gntwei gh t  6-i  n. (1 52-mm) hollow core concrete block wal l  
w i th  f i berg1 ass b a t t  i nsul a t i  on between f u r r i n g  s t r i p s  and 
gypsum wal l  board on i n t e r i  o r  sur f  ace. 

33.4 
(163) 

7.9 
(201 ) 

REFERENCE: Fiorato,  A. E. and Bravinsky, E., "Heat Transfer 
Character is t ics  of Wall s Under Arizona Temperature 
Conditions ,I' Construction Techno1 ogy Laboratories, Port1 and 
Cement Association, Skokie, 1981 , 61 pages. 

Moi sture Content," % by 
ovendry weight 

COMPOSITION : 

1.9 

1. 6x8~16- i  n. ( 1  52x203~406-mm) Hol 1 ow Core 

2. 1-1 /2-i  n.xl-3/4-i n. (38x44-mm) 

Concrete Block - 2 cores per block 

Fu r r j ng  Strips a t  16-in. 

4 

3 (406-m) center-to-center 

2 3. 1-3/4-in. (44-mm) Fiberglass 

1 4. 1 /2-i n. ( 1  3-mm) Gypsum Wall board 

Insul  a t i o n  

TABLE M7-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

Property 
Measured 

Val ue 

Area, ft2 (In2) 73.83 
(6.96) 

*Measured on masonry, i nc lud ing  mortar j o i n t s ,  
a f t e r  test .  
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TABLE H7-2(a) - MATERIAL PROPERTIES,  LIGHTWEIGHT CONCRETE BLOCK 
~ 

Property  

Standard Dimenstons, i n .  (mm) 

Measured Dlmenslons, I n .  (mm) 

Percent  Solid Volume 

Ovendry U n l t  Weight, pc f  (kg/m3) 

Molsture Content, % ovendry welght  

Absorpt lon,  X ovendry welght  

T e s t  Method 

-- 

ASTM C140 

-- 

-- 

ASTM GI40 

ASTH C140 

Spec l men 
Cond 1 t 1 on 

Hean 

O F  

( " C )  

Temperature, Measured 
Value 

5-5/8X7-5/8~15-5/8 
( '143x1 94x397) 

5 . 6 0 ~ 7 . 5 6 ~ 1 5 . 5 8  
( 142x1 92x396) 

58 

109 
( 1  746) 

1 . 2  

10.5 



D 

Mean 

OF 

( " C )  

Temperature, 

-- 

-- 

TABLE M7-2(b) - MATERIAL PROPERTIES, HORTAR* 

Meas ured 
Value 

0.41 
('10 m 

1860 
(13) 

1 
Property  Test  Method I 

Avsrage Mortar  Bed J o l n t  Spacing, 

Conpressjve S t rength , * *  p s i  (MPa) -- 

-- 
In .  (m) 

I 

Specimen 
Condftion 

moist 

n 

*One p a r t  Type S masonry cement t o  t h r e e  p a r t s  masonry sand by volume. 
**Measured on 2-in. (51-mn) cubes motst cured for  28 days. 



1 

Iu 
0 

--1 

Mean 

O F  

t " C )  

Temperature, 

-- 

TABLE f 4 7 - 2 ( ~ )  - HATERIAL PROPERTIES, R-8 FIBERGLASS BATT INSULATION 

Hea s u r ed 
Value 

2.5  
(64)  

Property  Test Method Spec 1 men 
Condit ion 

Nomlnal Thickness, i n .  (mn) 

Thickness, a s  rece ived ,  i n .  (mn) 

Installed Thickness, i n .  (mm) 

Density, as recelved, pcf  (kg/rn3) 

ASTM C167  -- 

-- -- 

ASTM C167 -- 

2.52 
(64 )  

7 . 7 5  
t 44) 

0.58 
(91 



TABLE M7-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 
. 

Component 

1. Outside A i r  F i l m  

2. 6x8~16- i  n. (1 52x203~406-mm) 
Hollow Core Block 

3. 1 -3/4x1-1/2-i n. (44x38-nm) 

4. 1-3/4-in. (44-mm) Fiberglass 

f u r r i  ng S t r i p s  

Insu la t i on  

5. 1 /2-i  n. ( 1  3-mm) Gypsum Wal l  board 

6. Inside A i r  F i lm  

Total R 

Total U 

R, Thermal Resistance 

Between Fur r i ng  
h r - f t 2 -  "F/Btu 

(m2 K/W 

0.17 
(0.03) 

1.65* 
(0.29) 

- 

6.00* 
(1.06) 

0.45* 
(0.08) 

0.68 
(0.12) 

8.95 
(1.58) 

0.11 
(0.64) 

~~ . 

A t  Fu r r i ng  
h r - f t 2 -  "F/Btu 

(m2-K/W 1 
-~ . -  

0.17 
(0.03) 

1.65 
(0.29) 

2.19* 
(0.39) 

- 

0.45 
(0.08) 

0.68 
(0.12) 

.~ 

5.14 
(0.91 1 
. -~ 

0.20 
(1.11) 

Source: ASHRAE Handbook of Fundamentals, American Society of Heating, 
Ref ri gerat i  ng , and A i  r-Condi ti oni ng Engi neers, Inc. , New York , 
1977, Chapter 22. 

Adjust for Furr ing (11.7%): 

U = 0.883 (0.112) -t 0.117 (0.195) 

= 0.12 Btu/hr- f t2- "F (0.69 W/m2-K) 

= 1/U 8.22 h r . f t 2 -  "F/Btu (1.45 K*m2/W) R 
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Yaninal Test 
Condition 

t,,, = 102OF 
(39OC) 

h =  [$; 

Design Value: 

Relative Hunidity 

Indoor Outdoor 
:hmber, Ch-er, 

z x 

36 34 

22 20 

- - 

Q 
Heat Flux ,  

2 
Btu/hr .f t 

(W/,2) 

tab0 
Air Te 

k x .  
OF 

("CI 

73 
(23) 

74 
(23) 

- 

7.36 
(23.2) 

-7.72 
(-24.4) 

- 

7.90 
(1.39) 

9.0s 
(1  -60) 

8.22 
(1.45) 

TABLE Rl-4 - STEADY-STATE TEST RESULTS 

I 
Btulhr f t 2 - O F  to 

Outdoor 
A i r  2 ( W m  * K) 

0.13 130 
(0.72) (55) 

0.11 3 
(0.63) (-161 

(0.69) I - 
*Internal t h e m c o u p l e s  uere not used for t h i s  wall assenbly. 

kasured Tenperatures, 

O F  

("C) 



I20 

Temp 1 

OF 60 

30 

- 5G 
Wall M 7  

60 

30 

-30 

0 
0 0 16 24 

Time , hour 

( a )  Measured Temperatures 

Wo 
F 

I M7  l ? n  
6s I -- 

--- 

-60 
0 d I 6  24 

Time , hour " 

( b )  Temperature Different ia ls  

F i g .  M7-2 Wall M7 Dynamic T e s t  Results f o r  NBS T e s t  Cycle 
construction technology laboratories 
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x 

IC 

Heat Flux, 
Btu 0 

hr* f t2  

- 10 

- 20 

-30 

-40 

-50 

40 r 

30 

120 
Wall M7 1 

NBS too 

I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
1 
I 
I construction technology laboratories 

Heat Flux, 
0 -  W 

m2 - -20 
- I 

- 40 

-60 

1 
i -loo 

1 j -140 

8 I6 24 0 

Time , hour 

( c )  Heat F l u x  

F i g .  M7-2 Wall M7 Dynamic Test Resul ts  for NBS T e s t  Cycle 
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TABLE M7-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

b a n  I 

- 

Time. 
h r  

75.7 I 76.2 1 

~~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

t0 

Outdoor 
Air 

51.8 
49.6 
48.4 
48.0 
48.4 
57.4 
69.6 
77.9 
85.1 
92.2 
96.5 
99.4 

105.7 
110.3 
108.3 
103.9 
96.5 
84.4 
73.5 
67.4 
64.9 
64.5 
58.9 
53.3 

Measured Temperatures, 

OF 

t 2  
Outdoor 
Surf. 

58.5 
56.3 
54.5 
53.4 
52.8 
56.9 
64.9 
71.8 
78.0 
84.1 
89.0 
92.3 
97.4 

102.3 
103.2 
101.4 
97.3 
89.7 
81.3 
75.3 
71.7 
70.0 
66.2 
61.3 

~ 

t3* 
Internal 

I 

- 

tl 
Indoor 
Surf. - 
73.5 
73.4 
73.2 
73.1 
73.0 
72.9 
72.8 
72.9 
73.0 
73.2 
13.3 
73.6 
73.7 
74.0 
74.2 
74.4 
74.5 
74.6 
74.6 
74.4 
74.3 
74.1 
73.9 
73.8 - 
73.1 - 

- 

ti  
Indoor 

A l  r 

73.5 
73.4 
73.4 
73.4 
73.3 
73.3 
73.4 
73.3 
73.4 
73.4 
73.5 
73.5 
73.5 
73.5 
73.6 
73.6 
73.6 
73.6 
73.6 
73.6 
73.5 
73.6 
73.5 
73.5 

73.5 

- 
- 

Measured Heat Flux, 
2 B t u / h r ' f t  

qW 
Calib. 

H o t  Box 

0.49 
-0.01 
-0.38 
-0.89 
-1.31 
-2.19 
-2.80 
-2.90 
-2.31 
-2.17 
-1.43 
-0.82 
-0.17 
0.37 
1.11 
2.23 
2.75 
2.81 
3.00 
2.72 
2.17 
1.84 
1.48 
0.82 

0.18 

- 
I1 

qhfm 
HFM B 
Stud 

0.39 
-0.15 
-0.6'1 
-1 -08 
-1 -49 
-1.85 
-2.12 
-2.19 
-2.09 
-1.71 
-1.25 
-0.66 
-0.04 
0.60 
1.22 
1.91 
2.43 
2.79 
2.87 
2.78 
2.47 
1.95 
1.45 
0.95 

0.27 

sz'f m 
HFM 

Between 
Studs 

0.09 
-0.31 
-0.64 
-0.98 
-1.27 
-1.47 
-1.61 
-1.51 
-1.34 
-0.91 
-0.49 
0.01 
0.54 
1.05 
1.53 
2.04 
2.35 
2.52 
2.39 
2.17 
1.75 
1.32 
0.91 
0.54 

0.36 

Cal cul ated 
Heat F1 ux, 

2 B t u / h r *  f t  

%f** 
Response 
Factor 

qss 

Steady- 
State  

1.95 
-2.22 
-2.42 
-2.54 

.-2.61 
-2.07 
-1.03 
-0.15 
0.67 
1.46 
2.12 
2.54 
3.24 
3.89 
3.99 
3.71 
3.12 
2.04 
0.90 
0.12 

-0.34 
-0.54 
-1 -01 
-1.63 

0.39 

*Internal thermocouples were not used f o r  this wall assembly. 

Calibrated Hot Box Relative Humidity: 

*Response f ac to r  analysis was not performed f o r  t h i s  wall assembly. 

Indoor Chamber - 27% 
Outdoor Chamber - 25% 

Max. - 74OF (23OCf 
Min. - 71°F (21OC) 

Laboratory Air Tern erature:  
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Time, 
h r  

22.8 
22.7 
22.7 
22.7 

22.9 
22.9 
23.1 
23.2 
23.3 
23.4 
23.6 
23.6 
23.7 

22.8 

~~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

22.9 
22.9 
23.0 
22.9 

23.0 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 

23.0 

Mean 

23.7 
23.6 
23.5 
23.4 
23.3 
23.2 

TABLE M7-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS 

23.1 
23.1 
23.1 
23.1 
23.1 
23.1 

t 0  

Outdoor 
A i r  

11 .o 
9.8 
9.1 
8.9 
9.1 

14.1 
20.9 
25.5 
29.5 
33.4 
35.8 
37.4 
40.9 
43.5 
42.4 
39.9 
35.8 
29.1 
23.1 
19.7 
18.3 
18.1 
14.9 
11.8 

24.3 

Measured Temperatures, 

O C  

t 2  

Outdoor 
Surf. 

14.7 
13.5 
12.5 
1'1.9 
11.6 
13.8 
18.3 
22.1 
25.6 
28.9 
31.7 
33.5 
36.3 
39.0 
39.6 
38.6 
36.3 
32.0 
27.4 
24.1 
22.1 
21.1 
19.0 
16.3 

24.6 

t3* 

In ternal  

I 
tl I ti 

Indoor Indoor + 
23.0 22;:; 1 23.0 

22.8 23.0 

23.2 1 23.0 

Measured Heat Flux, 

W/m2 

s, 
Calib. 

Hot Box 

1.55 
-0.04 
-1.20 
-2.81 
-4.12 
-6.92 
-8.83 
-9.13 
-7.28 
-6.85 
-4.51 
-2.59 
-0.53 
1.16 
3.49 
7.02 
8.66 
8.85 
9.45 
8.58 
6.83 
5.81 
4.66 
2.60 

~ 

0.58 

I1 

qhfm 
HFH P 
Stud 

1.22 
-0.47 
-1.93 
-3.39 
-4.69 
-5.84 
-6.70 
-6.91 
-6.58 
-5.39 
-3.95 
-2.08 
-0.12 
1.88 
3.85 
6.04 
7.67 
8.81 
9.06 
8.78 
7.79 
6.14 
4.56 
3.01 - 
0.86 - 

*Internal  thermocouples were not used for t h i s  w a l l  assembly. 
**Response factor analysis was not  performed for t h i s  w a l l  assembly. 

. _. ~~ 

4 ' f m  
HFM 

Be tween 
Studs 

0.29 
-0.97 
-2.02 
-3.09 
-4.00 
-4.65 
-5.09 
-4.77 
-4 22 
-2.86 
-1.54 
0.04 
1.69 
3.30 
4.84 
6.43 
7.40 
7.96 
7.54 
6.83 
5.51 
4.16 
2.87 
1.70 

1.14 

Calcul ated 
Heat Flux, 

W/m2 

q r f  ** 
Response 
Factor 

- 

qss 

Steady- 
State 

-6.15 
-6.99 
-7.63 
-8.02 
-8.22 
-6.54 
-3.26 
-0.46 
2.10 
4.61 
6.69 
8.00 

10.20 
12.26 
12.58 
11.69 
9.82 
6.45 
2.83 
0.38 

-1.09 
-1.71 
-3.19 
-5.15 

1.22 
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Fig. 

Temp I 

"F 

O F  

!7-3 Wall 

'*O r 
90 

Wall M 7  
J a n u a r y  

60 
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8 I6 24 0 
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O C  
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0 

- 30 
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I I 
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50 

30 

15 
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-30 
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"C 
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( b )  Temperature Differentials 

17 Dynamic Test Results f o r  Phoenix January Test Cycle 
construction technology laboratories 
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40 

30 

XI 

I0 

Heat Flux, 
Btu 0 

h r * f t 2  

-10 

- 20 

-30 

-40 

- 50 

I20 

100 

Wall M 7  
January 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1” 
40 

20 

f qss Heat Flux, 

’ hfm j -20 

i -40 

1 1 -80 

i -loo 

i 
1-140 

0 8 16 24 

Time , hour 
( c )  Heat  F l u x  

F ig .  M7-3 Wall M7 Dynamic Tes t  Results f o r  Phoenix January T e s t  Cycle 
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TABLE M7-8(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE 

qhfm 
HFM @ 
Stud 

-1.48 
-1.72 
-1.96 
-2.17 
-2.34 
-2.56 
-2.66 
-2.84 
-2.93 
-2.93 
-2.75 
-2.46 
-1.99 
-1.55 
-1.03 
-0.54 
-0.14 
0.04 
0.00 

-0.17 
-0.45 
-0.67 
-1.02 
-1.26 

I '  
I 
I 

HFM 
Between 
Studs 

-1.15 
-1.31 
-1.47 
-1.61 
-1.72 
-1.88 
-1.92 
-2.04 
-2.07 
-1.99 
-1.7'1 
-1.47 
-1.04 
-0.69 
-0.28 
0.08 
0.30 
0.28 
0.13 

-0.06 
-0.36 
-0.52 
-0.79 
-0.96 

- 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

k a n  

t 0  

Outdoor 
A i  r 

46.1 
44.9 
44.1 
43.5 
43.0 
41.9 
42.7 
50.7 
58.5 
66.3 
73.4 
77.9 
80.4 
82.9 
82.5 
71.3 
61 .O 
57.8 
55.9 
51.9 
50.5 
49.8 
48.6 
47.2 

57.2 

Measured Temperatures, 

O F  

t 2  
Outdoor 
Surf. 

50.4 
49.1 
48.1 
47.2 
46.6 
45.6 
45.5 
49.7 
55.2 
61.1 
67.1 
71.7 
74.9 
77.7 
79.0 
73.6 
66.4 
62.6 
60.4 
57.3 
55.4 
54.2 
53.0 
51.6 

58.5 I 

t3* 
Internal 

t 1 
Indoor 
Surf. - 
68.3 
68.2 
68.2 
68.0 
68.0 
67.9 
67.9 
67.8 
67.8 
67.8 
68.0 
68.1 
68.3 
68.5 
68.6 
68.8 
68.9 
69.0 
68.9 
68.8 
68.7 
68.6 

68.4 
68.5 

68.3 - 

- 

ti 
Indoor 

A i  r 

68.6 
68.6 
68.6 
68.4 
68.6 
68.6 
68.5 
68.5 
68.5 
68.5 
68.5 
68.6 
68.6 
68.6 
68.7 
68.7 
68.8 
68.7 

68.8 
68.7 
68.7 
68.7 
68.7 

68.7 

68.6 

Measured Heat Flux, 
2 B t u / h r  *f t 

qw 
Cal i b. 

i o t  BOX 

-1.25 
-1 a61 
-1.88 
-1.84 
-2.20 
-2.15 
-2.52 
-2.15 
-2.58 
-2.23 
-2.23 
-1 -82 
-1 -64 
-1.09 
-0.74 
-0.42 
0.04 
0.18 

-0.15 
-0.15 
-0.39 
-0.85 
-0.75 
-1 -24 

-1.32 -1.57 -1.01 I 

. . . 

Calculated 
Heat F1 ux ,  

n 

B t u / h r *  f tL 

qrf** 
Response 
Factor 

qss 

Steady - 
Sta t e  

-2.29 
-2.44 
-2 56 
-2.65 
-2.72 
-2.83 
-2.84 
-2.31 
-1.62 
-0.87 
-0.12 

0.47 
0.87 
1.22 
1.38 
0.63 

-0.33 
-0.83 
-1.10 
-1 -48 
-1.71 
-1.85 
-1.99 
-2.15 

-1.26 

*Internal thermocouples.were not  used f o r  this wall assembly. 
*Response factor  analysis  was not performed f o r  this wall assembly. 

Calibrated Hot Box Relative Humidity: 
Indoor Chamber - 26% 
Outdoor Chamber - 24% 

Laboratory Air Tem erature:  
Max. - 74OF (23"CP 
Min. - 71°F (22%) 

I 
I 
I 
1 
I 
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TABLE M7-8(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE. SI UNITS 

Calculated 
Heat Flux, 

Wlm 
2 

Measured Temperatures, 

"C 

Measured Heat Flux, 

W/m2 - 
Y 

qhfm 
HFM @ 
Stud - 

-4.67 
-5.44 
-6.19 
-6.85 
-7.37 

-8.40 
-8.94 
*9.24 
-9.24 
-8.66 
-7.74 
-6 27 
-4.89 
-3.23 
-1.71 
m0.45 
0.11 
0.01 
-0.54 
m1.42 
-2.13 
*3 20 
e3.98 

-a. 08 

- 
,4.94 - 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

- 

t 1 
Indoor 
Surf. - 
20.2 
20.1 
20.1 
20.0 
20.0 
19.9 
19.9 
19.9 
19.9 
19.9 
20.0 
20.1 
20.2 
20.3 
20.3 
20.4 
20.5 
20.6 
20.5 
20.4 
20.4 
20.3 
20.3 
20.2 

20.2 

q R h  
HFM 

Between 
Studs 

t 2  

Outdoor 
Surf. 

t3* 
Internal 

qrf** 
lesponse 
Factor 

qw 
Calib. 

Hot Box 

qss 
Steady- 
State  

ti 

Indoor 
A i  r 

-3.95 
-5.09 
-5.93 
-5 79 
-6.94 
-6.78 
-7.95 
-6.78 
-8.14 
-7.03 
-7.03 
-5.73 
-5.18 
-3.44 
-2.32 
-1 -33 
0.13 
0.55 

-0.48 
-0.48 
-1 -23 
-2.67 
-2.36 
-3.92 

7.8 
7.2 
6.7 
6.4 
6.1 
5.5 
5.9 

10.4 
14.7 
19.0 
23.0 
25.5 
26.9 
28.3 
28.1 

16.1 
14.3 
13.3 
11 .1 
10.3 
9.9 
9.2 
8.4 

21 .a 

10.2 
9.5 
8.9 
8.4 
8.1 
7.6 
7.5 

12.9 
16.2 
19.5 
22.1 
23.8 
25.4 
26.1 
23.1 
19.1 
17.0 
15.8 
14.1 
13.0 
12.3 
11.7 
10.9 

9.8 

20.3 
20.3 
20.3 
20.2 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 

-3.63 
-4.12 
-4.63 
-5 -07 
-5.42 
-5.93 
-6.05 
-6.44 
-6.53 
-6.28 
-5.58 
-4.63 
-3.29 
-2.1 7 
-0.88 
0.26 
0.93 
0.87 
0.42 

-0.20 
-1.13 
-1.64 
-2.50 
-3.03 

-7.22 
-7 -69 
-8.08 
-8.35 
-8.58 
-8.93 
-8.97 
-7.29 
-5.11 
-2.14 
-0.37 
1.49 
2.75 
3.84 
4.35 
1.99 

-1.03 
-2.62 
-3 47 
-4.68 
-5.40 
-5.84 
-6.27 
-6.78 

Mean 14.7 -4.16 -3.19 -3.96 I 
I 
1 
I 
I 
I 
1 

14.0 20.3 

*Internal thermocouples 
**Response f ac to r  analys 

were not used for  this wall assembly. 
s was not performed f o r  this wall assembly. 
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TABLE M7-9(a) - DYNAMIC TEST RESULTS (PERIODIC). PHOENIX APRIL TEST CYCLE 

73.8 
73.7 
73.5 
73.3 
73.2 
73.2 
73.1 
73.1 
73.1 
73.1 
73.2 
73.4 
73.5 
73.7 
73.8 
74.0 

T? i Outdoor 

73.5 
73.4 
73.4 
73.4 
73.4 
73.4 
73.4 
73.4 
73.4 
73.4 
73.4 
73.4 
73.3 
73.4 
73.4 
73.4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

74.2 
74.3 
74.4 
74.4 
74.3 
74.2 
74.1 

60.7 
58.3 
55.9 
54.1 
52.9 
55.6 
60.1 
69.3 
77.5 
82.8 
86.4 
89.3 
93.0 
96.3 
99.2 

102.6 
101.4 
94.5 
86.6 
80.7 
74.2 
69.8 
66.7 
64.0 

73.5 1.65 
73.4 2.67 
73.5 2.82 
73.5 2.98 
73.6 2.91 
73.5 2.64 
73.5 2.18 

Mean I 76.3 

Measured Temperatures, I Measured Heat Flux, 

t 2  
Outdoor 
Surf. 

66.5 
63.9 
61.5 
59.5 
57.9 
58.4 
60.7 
66.3 
72.6 
77.5 
81.2 

87.5 
90.7 
93.6 
96.8 
97.6 
94.4 
89.3 

79.7 
75.5 
72.4 
69.6 

84.2 

84.7 

76.8 

O F  

t3* 

In ternal  

l-t 
Indoor Indoor Calib. 
Surf. 1 A i r  1 Hot Box 

1.44 
0.89 
0.47 
0.24 

-0.22 
-0.73 
-1 -24 
-1.88 
-2.03 
-1.70 
-1.30 
-0.51 
0.11 
0.41 
0.82 
1.14 

74.0 I 73.5 I 2.00 

73.7 I 73.4 1 0.66 

- 
U 

qhfm 

HFM B 
Stud - 
1.09 
0.70 
0.29 

-0.11 
-0.50 
-0.90 
-1.21 
-1.47 
-1.56 
-1.46 
-1.23 
-0.89 
-0.48 
-0.06 
0.40 
0.84 
1.30 
1 .m 
2.16 
2.33 
2.30 
2.17 
1.89 
1.51 

0.37 

- 
- 

111 

qhfm 

HFM 
Be tween 
Studs 

0.71 
0.41 
0.10 

-0.23 
-0.52 
-0.79 
-0.99 
-1.12 
-1 a 0 8  
-0.90 
-0.64 
-0.32 
0.03 
0.37 
0.74 
1.08 
1.45 
1.80 
2.03 
2.02 
I .88 
1.67 
1.39 
1.04 

0.42 

Calculated 
Heat Flux, 

2 
Btu/hr * f  t 

W** 
Response 
Factor 

qss 

Steady- 
State 

-0.96 
-1.28 
-1.57 
-1.80 
-1.99 
-1 -92 
-1.62 
-0.89 
-0.07 
0.59 
1.07 
1.45 

2.30 
2.69 
3.11 
3.20 
2.74 
2.02 
1.39 
0.72 
0.17 

-0.23 
-0.58 

1 a89 

0-43 

I 
I 
I 
I 
I 
I 

*Internal  thermocoup1es were not used f o r  t h i s  wal l  assembly. 

Cal ibrated Hot Box Relat ive Humidity: 

**Response factor  analysis was not performed f o r  t h i s  wal l  assembly. 

Indoor Chamber - 27% 
Outdoor Chamber - 25% 

Max. - 73°F (23OCY 
Min. - 67OF (19OC) 

Laboratory A i r  Tem erature: 
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TABLE M7-9(bI - DYNAMIC TEST RESULTS (PERIODIC),  PHOENIX APRIL TEST CYCLE, SI UNITS 

-1 Calculated 
Heat Flux, 

W/m 2 
Measured Temperatures, Measured Heat Flux, 

W/m2 Time, 
h r  

- 

tl 
Indoor 
Surf. - 
23.2 
23.2 
23.1 
22.9 
22.9 
22.9 
22.0 
22.8 
22.8 
22.8 
22.9 
23.0 
23.1 
23.2 
23.2 
23.3 
23.4 
23.5 
23.6 
23.6 
23.6 
23.4 
23.4 
23.5 

- 

t i  
Indoor 

Air - 
23.1 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
22.9 
23.0 
23.0 
23.0 
23.1 
23.0 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 

23.0 

- 
- 

- 

95s 

Steady- 
State 

G m  
HFM 

Be tweer: 
Studs 

II 

qhfm 

Stud 
n m  c 

- 
3.44 
2.20 
0.91 
-0.36 
-1 -57 
-2.83 
-3.83 
-4.63 
-4.91 
-4.61 
-3.89 
-2.79 
-1 -50 
-0.20 
1.26 
2.65 
4.1 1 
5.68 
6.81 
7.34 
7.26 
6.85 
5.97 
4.76 

to  

Outdoor 
A i  r 

t 2  
Du tdoor 
Surf. 

t3* 
Internal 

q W  

Cal i b. 
Hot Box 

%f** 

Response 
Factor 

~~ 

15.9 
14.6 
13.3 
12.3 
11.6 
13.1 
15.6 
20.7 
25.3 
28.2 
30.2 
31.8 
33.9 
35.7 
37.3 
39.2 
38.6 
34.7 
30.3 
27.1 
23.4 
21 .o 
19.3 
17.8 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
1 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

19.2 
17.7 
16.4 
15.3 
14.4 
14.7 
15.9 
19.1 
22.6 
25.3 
27.3 
29.0 
30.8 
32.6 
34.2 
36.0 
36.4 
34.7 
31.8 
29.3 
26.5 

22.4 
20.9 

24.2. 

4.53 
2.79 
1.50 
0.77 

-0.70 
-2.31 
-3 90 
-5.92 
-6.39 
-5.37 
-4.10 
-1.61 
0.35 
1.28 
2.58 
3.58 
5.20 
8.42 
8.89 
9.40 
9.35 
8.32 
6.88 
6.32 

2.23 
1.30 
0.31 

-0.72 
-1  -65 
d2.50 
-3.13 
-3.52 
-3.40 
-2.84 
-2.01 
-1 .oo 
0.08 
1.18 
2.34 
3.41 
4.57 
5.68 
6.39 
6.38 
5.93 
5.26 
4.39 
3.20 

-3.03 
-4.05 
-4.94 
-5.67 
-6.27 
-6.07 
-5.10 
-2.81 
-0.21 

1.85 
3.37 
4.57 
5.95 
7.26 
8.49 
9.81 

10.08 
8.63 
6.36 
4.37 
2.28 
0.55 

-0.71 
-1 -83 

1 
I 
I 
I 
1 
I 
I 
I 

construction technology labaraiories I 

Mean 24.9 23.2 
I_ 

2.08 1.17 1.33 1.37 24.6 

*Internal thermocouples were not used for t h i s  wall assembly. 
**Response f ac to r  analysis  was not perfomed f o r  th i s  wall assembly. 
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TABLE Mi-lO(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX AUGUST TEST CYCLE 

Calculated 
Heat Flux, 
Btu/hr.ft 2 

Measured Temperatures, 

O F  

Measured Heat Flux, 

Btu/hr.ft2 Time. 
h r  

Y 

qhfm 
HFM @ 
Stud 

2.47 
2.13 

1.56 
1.36 
1 .oo 
0.83 
0.71 
0.72 
0.92 
1.23 
1.57 
1.92 
2.35 
2.71 
3.05 
3.51 
3.82 
4.00 
3.99 
3.78 
3.53 
3.17 
2.79 

1 .a7 

- 

t i  
Indoor 

A i  r 

- 

tl 
Indoor 
Surf. - 
79.1 
79.0 
78.9 
78.9 
78.8 
78.7 
78.7 
78.7 
78.7 
70.0 
78.9 
78.8 
79.2 
79.3 
79.5 
79.6 
79.7 
79.8 
79.8 
79.7 
79.1 
79.5 
79.3 
79.2 

79.2 - 

Gfm 
HFH 

Setween 
Studs 

t o  
Outdoor 

A i  r 

t 2  
Outdoor 
Surf. 

t3* 
Internal 

qrf* 
Response 
Factor 

9W 
Calib. 

dot Box 

95s 

Steady- 
State - 

0.84 
0.64 
0.45 
0.24 
0.07 
0.22 
0.84 
1.63 
2.25 
2.68 
3.06 
3.40 
3.66 
3.95 
4.29 
4.53 
4.30 
3.60 
2.86 
2.15 
1.68 
1.44 
1.25 
1.06 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

82.1 
80.3 
79.0 
77.3 
76.3 
79.4 
07.6 
95.6 

100.2 
103.3 
106.0 
108.1 
110.0 
112.4 
115.3 
116.1 
111.9 
103.8 
96.9 
90.5 
87.6 
86.2 
85.1 
83.7 

05.3 
03.7 
82.2 
80.7 
79.3 
80.3 
84.9 
90.7 
95.1 
98.3 

101.1 
103.4 
105.6 
107.7 
110.2 
112.0 
110.5 
105.7 
100.5 
95.4 
92.0 
90.1 
88.5 
87.0 

78.4 
78.3 
78.3 
78.3 
78.3 
78.4 
78.4 
78.4 
70.4 
78.4 
78.4 
78.4 
78.4 
78.4 
78.4 
78.5 
78.4 
78.4 
78.4 
78.4 
78.4 
78.4 
78.4 
78.4 

2.20 
1.98 
1.57 
1.48 
0.80 
0.11 

-0.34 
-0.49 
-0.31 
0.48 
0.33 
0.83 
1.48 
1.64 
1.96 
2.55 
3.56 
3.66 
3.71 
3.71 
3.30 
3.25 
3.03 
2.67 

1.77 
1.50 
1.32 
1.07 
0.95 
0.70 
0.61 
0.59 
0.69 
0.91 
1.24 
1.53 
1.80 
2.14 
2.45 
2.69 
3.01 
3.22 
3.29 
3.13 
2.88 
2.60 
2.32 
2.00 

Mean 94.8 94.6 78.4 1.80 2.29 1.85 2.13 

*Internal thermocouples were not used f o r  th i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 

**Response f ac to r  analysis was not performed f o r  this wall assembly. 

Indoor Chamber - 27% 
Outdoor Chamber - 25% 

Max. - 74OF (23OCP 
Min. - 71°F (22OC) 

Laboratory Air Tern erature:  

I 
I 
I 
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TABLE M7-10(b) - DYNAMIC TEST RESULTS (PERIODIC). PHOENIX AUGUST TEST CYCLE, SI UNITS 

Measured Heat F l u x ,  

-. .- 

Cal cul ated 
Heat Flux,  

W/m2 

Measured Temperatures, 

*C W/m2 

qhfm 
HFMB 
Stud 

7.79 
6.70 
5.90 
4.91 
4.27 
3.16 
2.61 
2.23 
2.27 
2.89 
3.89 
4.94 
6.05 
7.40 
8.56 
9.61 

11.06 
12.04 
12.61 
12.59 
11.94 
11.13 
9.99 
8.81 

Time, 
hr 

- 

t t  
Indoor 

A i  r 

qiIlfn 
HFM 

Between 
Studs 

t 0  

Outdoor 
A i r  

t 2  
Outdoor 
Surf. 

t3* 
Internal 

t 1 
Indoor 
Surf. 

qw 
Cali b. 

Hot Box 

qss 
Steady- 
State 

qrfr* 
Response 
Factor 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

27.8 
26.8 
26.1 
25.2 
24.6 
26.3 
30.9 
35.3 
37.9 
39.6 
41.1 
42.3 
43.3 
44.7 
46.3 
46.7 
44.4 
39.9 
36.1 
32.5 
30.9 
30.1 
29.5 
28.7 

29.6 
28.7 

27.0 
26.3 
26.8 
29.4 
32.6 
35.1 
36.8 
38.4 
39.7 
40.9 
42.0 
43.3 
44.4 
43.6 
40.9 
38.1 
35.2 
33.3 
32.2 
31.3 
30.6 

27.9 

26.2 
26.1 
26.1 
26.1 
26.0 
25.9 

25.9 
25.9 

26.1 

26.2 
26.2 
26.4 
26.4 
26.5 
26.6 
26.6 
26.5 
26.5 
26.4 
26.3 
26.2 

26.2 

25.9 

26.0 

24.0 

- 
- 

25.8 
25.7 
25.7 
25.7 
25.7 
25.0 
25.8 
25.8 
25.8 
25.8 
25.8 

25.8 

25.8 
25.8 
25.8 
25.8 
25.8 
25.8 
25.8 
25.8 
25.8 
25.8 

25.8 

25.8 

25.8 

- 
- 

6.95 
6.23 
4.93 
4.66 
2.52 
0.36 

-1.08 
-1 -54 
-0.98 
1.51 
1.03 
2.63 
4.66 
5.1 8 
6.17 
8.04 

11.23 
11.54 
11.69 
11.70 
10.40 
10.26 
9.56 
8.41 

5.58 
4.75 
4.17 
3.36 
3.01 
2.20 
1.93 
1.86 
2.1 7 
2.87 
3.92 
4.82 
5.68 
6.76 
7.72 
8.47 
9.50 

10.1 7 
10.37 
9.86 
9.10 
8.21 
7.30 
6.30 

2.65 
2.00 
1.40 
0.76 
0.21 
0.68 
2.64 
5.16 
7.08 
0.46 
9.66 

10.73 
11.55 
12.46 
13.52 
14.30 
13.57 
11.35 
9.01 
6.79 
5.30 
4.56 
3.94 
3.34 

b a n  34.9 34.8 5.67 - 7.22 - 
. -  

5.84 6.71 

*Internal themcouples  were not used for  t h i s  wall assembly. 
*xResponse factor  analysis was not perfomed for  t h i s  wall assembly. 
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TABLE M7-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG 

@ M i n .  

2 

2 

3 

2 . 5  

Thermal Lag, hrs 

Measured 

Avg . 

2 . 5  

2 . 5  

3 

3 

Cycle Test  I 

Phoent x 
January 

Phoenix 
Aprll 

Phoen'i x 
August 

Callbrated H o t  Box 

4 

3.5 

2 . 5  

to vs tl I 
@ Max. @ M l n .  * 

3 

3 . 5  

2 . 5  

@ Max.  

4 

3 

3.5 

3.5 

@ Hln.  
Avg . 

3 .5  

3 

3.5 

3 

~~ 

Heat F l o w  Meter 
@ Stud 

@ Max.  

4 

3 

3 

3.5 

d M l n .  

3 

2 . 5  

4 

3 . 5  

Avg . 

3 . 5  

3 

3 . 5  

3 . 5  

Heat Flow Meter 
Between Studs 

@ Max. 

3 

2 . 5  

2 . 5  

3 

Calc . 
T1 me 

Constant, 
h r s  

1 . 2  

1 . 2  

1 . 2  

1 . 2  



TABLE M7-13 - SUMMARY OF DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  REDUCTION I N  AMPLITUOE 

Avg. 

10 

32 

3 

5 

~~ 

Test 
Cycle 

@ Max. 

28 

39 

29 

29 

NBS 

Phoen 1 x 
January 

Phoenl x 
Apr 4 1 

Phoeni x 
August 

34 

33 

36 

39 

Reduction i n  Arnplltude, X 

~ ~~ 

37 

42 

39 

40 

Heat Flow Meter 
@ Stud Calibrated Hot Box 

@ Max.  

22 

43 

16 

20 

@ M l n .  

-3 

20 

- 7  1 

-1 1 

1 8  

1 4  

20 

23 

Avg . 

23 

27 

25  

26 

Heat Flow Neter 
Between Studs  

@ Max. 

40 

50 

42 

40 



Test 
Cyc 1 e 

Total Energy, 

B t u / f t  (W- hr/m 1 2 2 

NBS 

Phoenix 
January 

Phoenix 
Vri 1 

Phoen i x 
kugust 

Total Energy 
Comparisons, 

T A M €  M7-14 - S U M Y  OF DYNAMIC TEST R€SULTS (PERIODIC), ENERGY REQUIREENTS 

$0 

%ifm -- 
T 

lss 

8-0 

96 

79 

]OR 

It1 

'hfm 

T 
qss 

64 

66 

64 

87 

I 
I 

N 1, 

'hfm 

N 

-- 

1,s 

7 1  

125 

86 

108 

Measured N 111 

%fm 

N 
%s 

94 

81 

97 

87 

39.2 1 37.1 
(123.6) ( 1  16.9) 

T,,, 
qhfm 

(93.8) 
2 9 . 7  

32.1 I 37.7 
(101.3) (IlS.8) 

Calc. T 
L 

qss 4,s 

(146.1) 

T T 

46.3 85 

15.8 
(49.91 

43.2 
(136.2) 

8 .9 
(28.1) 

55 -0 
(113.5) 

Net Energy, 

B W f t  ( W W m  ) 2 2 

Measured 

(13.9) (20.7) 
4 .4  I 6 * 6  

-31.7 -37.6 
(-99.9) I(-118.6) 

1 

lcaic 
0.1 9.3 

(27.4) I (29.3) 

Net Energy 
Conpari sons , 

N 
L 
qss 

N 

- 
47 

105 

152 

85 

- 
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WALL M8: 8-IN. (203-MP1) NORMAL NEIGHT COiKRETE 
B L O C K m  INSULmON Ofil INLIDE SURkACt  

DESCRIPTION: Normal weight 8-in. (203-mm) hollow core concrete block 
w a l l  w i t h  f iberglass b a t t  i n s u l a t i o n  between f u r r i n g  s t r i p s  
and gypsum wallboard on i n t e r i o r  surface. 

REFERENCE : Fiorato, A. E. and Bravinsky, E., "Heat Transfer 
Character1 r t i c s  o f  Wall s Under Arizona Temperature 
Conditions, I' Constructi  on Tec hnol ogy Laboratories , Port1 and 
Cement Association, Skokie, 1981, 61 pages, 

COMPOSITIOii: 

4 

3 '  

2 

1 

1. 8x4~16- i  n. (203x1 02x406-mm) Nomal 
Weight Hollow Core Concrete Slump 
Block - 2 cores per  block 

Fu r r i ng  S t r i p s  a t  16-in. 
(406-mm) center-to-center 

3. 1 -3/4-i n. (44-mm) R-8 F i  berg1 ass 
Insul  a t i  on 

4. 1 /2-i n. (1 3-mm) Gypsum Wall board 

2. 1-1/2-in.xl-3/4-in. (38x44-mm) 

TABLE M8-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

Property 

U n i t  weight, ps f  (kg/m*) 

Average Thickness, in .  (mm) 

Area, f t2 (m2) 

Moisture Content,* % by 
ovendry weight 

Measured 
Val ue 

48.9 
(239) 

9.4 
(239) 

73.74 
(6.85) 

1 .o 

*Measured on masonry, i ncl udi ng mortar j o i  nts, 
a f t e r  test .  
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TABLE M8-2(a) - MATERIAL PROPERTIES, NORMAL WEIGHT CONCRETE BLOCK 

Property  

Standard Dimenstons, i n .  (mn) 

Measured Dimenslons, in. (m) 

Percent  Sol i d  Volume 

Ovendry U n t t  Weight ,  p c f  (kg/m3) 

Motsture  Content ,  X ovendry welght  

Absorpt lon,  X ovendry weight  

T e s t  Method 

-- 

ASTM C140 

0 

ASTM C140 

Specimen 
Condl t lon 

~~ 

Mean 

O F  

( " C )  

Temperature, Measured 
Value 

7-5/8X3-5/8X15-5/8 
( 1  9 4 x 9 2 ~ 3 9 7 )  

7 .13x3.61  XI 5.21 
( 1  81 ~ 9 2 x 3 8 6 )  

59 

130 
(2082)  

1 . 7  

7 . 6  



P 
P 
0 

Property 

Average Hortar Bed J o t n t  Spaclng, 
I n .  (m) 

Compressive St rength , * *  p s i  (MPa) 

TABLE M8-2( b )  - MATERIAL PROPERTIES, MORTAR' 

Mean 
Speclmen Temperature, Measured 

Test !Iethod Condl t lon O F  Value 
( " C )  

-- -- 0.47  
( 1 2 )  

(20 )  

- -  

-- m o l  s t  -- 2830 

*One p a r t  Type S masonry cement t o  t h r e e  par ts  masonry sand by volume. 
**Measured on 2-in. (51-m) cubes molst  cured for 28 days. 



I 

P 
d 

? 

TABLE M8-2 (C)  - MATERIAL PROPERTIES, R-8 FIBERGLASS BATT INSULATION 

Property 

Nomlnal Thfckness, I n .  (mm) 

Thtckness, as received,  i n .  (mn) 

I n s t a l l e d  Thickness, I n .  (mm) 

Densl ty ,  as rece ived ,  pcf (kg/m3) 

Test  Method 

-- 

ASTH C167 

-- 

ASTM C 1 6 7  

Spec lmen 
Cond 1 t 1 on 

Hean 

O F  

( " C )  

Temperature, Hea s u red 
Value 

2 . 5  
(64 )  

(64)  

7 . 7 5  
( 4 4 )  

0.58 
(9)  

2.52 



TABLE M8-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

1. Outside A i r  Film 

2. 8x4~16-i n. (203x1 02x406-mm) 

3. 1 -3/4x1-1/2-i n. (44x38-m) 

Hollow Core Slump Block 

Furr i  ng St r ips  

4. 1 -3/4-i n. (44-mm) F i  berg1 ass 
Insulat ion 

5 .  1 /2-i n. (1 3-mm) Gypsum Wall board 

6. Inside A i r  Film 

Total R 

Total U 

R, Thermal Resistance 

Between Furring 
hr -  f t2* 'F/Btu 

0.17 
(0.03) 

l.ll* 
(0.20) 

- 

6.00* 
(1.06) 

0.45* 
(0.08) 

0.6a 
(0.12) 

8.41 
(1.48) 

0.12 
(0.68) 

A t  Furr ing 
h r = f t 2 -  'F/Btu 

~ . . __ 

0.17 
(0.03) 

1.11 
(0.20) 

2.19* 
(0.39) 

- 

0.45 
(0.08) 

0.68 
(0.12) 

4.60 
(0.81 I 

0.22 
(1.23) 

*Source: ASHRAE Handbook of Fundamental s ,  American Society o f  Heating, 
Refri gerat i  ng , and A i  r-Condi ti oni ng Engi news Inc. , New York , 
1977, Chapter 22. 

Adjust f o r  fur r ing  (11.7%): 

U = 0.883 (0.119) f 0.117 (0.217) 

= 0.13 Btu/hr- f t2- "F (0.74 W/m2- K 

R = 1/U = 7.67 h r - f t 2 * " f / B t u  (1.35 K - m  2 / W )  
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TABLE 158-4 - STEADY-STATE TEST RESULTS 

Nuninal T e s t  
C o d  tion 

= 102OF 
(390C) 

t,,,= 39OF 
(4OC) 

Design Values 

9 
Heat Flux, 

Btu/hr * f t2 

(win2) 

8.13 
(25.7) 

-8.76 
(27.6) 

- 

hr - f t 2* OF/B tu  

7.12 
(1.25) 

8.03 
(1.41) 

1.61 
(1 -35) 

Btu/hr * f t2 * O F  

2 [W/m - K) 

0.14 
(0.m) 

0.13 
(0.71) 

0.13 
(0.74) 

to 
Outdoor 

A i  r 

*Internal thermocouples were not used for  th is  wall ass-ly. 

Wsured Tenperatures, 

O F  

("CI 

t2 I t3* 

Surface Dutdoor I Internal 

1 

Indoor 
Surface 

Relat ive  Hunidity Laboratory 

Indoor Outdoor Rax. Hin. 

A i r  Tengerature 

ti 
O F  

'L x 1°C) 1°C) 

74 39 44 76 15 
(23) (25) I241 

76 75 
123) (24) 124) 

~~b~ Chanber, Chmher, O F  

A! r 

13 27 26 

- - - - - 



I 
I 50 

c 
I 
1 
I 

O C  

0 30 

0 
0 0 16 24 

Time , hour 

( a )  Measured Temperatures 

60 

30 

A T  I 

O F  

0 

- 30 

Wall M8 
NBS 

- 60 
0 0 16 24 

Time I hour 

( b )  Temperature Differentials 

Fig. M8-2 Wall M8 Dynamic Test  Results for NBS Test Cycle 
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SC 

3c 

M 

to 

ifeat Flux, 
B t u  0 
hr-ft2 

- 10 

- 2c) 

-30 

-40 

-50 

Wall M8 
NBS 

p s  

L q"' 
hfrn 

I I 

I20 

roo 

80 

60 

40 

20 

Heat Flux, 
W 

rn 
3 -  

2 

-20 

- 40 
-60 

-80 

- 100 
- 120 
- I40 

0 0 16 24 

Time , hGur 

( c )  Heat Flux  

Fig. M8-2 Wall M8 Dynamic Test  Results for NBS Test Cycle 
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TABLE M8-7(a) - D Y M I C  TEST RESULTS (PERIODIC), NBS TEST CYCLE 

Time, 
hr 

I__ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean - 

to 
Outdoor 

A i  r 

52.8 
50.7 
49.5 
49.0 
49.3 
57.8 
69.7 
77.9 
84.8 
91.6 
95.9 
98.7 

104.8 
109.4 
107.3 
103.3 
96.3 
84.9 
74.2 
68.3 
65.8 
65.4 
59.9 
54.4 

75.9 

Measured Temperatures, 

'F 

t 2  
lutdoor 
Surf. 

61.5 
59.4 
57.6 
56.3 
55.6 
58.7 
65.3 
71.3 
76.8 
82.1 
86.6 
89.8 
94.4 
99.0 
00.1 
98.9 
95.8 
89.6 
82.5 
77.2 
74.0 
72.1 
68.7 
64.2 - 
76.6 

t3* 

[nternal 

- 

t l  
Indoor 
Surf. - 
73.8 
73.6 
73.5 
73.4 
73.3 
73.2 
73.1 
73.1 
73.1 
73.2 
73.4 
73.5 
73.7 
73.9 
74.2 
74.3 
74.5 
74.5 
74.6 
74.6 
74.4 
74.3 
74.1 
74.0 

73.8 
- 
- 

- 

ti 
Indoor 

A i  r - 
73.6 
73.6 
73.5 
73.5 
73.5 
73.5 
73.6 
73.5 
73.5 
73.5 
73.5 
73.5 
73.5 
73.6 
73.5 
73.7 
73.7 
73.7 
73.7 
73.6 
73.7 
7367 
73.6 
73.5 

73.6 
- 

Measured Heat Flux, 
2 0 tu /hrWft  

SW 
Cal i b. 
lot Box 

1.09 
0.68 

-0.01 
-0.06 
-0.79 
-1 -30 
-1.39 
-1.89 
-1 -47 
-1.43 
-1.16 
-0.39 
-0.26 
0.47 
0.92 
1.61 
2.59 
2.82 
2.82 
2.92 
2.42 
2.19 
2.01 
1.36 - 
0.57 - 

- 

qhfm 
HFM P 
Stud - 
1.03 
0.58 
0.10 

-0.42 
-0.82 
-1 -23 
-1 -64 
-1 -78 
-1 -89 
-1 -68 
-1 -39 
-0.98 
-0.44 
0.03 
0.71 
1.33 
1-86 
2.34 
2.61 
2.65 
2.58 
2.27 
1.90 
1.51 

0.38 

*Internal themocouples were not used for t h i s  wall asserrbly. 

Calibrated Hot Box Relative Humidity: 

f*Response factor analysis was not perforned for  t h i s  wall assembly. 

Indoor Chamber - 36% 
Outdoor Chamber - 37% 

Max. - 77*F (25OC$ 
Min. - 74OF (23%) 

Laboratory Air Ten rature: 

111 

qhfm 

HFH 
&tween 
Studs 

0.39 
0.09 

-0.17 
-0.49 
-0.72 
-0.94 
-1.13 
-1.06 
-1 -05 
-0.77 
-0.49 
-0.15 
0.23 
0.56 
0.95 
1.38 
1.56 
1.89 
1.91 
1 .I8 
1.60 
1.29 
1.02 
0.75 

0.35 

Cal cut ated 
Heat Flux, 
Btu/hr'ft 2 

qr f * 
bsponse 
Factor 

qss 
Steady- 
State 

-1.83 
-2.10 
-2.35 
-2.52 
-2.61 
-2.1 5 
-1.16 
-0.27 
0.56 
1.35 
2.02 
2.50 
3.19 
3.89 
4.02 
3.81 
3.29 
2.32 
1.20 
0.39 

-0 06 
-0.33 
-0.81 
-1 -46 

0.45 



Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1 5  
16 
17 
18 
19  
20 
21 
22 
23 
24 

Can - 

TABLE m-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS 

t 0  

Outdoor 
A i  r 

11.6 
10.4 
9.7 
9.4 
9.6 

14.3 
20.9 
25.5 
29.3 
33.1 
35.5 
37.1 
40.4 
43.0 
41 -8 
39.6 
35.7 
29.4 
23.4 
20.2 
18.8 
18.6 
15.5 
12.4 

24.4 

Measured Temperatures, 

'C 

t 2  
Outdoor 
Surf. 

16.4 
15.2 

13.5 
13.1 
14.8 
18.5 
21.8 
24.9 
27.8 
30.3 
32.1 
34.7 
37.2 
37.8 
37.2 
35.4 
32.0 
28.1 
25.1 
23.3 
22.3 
20.4 
17.9 

14.2 

24.8 

. .  . 

t3* 
[nternal 

- 

t l  
Indoor 
Surf. 

23.2 
23.1 
23.1 
23.0 
22.9 
22.9 
22.8 
22.8 
22.8 
22.9 
23.0 

23.2 
23.3 
23.4 
23.5 
23.6 
23.6 
23.7 
23.7 
23.6 
23.5 
23.4 
23.3 

23.1 

23.2 - 

ti 
[ndoor 

At  r - 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.2 
23.2 
23.2 
23.2 
23.1 
23.2 
23.2 
23.1 
23.1 

23.1 
- 
- 

Measured Heat Flux, 

- 

qw 

Calib. 
lot Box 

3.44 
2.14 

-0.04 
-0.18 
-2.50 
-4.09 
-4.39 
-5.96 
-4.65 
-4.50 
-3.64 
-1.22 
-0.81 
1.47 
2.91 
5.09 
8.17 
8.88 
8.90 
9.20 
7.63 
6.91 
6.34 
4.28 

1.81 

U / r 2  - 

qhfm 
H r n  P 
Stud - 
3.26 
1.82 
0.32 

-1 -33 
-2.58 
-3.88 
-5.16 
-5.60 
-5.95 
-5.31 
-4.37 
-3.08 
-1 -39 
0.10 
2.22 
4.19 
5.86 
7.39 
8.23 
8.35 
8.13 
7.17 
5.98 
4.75 

1.21 
- 
- 

1.23 
0.29 

-0.55 
-1.54 
-2.27 
-2.95 
-3.56 
-3.35 
-3.32 
-2.44 
-1.55 
-0.46 
0.72 
1.78 
3.00 
4.37 
5.23 
5.94 
6.04 
5.60 
5.03 
4.07 
3.21 
2.36 

1.12 

Cal cul ated 
Heat Flux, 

U/a2 

%f** 
Response 
Factor 

qss 
Steady- 
State 

-5.76 
-6.63 
-7.41 
-7.96 
-8.23 
-6.77 
-3.67 
-0.85 
1.76 
4.26 
6.36 
7.88 

10.06 
12.26 
12.67 
12.02 
10.37 

7.30 
3.79 
1.24 

-0.19 
-1 -04 
-2.55 
-4.61 

1.43 

*Internal thermocouples were not used for t h i s  wall assembly. 
"Response factor analysis was not performed for  t h i s  wall assembly. 

-1 52- 
construction technology laboratories 



I 
I 
B 
I 
I 
I 
I 
I 
R 
1 
I 
I 
1 
1 
I 
I 
1 
I 

1 I 50 
! 

30 

25 

f" 
0 0 '  

0 16 24 0 

Time , hour 

( a )  Measured Temperatures 

60 

30 

AT 7 

"F 
0 

- 30 

Wall M8 
January 130 

I 

OC 

---- 

I 

0 

- I5 

I 
i 
I 

7 -30 1 - 60 I I 

0 8 16 24 

Time , hour 
( b )  Temperature Differentials 

Fig. 118-3 Wall M8 Dynamic Test Results for Phoenix January T e s t  Cycle 

construction technology laboratories -1 53- 



40 

30 

20 

I0 

Heat Flux, 
Btu 0 

hr- f t2  

- 10 

- 20 

-?a 

-40 

-50 
0 

Wall M8 
January 

8 16 

Time , how 

24 

I2C 

100 

80 

60 

40 

20 

Heat Flux, 
0 -  W 

2 m 
-20 

- 40 

-60 

- 80 
- I00 

- 12c) 
- 14C 

( c )  Heat F l u x  

F i g .  M8-3 Wall M8 Oynamic T e s t  Results for Phoenix January Test Cycle 

-1 54- constructlon technology laboratories 8 



I 
I 
I 
I 
I 
I 
I 
1 
D 
I 
1 
I 
I 
n 

TABLE HS-8(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE 

Calculated 
Heat Flux,  

2 Btu/hr-ft 

- Measured Temperatures, Measured Heat Flux, 
2 

Btu /h r*  f t O F  

'3* 
nternal 

Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

- 

qss 
Steady- 
State - 
-2.41 
-2.55 

-2.82 
-2.92 
-3.03 
-3.08 
-2.64 
-1.95 
-1.21 
-0.46 
0.16 
0.60 
0.99 
1.22 
0.63 

-0.31 
-0.84 
-1 a14 
-1 -53 
-1.79 
-1.95 
-2.1 1 
-2.27 

-2.71 

- 

t l  
Indoor 
Surf. 

- 
rn 

qhfm 
HFM Q 
Stud 

t 2  
Outdoor 
Surf. 

ti 
[ndoor 

A i  r - 
68.8 
68.9 
68.8 
68.9 
68.8 
68.7 
68.8 
68.7 
68.7 
68.7 
68.7 
68.7 
68.8 
68.8 
68.9 
68.9 
68.9 
68.9 
69.0 
68.9 
69.0 
68.9 
68.9 
68.9 

qrf* 
Response 
Factor 

G 
Calib. 
hot Box 

to 
Outdoor 

A i  r 

-1.34 
-1 -34 
-1.95 
-1.67 
-2.17 
-2.13 
-2.27 
-2.46 
-2.51 
-2.51 
-2.33 
-2.28 
-1 -69 
-1 -78 
-1 .oo 
-0.92 
-0.36 
-0.23 
-0.23 
-0.23 
-0.41 
"0.64 
-0.72 
-1.14 

-1 -40 
-1 -69 
-1 -87 
-2.1 5 
-2.35 
-2.56 
-2.79 
-2.95 
-3.1 1 
-3.1 9 
-3.17 
-2.93 
-2.67 
-2.24 
-1.86 
-1 -36 
-0.95 
-0.64 
-0.52 
-0.57 
-0.68 
-0.84 
-1.09 
-1 -31 - 
-1 -87 

-0.89 
-1 -06 
-1 -16 
-1.35 
-1 -45 
-1 -55 
-1 -70 
-1.77 
-1 -83 
-1.83 
-1 -73 
-1 -51 
-1 -26 
-0.91 
-0.66 
-0.31 
-0.12 
-0.03 
-0.07 
9.18 
-0.30 
-0.46 
-0.64 
-0.79 

46.6 
45.5 
44.7 
43.9 
43.4 
42.4 
43.0 
50.2 
58.0 
65.5 
72.4 
76.9 
79.6 
82.1 
82.4 
72.3 
61.8 
58.1 
56.4 
52.5 

50.3 
49.1 
47.8 

51 *O 

68.5 
68.4 
68.4 
68.3 
68.3 
68.1 
68.1 

68.0 
68.0 
68.1 
68.2 
68.4 
68.5 
68.7 
68.8 
69.0 
69.0 
69.0 
69.0 
68.9 
68.8 
68.7 
68.6 

68.5 

68.1 

- 
- 

52.0 
50.9 
49.8 
48.9 
48.2 
47.2 
46.9 
50.0 
54.7 
59.8 
65.0 
69.3 
72.4 
75.1 
76.8 
73.0 
66.9 
63.3 
61 "3 

56.7 
55.5 
54.3 
53.1 

58.7 

58.6 

57.3 68.8 -1.43 - -0.98 -1 -42 

*Internal thermocouples were not used f o r  t h i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 

*Response factor analysis was not perforred for t h i s  wall asserbly. 

Indoor Chamber - 27% 
Outdoor Chamber - 33% 

Max. - 74*F 2 3 3  
Mjn. - 71OF 122%) 

Laboratory A i r  T erature: 

I 
i 
1 -7 55- 
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TABLE nB-8(b) - DYNAHIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE, SI UNITS 

Time , 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

Measured Temperatures, 

.C 

to 
Outdoor 

A i  r 

8.1 
7.5 
7.1 
6.6 
6.3 
5.8 
6.1 

10.1 
14.4 
18.6 
22.4 
24.9 
26.4 
27.8 
28.0 
22.4 
16.6 
14.5 
13.6 
11.4 
10.6 
10.2 
9.5 
8.8 

14.1 - 

t 2  

Outdoor 
Surf. 

11.1 
10.5 
9.8 
9.4 
9.0 
8.4 
8.3 

10.0 
12.6 
15.4 
18.3 
20.7 
22.4 
23.9 
24.9 

19.4 
17.4 
16.3 
14.8 
13.7 
13.1 
12.4 
11.7 

22.8 

14.9 

t3* 
tnternal 

- 

tl 
Indoor 
Surf. - 
20.3 
20.2 
20.2 
20.2 
20.2 
20.1 
20.1 
20.1 
20.0 
20.0 
20.1 
20.1 
20.2 
20.3 
20.4 
20.4 
20.6 
20.6 
20.6 
20.6 
20.5 
20.4 
20.4 
20.3 

20.3 
- 
- 

- 

ti 

Indoor 
A i  r 

20.4 
20.5 
20.4 
20.5 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.4 
20.5 
20.5 
20.5 
20.5 
20.6 
20.5 
20.6 
20.5 
20.5 
20.5 

20.5 

- 

- 
- 

Measured Heat Flux, 

SW 
Callb. 
Hot Box 

-4.24 
-4.22 
-6.14 
-5.28 
-6.85 
-6.72 
-7.16 
-7.74 
-7.92 
-7.90 
-7.35 
-7.20 
-5.32 
-5.63 
-3.16 
-2.90 
-1.14 
-0.72 
-0.72 
-0.72 
-1 -29 
-2.02 
-2.27 
-3.58 

4.51 

2 
W / l l  - 

qhfm 
HFM 8 
Stud - 
-4.42 
-5.34 
-5.90 
-6.79 
-7 41 
-8.08 
-6.81 
-9.29 
-9.80 

-10.06 
-10.00 
-9.26 
-8.41 
-7.05 
-5.88 
-4.30 
-3.00 
-2.02 
-1.65 
-1 -79 
-2.13 
-2.66 
-3.44 
-4.15 

-5.90 

- 
- 

*Internal themcouples were not used for t h i s  wall assembly. 
*Response factor analysis was not perforrred for  t h i s  wall assembly. 

-1 56- 

-2.81 
-3.34 
-3.67 
-4.25 
-4.56 
-4.88 
-5.35 
-5.58 
-5.76 
-5.76 
-5.44 
-4.75 
-3.97 
-2.87 
-2.08 
-0.98 
-0.37 
4.10 
-0.21 
-0.58 
-0.95 
4.46 
-2 02 
-2.48 

~ . .- 

-3.09 

Cal cul ated 
Heat Flux, 

H/m2 

qrf* 
Response 
Factor 

- 

qss 

Steady- 
State - 
-7.60 
-8.05 
-8.55 
-8.90 
-9.22 
-9.57 
-9.70 
-8.31 
-6.14 
-3.81 
-1.45 
0.52 
1.89 
3.12 
3.84 
1.98 

-0.98 
-2.66 
-3.59 
-4.83 
-5.65 
-6.15 
-6.65 
-7.15 - 
-4.48 
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TABLE M8-9(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE 

Calculated 
Heat F1 ux, 
Btufhr'ft 2 

Measured Temperatures , 
'f 

Measured Heat Flux,  
2 Btufhr - f t 

Tine, 
hr 

- 

ti 
[ndoor 

A i  r 

- 
H 

qhfm 

HFMB 
Stud 

q;t;n 
HFH 

Between 
Studs 

to 
Outdoor 

A i  r 

%! 
Outdoor 
Surf. 

t3* 
[nternal 

tl 
Indoor 
Surf. 

qrf  +* 
bsponse 
Factor 

4r 
Callb. 

Hot Box 

1.20 
0.69 
0.64 
0.32 

-0.24 
-0.51 
-0.79 
-1.11 
-1 -17 
-1.13 
-0.99 
-0.82 
-0.60 
-0.18 
0.18 
0.54 
0.82 
1.52 
1.76 
2.18 
2.14 
1.78 
1.69 
1.55 

qss 
Steady- 
State 

~~ 

61.4 
58.9 
56.6 
54.8 
53,s 
56.1 
60.5 
69.1 
77.3 
82.5 
85.8 
88.7 
92.2 
95.5 
98.4 

101.7 
100.4 
94.4 
86.7 
80.9 
74.7 
70.2 
67.2 
64.5 

76.3 

68.6 
66.1 
63.9 
61.9 
60.2 
60.4 
62.3 
66.7 
72.1 
76.4 
79.7 
82.5 
85.4 
88.5 
91.2 
94.1 
95.1 
92.9 
88.8 
84.7 
80.6 
76;7 
73.8 
71.2 

16.81 

74.1 
73.9 
73.8 
73.7 
73.6 
73.5 
73.4 
73.3 
73.3 
73.3 
73.4 
73.5 
73.6 
73.8 
73.9 
74.1 
74.2 
74.3 
74.4 
74.4 
74.5 
74.4 
74.3 
74.2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

k a n  
- 

73.7 
73.6 
73.6 
73.6 
73.6 
73.6 
73.5 
73.5 
73.5 
73.5 
73.5 
73.5 
73.6 
73.6 
73.6 
73.6 
73.7 
73.6 
73.7 
73.7 
73.7 
73.8 
73.7 
73.7 

1.48 
1.17 
0.78 
0.41 
0.04 

-0.37 
-0.75 
-1 -05 
-1 -25 
-1.33 
-1 -25 
-1 a05 
-0-76 
-0.41 
-0.03 
0.38 
0.81 
1.31 
1.65 
1.95 
2.12 
2.16 
2.00 
1.73 

0.85 
0.64 
0.35 
0.1 1 

-0.09 
-0.37 
-0.57 
-0.71 
-0.78 
-0.74 
-0.56 
-0.36 
-0.10 
0.1 6 
0.43 
0.69 
0.99 
1.30 
1.46 
1.54 
1.57 
1.49 
1.29 
1.04 

-0.82 
-1.16 
-1.47 
-1.75 
-1.99 
-1.94 
-1 -65 
-0.99 
-0.18 
0.47 
0.95 
1.37 
1.80 
2.25 
2.66 
3.08 
3.22 
2.06 
2.21 
1.57 
0.93 
0.35 

-0.08 
-0.45 

73.9 - 0.39 0.41 - 0.40 0.47 73.6 

*Internal thermocouples were not used for th is  wall assembly. 

Calibrated Hot Box Relative Humidity: 

wResponse factor analysis was not pe r fomd for t h i s  wall assembly. 

Indoor Chamber - 30% 
Outdoor Chamber - 36% 

Max, - 73OF (2PCY 
Min. - 72OF (22OC) 

Laboratory A i r  Tern rature: 



TABLE A-9(b)  - DYWIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE, SI UNITS 

Tim, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Hean 
- 

t0 

Outdoor 
A3 r 

16.3 
14.9 
13.7 
12.7 
11.9 
13.4 
15.8 
20.6 
25.2 
28.1 
29.9 
31.5 
33.4 
35.3 
36.9 
38.7 
38.0 
34.7 
30.4 
27.2 
23.7 
21.2 
19.6 
18.1 

24.6 

bkasured Temperatures, 

*C 

t 2  

Outdoor 
Surf. 

20.3 
18.9 
17.7 
16.6 
15.7 
15.8 
16.8 
19.3 
22.3 
24.7 
26.5 
28.1 
29.7 
31.4 
32.9 
34.5 
35.1 
33.8 
31.5 
29.3 
27.0 
24.8 
23.2 
21.8 

24.9 

t3* 
hternal 

- 

tl 
I door 
Surf. - 
23.4 
23.3 
23.2 
23.2 
23.1 
23.1 
23.0 
22.9 
22.9 
22.9 
23.0 
23.1 
23.1 
23.2 
23.3 
23.4 
23.4 
23.5 
23.6 
23.6 
23.6 
23.6 
23.5 
23.4 

23.3 - 

ti 
Indoor 

Air 

23.2 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.2 
23.1 
23.2 
23.2 
23.2 
23.2 
23.2 
23.2 

23.1 

- 

- 

Measured Heat flux, 

Y/12 - 

G 
Cal i b. 

Hot Box 

3.78 
2.18 
2.02 
0.99 

-0.76 
-1.62 
-2.49 
-3.50 
-3.69 
-3.56 
-3.14 
-2.58 
-1.88 
-0.58 
0.56 
1.69 
2.60 
4.79 
5.55 
6.86 
6.75 
5.62 
5.34 
4.89 

1.24 

a 

qhfm 
HFn@ 
Stud - 
4.68 
3.70 
2.45 
1.29 
0.12 

-1.18 
-2.36 
-3.31 
-3.94 
-4.21 
-3.94 
-3.31 
-2.39 
-1.28 
-0.1 1 
1,19 
2.55 
4.12 
5.22 
6.1 5 
6.69 
6.81 
6.30 
5.47 

1.28 
- 

2.69 
2.02 
1.09 
0.36 

-0.29 
-1.16 
-1.81 
-2.23 
-2.45 
-2- 32 
-1 -77 
-1.1 2 
-0.30 
0.49 
1.36 
2.17 
3.13 
4.1 0 
4.60 
4.86 
4.94 
4.70 
4.08 
3.28 

1.27 

Calculated 
Heat Flux, 

WAD 2 

W** 
Response 
Factor 

- 

qss 
Steady- 
State 

-2.60 
-3.67 
-4.65 
-5.53 
-6.27 
-6.13 
-5.20 
-3.1 1 
-0.57 
1.48 
3.01 
4.31 
5.68 
7.10 
8.38 
9.72 

10.17 
9.03 
6.96 
4.95 
2.92 
1.10 

-0.24 
-1 -42 - 
1.48 

*Internal thermocouples were not used for th i s  wall assembly. 
*Response factor analysis was not performed for t h i s  wall assembly. 

- 1  60- 
constructlon technology laboratories 



I 
I 
I 
I 
I 
I 
I 
I 
I 

I20 

90 

Temp 1 

OF 60. 

30 

0 

30 

I 
I 
I 
I 

AT 1 

O F  

0 

-30 

7 50 

t*  1 I 

0 0 16 24 

Time , hour 

( a )  Measured Temperatures 

Wal l  M8 
August 1 I 30 

\to-$ t,-ti I 
I 

1-15 

4 -30 
s 

24 
- 60 

0 0 - 16 

Time , hour 

( b )  Temperature Differentials 

Fig .  116-5 !dall M8 Dynamic Test Resul ts  for Phoenix August Test Cycle 

construction technology laboratories -161- 



4c 

3c 

20 

I0 

Heat Flux, 
Rtu 0 

hr*ft2  

- I0 

- 20 

-30 

-40 

-50 
0 

Wall M8 
August 

8 16 

Time , hour 

( c )  Heat F lux  

24 

\ 

120 

too 

80 

60 

40 

20 

Heat Flux, 
1 -  W 

2 rn 
-29 

-40 

-60 

- 80 

- 100 
- 120 

* I40 

I 
I 
I 
I 
I 
I 
8 
I 
I 
1 
R 
I 
I 
R 
I 
I 
I 
1 

construction technology laboratories I 

Fig. MS-5 Wall M8 Dynamic T e s t  Resul ts  f o r  Phoenix August Test Cycle 

-1 62- 



Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

TABLE M8-10(a) - DYWAUIC TEST RESULTS (PERIODIC), PHOENIX AUGUST TEST CYCLE 

to 
Outdoor 

A4 r - 
83.0 
81.4 
80.0 
78.5 
77.1 
79.4 
86.2 
94.4 
99.5 

102.6 
105.3 
107.3 
109.5 
111.7 
114.4 
11 5.9 
113.1 
105.7 
98.8 
92.2 
88.7 
87.2 
86.0 
84.6 - 
95.1 

Measured Temperatures, 
OF 

t2 
Outdoor 
Surf. 

87.2 
85.6 
64.2 
82.0 
81.4 
81.7 
84.7 
89.6 
93.8 
96.8 
99.4 

101.7 
103.7 
105.8 
108.0 
110.0 
109.6 
106.2 
101.9 
97.4 
94.0 
91.9 
90.3 
88.9 

t3* 
Internal 

94.9 I 

- 

tl 
Indoor 
Surf. - 
79.4 
79.3 
79.2 
79.1 
79.0 
79.0 

78.9 

78.9 
79.0 
79.1 
79.2 
79.4 
79.1 
79.6 
79.7 
79.8 
79.8 
79.8 
79.8 
79.7 
79.6 
79.5 

79.0 

78.9 

79.3 

- 

ti 
Indoor 

A i r  - 
78.5 
78.5 
78.5 
78.5 
78.5 
78.4 
78.5 
70.4 
78.5 
78.4 
78.4 
78.4 
78.4 
78.5 
78.5 
78.5 
78.5 
78.6 
78.6 
78.5 
78.5 
78.6 

78.5 

78.5 

78.5 

- 
- 

Measured Heat Flux, 

Btu/hr-  f t 2  

sw 
Cali b. 

Hot  Box 

2.77 
2.50 
2.64 
1.96 
1.78 
1.23 
0.27 
0.36 
0.23 
0.23 
0.14 
0.72 
0.92 
1.24 
1.61 
2.03 
2.91 
3.43 
3.52 
3.90 
3.58 
3.22 
3.23 
2.96 

1.97 
- 

- 
H 

qhfm 
HFMP 
Stud - 
3.22 
2.93 
2.62 
2.41 
2.10 
1.88 
1.59 
1.43 
1.27 
1.33 
1.50 
1.72 
2.01 
2.34 
2.70 
3.08 
3.40 
3.79 
4.05 
4.21 
4.23 
4.1 2 
3.89 
3.60 

2.73 

*Internal thennocouples were n o t  used for t h i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 

*XResponse factor analysfs was not  psrforned for t h i s  wall assembly. 

Indoor Chamber - 29% 
Outdoor Chamber - 37% 

Max. - 76*F (24'CP 
Min. - 66OF (19OC) 

Laboratory Air Tern rature: 

1.96 
1.75 
1.54 
1.44 
1.23 
1.06 
0.93 
0.84 
0.84 
0.97 
1.16 
1.35 
1.58 
1.79 
2.06 
2.31 
2.52 
2.77 
2.88 
2.06 
2.77 
2.62 
2.39 
2.16 

1.82 

Cal cul ated 
Heat Flux,  

Btu/hr*ft2 

qrf* 
lesponse 
Factor 

- 

qss 
Steady- 
State - 

1.20 
0.97 
0.77 
0.57 
0.37 
0.41 
0.87 
1.65 
2.31 
2.78 
3.18 
3.53 
3.83 
4.14 
4.54 
4.79 
4.71 
4.15 
3.45 
2.74 
2.20 
1 .a9 
1.65 
1.45 

2.42 
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L 

Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

TABLE W-lO(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX AUGUST TEST CYCLE, SI UNITS 

Calculated 
Heat Flux, 

Y/m2 

Measured Temperatures, Measured Heat F1 ux, 

*C - 

ti 

Indoor 
A i r  - 

25.8 
25.8 
25.8 
25.0 
25.8 
25.8 
25.8 
25.8 

25.8 
25.8 
25.8 
25.8 
25.8 
25.8 
25.8 
25.8 
25.9 
25.9 
25.8 
25.8 
25.9 
25.8 
25.8 

25 .a 

qCl’k 
HFM 

3etween 
Studs 

qhfm 
HFM @ 
Stud - 
10.14 

9.23 
8.27 
7.61 
6.63 
5.93 
5.00 
4.51 
4.00 
4.1 9 
4.74 
5.43 
6.33 
7.36 
8.50 
9.71 

10.72 
11.94 
12.78 
13.28 
13.35 
13.01 
12.25 
11.35 

8.59 
- 
- 

t 2  
Outdoor 
Surf. 

t 3 *  
:nternal 

%f** 
Response 
Factor 

to 
Outdoor 

A i  r 

tl 
Indoor 
Surf. 

pw 
Calib. 

Hot Box 

9SS 

Steady- 
State 

. _  

28.3 
27.4 
26.7 

25.1 
26.3 
30.1 
34.7 
37.5 
39.2 
40.7 
41.8 
43.1 
44.3 
45.8 
46.6 
45.1 
40.9 
37.1 
33.4 
31.5 
30.7 
30.0 
29.2 

25.8 

30.7 
29.8 
29.0 
28.2 
27.4 
27.6 
29.3 
32.0 
34.3 
36 .O 
37.4 
38.7 
39.8 
41 .O 
42.2 
43.3 
43.1 
41.2 
38.8 
36.3 
34.4 
33.3 
32.4 
31.6 

26.3 
26.3 
26.2 
26.2 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.1 
26.2 
26.2 
26.3 
26.2 
26.4 
26.5 
26.6 
26.6 
26.6 
26.6 
26.5 
26.4 
26.4 

26.3 
- 

8.73 
7.90 
8.34 
6.18 

3.87 
0.85 
1.14 
0.13 
0.73 
0.44 
2.28 
2.89 
3-90 
5.08 
6.39 
9.18 

10.83 
11.11 
12.29 
11.30 
10.15 
10.18 
9.34 

5.62 

6.19 
5.51 
4.87 
4.54 
3.89 
3.35 
2.93 
2.64 
2.66 
3.06 
3.64 
4.26 
4.98 
5.65 
6.49 
7.27 
7.94 
8.73 
9.09 
9.03 
8.74 
8.26 
7.54 
6.82 

3.78 
3.05 
2.42 
1.79 
1.16 
1.30 
2.76 
5.20 
7.27 
0.77 

10.02 
11.13 
12.09 
13.06 
14.33 
15.11 
14.86 
13.07 
10.89 
8.63 
6.94 
5.95 
5.21 
4.57 1 

I 
1 
I 
B 
I 
1 

34.9 25.8 
.~ 

6.23 5.75 7.64 - 35.1 

*Internal thermocouples were not used for t h i s  wall asseably. 
**Response factor analysls was not performed for t h i s  wall assembly. 
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@ !!in. 

4 

3 . 5  

5 

4 

Avg . 

4 . 5  

4 

5 

4 . 5  

@ Mln. 

4 

3 . 5  

@ Flax. 

5 

4 

4 

4 

3 . 5  

4 

TABLE M8-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG 

Thermal Lag, hrs 

Measured Catc . 
Tlme 

Constant, 
hrs 

Callbrated Hot Box Heat Flow Meter 
@ Stud 

Heat F low Meter 
Between Studs Test  

Cyc 1 e 

NBS 

Phoenix 
January 

Phoen 1 x 
Aprt 1 

Phoenl x 
August 

Avg . Avg . 
@ Max. d M4n. @ Max. @ Max. @ H l n .  

5 . 5  

3.5 

5 

3 . 5  

3 

2 . 5  

4 

6 

5 

4 

5 

4 . 5  

2 

2 . 5  

4 

3 . 5  

1 .6  

1 .6  

1 .6  

? .6 

4 

3 

4 

3 . 5  

4 . 5  

3 . 5  

4 

4 . 5  

3 

3 

4 

3.5 



I 

cn m 
I 

--I 

NBS 

P h o e n  i x 
January 

Phoenix 
Aprll 

Phoen 1 x 
hugust 

TABLE 48-13 - SUMMARY OF DYNAMIC TEST R E S U L T S  ( P E R I O O I C ) ,  REDUCTION I N  AMPLITUDE 

@ Max. @ M l n .  

34 20 

5 5  35 

35 37 

19 11 

I Reduction i n  Amplitude, % 

@ M i n .  

26 

20 

29 

29 

Test I C a l i b r a t e d  Hot Box Cycle 

Avg. 

31 

35 

33 

33 

- 
Avg . 

27 

4 5  

36 

1 5  

Heat  F l o w  Meter 
@ Stud 

@ Max. 

36 

49 

36 

37 

Heat Flow Heter 
Between Studs 

@ Max. 

56 

64 

5 7  

5 5  

@ Min. 

52 

49 

52 

52 

Avg . 

54 

57 

55 

54 



TABLE H8-14 - SUMWRY OF DYNAMIC TEST RESULTS (PERIOOIC), ENERGY REQUIEENTS 

Total Energy 
Comparisons, 

’L 

Net Energy 
Canpari sons. 

Net Energy, 

Btu / f t  (Whr/m 1 2 2 

Total Energy, 

Btu/ft2 (W-hr/m2) 

Measured 

- Test 
Cycle 

- 
N 
t 
%s 
N 

Calc. T 
s, 
qss 
1 

- 
74 

83 

68 

81 

111 

‘hfm - 
T 
4,s - 
49 

57 

50 

75 

Measured T II 

9,s 

‘hfm - 
T 

73 

109 

12 

112 

Calc. 

T 
9SS 

7 111 

‘hfm 

NBS 

%en i x 
January 

?hoeseni x 
apri 1 

Phoenix 
4ugust 

34.1 
(107.41 

34.3 
(108.21 

24.6 
(77.5) 

47.4 
(149.5) 

33.8 
(106.5) 

44.9 
(141.6) 

26.2 
(82.8) 

65.4 
(206,4) 

46.2 
(145.7) 

41.3 
( 130.4) 

36.2 
(114.21 

58.2 
(183.5) 

13.8 
(43.4) 

-34.3 
(-108.21 

9.5 
(29.9) 

47.4 
( 1 49.5) 

9.2 
(29.1) 

-44.9 
(-141.6) 

9.7 
(30.7) 

65.4 
(206.41 

c 

8.5 
(26.9) 

-23.6 
(-74.3) 

9.6 
(30.4) 

43.8 
(138 .1 )  

10.9 
(34.4) 

-34.1 
(-107. I )  

11.2 
(35. S) 

58.2 
(183.5) 

127 

101 

04 

at 

- 

84 

132 

86 

112 

- 

’18 

69 

06 

75 

- 

22.5 
(70.9) 

23.6 
(74.3) 

18.2 
(57.4) 

43.8 
(138.1) 
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WALL 113: 10-IN. (254-MM) BLOCK-BRICK C A V I T Y  WALL 

DESCRIPTION: Uni nsul ated , unrei nforced 10-i n. (254-mm) cavi t y  wal l  con- 
s i s t i n g  o f  4-in. (102-mm) hol low core concrete block and 
4-in. (102-mm) c lay  b r i c k  separated by a 2-in. ( 5 1 - m )  a i r  
space. 

REFERENCE: Fiorato,  A, E. and Cruz, C. R,, "Thermal Performance of  
Masonry Wall s ," Research and Development Bu l l  e t i  n RD071 , 
Port land Cement Association, Skokie, 1980, 17 pages. 

COMPOSITION: 
1, 4x8~16- i  n. (1  02x203~406-m) Medi um Weight H o l l  ow 

Core Concrete Block - 3 cores per block 

2. 

3. 

4. 

4x2-1/2x8-i n. (1 02x64~203-m) C1 ay Br i ck  - 
Type M Mortar: one p a r t  por t land cement, one- 

10 cores per b r i c k  

quarter p a r t  l ime, and three p a r t s  masonry 
sand by volume 

Metal Z-Ties Between Wythes - fou r  i n  every 
other mortar j o i n t  o f  block 

TABLE M3-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 
. 

Property 

U n i t  Weight, psf (kg/m2) 

Average Thickness, in .  (m) 

A i r  Space Thickness, in. (nun) 

Area, ft2 (m2) 

Moisture Content o f  Block,* 
% by ovendry weight 

Moisture Content o f  Brick," 
% by ovendry weight 

~~ 

Measured 
Val ue 

66.7 
( 326 1 

9.6 
( 244 1 

2.0 
(51) 

73.90 
(6.87) 

1.5 

1.1 

*Measured on masonry, i ncl  udi ng mortar j o i  nts, 
a f t e r  test .  
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TA3LE M3-2(a) - MATERIAL PROPERTIES, MEDIUM WEIGHT CONCRETE BLOCK 

Standard Dimenslons, 

Measured Dlmensl ons, 

Percent  Sol  I d  Volume 

Ovendry U n i t  Weight, pc f  (kg/m3) 

Mols ture  Content, X ovendry weight 

Absorpt jon,  X ovendry weight 

Test  Method 

-- 

ASTM C140 

-- 

-- 

ASTM C140 

ASTM C140 

Mean 

O F  

( " C )  

Temperature, Measured 
Value 

70 

116 
( 1  858) 

1 . 1  

9 . 1  



TABLE M3-2(b) - MATERIAL PROPERTIES, CLAY B R I C K  

Property 

Standard Djrnenslons, i n .  (nun) 

Measured DlmensIons, In. (m) 

Percent So 

Ovendry Un 

I d  Volume 

t Welght, p c f  (kg/m3) 

Molsture  Content, 16 ovendry welght 

Absorpt lon,  X ovendry welght 

Test Method 

-- 

ASTM C67 

ASTM C67 

ASTM C67 

Spec 1 men 
Condltlon 

-- 

Mean 

O f  

( " C )  

Temperature, Measured 
Value 

75 

151 
( 2 4 1  9)  

0 

1 .8  



I 
1 

Total R 

TABLE M3-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

3.46 
(0.61) 

Component 

~~ _ _  _. 

1. Outside Air Film 

2. 4x2-1/2x8-i n. (1 02x64~203-mm) 
Clay Brick 

3. 2-in. (51-mm) Air Space 

4. 4x8~16-i  n. ( 1 02x203x406-mm 1 Hol 1 ow 
Core Bl ock 

5. Inside Air F i l m  

R, 
Thermal Resistance 

h r = f t 2 -  “F/Btu 
( m2-K/W) 

0.17 
(0.03) 

0.44* 
(0.08) 

0.97”” 
(0.17) 

1.20*** 
(0.21) 

0.68 
(0.12) 

Total U I 0.29 
(1.64) 

*Source: Heat Transmission Coefficients o f  Brick Masonry Walls, 
Technical Notes on Brick Construction No. 4. Brick 
I n s t i t u t e  o f  America, McLean, Virginia, August/September 
1974. 

**Source: ASHRAE Handbook o f  Fundamental s , American Society of 
Meati ng , Re tri gerat i  ng , and A i  r-Condi ti oni ng Engi neers I 
Inc., New York, 1977,-Chapter 22. 

***Source: Tables o f  U-values f o r  Concrete Masonry Walls, NCMA-TEK 
67, National Concrete Masonry Association, McLean, 
Virginia, 1975, 

-1 72- 

I 
I 
1 
1 

I construction technology laboratories 



TABLE 113-4 - STEADY-STATE TEST RESULTS 

Nominal Test 
Condition 

t,,, = 56OF 

= 36OF 

( 13OC) 

(2OC) 

Design Values 

q 

Heat Flux. RT * 

2 h r - f t  .OF/Btu 

(m .K/W) 
2 

13.7 
(43.2) 

6.5 
(20.4) 

-8.8 
(-27.9) 

-20.6 
(-64.9) 

- 

3.61 
(0.64) 

3.43 
(0.601 

3.70 
(0.65) 

3.59 
(0.63) 

3.46 
(0.611 

Btu/hr. f t2 * OF 

2 ( W m  'K)  

Measured Tenperatures, 

O F  

("C) 

Outdoor Outdoor Internal Indoor Indoor 
Air ISurface 1 I Surface I A i r  

0.28 
(1.571 

0.29 
(1.66) 

0.27 
(1.53) 

0.28 
(1.58) 

0.29 
(1.64) 

*Interval thermocouples were not used for th is  wall assably. 

-laboratory air temperature was not measured during t h i s  test .  
W l e l a t i v e  hwnidity w s  not measured for this wat! ass+ly. 

Re1 a t  i ve 
Hunidi tp 

laboratory 
Air Tenperature 



Temp 1 

O F  

- i 
i 

-60 I I 

I2O r Wall M3 

-30 

1 so 

25 

"C 

3010 0 0 8 16 24 

Time , hour 
( a )  Measured Temperatures 

30 

0 

-30 

30 

IS 

0 

- I5 r 

AT? 
O C  

I 
I 
I 
1 
I F i g ,  1'43-2 Wall M3 Dynamic T e s t  Resul ts  for NBS T e s t  Cycle 

construction technology laboratories 
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4c 

x 

XI 

10 

Heat Flux, 

hr-ft2 
Etu 0 

- I0 

- 20 

-30 

-40 

-50 
0 

Wall M 3  
NBS 

8 16 

Time , hour 

24 

I20 

100 

60 

20 

Heat Flux, 

m2 

W 0 -  

-20 

-40 

-60 

-80 

-100 

- 120 
- 140 

( c )  Heat Flux 

F i g .  M3-2 Wall M3 Dynamic Tes t  Results for NBS Test  Cycle 
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Time, 
h r  

1* 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
lP 
1 3* 
1 4* 
1 5* 
16* 
17* 
18* 
19* 
20* 
21 * 
22f 
23* 
24* 

Mean 

TABLE M3-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

t0 

Outdoor 
A i  r 

48.3 
47.3 
46.7 
47.1 
48.7 
63.8 
71.4 
79.1 
86.0 
91.7 
95.2 
99.2 

106.5 
106.6 
102.7 

96.7 
86.5 
73.7 
66.1 
63.4 
62.0 
58.9 
51.1 
49.5 

72.8 

Measured Temperatures I 

O F  

t 2  
Dutdoor 
Surf i - 
57.0 
54.7 
53.5 
53.0 
53.1 
60.2 
65.5 
71.1 
76.5 
81.4 
85.3 
88.8 
94.4 
96.9 
96.3 
94,l 
88.9 
81.4 
75.5 
71.9 
69.4 
66.8 
61.5 
58.9 

73.2 
- 

t3* 
[nternal 

- 

tl  
Indoor 
Surf. - 
72.3 
71.4 
71.1 
70.8 
70.5 
70.2 
70.1 
70.1 
70.3 
70.5 
71 .O 
71.5 
72.0 
72.6 
73.0 
73.6 
74.0 
74.3 
74.4 
74.2 
73.9 
73.5 
73.2 
72.7 

72.1 - 

- 

ti 
Indoor 

A i  r - 
71.3 
71.4 
71.9 
71.7 
71.1 
71 .O 
71 "1 
71.2 
71.2 
71.4 
71.7 
71.9 
71.8 
71.5 
71.5 
72.0 
72.3 
72.4 
72.2 
72.1 
72.0 
72.2 
72.2 
71.7 

71.7 - 

Measured Heat Flux, 
2 B t u / h r - f t  

qw 

Cal i b. 
Hot  Box - 
-0.46 
-2.15 
-2.79 
-3.54 
-4.39 
-4 48 
-4.77 
-4.85 
-4.76 
-4.20 
-3.37 
-2.1 2 
-1.13 
-0.07 
1.27 
2.45 
3.35 
3.88 
4.27 
3.90 
3.37 
2.66 
1.80 
0.69 

-0.64 - 

- 
qhfm** 

HFM 0 
Indoor 
Surf,  - 

- 
- 

I 

qhfni** 
WM 0 

Outdoor 
Surf. 

Calculated 
Heat F lux ,  

2 B t u / h r *  f t 

W*** 
Response 
Factor 

9s 5 

Steady- 
State  

-5.51 
-6.03 
-6.33 
-6.41 
-6.26. 
-3.60 
-1.63 
0.35 
2.23 
3.91 
5.14 
6.24 
8.06 

8.36 
7.37 
5.36 
2.54 
0.38 

-0.82 
-1.59 
-2.40 
-4.20 
-4.97 

8.78 

0.37 

*Data a re  2-day averages, not 3-day averages, o f  test results. 
**Internal t h e m c o u p l e s  and heat flow meters were not used on t h i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 

**Response f ac to r  analysis  was not p e r f o m d  f o r  t h i s  wall assembly. 

Indoor Chamber - Not measured f o r  this wall assembly 
Outdoor Chamber - Not measured f o r  this wall assembly 

Max. - 73'f (23'8 
Min. - 66OF (19OC) 

Laboratory Air Te erature: 
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TABLE M3-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, S I  UNITS 

Calculated 
Heat Flux,  

W/mZ 

Measured Temperatures, 

*C 

Measured Heat Flux, 

W h 2  

qhfm* 
HFM Q 

Indoor 
Surf. 

T i  me, 
h r  

1* 
2 
3 
4 
5 
6 
7 
8 
9 

1 o* 
11* 
12* 
13* 
1 4* 
15* 
16* 
17* 
18* 
19* 
2ox 
21 
22.k 
23* 
24* 

- 

ti 

Indoor 
A i  r 

- 

% 
Cal i b. 

Hot Box 

I 

qhfm** 

H F M C  
Outdoor 
Surf. - 

t 2  
Outdoor 
Surf. 

t3- 
Internal 

qrf*** 

Aesponse 
Factor 

t0  

Outdoor 
A i  r 

9s s 
Steady- 
i t a t e  

tl 
Indoor 
Surf. 

13.9 
12.6 
12.0 
11.7 
11.7 
15.7 
18.6 
21.7 
24.7 
27.5 
29.6 
31.6 
34.7 

* 36.1 
35.7 
34.5 
31.6 
27.4 
24.1 
22.2 
20.8 
19.3 
16.4 
15.0 

21.9 
21.9 
22.2 
22.1 
21.7 
21.7 
21.7 
21.8 
21.8 
21.9 
22.0 
22.2 
22.1 
21.9 
22.0 
22.2 
22.4 
22.4 
22.3 
22.3 
22.2 
22.3 
22.3 
22.1 

22.1 
- 

9.1 
8.5 
8.2 
8.4 
9.3 

17.7 
21.9 
26.1 
30.0 
33.2 
35.1 
37.3 
41.4 
41.5 
39.3 
36.0 
30.3 
23.1 
19.0 
17.4 
16.6 
14.9 
10.6 
9.7 

-1 -46 
-6.80 
-8.79 

-11.17 
-13.84 
-14.13 
-1 5.05 
-1 5.29 
-1 5.00 
-1 3.26 
-10.63 
-6.70 
-3.57 
-0.22 
4.01 
7.72 

10.56 
12.24 
13.47 
12.31 
10.63 
8.38 
5.68 

-2.18 

-17.38 
-19.00 
-29.96 
-20.21 
-19.75 
-11.35 
-5.15 
1.09 
7.04 

12.34 
16.20 
19.66 
25.42 
27.69 
26.36 
23.25 
16.90 
8.02 
1.20 

-2.60 
-5.02 
-7.56 

-1 3.26 
-1 5.67 

22.4 
21.9 
21.7 
21.6 
21.4 
21.2 
21.2 
21.2 
21.3 
21.4 
21.7 
21.9 
22.2 
22.5 
22.8 
23.1 
23.4 
23.5 
23.6 
23.4 
23.3 
23.0 
22.9 
22.6 

22.3 Mean 22.7 22.9 -2.03 1.18 

*Data are 2-day averages, not 3-day averages, o f  t e s t  resul ts .  
**Internal themcouples and heat f low meters were not  used on t h i s  wall assembly. 

**Response factor  analysis was not performed f o r  t h i s  wal l  assenbly. 
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TABLE M3-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG 

NBS 5 4 

Thermal Lag, hrs 

Measured 

5 4 4 . 5  - - - 

Caljbrated Hot Box Heat F l o w  Meter* Test 
cyc 1 e 

I 1 I 

Test Cycle 

- 

NBS 

1 

0 Max. @ Min. @ Max. @ Win. 

Measured, X Calculated, % 

Callbrated H o t  Box Heat Flow Meter* Response Factor** 

@ Max. @ Mln. Avg. (3 Max. @ Hin. Avg. 0 Max. d Mln. Avg. 

- - - - - 4 2  38 40 - 

*Heat f l o w  meters were not used on this wall assembly. 
**Response factor analysis was not performed for this wall assembly. 

I Calculated 
~ 

Response Factor * *  

, - 1  - 1 -  

Calc. 
Tlme 

Constant ,  
hrs 

TABLE M3-13 - SUMMARY OF DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  REDUCTION I N  AMPLITUDE 

1 . 2  

*Heat f l o w  meters were n o t  used on this wall assembly. 
**Response factor analysls was n o t  performed for this wall assembly. 



TABLE H3-14 - S U M Y  OF DYNAMIC TEST RESULTS [PERIODIC), ENERGY REQUIREMENTS 

Total Energy 
Curpari sons, 

x 
Total Energy, 

Btu/ft (W-hrlm 1 2 2 
Net Energy, 

Btu/ft (W.hr/m 1 2 2 

Net Energy 
Cornpar i sons, 

% 

*Heat flow meters were not used on this w l l  assembly. 
xkResponse factor analysis was not performed for t h i s  wall assembly. 



-1 80- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I construction technology laboratories 



1 '  
I 

Property 

WALL M4: 10-IN. (254-MM) BLOCK-BRICK C A V I T Y  WALL 
W1 rH I" IN CAV1 IY 

Me as u red 
Val ue 

DESCRIPTION: Unreinforced 10-i n. (254-mm) c a v i t y  wall consi s t i n g  o f  4- i  n. 
(102-mm) hol low core concrete block and 4-in. (102-m) c l a y  
b r i c k  separated by a 2-in. (51-mm) space f i l l e d  w i t h  loose- 
fi 11 i nsul a t i  on, 

U n i t  Weight, p s f  (kg/m2) 

Average Thickness , in. (mm) 

Cavity Thickness, in. (mm) 

REFERENCE : Fiorato,  A. E. and Cruz, C. R., "Thermal Performance of Masonry 
Wall s ," Research and Development Bu l l  e t i  n RD071 , Port1 and Cement 
Association, Skokie, 1980, 17 pages. 

67.7 
(331 1 

9.6 
(244) 

2.0 
(51 1 

COMPOSITION : 1 . 4x8~16- i  n. (1 02x203x406-mm) Medi urn Wei ght Hol 1 ow 
Core Concrete Block - 3 cores per block 

TABLE M4-1 c 

2. 4 x 2 4  /2x8-i n. (102x64x203-mn) C1 ay Br ick - 
10 cores per b r i c k  

3. Type M Mortar: one part por t land cement, one-quarter 
p a r t  l ime, and three parts masonry sand by volume 

4. 
Loose u n i t  weight o f  6.1 p c f  (97.7 kg/m3) 

5. Metal Z-Ties Between Wythes - four i n  every o the r  
mortar j o i n t  o f  block 

PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

S i l  icone-Treated Per1 i t e  I n s u l a t i o n  

Area, f t 2  ( m 2 )  73.90 
(6.87) 

1 = 5  I Moisture Content o f  Block,* 
% by ovendry weight 

Moisture Content of Brick," 
X by ovendry weight 

1.1 

*Measured on masonry , i ncl udi ng mortar j o i  n t s  , 
after t es t .  
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TABLE M4-2(a)  - MATERIAL P R O P E R T I E S ,  M E D I U M  WEIGHT CONCRETE BLOCK 

Property 

~ 

Standard Dimenslons, I n .  (mn) 

Measured Dimenslons,  I n .  (m) 

Percent  Solid Volume 

Ovend r y  Un 1 t We1 g h t  , p c f  (kg/rn3) 

Mois ture  Content ,  96 ovendry welght 

Absorpt lon,  X ovendry wejght  

Test  Method 

-- 

ASTH C140 

-- 

-- 

ASTH C140 

ASTM C 1 4 0  

Measured 
Value 

3 - 5 1 8 ~ 7 - 5 / 8 ~ 1 5 - 5 / 8  
(92x1 94x397) 

70 

116 
{ 1858) 

1 . 1  

9 . 1  



TABLE H4-2(b) - MATERIAL PROPERTIES, CLAY B R I C K  

Proper ty  

Standard Olmenslons, In. (mm) 

Measured Dimensions, I n .  (m) 

Percent  Sol i d  Volume 

Ovendry U n i t  Welght , pcf ( kg/m3) 

Mojsture Content ,  X ovendry welght 

Absorpt ion,  % ovendry welght  

T e s t  Method 

-- 

ASTM C67 

-- 

-- 

ASTM C67 

ASTM C67 

Mean 

O F  

( " C )  

Temperature, Measured 
Value 

75 

1 5 1  
( 2 4 1 9 )  

0 

1.8 



TABLE M4-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

. . .. 

1. Outside A i r  F i l m  

2. 4x2-1/2x8-i n. ( 102x64~203-mm) 
Clay Br ick 

3. 2-i n, ( 51 -mm) Per l  i t e  Loose-Fi 11 
Insul  a t i  on 

4. 4x8~16- i  n. (102x203x406-mm) Hol l  OM 
Core Block 

5. I ns ide  A i r  F i l m  

I 

R, 
Thermal Resistance 

h r * f t 2 -  "F/Btu 
(m29K/W) 

0.17 
(0.03) 

0.44* 
(0.08) 

(1.07) 

1 .20*"* 
(0.21) 

0.68 
(0.12) 

6.06** 

Total R 8.55 I (1.51) 

Total U 0.12 I (0.66) 

"Source: Heat Transmission Coef f ic ients  o f  Br ick  Masonry Wall s, 
Technical Notes on Br ick Construction No. 4, Br ick 
I n s t i t u t e  of America, McLean, V i rg in ia ,  August/September 
1974. 

**Source : Perl i t e  Loose F i  1 1 Insul  a t i  on, Catal og Number 7.14d/PerI 
P e r l i t e  I n s t i t u t e ,  Inc., New York, 1978. 

***Source : Tab1 es o f  U-Val ues for Concrete Masonry Wall s , NCMA-TEK 
6T, National Concrete Masonry Association, McLean, 
V i rg in ia ,  1975. 
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TABLE M4-4 - STEAOY-STATE TEST RESULTS 

h x .  
O F  

("a 

71 
(22) 

72 
I221 

74 
(231 

75 
(24) 
- 

Haninal Test 
Condi t i  on H i n .  

O F  
("Cl 

7 1  
(22) 
12 

(22) 

74 
(23) 

72 
(22) 
- 

to 
O u t b r  

A i r  

8.54 
I (1 .SO) 

9.63 
(1.70) 

9.03 
(1.59) 

8.33 
(1.471 

8.55 
(1.51) 

= 98OF 
( 3 1 O C )  

( 2 7 O C )  

(130C) 

( 1 O C I  

$,, = 84OF 

= 55OF 

= 33OF 

Design Values 

6.0 
(19.0) 

2.3 
(7.4) 

-3.8 
(-12.0) 

-9.5 
(-30.1) 

- 

0.12 
(0.66) 

0.10 
(0.591 

0.11 
(0.631 

0.12 
(0.68) 

0.12 
(0.66) 

123 
(511 

94 
(341 

37 
(3) 

-7 
(-22) 

- 

*Internal thermocouples were not used for this wall a s s m l y .  
Welat ive  humidity was not measured for t h i s  wall assenbly. 

Measured Tenperatures, 

3utdoor 
Surf ace 

121 
(49) 

94 
(34) 

39 
(4) 

-3 
(-191 
- 

O F  

("C) 

t3* 
Internal Indoor 

Surface 

ti 
Indoor 
A i r  

72 
(22) 

72 
(221 

72 
(22) 

71  
(22) 
- 

Re1 a t  i ve 
Humid i tp 



301 
01 I I 

30 

-30 

0 16 24 0 

Time hour 

( a )  Measured Temperatures 

Wall M4  
NBS 

I 1 - 60 
0 8 16 

30 

15 

3 

- I5 

-30 

24 

50 

25 

0 

Temp 1 

O C  

AT, 
"C 

Time, hour 
( b )  Temperature Differentials 

I 
F ig .  M4.-2 Wall M4 Dynamic Test  Results for NBS Tes t  Cycle 

eanstruction technology laboratories 
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40 

30 

I0 

Heat Flux, 
Btu 0 

hr-ft '  

- 10 

- 20 

- 30 

-40 

-50 
c 

Wall M 4  
NBS 

\ q w  

20 

00 

eo 

60 

40 

20 

Heat Flux, 
0 -  W 

2 m 
-29 

- 40 

-60 

-80 

-ICO 

- 120 

- 140 

8 16 

Time , hour 

24 

( c )  Heat F l u x  

F i g .  F.14-2 Wall M4 Dynamic T e s t  Results f o r  NBS Test Cycle 
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TABLE M4-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

.. ~~~ 

Calculated 
Heat Flux, 
B t u / h r  - f t 2 

Measured Heat Flux, 
2 Btu /h r '  f t  

Measured Temperatures, 

OF 
Time, 

h r  
- 
I 

qhfrn"" 
HFM @ 

Du tdoor 
Surf. - 

- 

9s s 
iteady- 
i t a t e  

- 

ti 

[ndoor 
Air 

- 

tl  
Indoor 
Surf. - 
72.4 
72.3 
72.1 
72.0 
71.8 
71.7 
71.6 
71.6 
71.6 
71.6 
71.7 
71.9 
72.0 
72.1 
72.3 
72.6 
72.8 
72.9 
73.0 
73.0 
72.9 
72.9 
72.7 
72.5 

qhfm** 
HFM @ 

Indoor 
Surf. 

t3** 

[nternal 
qrf*"+ 

Response 
Factor 

t 2  
h t d o o r  
Surf. 

qw 

Cal i b. 
i o t  Box 

t0  

u tdoor 
A i  r - 

47.5 
46.5 
46.4 
46.6 
53.6 
66.6 
74.0 
81.6 

93.0 
96.4 
02.0 
07.8 
06.0 
02.0 
94.3 
82.5 
71 .O 
65.1 
62.8 
61.8 
55.6 
50.1 
48.8 

87.6 

- 
72.9 

0.77 
0.45 

-0.16 
-0.53 
-0.84 
-1.03 
-1.23 
-1.37 
-1.60 
-1.53 
-1.38 
-0.81 
-0.49 
-0.09 
0.16 
0.87 
1.22 
1.50 
1.81 
2.01 
2.07 
1.87 
1.44 
1.07 

-2.09 
-2.32 
-2.46 
-2.55 
-2.26 
-1.33 
-0.65 
0.09 
0.73 
1.38 
1.89 
2.47 
3.17 
3.37 
3.25 
2.82 
2.03 
1.07 
0.37 

-0.07 
-0.37 
-0.91 
-1.52 
-1.83 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
13 
14  
1 5* 
16 
17 
18 
19  
20 
21 
22 
23 
24 

56.4 
54.4 
53.2 
52.4 
54,4 
61.5 
66.6 
72.3 
77.2 
82.2 
86.2 
90.9 
96.4 
98.0 
97.4 
94.3 
88.4 
81.1 
15.8 
72.4 
70.1 
65.8 
61.1 
58.5 

71.9 
72.0 
71.7 
71.8 
71.7 
71.6 
71.7 
71.8 
71.9 
71.7 
71.6 
71.7 
71.3 
71.4 
71.6 
72.1 
72.1 
72.1 
72.0 
72.1 
72.2 
72.0 
71.5 
71.6 

71.8 - 
- 

0.18 Mean 73.6 72.3 0.18 

*Data a re  2-day averages, not 3-day averages, of test results. 
**Internal t h e m c o u p l e s  and heat flow meters were not used on this wall assembly. 

Cal i brated Hot  Box Re1 a t i v e  Hurnidi t y  : 

**Rerponse f ac to r  analysis  was not p e r f o m d  f o r  this wall assembly. 

Indoor Chamber - Not measured for this wall assembly 
Outdoor Chamber - Not measured f o r  this wall assembly 

Max. - 76OF (24OCP 
Min. - 69*F (21°C) 

Laboratory Air Tem erature: 
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Ttme, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1 5* 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

TABLE M4-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS 

t0  

Outdoor 
A i  r 

8.6 
8.1 
8.0 
8.1 

12.0 
19.2 
23.3 
27.6 
30.9 
33.9 
35.8 
38.9 
42.1 
41.1 
38.9 
34.6 
28.0 
21.7 
18.4 
17.1 
16.6 
13.1 
10.0 
9.3 

~~ 

22.7 

Measured Temperatures, 

t 2  
Outdoor 
Surf. 

13.5 
12.5 
11.8 
11.3 
12.4 
16.4 
19.2 
22.4 
25.1 
27.9 
30.1 
32.7 

36.7 
36.3 
34.6 
31.3 
27.3 
24.4 
22.5 
21.2 
18.8 
16.2 
14.7 

35.8 

23.1 

'C 

t3** 
Internal 

t 1 
Indoor 
Surf. 

22.5 
22.4 
22.3 
22.2 
22.1 
22.1 
22.0 
22.0 
22.0 
22.0 
22.1 
22.1 
22.2 
22.3 
22.4 
22.6 
22.7 
22.7 
22.8 
22.8 
22.7 
22.7 
22.6 
22.5 

22.4 - 

- 

ti 
[ ndoor 

A i  r - 
22.2 
22.2 
22.1 
22.1 
22.1 
22.0 
22.1 
22.1 
22.1 
22.0 
22.0 
22.0 
21.8 
21.9 
22.0 
22.3 
22.3 
22.3 
22.2 
22.3 
22.3 
22.2 
22.0 
22.0 

22.1 
- 
- 

Measured Heat Flux, 

qw 

Cal I b. 
Hot Box 

2.44 
1.42 

-0.52 
-1.69 
-2.66 
-3.24 
-3.07 
-4.31 
-5.04 
-4.84 
-4.36 
-2.56 
-1.54 
-0.28 
0.50 
2.73 
3.85 
4.72 
6.03 
6.33 
6.52 
5.89 
4.53 
3.36 

0.56 

w/m2 

qhfm** 
HFM P 

Indoor 
Surf. 

- 

- 

- 
- 

I 

qhfn;'" 
HFH P 

Dutdoor 
Surf. 

~~ ~. 

Calculated 
Heat F1 u x ,  

w/m2 

q r P *  
hsponse 
Factor 

- 
9s s 

jteady- 
State 

-6.59 
-7 33 
-7.77 
-8.04 
-7.14 
-4.19 
-2.05 
0.27 
2.30 
4.35 
5.95 

9.99 
10.62 
10.26 
8.90 
6.39 
3.37 
1.16 

-0.23 
-1.17 
-2.88 
-4.70 
-5.76 

7.80 

0.56 

*Data a re  2-day averagesr n o t  3-day averages, of tes t  r e su l t s .  
**Internal thermocouples and heat flow meters were not used on t h i s  wall assembly. 

*+*Response factor  analysis  was not performed f o r  t h l s  wall assembly. 
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TABLE M4-12 - SUHMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG 

Thermal Lag, h r s  

Measured C a l c u l a t e d  

C a l i b r a t e d  Hot Box Heat F low Meter*  Response F a c t o r * *  

4,s vs  qw qss "' qhfrn q s s  vs  q r f  to vs t l  
1 Avg. Avg . Avg . 

d Max. 8 M l n .  @ Max.  8 Mfn.  8 Max. Q Mln. @ Max. 4 M l n .  

- - - - - - 6 5 . 5  7 5 6 

1 

I0 
0 
I 

-I 

Calc .  
T f W  

Constan t ,  
hrs 

2.1 

--- 

T e s t  
Cyc 1 e 

NBS 

*Heat f l o w  meters  were n o t  used on t h l s  w a l l  assembly. 
**Response f a c t o r  a n a l y s l s  was no t  per fo rmed f o r  t h l s  wa17 assembly.  

TABLE M4-13 - SUMNARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION IN AHPLITUOE 

Measured, X C a l c u l a t e d ,  % 

Cyc 'I e C a l l b r a t e d  Hot Box Heat Flow Mete r *  Response F a c t o r * *  
Test  

@ Max. @ M l n .  Avg. @ Max.  @ M l n .  Avg. 13 Max. @ H i n .  Avg. 

- - - NBS 41 35 38 - - - 
L 

*Heat f l o w  mete rs  were no t  used on t h i s  w a l l  assembly. 
**Response f a c t o r  a n a l y s i s  was no t  per fo rmed for t h l s  w a l l  assembly.  



Test 
Cyc 1 e 

NBS 

Total Energy, 

TABLE W-14 - S W Y  OF DYNAMIC TEST RESULTS (PERIWIG), ENERGY REQUIREMENTS 

Total Energy Net Energy, Net Energy 
CaTpar i sons, Carpar i sons 

kasured 

T * d 'hfm 

26.4 
(83.2) 

Cal cu 1 ated T T 
% 'hfm 

T *  T T T 
%f Qss %s Qss 

41.0 64 
(129.4) 

- 

T 
%f - 

4,s 
T 

Weat flow meters were not used on t h i s  wall assembly. 
**Response factor analysis uds not performed for this wall assmbly. 

hasured Ca 1 cul ated n 
' L 

# *  b l *  N N c 'hfm %f Q*s 9,s 

4.3 4.3 101 
(13.4) (13.5) 



I 
I 
I 
1 
I 
1 
I 
I 
1 
I 
I 

-1 92- 

1 
I 
I 
I 
I construction technology laboratories 



I 
I 
I 

Average Thickness, in. (mm) 

Estimated Moisture Content,  
% by ovendry weight 

WALL C 1 :  NORMAL WEIGHT COIiCRETE 

8.31 
(211 1 

73.5 
(6.84) 

2.1 

DESCRIPTION: Normal weight  structural concrete Wall With 
rei nforce-ment a t  approximate mi dtnickness 

I 
I 
I 
I 
I 
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I 

REFERENCE: Van Geem, M. G,, F i o r a t o ,  A. E.,  and Julien, J .  T., 
"Heat Transfer Characteri s t ics  of a Normal Weight 
Concrete Wall , I' Construction Techno1 ogy Labora tor ies  , 
P o r t l a n d  Cement Association, Skokie ,  1983, 89 pages. 

COMPOSITION: 

- 1  
1 .  Normal Weight Concrete 

Port1 and Cement 
E l g i n  Gravel and Sand 
Measured A i r  Content: 5.9% 

2. Reinforcement 
Single layer o f  Grade 60 No. 5 bars 

Spaced 12 i n .  (305 mm) 
center-to-center 

TABLE C1-I - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

Property 
Me a s u r ed 
Val ue 

I a 

I 
U n i t  wei ght, psf ( kg/m2) 100 1 (488) 
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TABLE C1-2 - MATERIAL PROPERTIES, NORMAL WEIGHT CONCRETE 

Property  

Untt  Welght, pcf (kg/m3) 

S p e c i f i c  Heat ,  B t u / l b - " F  (J/kg-K) 

Spectflc Heat ,  Btu/lb.*F (J/kg-K) 

The rma 1 Conduc t 1 v l  t y , 6 t  u - 1 n/hr - f t2  - O F  ( W/rn.K) 

Therma 1 Conduct l v i  t y  , 3 t u  - I n / h r - f  t 2  - O F  ( W / m - K )  

lhermal  Conduct lv l ty ,  f H u - l n / h r - f t 2 - " F  (W/m-K) 

1 he r11ia 1 D I f f u s i v i t y , f t 2/h r ( mZ/s 

Compressive Strength ,  P S I  (MPd) 

Spllttfng Tenslle Strength ,  p s l  (MPa) 

Test Method 

-- 

Slmllar t o  
CRD-C124-73 

Ca I c u 1 a ted  

H o t  #I re  

ASTH C 177 

ASTH C 976 

CRO-C36-73 

ASTH C 39 

ASTM C 496 

Spec l men 
Condition 

ovendry 

s a t u r a t e d  

a l r  d r y  

a i r  d r y  

ovend ry 

a l r  d r y  

5 8  t u ra  t ed 

a l r  d r y  

a l r  dry  

--- 

Mean 

O F  

( " C )  

Temperature, Heasured 
Value 

141 
(2260) 

0.214 
(896) 

0.193 
(808) 

20.3 
(2.93) 

16.1 
(2.32) 

11.7 
(1.69) 

0.037 
(0.955) 

571 5 
(39.4) 

51 4 
( 3 . 5 4 )  --- 



TABLE C1-3 - DESIGN HEAT TRANSMISSIOid COEFFICIENTS 

Component 

1 .  Outside Air Film 

2. 8-in. (203-mm) Normal Weight Concrete 

3. Inside Air F i l m  

Total  R 

R, 
Thermal Resi stance 

0.17 
(0.03) 

0.69* 
(0.12) 

0.68 
(0.12) 

1.54 
(0.271 

To ta l  U 0.65 
(3.70) 

*Source: ASHRAE Handbook o f  Fundamentals, American Society o f  
heating , Refri gerati on , and Air-Condi t i  oni ng Engi neers , 
h e . ,  Atlanta, 1981, Chapter 23. 

construction technology laboratories 
-1 95- 



TABLE C1-4 - STUDY-STAT€ TEST RESULTS 
- 

Nominal Test 
Condition 

RT 

ir* ft2.0f/lctu 

2 (m * K I W I  

1.56 
(0.28) 

1.56 
(0.28) 

1 .S5 
(0.27) 

1.54 
(0 .21 )  

- 

--- 

- 

u, 

Btu/hr- f t2*OF 

2 
(W/m * K )  

0.64 
(3.63) 

0.64 
(3.63) 

0.64 
(3.65) 

0.65 
(3.70) 

to 
Outdoor 

Air 

hleasured Terrperatures, 

O F  

("GI 

t2 
Outdoor 

Surf ace 

I9 
( -1 )  

46 
(0) 

116 
(47) 

- 

5 
Indoor 

Surface 

55 
(13) 

64 
(18) 

B6 
( 30) 

- 

t i  
Indoor 
A i r  

69 
(21) 

11 
(22) 

76 
(24) 

- 

Relative m i d i  tj 

Indoor 
Chamber I 
I 

26 

31 

31 

- 

-- 
Outdoor 
C h d e r  , 

% 

22 

19 

25 

- 

-..-I 

Air Laboratory Temperature 



I5O I 

90- 
Temp. I 

O F  

1 Wail CI 
1 2 0 1  tm=37"F 

- 
Temp., 

I 

P "C i- ti 
20 

I (3°C 1 r 
1 6o j 40 

I I I I - 30 
0 24 40 

Time, hour 

( a )  Measured Temperatures 

Wall C I  
t, =37"F "i (3°C) 

40 
1 40 

-I 2o 

- to-$ 
-40 

I - 80 
I W W  

0 24 
Time, hour 

48 

( b )  Temperature Differentials 

F i g .  C1-1 Ida11 C1 Transient Test Results 

-1 97- 
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Heat Fiux, 
Btu 

hr . f t 2  

* O r  Wait CI 
t, = 37°F 1 (3°C) 

i 50 I Heat Flux, 

- 40 

-60 

I "  
4 -50 

- I50 

F i g .  C1-1 Wall C 1  T r a n s i e n t  Test Resu l ts  

-7 98- 

W 
7 

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 

construction technology laboratories 1 

1 I I I I -80 ' ' -250 
0 24 48 

Time,  hour 

( c )  Heat  F l u x  



Time, 
h r  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
28 
30 
32 
34 
36 
38* 
4OX 
42* 
44* 
46 
48 

TABLE C1-5(a) - TRANSIENT TEST RESULTS 

t0 

Outdoor 
A1 r 

72.5 
39.3 
18.7 
12.6 
9.0 
7.5 
5.9 
4.4 
3.2 
2.4 
1.5 
1 .o 
0.5 
0.1 

-0.4 
-0.7 
-0.9 
-1.2 
-1.3 
-1 ,s 
-1.6 
-1.7 
-1.8 
-1.9 
-1.9 
-2.1 
-2.1 
-2.2 
-2.2 
-2.3 
-2.3 
-2.3 
-2.4 
-2.4 
-2.4 
-2.5 
-2.4 

Measured Temperatures, 

O F  

t2 
Outdoor 

Surf. 

73.1 
60.7 
48.5 
42.6 
38.7 
36.0 
33.6 
31.5 
29.7 
28.0 
26.7 
25.6 
24.6 
23.7 
23.0 
22.4 
21.8 
21.3 
21 .o 
20.6 
20.3 
20.1 
19.8 
19.7 
19.5 
19.2 
19.0 
18.9 
18.8 
18.8 
18.7 
18.7 
18.7 
18.6 
18.5 
18.5 
18.5 

t 3  

Internal 

72.4 
71.9 
69.3 
65.7 
62.2 
59.1 
56.2 
53.6 
51.4 
49.4 
47.6 
46.1 
44.8 
43.6 
42.6 
41.7 
41 .O 
40.3 
39.7 
39.3 
38.8 
38.5 
38.2 
37.9 
37.7 
37.3 
37.0 
36.8 
36.6 
36.6 
36.5 
36.5 
36.4 
36.4 
36.3 
36.2 
36.1 

tl 
Indoor 
Surf .  

72.9 
72.9 
72.6 
71.3 
69.7 
68.0 
66.5 
65.1 
63.9 
62.8 
61.8 
61 .O 
60.3 
59.6 
59.1 
58.6 
58.2 
57.8 
57.4 
57.2 
56.9 
56.6 
56.5 
56.3 
56.2 
56.0 
55.9 
55.8 
55.7 
55.7 
55.6 
55.6 
55.5 
55.5 
55.4 
55.4 
55.4 

- 

ti 

Indoor 
A i  r 

72.5 
72.5 
72.4 
72.0 

71.6 
71.2 
70.9 
70.6 
70.5 
70.2 
70.1 
70.0 
69.8 
69.7 
69.6 
69.6 
69.5 
69.4 
69.3 
69.3 
69.3 
69.2 
69.2 
69.2 
69.1 
69.0 
69.1 
69.1 
69.2 
69.1 
69.1 
69.0 
69.0 
69 .O 
69.0 
68.9 

71 .a 

- 

Measured Heat F l u x ,  
2 B tu /h r - f t  

qw 

Cal ib. 
Hot Box 

0.6 
1 .o 
0.3 

-2.8 
-7.8 

-12.4 
-17.8 
-21.6 
-26-0 
-28.9 
-32 1 
-34.9 
-37 .O 
-39.4 
-40.7 
-42.5 
-43.5 
-44.0 
-45.5 
-46.2 
-47.0 
-47.5 
-48 1 
-48.5 
-49.1 
-49.7 
-50.4 
-50 6 
-51.1 
-51.2 
-51.3 
-51.3 
-51.3 
-51.3 
-51.3 
-51.3 
-51 - 4  

qhfm 

HFM IP 
Indoor 
Surf. - 

0.9 
0.9 
0.1 

-2.8 
-6.7 

-11.1 
-15.3 
-19.5 
-23.0 
-26 5 
-29.5 
-32.3 
-34.5 
-36.9 
-39.0 
-40.4 
-42.3 
-43.3 
-44.5 
-45.6 
-46.4 
-46.8 
-47.9 
-48.4 
-48.5 
-49.7 
-50.3 
-50.8 
-51.4 
-51.8 
-51 -8 
-51.8 
-51.8 
-51.8 
-51.8 
-52.0 
-52.1 

- 
1 

qhfm 
HFM @ 

Outdoor 
Surf.  

-0.6 
-47.7 
-76.2 
-78.6 

-75.3 
-73.9 
-71.5 
-70.0 
-68.2 
-66.8 
-65.1 
-63.6 
-61.9 
-61.1 
-60.1 
-59.3 
-58.5 
-57.9 
-56.5 
-56.2 
-55.5 
-55.5 
-55.1 
-54.3 
-53.9 
-53.3 
-53.1 
-52.6 
-52.9 
-52.6 
-52.6 
-52.5 
-52.4 
-52.4 
-52.4 
-52.3 

-78.9 

Cal cul a ted 
Heat F1 ux, 

n 

qrf** 

Response 
Factor 

0.0 
-0.1 
-1.4 
-5.0 

-10.9 
-16.8 
-21.8 
-26.3 
-30.1 
-33.7 
-36.3 
-38.7 
-40.9 
-42.4 
-43.9 
-45.0 
-46.1 
-47 .o 
-47.7 
-48.2 
-48.8 
-49.3 
-49.6 
-49.9 
-50.2 
-50.5 
-50.7 
-51.1 
-51.3 
-51.5 
-51.3 
-51.4 
-51.5 
-51.5 
-51.6 
-51 .Ij 
-51.5 

qss 

Steady - 
S t a t e  

0.3 
-17.3 
-33.9 
-40.0 
-43.3 
-44.8 
-46.0 
-47 .o 
-47.8 
-48.5 
-49.0 
-49.4 
-49.8 
-50.1 
-50.3 
-50.5 
-50.7 
-50.9 
-50.9 
-51 .o 
-51 -0 
-51.1 
-51.1 
-51.1 
-51.2 
-51.3 
-51.4 
-51.4 
-51.5 
-51 - 5  
-51.5 
-51.5 
-51.5 
-51.5 
-51.5 
-51.5 
-51.5 

*Data f o r  these hours derived from l i n e a r  interpolat ion o f  data  from hours 36 t o  45. 
**Response f ac to r  values supplied by Ken Childs, ORNL. Values calculated using NBS Response 

Factor Program by Peavy. 
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- 

Time, 
hr 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
26 
28 
30 
32 
34 
36 

40* 
42* 
44* 
46 
48 

3a* 

TABLE C1-5(b) - TRANSIENT TEST RESULTS, SI UNITS 

t0  

3u tdoor 
A i  r 

22.5 
4.1 
-7.4 
-10.8 
-12.8 
-13.6 
-14.5 
-15.3 
-16.0 
-16.5 
-16.9 
-17.2 
-17.5 
-1 7.8 
-18.0 
-18.2 
-18.3 
-18.4 
-18.5 
-18.1 
-18.7 
-18.7 
-18.8 
-18.8 
-18.8 
-18.9 
-19.0 
-19.0 
-19.0 
-19.0 
-19.1 
-19.1 
-19.1 
-19.1 
-19.1 
-19.1 
-19.1 

Measured Temperatures, 

*C 

t2 
Dutdoor 
Surf. 

22.9 
15.9 
9.2 
5.9 
3.7 
2.2 
0.9 
-0.3 
-1.3 
-2.2 
-2.9 
-3.6 
-4.1 
-4.6 
-5.0 
-5.3 
-5.7 
-6.0 
-6.1 
-6.3 
-6.5 
-6.6 
-6.8 
-6.8 
-6.9 
-7.1 
-7.2 
-7.3 
-7.3 
-7.4 
-7.4 
-7.4 
-7.4 
-7.5 
-7.5 
-7.5 
-7.5 

t3 
Internal 

22.4 
22.2 
20.2 
18.7 
16.8 
15.0 
13.4 
12.0 
10.8 
9.7 
8.7 
7.8 
7.1 
6.5 
5.9 
5.4 
5.0 
4.6 
4.3 
4.0 
3.8 
3.6 
3.5 
3.3 
3.2 
2.9 
2.8 
2.7 
2.6 
2.6 
2.5 
2.5 
2.4 
2.4 
2.4 
2.3 
2.3 

- 

tl 
Indoor 
Surf. - 
22.7 
22.7 
22.5 
21.9 
20.9 
20.0 
19.2 
18.4 
17.7 
17.1 
16.6 
16.1 
15.7 
15.3 
15.0 
14.8 
14.5 
14.3 
14.1 
14.0 
13.8 
13.7 
13.6 
13.5 
13.4 
13.3 
13.3 
13.2 
13.2 
13.2 
13.1 
13.1 
13.1 
13.0 
13.0 
13.0 
13.0 - 

ti 

Indoor 
Air 

22.5 
22.5 
22.4 
22.2 
22.1 
22.0 
21.8 
21.6 
21.4 
21.4 
21.3 
21.2 
21.1 
21 .o 
21 .o 
20.9 
20.9 
20.8 
20.8 
20.7 
20.7 
20.7 
20.7 
20.7 
20.7 
20.6 
20.6 
20.6 
20.6 
20.7 
20.6 
20.6 
20.6 
20.6 
20.6 
20.6 
20.5 - 

Measured Heat Flux. 

M/m2 

qw 

Calib. 
Hot Box 

2 
3 
1 
-9 
-25 
-39 
-56 
-68 

-91 
-1 01 
-110 
-117 
-1 24 
-1 28 
-1 34 
-1 37 
-1 41 
-1 43 
-1 46 
-1 48 
-1 50 
-1 52 
-1 53 
-1 55 
-1 57 
-1 59 
-1 60 
-1 61 
-1 61 
-1 62 
-1 62 
-1 62 
-1 62 
-1 62 
-1 62 
-1 62 

-a2 

qhfm 

HFM @ 
Indoor 
Surf. 

3 
3 
0 
-9 
-21 
-35 
-48 
-62 
-73 
-84 
-93 

-1 02 
-1 09 
-116 
-1 23 
-1 27 
-1 33 
-1 37 
-1 40 
-1 44 
-1 46 
-1 48 
-1 51 
-1 53 
-1 53 
-1 57 
-1 59 
-1 60 
-1 62 
-1 63 
-1 63 
-1 63 
-1 63 
-1 63 
-1 63 
-1 64 
-1 64 - 

I 

qhfm 

HFM @ 
Jutdoor 
Surf. 

-2 
-1 50 
-240 
-248 
-249 

-233 
-226 
-221 
-21 5 
-21 1 
-207 
-201 
-1 95 
-1 93 
-1 89 
-1 87 
-1 84 
-1 83 

-1 77 
-1 75 
-1 75 
-1 74 
-1 71 
-1 70 
-1 68 
-1 68 
-1 66 
-1 67 
-1 66 
-1 66 
-1 66 
-1 66 
-1 65 
-1 65 
-1 65 

-238 

-1 78 

Calculated 
Heat Flux, 

n/m2 

qrf- 

les pon se 
Factor 

0 
0 

-5 
-1 6 
-34 
-53 
-69 
-83 
-95 

-1 06 
-115 
-1 22 
-1 29 
-1 34 
-1 38 
-1 42 
-1 46 
-1 48 
-1 50 
-1 52 
-1 54 
-1 55 
-1 56 
-1 57 
-1 58 
-1 59 
-1 60 
-1 61 
-1 62 
-1 62 
-1 62 
-1 62 
-1 62 
-1 62 
-1 63 
-1 63 
-1 62 

qss 
Steady - 
State 

1 
-55 

-1 07 
-1 26 
-1 37 
-1 41 
-1 45 
-1 48 
-1 51 
-1 53 
-1 55 
-1 56 
-1 57 
-1 50 
-1 59 
-1 59 
-1 60 
-1 61 
-1 61 
-1 61 
-1 61 
-1 61 
-1 61 
-1 61 
-1 61 
-1 62 
-1 62 
-1 62 
-1 63 
-1 63 
-1 62 
-1 62 
-1 62 
-1 62 
-1 62 
-1 63 
-1 63 



. TABlE C1-6 - S U M M Y  OF TRANSIENT TEST RESULTS 

Response Factor 

Heasured 

Heat F lux  Calib. Hot Box 

_-- 
S teddy-S take 

1 

99.5% of Final tleat Flux 

%dl 2 Btu/hr- f t  
(\J/mz) 
-51 .3  

(-162) 

-49.0 
(-155) I 95% of Final &at F lux  

T ime to 
Reach q 

tw rf 

32 

21 

I 1  301 of Final Heat Flux -46.5 

2 
qs, 1 

Btu/hr-ft 
(wm2) 

- 

-51.3 
(-162) 

-49.0 
(-154) 

-46.4 
(-146) 

-- 
rime t o  
?each q , 

hr 

36 

24 

20 

HFH @ Indoor Surf. 

T ime to 

(- 164) 

-49.8 
(-157) 

-47.1 
(-149) 

qrfl 
Btu/hr * f t  

IW/& 

-51.3 
(-162) 

-49.0 
(-155) 

-46.4 
(-141) 

I 
Time to 

Reach q , 
hr  ss 

~ - -  

26 

10 

7 



Temp., 
O F  

I2O t to -\ 

30 t lo  
0 0 I 0 16 24 

Time, hour 

( a )  Measured Temperatures 

60 

30 

AT, 0 
O F  

Fig. C 

- 30 

- 60 

-2 

-I 50 
I 

Wal l  CI 
NBS 

Wall C I  
NBS 

+, .-+i ‘ v q  

0 8 16 

Time ,  hour 

( b )  Temperature Di f fe ren t  

15 

0 

- I5 

I 
1 - 3 0  

24 

Temp., 
O C  

a1 s 

1 C 1  Dynamic T e s t  Results f o r  NBS T e s t  Cycle 
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4c 

3c 

x 

10 

Heat Flux, 
Btu 0 

h r -  ft' 

- 20 

- 30 

-40 

-50 
0 

- 123 

- 100 
- 80 

- 60 

-40 

- 20 
Heat Flux, 

m2 
w 0 -- 

-20 

- 40 

-60 

-80 

- 100 

4 -120 

, , 1-140 

8 I6 24 

Time , hour 

( c )  Heat F lux  

Fig. C1-2 Wall C 1  Dynamic Test Resu l ts  f o r  NBS T e s t  Cycle 
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Time, 
h r  I 

qhfm 
HFM @ 

3utdoor 
Surf. 

-32.5 
-33.0 
-32.0 
-31 .7 
-30.2 
-17.7 
-1.3 
8.2 

15.7 
22.7 
27.1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

qrf* 
Response 
Factor 

Mean 

TABLE C1-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

t a 
Outdoor 

A i  r 

47 .O 
45.1 
44.0 
43.5 
43.5 
51.7 
63.1 
70.5 
76.7 
82.6 
07.2 
89.8 
95.2 
99.2 
97.3 
92.8 
86.6 
75.6 
66.3 
61.1 
59.2 

53.2 
48.3 

58.8 

68.3 

Measured Temperatures, 

O F  

t2 
Outdoor 
Surf.  

59.8 

56.9 
56.0 
55.3 
57.8 
62.9 
66.8 
70.5 
74.1 
77.6 
79.9 
83.2 
86.4 
86.8 
85.6 
83.3 
78.6 
73.7 
70.3 

67.3 
64.5 
61.4 

58.2 

68.4 

70.2 

t 3  
Internal 

68.9 
67.6 
66.3 
65.1 
64.1 
63.4 
63.4 
64.1 
65.2 
66.6 
68.5 
70.2 
71.9 
73.7 
75.4 
76.8 
77.5 
77.6 
77 .O 
75.7 
74.4 
73.1 
71.9 
70.5 

70.9 

t 1 
Indoor 
Surf. - 
72.0 
71.3 
70.6 
70.0 
69.4 
68.9 
68.6 
68.6 
68.9 
69.4 
70.3 
71.1 
71.9 
73.0 
73.6 
74.5 
75.1 
75.4 
75.5 
75.2 
74.6 
74.0 
73.4 
72.7 

72.0 - 

- 

t i  
Indoor 

A i r  - 
72.2 
72.1 
72.0 
71.9 
71.7 
71.6 
71.6 
71 -6 
71.7 
71.8 
72.0 
72.1 
72.3 
72.5 
72.7 
72.9 
73.0 
73.0 
73.0 
72.9 
72.8 
72.7 
72.6 
72.4 

72.3 - 

Cat cul ated 
Heat F1 ux, 

B t u / h r  f t 

Measured Heat Flux, 

B t u / h r  f t  - 

q W  
Calib. 

Hot Box - 
-1.7 
-3.9 
-6.0 
-7.7 
-9.8 

-11.4 
-1 2.4 
-1 3.0 
-11.9 
-10.6 
-7.9 
-5.6 
-3.4 
-0.7 

1.7 
4.4 
6.8 
8.0 
8.3 
7.6 
6.0 
4.1 
2.3 
0.4 

-2.4 

- 
qhfm 
HFM @ 

Indoor 
Surf. 

-0.5 
-2.4 
-4.2 
-6.1 
-7.7 
-9.2 

-10.4 
-10.7 
-10.4 

-9.3 
-7.5 
-5.6 
-3.6 
-1.5 
0.9 
3.1 
4.9 
6.2 
6.7 
6.4 
5.4 
4.1 
2.7 
1.2 

-2.0 

28.5 
35.1 
38.8 
32.3 
23.1 
12.7 
-3.2 

-15.9 
-21.5 
-22.4 
-21.2 

-33.1 
-27.8 

-3.3 I 

qss 
Steady- 
S t a t e  

-17.2 

-19.3 
-19.7 
-1 9.8 
-1 5.6 
-8.0 
-2.5 
2.2 
6.6 

10.4 
12.4 
15.9 
19.2 
18.6 
15.8 
11.5 
4.4 

-2.5 
-6.8 
-8.8 
-9.4 

-12.5 
-15.9 

-18.4 

-2.5 

*Response factor  analysis  was not  performed f o r  t h i s  dynamic t e s t  cycle. 

Cal ibrated Hot Box Relative Humidity: 
Indoor Chamber - 30% 
Outdoor Chamber - 23% 

Max. - 73OF (23OC) 
Min. - 70°F (21°C) 

Laboratory Air Temperature: 

-204- 
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TABLE C1-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS 

Measured Heat Flux, 
Cal cul a t ed  
Heat F1 ux, 

H/m2 

Measured Temperatures. 

O C  w/m2 - 
qhfm 
HFM Q 
Indoor 
Surf. - 
-1.7 
-7.6 

-13.4 
-19.2 
-24.4 
-29.1 
-32.9 
-33.9 
-32 - 7 
-29.2 
-23 - 7 
-1 7.6 
-11.3 

-4.7 
2.7 
9.6 

15.3 
19.5 
21.1 
20.2 
17.1 
13.0 
8.4 
3.7 

Time, 
h r  

- 

ti 

hdoor 
A i r  

1 

%fm 

3utdoor 
Surf. 

HFM @ qr f  * 
Lesponse 
Factor 

qss 

Steady- 
State 

t0 

Outdoor 
A1 r 

t 2  

Outdoor 
Surf.  

t 3  
In terna 1 

t 1 
Indoor 
Surf. 

q W  

Calib. 
H o t  Box 

. -  

20.5 
19.8 
19.1 
18.4 
17.9 
17.4 
17.4 
17.8 
18.5 
19.2 
20.3 
21.2 
22.2 
23.2 
24.1 
24.9 
25.3 
25.4 
25.0 
24.3 
23.5 
22.8 
22.2 
21.4 

-5.5 
-12.3 
-19.0 
-24.2 
-30.9 
-36.0 
-39.3 
-41 .O 
-37.5 
-33.5 
-25.0 
-17.7 
-10.8 

-2.2 
5.3 

13.8 
21.5 
25.3 
26.2 
24.1 
18.9 
13.0 
7.2 
1.1 

-1 02.4 
-104.2 
-103.9 
-99.9 
-95.2 
-55.8 

-4.0 
25.9 
49.6 
71.5 
85.4 
90.0 

110.6 
122.4 
101.9 

73.0 
40.2 
10.0 
50.0 

-67.9 
-70.8 
-66.7 

-104.4 
-87.7 

-54.2 
-58.0 
-60.8 
-62.1 
-62.4 
-49.1 
-25.3 

-7.7 
7.0 

20.8 
32.7 
39.0 
50.3 
60.5 
58.8 
49.7 
36.4 
13.9 
-8.0 

-21.5 
-27.8 
-29.7 
-39.3 
-50.3 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
i l  
12 
13 
14 
15 
16 
17 
18  
19 
20 
21 
22 
23 
24 

8.3 
7.3 
6.6 
6.4 
6.4 

10.9 
17.3 
21.4 

28.1 
30.7 
32.1 
35.1 
37.4 
36.3 

30.3 
24.2 
19.0 
16.2 
15.1 
14.9 

9.0 

z4.a 

33.8 

11 .a 

15.5 
14.6 
13.8 
13.3 
13.0 
14.4 
17.1 
19.4 
21.4 
23.4 
25.3 
26.6 
28.5 
30.2 
30.5 
29.8 
28.5 
25.9 
23.2 
21.3 
20.2 
19.6 
18.1 
16.3 

22.2 
21.8 
21.4 
21 .l 

20.5 
20.3 
20.3 
20.5 
20.8 
21.3 
21.7 
22.2 
22.6 
23.1 
23.6 
23.9 
24.1 
24.2 
24.0 
23.7 
23.3 
23.0 
22.6 

20.8 

22.4 
22.3 
22.2 
22.2 
22.1 
22.0 
22.0 
22.0 
22.0 
22.1 
22.2 
22.3 
22.4 
22.5 
22.6 
22.7 
22.8 
22.8 
22.8 
22.7 
22.7 
22.6 
22.5 
22.4 - 
22.4 -10.5 -7.7 Mean 20.1 21.2 21.3 22.2 -7.4 -6.3 

*Response f a c t o r  analysis  was not  performed f o r  this dynamic t e s t  cycle .  
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TABLE C1-8(a) - DYNAMIC TEST RESULTS (PERIODIC), NBStlO TEST CYCLE 

Measured Heat F1 ux, 
Calculated 
Heat Flux, 

2 B t u / h r *  ft 
Measured Temperatures, 

O F  

n 

B t u / h r -  f t' 
Time,  

hr 
- 

I 

qhfm 

HFM @ 
Outdoor 

Surf. 

- 

t i  
Indoor 

A i  r - 
72.7 
72.5 
72.4 
72.3 
72.2 
72.1 
72.1 
72.1 
72.2 
72.2 
72.4 
72.6 
72.7 
72.9 
73.1 
73.3 
73.4 
73.5 
73.5 
73.4 
73.3 
73.1 
73.0 
72.9 - 
72.8 - 

- 

t l  
Indoor 
Surf. 

- 
qhfm 
HFivl @ 

Indoor 
Surf. - 
5.5 
3.7 
1.9 
0.1 

-1.6 
-3.2 
-4.4 
-4.7 
-4.3 
-3.3 
-1.8 
0.0 
2.0 
4.1 
6.4 
8.8 

10.6 
12.0 
12.6 
12.4 
11.4 
10.2 
8.8 
7.3 - 
3.9 - 

t2 
Outdoor 
Surf. 

t 3  
Internal  

9w 

Calib. 
Hot Box 

to 
Outdoor 

A i  r 

55.7 
53.6 
52.3 
52.0 
52.7 
59.9 
71.9 
79.2 
84.8 
90.4 
94.9 
97.3 

102.1 
106.1 
105.2 
101.4 
96.3 
85.8 
75.2 
69.9 
68.1 
67.4 
62.8 
58.0 

9 r f  

Response 
Factor 

qss 
Steady- 
S t a t e  

66.0 
64.2 
62.9 
61.9 
61.6 
63.8 
69.1 
73.2 
76.7 
80.2 
83.4 
85.7 
88.8 
92.0 
92.8 
91.9 
90.0 
85.6 
80.2 
76.7 

73.6 
71.1 
68.0 

74.8 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
1 4  
1 5  
16 
17 
18  
19 
20 
21 
22 
23 
24 

73.2 
71.8 
70.5 
69.3 
68.3 
67.5 
67.5 
68.2 
69.4 
70.8 
72.4 
74.1 

77.5 
79.2 
80.6 
81.4 
81.7 
81.2 
80.0 
78.6 
77.3 
76.2 
74.0 

75.8 

74.0 
73.3 
72.6 
72.0 
71.4 
70.9 
70.6 
70.6 
70.9 
71.5 
72.2 
72.9 
73.7 
74.6 
75.4 
76.2 
76.8 
77.2 
77.4 
77.1 
76.6 
76.0 
75.3 
74.7 

4.1 
2.2 
0.1 

-2.2 
-3.8 
-5.4 
-6.9 
-7.0 
-6.3 
-4.6 
-2.5 
-0.4 
2.1 
4.5 
7.2 
9.8 

11.9 
13.4 
14.1 
13.5 
12.1 
10.0 
8.1 
6.3 

-26.8 
-27.7 
-27.7 
-26.1 
-23.7 
-12.4 

5.2 
14.7 
21.4 
28.2 
33.2 
34.3 
40.9 
46.3 
39.5 
30.1 
20.9 
5.1 

-9.5 
-15.6 
-16.0 
-15.2 
-20.4 
-25.8 

2.5 
0.1 
-2.3 
-4.3 
-6.2 
-7.7 
-8.7 
-8.5 
-7.1 
-4.8 
-2.3 
0.5 
3.3 
6.1 
8.9 

11.5 
13.5 
14.7 
14.8 
13.7 
11.6 

9.2 
6.9 
4.6 

-11,4 
-12.8 

-14.1 
-13.3 

-9.9 
-2.0 

3.8 
8.2 

12.3 
15.9 
17.9 
21.2 
24.7 
24.6 
22.2 
18.5 
11.7 
4.0 

-0.6 
-2.5 
-3.3 
-6.0 
-9.5 

-1 3.8 

76.4 13.9 3.4 3.5 2.9 3.6 Mean 76.8 

*Response f a c t o r  values supplied by Ken Childs. DRNL. 

Calibrated Hot Box Relative Humidity: 

Values calculated u s i n g  NBS Response 
Factor Program by Peavy. 

Indoor Chamber - 26% 
Outdoor Chamber - 22% 

Max. - 72OF (22OC) 
Min.  - 71OF (22'C) 

Laboratory Air Temperature: 
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qhfm 

HFM B 
Indoor 
Surf. 

17.3 

5.9 
0.3 

-10.0 
-13.9 
-14.9 
-13.6 
-10.3 
-5.7 
0.0 
6.3 
12.9 
20.3 
27.7 
33.6 
37.9 
39.8 
39.2 
36.0 
32.1 

23.1 

11.7 

-5.1 

27.8 

Time. 
hr I 

qhfm 

HFM @ 
Outdoor 
Surf. 

-84.6 

-87.2 
-82.4 

-39.2 
16.3 
46.3 
67.6 
88.9 
104.6 
108.0 
129.2 
145.9 
124.6 
94.8 
66.0 
16.1 
-30.0 
-49.0 
-50.6 
-48.1 

-81.5 

-87.5 

-74.8 

-64.3 

1 
2 
3 
4 
5 
6 
7 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

a 

CQ 

Outdoor 
Air 

13.1 
12.0 
11.3 
11.1 
11.5 
15.5 
22.2 
26.2 
29.3 
32.5 
34.9 
36.3 
38.9 
41.2 
40.6 
30.5 
35.7 
29.9 
24.0 
21.1 
20.1 
19.7 
17.1 
14.4 

Mean 

t 2  
Outdoor 

Surf. 

18.9 
17.9 
17.8 
16.6 
16.4 
17.7 
20.6 
22.9 
24.8 
26.8 
28.6 
29.8 
31.5 
33.4 
33.8 
33.3 
32.2 
29.8 
26.8 
24.8 
23.8 
23.1 
21.7 
20.0 

TABLE C1-8(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS*10 TEST CYCLE, $1 UNITS 

Measured Temperatures, 

I 

24.9 I 24.7 

O C  

Surf. 

22.9 
22.1 
21.4 
20.7 
20.2 
19.7 
19.7 
20.1 
20.8 
21.6 
22.4 
23.4 
24.3 
25.3 
26.2 
27.0 
27.5 
27.6 
27.3 
26.7 
25.9 
25.2 
24.5 
23.8 

23.3 
23.0 
22.6 
22.2 
21.9 
21.6 
21.4 
21.4 
21.6 
21.9 
22.3 
22.7 
23.2 
23.6 
24.1 
24.6 
24.9 
25.1 
25.2 
25.1 
24.8 
24.4 
24.1 
23.7 

ti 

Indoor 
Air - 
22.6 
22.5 
22.5 
22.4 
22.3 
22.3 
22.3 
22.3 
22.3 
22.4 
22.4 
22.5 
22.6 
22.7 
22.8 
22.9 
23.0 
23.0 
23.1 
23.0 
22.9 
22.9 
22.8 
22.7 

22.6 

Measured Heat Flux, 
2 W/m 

q W  

Calib. 
Hot Box 

12.8 
6.9 
0.3 
-6.8 

-1 2.0 
-17.1 
-21.7 
-22.1 
-20.0 
-14.5 
-7.9 
-1.2 
6.7 
14.3 
22.8 
30.9 
37.4 
42.4 
44.4 
42.7 
38.1 
31 .6 
25.5 
19.9 

10.6 12.4 I 11.1 

Calculated 
Heat F1 ux. 

W/m 
2 

9rf 
Response 
Factor 

7.8 
0.3 
-7.2 
-13.5 
-1 9.6 
-24.4 
-27.4 
-26.7 
-22.3 
-15.3 
-7.3 
1.6 
10.5 
19.4 

36.3 
42.7 
46.5 
46.7 
43.1 
36.7 
29.1 
21 .8 
14.6 

28.1 

9.2 

qss 

S t e  a dy - 
State 

-35.8 
-40.5 
-43.4 
-44.6 
-43.6 
-31.3 
-6.4 
11.8 
25.7 
38.7 
50.1 
56.6 
66.9 
77.8 
77.6 
69.9 
58.5 
37 .O 
12.6 
-1.9 
-7.9 
-10.4 

-29.8 
-18.9 

11.2 
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P E R I O D I C ) ,  NBS-10 TEST CYCLE TABLE C1-9(al - DYNAMIC TEST RESULTS 
- - _. _- . . . .. . 

Measured Heat Flux, 
2 B t u l h r '  ft 

Cal cul a ted 
Heat F1 ux, 

2 Btulhr ' f t  

Measured Temperatures, 

O F  Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 
17 
1 8  
19 
20 
21 
22 
23 
24 

Mean 

- 
ti 

Indoor 
Air - 

71.8 
71.6 
71.5 
71.4 
71.3 
71.2 
71.2 
71.2 
71.3 
71.4 
71.5 
71.7 
71.9 
72.0 
72.2 
72.4 
72.5 
72.5 
72.6 
72.5 
72.4 
72.2 
72.1 
71.9 

- 
qhfm 
HFM @ 

Indoor 
Surf. - 
-7 -0 
-8.8 

-10.7 
-1 2.6 
-14.2 
-1 5.8 
-1 6.8 
-16.9 
-16.2 
-14.9 
-1 3.3 
-11.4 
-9.1 
-6.9 
-4.6 
-2.5 
-0.7 
0.5 
0.9 
0.5 

-0.6 
-2.0 
-3.5 
-5.1 - 
-8.0 - 

1 

qhfm 
HFM @ 

Outdoor 
Surf. 

to 
Outdoor 

Air 

t 2  
Outdoor 
Surf. 

t 3  
I n t e  r n a 1 

t 1 
Indoor 
Surf. 

9rf 
Response 
Factor 

9w 

Cal ib .  
Hot  Box 

955 

Steady- 
State 

37.5 
35.5 
34.7 
34.4 
35.4 
45.7 
56.7 
64.3 
70.0 
75.7 
79.0 
81.9 
88.3 
90.J 
88.1 
84.3 
77.4 
65.2 
56.7 
51.6 
50.1 
49.2 
42.7 
39.6 

53.2 
51.4 
50.2 
49.4 
49.1 
52.6 
57.6 
61.7 
65.3 
68.8 
71.6 
73.9 
77.7 
80.2 
80.3 
79.3 
76.7 
71.4 
66.8 
63.5 
61.8 
60.6 
57.4 
55.0 

64.6 
63.2 
61.9 

59.7 
59.1 
59.3 
60.2 
61.5 
63.1 
64.7 
66.3 
68.2 
70.0 
71.6 
72.9 
73.6 
73.6 
72.8 
71.6 
70.1 
68.8 
67.5 
66 .O 

60.8 

69.8 
69.0 
68.4 
67.7 
67.2 
66.7 
66.5 
66.6 
67 .D 
67.6 
68.3 
69.1 
70.0 
70.9 
71.8 
72.5 
73.1 
73.4 
73.4 
73.0 
72.5 
71.8 
71.1 
70.5 

69.9 
- 
- 

-8.1 
-10.3 
-1 2.4 
-14.3 
-15.9 
-17.7 
-19.1 
-18.8 
-17.6 
-16.1 
-14.0 
-11 -6 
-9.0 
-6.3 
-3.6 
-1 .o 
0.9 
2.2 
2.3 
1.5 

-0.2 
-2.2 
-4.1 
-6.1 

-39.1 
-40 0 
-39.1 
-37.7 
-34.9 
-19.5 
-4.2 
5.3 

11.9 
18.2 
20.9 
22.8 
30.1 
31.2 
24.2 
16.6 
5.6 

-11.9 
-23.4 
-28.9 
-28.9 
-28.3 
35.9 
38.3 

-23.4 
-24.8 
-25.6 
-25.9 
-25.5 
-19.9 
-1 2.5 
-6.8 
-2.3 

1.0 
4.6 
6.7 

13.1 
12.0 

9.5 
5.1 

-2.8 
-9.4 

-13.4 
-15.0 
-1 5.8 
-19.3 
-21.9 

10.8 

-10.1 
-12.5 
-14.8 
-16.8 
-18.6 
-20.2 
-20.8 
-20.3 
-18.5 
-16.1 
-13.3 
-10.4 
-7.5 
-4.5 
-1.7 
1 .o 
2.9 
3.8 
3.4 
1.9 

-0.4 
-2.9 
-5.3 
-7.6 

-0.7 -8.4 59.8 64.0 - 66.3 71.8 - -8.4 -9.3 

Cal ibrated Hot Box Relative Humidity: 
Indoor Chamber - 26% 
Outdoor Chamber - 23% 

Max. - 72°F ( 2 2 O C T  
Min. - 70'F (21°C) 

Laboratory Air fem erature: 
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TABLE C1-9ib) - DYNAMIC TEST RESULTS (PERIODIC). NBS-10 TEST CYCLE, SI UNITS 

Measured Heat F lux ,  

Time, 
hr  

Calculated 
Heat F1 ux, 

W/m 
2 

Measured Temperatures, 

QC N/R2 

qss 

Steady- 
State  

- 

ti 
Indoor 

Air - 
22.1 
22.0 
21.9 
21.9 
21.8 
21.8 
21.8 
21.8 
21.8 
21.9 
22.0 
22.1 
22.2 
22.2 
22.4 
22.4 
22.5 
22.5 
22.5 
22.5 
22.4 
22.3 
22.3 
22.2 

22.1 
- 

- 

tl 
Indoor 
Surf. 

t 

qhfm 

HFM @ 
3utdoor 
Surf .  

qhfm 
HFM @ 

Indoor 
Surf. 

t 0  

Outdoor 
Air 

t 2  
3u tdoor 
Surf. 

t 3  
Internal 

q W  

Calib. 
Hot Box 

qrf 
Response 
Factor 

. 

-123.3 
-126.1 
-123.4 
-118.8 
-110.2 
-61 - 5  
-13.4 

16.6 
37.6 
57.5 
65.8 
71.9 
95.1 
98.3 
76.4 
52.2 
17.8 

-37.7 

-91.2 
-91.2 
-89.3 

-1 13.1 
-120.7 

-73.8 

-32.0 
-39.3 
-46.6 
-53.1 
-58.8 
-63.8 
-65.7 
-64.1 
-58.4 
-50.9 
-41.9 
-32.7 
-23.5 
-14.2 

-5.2 
3.1 
9.0 

11.8 
10.7 

6.0 
-1.3 
-9.2 

-16.7 
-24.1 

-27.5 

-73.8 
-78.4 
-80 .-7 
-81 - 7  
-80.4 
-62 7 
-39.5 
-21.3 
-7.3 

5.6 
14.5 
21.2 
34.2 
41.4 
37.9 
30.0 
15.9 
-8.8 
-29.5 
-42.4 
-47.4 
-49.7 
-61 .O 
-69.0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

3.1 
1.9 
1 .s 
1.3 
1.9 
7.6 

13.7 
17.9 
21.2 
24.3 
26.1 
27.7 
31.3 
32.6 
31.1 
29.0 
25.2 
18.5 
13.7 
10.9 
10.1 
9.6 
6 .O 
4.2 

11 .a 
10.8 
10.1 
9.7 
9.5 

11.4 
14.2 
16.5 
18.5 
20.5 
22.0 
23.3 
25.4 
26.8 
26.8 

24.8 
21 "9 
19.3 
17.5 
16.6 
15.9 
14.1 
12.8 

26.3 

18.1 
17.3 
16.6 
16.0 
15.4 
15.1 
15.2 
15.7 
16.4 
17.3 
18.2 
19.1 
20.1 
21.1 
22.0 
22.7 
23.1 
23.1 
22.7 
22.0 
21.2 
20.4 
19.7 
18.9 

21 .o 
20.6 
20.2 
19.8 
19.5 
19.3 
19.1 
19.2 
19.4 
19.8 
20.2 
20.6 
21.1 
21.6 
22.1 
22.5 
.22*8 
22.4 
23.0 
22.8 
22.5 
22.1 
21.7 
21.4 

21.1 
- 

-25.5 
-32.3 
-39 .O 
-45.2 
-50.0 
-55.9 
-60.2 
-59.4 
-55.4 
-50.6 
-44.1 
-36.6 
-28.3 
-19.8 
-11.3 
-3.3 

6.8 
7.2 
4.7 

-0.7 
-6.8 

-1 3.0 
-19.2 

2.8 

-22.0 
-27 7 
-33.7 
-39.6 
-44.9 
-49.9 
-52.9 
-53.2 
-50.9 
-47.1 
-41.9 
-35.9 
-28.8 
-21 -8 
-14.5 
-7.7 
-2.1 
1.7 
2.9 
1.6 

-2.0 
-6.3 

-11 .o 
-16.1 

-26.4 15.4 17.8 19.1 -26.5 -25.2 -29.4 Mean 
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I 

P 
I 

t! 

CI 
0 
3 z 
2. 
c) =. 
0 
3 

CI 
3 
3 

0 

3 

e 

P 

2 
5 

2 
P 
0 

$ 

Thermal Lag,  hrs 

Hea s u red Calculated 
k I 

Test 
Cyc 1 e 

Test I C a l i b r a t e d  H o t  Box Cycle 

Callbrated H o t  Box I Heat Flow Meter  

I H e a t  Flow Meter 1 Response Factor  

@ Max. @ Min. 

c * 

4 4  34 

4 2  31 

*Response f a c t o r  a n a l y s l s  was n o t  performed for  t h l s  dynamtc t e s t  c y c l e .  

Avg. 

* 

39 

37 

TABLE C1-13 - SUMMARY OF OYNAHIC TEST RESULTS (PERIODIC), REDUCTION I N  AHPLITUOE 

N3S 

N8St10 

NBS-10 
- 

1 Measured, % 

@ Max. 

51 

49 

50 

@ Mln. 

39 

41 

40 

Avg . 

55 

5 5  

54 

C a l c u l a t e d ,  X 

*Response f a c t o r  a n a l y s l s  was not  performed f o r  t h i s  dynamlc t e s t  c y c l e .  

Calc. 
Time 

Constant ,  
hrs 

1 . 4  

1 . 4  

1 . 4  



I 

3 
ul 
I 

Total Energy 
Comparisons, 

s 
Test 
Cycle 

Net Energy, 

Btu/ft (W-hrh 1 2 2 

TABLE C1-14 - Sublrw(Y OF D Y W I C  TEST FIESULI’S (PERIODIC), ENERGY REQUIREWNTS 

T 
- ‘r f 

Total Energy, 
2 2 Btu/f t  (W.hr/m ) 

Measured Cal cu 1 a ted I Cal cu? a ted 

T T 
%f 4,s 

* 293.4 
(925.4) 

174.0 284.6 
(548.9) (897.71 

I T  
-- % ‘hfm 

T T  
Qss Qss 

53 45 

56 50 

< 

I 

T 
qhfrn 

N 
qhfm 

N 
%f 

235.3 I 327.8 I 66 I 60 
(742.1) (1034.1) 

155.7 
(491 .Ol 

130.1 
(412.0) 

4:s I 4 
- 

61 

12 

-56.4 
(- 177.9) 

80.4 
(253.0) 

-201.4 
(-634.8) 

-41.0 
(-150.7) 

94.6 
(298.3) 

-191.5 
(-603 - 8) 

* 

10.2 
(22 1 15) 

-209.3 
(-660.9) 
I 

158.5 

214.8 
(617.1) 

(500.0) 

)1 

qss 

141.2 

195.4 
(616.2) 

(445.4) 

-59.2 
(-186.8) 

85.3 
(269 -0) 

(-632.9) 
-200.6 

k t  Energy 
Cornpar i sons, 

95 

94 

100 

- 

i - 
N 

N 
1,s 

81 

111 

95 

Wspoase factor analysis was not performed for this dynamic test cycle. 

6 

a 
ii 

b 
0 
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WALL C2: STRUCTURAL LIGHTWEIGHT CONCRE?E 

U n i t  Weight, ps f  (kg/m2) 

DESCRIPTION: S t r u c t u r a l  l i g h t w e l g h t  concrete wall w i t h  re in forcement  a t  
approximate midthickness. 

Van Gem, M. G. and F io ra to ,  A. E., "Heat Trans fer  
Charac te r i s t i cs  of a S t r u c t u r a l  L igh twe igh t  Concrete Wall," 
Const ruc t ion  Technology Labora tor ies  , Por t land Cement 
Associat ion,  Skokie, 1983, 88 pages.  

REFERENCE: 

70.4 
(344) 

COMPOSITION: 
1. S t r u c t u r a l  L lgh twe igh t  Concrete 

Por t land Cement 
F ine and Coarse Expanded Shale 

Measured A i r  Content: 6.3% 
Aggregate 

2. Reinforcement 
S ing le  l a y e r  o f  Grade 60 No. 5 bars 

Spaced 12  in .  (305 m) 
center - to -center  

Estlmated Mois tu re  Content, 
% by ovendry weight  

TABLE C2-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

8.5  

Proper ty  
Measured 

Value e 
Average Thickness, I n .  (m) 8.28 

Area, f t2  (m2) 73.67 
(6.84) 
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TABLE C2-2 - MATERIAL PROPERTIES, STRUCTURAL LIGHTWEIGHT CONCRETf 

Property  

Unl t Weight, pc f  (kg/m3) 

S p e c l f l c  Heat ,  B t u / l b - * F  (J/kg.K) 

S p e c i f i c  Heat ,  B tu / lb . *F  (J/kg-K) 

Thermal Conductlvity, B t u - l n / h r - f t * . * F  (W/m-K)  

Thermal Conductlvt  t y  , Btu . ln/hr. f t2 - O F  (W/m.K) 

Thermal Conduct .I v l  t y  , 3 t u  1 n/hr f t  - O F  ( W m .  K )  

Thermal D l f f u s l v l t y ,  f t 2 / h r  ( m 2 / 5 )  

Compresslve S t rength ,  p s i  (MPa)  

S p l i t t i n g  Tens l le  S t rength ,  ps! (MPa) 

Test  Method 

-- 

S t m i  l a r  t o  
CRD-C124-7 

C a l c u l a t e d  

Hot Wire 

ASTH C 177 

ASTH C 976 

CRD-C36-73 

ASTM C 39 

ASTM C 496 

Specimen 
Cond t t 1 on 

ovendry 

sa tura te (  

a l r  d r y  

a l r  d r y  

ovendry 

a t r  d r y  

sa t  u r a  tec 

a I r  d r y  

a l r  d r y  

Mean 

O F  

( " C )  

Temperature, Heas ured 
Value 

94 
(1510) 

0 .257 
( 1  080) 

0.230 
(950) 

6.0 
(0.87) 

4 . 5  
(0 .65)  

4 . 7  
(0 .68)  

0.0307 
(0.792) 

5350 
(36 .9 )  

434 
(2 .99 )  



TABLE C2-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Compo ne n t 

I 

1.  Outside Air Fi lm 

2. 8-in. (203-mm) Structural Lightweight 

3. Inside A i r  F i lm 

Concrete 

Total R 

Total U 

R, 
Thermal Resistance 

hr -  f t2- 'F/Btu 
(m2 K/W ) 

0.17 
(0.03) 

2.20" 
(0.39) 

0.68 
(0.12) 

3.05 
(0.54) 

0.33 
(1.85) 

"Source: ASHRAE Handbook o f  Fundamentals, American Society o f  
Heati ng , Refr i  gerati on, and A i  r-Condi ti oni ng Engi neers, 
Inc., Atlanta,  1981, Chapter 23. 
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TABLE C2-4 - STEADY-STATE TEST RESULTS 

ti 
Indoor 
A! r 

70 
(211 

71 
I221 
73 

(231 

74 
(23) 
- 

Haninal Test 
Condition 

= 34OF 
(1OC)  

= %?OF 

(1 10C) 

= @OF 

[3loC) 

= 99OF 
(37061 

Design values 

Indoor Outdoor 
Chanher, Chamber, 

% 'L 

18 21 

19 19 

20 23 

19 27 

- - 

4 
Heat Flux, 

2 Btu/hr.ft 

{Wm2) 

-31.1 
(-98.2) 

-16.8 
(-52.9) 

12.2 
(38.6) 

21.5 
(67.9) 

- 

RT 

hr.ft2.0F/8tu 

(m -KM) 2 

2.63 
(0.46) 

2.62 
I0 .46) 

2.59 
(0.46) 

2.56 
(0.45) 

3.05 
(0.541 

u, 

2 Btu/hr.ft  .OF 

2 W m  *K) 

0.38 
(2.16) 

0.38 
(2.17) 

0.39 
(2.19) 

0.39 
I2.22) 

0.33 
(1 -85) 

to 
Outdoor 

A i r  

Measured Tenperatures, 

O F  

I"C1 

t2 
Outdoor 
Surface 

6 
(-141 

37 
(3) 

98 
(371 

117 
(47) 

- 

t3 
Internal 

t l  
I ndmr 

Surface 

Relative tlunidi t y  

k X .  

O F  

(OCI 

nin. 
O F  

("Cl 



I 
I 
I 
I 

IS0 

120 

90 
Temp, 

O F  
60 

AT, 
"F 

0 

- 30 
0 

Wall C 2  
tm=34"F ( I °C)  

,- ti 

JtO 4 -20 
I 

l I , I I i - 3 0  

24 

Time, hour 

( a )  Measured Temperatures 

48 

40 t i *O 
2o t 1 lo 

0 

+/- to-ti 1 - 4 0  I 
4 -50 -80 k 

I 
I 1 I I I I 

48 -100 1 
0 24 

Time, hour 

( b )  Temperature Differentials 

Fig .  C2-1 Wall C2 Trans ien t  Test Results 

AT, 
O C  
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20 

Heat Flux, 
Btu 

hr. f t2  
0 - 

- 20 

-40 

- 60 

I 

Heat Flux, i 50 Wall c2 
tm=34"F ( IoC)  
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F i g .  C2-1 Ida11 C2 Transient T e s t  Results 



Time. 
hr 

0 
1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
1 3  
14 
15* 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 

a 

- 

TABLE C2-5(a) - TRANSIENT TEST RESULTS 

t0  

Outdoor 
A i  r - 

72.0 
36.5 
10.3 

3.7 
1.1 
0.0 

-1.5 
-2.4 
-3.2 
-3.8 
-4.3 
-4.7 
-5.0 
-5.4 
-5.7 
-6.0 
-6.3 
-6.5 
-6.7 
-6.8 
-6.9 
-7.0 
-7.2 
-7.2 
-7.2 
-7.3 
-7.2 
-7.1 
-7.1 
-7.1 
-7.1 
-7.2 
-7.2 
-7.2 
-7.2 
-7.2 
-7.2 - 

Measured Temperatures, 

t 2  
Outdoor 
Surf. 

72.7 
55.5 
36.1 
28.2 
23.9 
21.4 
19.1 
17.3 
15.8 
14.6 
13.6 
12.7 
11.8 
11.2 
10.6 
9.8 
9.0 
8.6 
8.4 
8.1 
7.8 
7.6 
7.4 
7.1 
7.0 
6.8 
6.7 
6.6 
6.5 
6.5 
6.4 
6.4 
6.3 
6.3 
6.2 
6.2 
6.2 - 

O F  

t 3  
Internal 

72.2 
72.0 
70.8 
68.0 
64.7 
61.5 
58.6 
55.9 
53.5 
51.3 
49.4 
47.7 
46.1 
44.7 
43.5 
42.1 
40.7 
39.9 
39.3 
38.7 
38.2 
37.7 
37.2 
37.0 
36.7 
36.2 
35.7 
35.5 
35.3 
35.1 
35.0 
34.9 
34.8 
34.7 
34.6 
34.6 
34.5 

t 1 
Indoor 
Surf,  - 
72.8 
72.8 
72.7 
72.5 
72.0 
71.3 
70.4 
69.5 

67.0 
67.1 
66.5 
65.9 
65.4 

68.6 

65.0 
64.4 
63.9 
63.5 
63.3 
63.2 
62.8 
62.8 
62.6 
62.4 

62.2 
62.1 
62.0 
61.8 
61.8 
61.7 
61.7 
61.7 
61.5 
61.5 
61.5 
61.4 

62.3 

- 

ti 
Indoor 

A i  r 

72.5 
72.4 
72.5 
72.4 
72.4 
72.2 
72.1 
71.8 
71.7 
71.5 
71.3 
71.2 
71.1 
71 .O 
70.8 
70.8 
70.7 
70.6 
70.6 
70.6 
70.5 
70.4 
70.3 
70.4 
70.4 
70.3 
70.2 
70.2 
70.2 
70.2 
70.3 
70.2 
70.1 
70.1 
70.0 
70.0 
70.0 - 

Measured Heat F l u x ,  
2 Btu/hr*f t  

qW 
Cali b. 

Hot  Box 

-0.1 
0.3 
0.3 
0.0 

-1.3 
-3.8 
-5.6 
-8.7 

-10.5 
-13.3 
-15.0 
-17.0 
-18.6 
-20.0 
-21.6 
-23.1 
-24.6 
-25.2 
-26.1 
-26.8 
-27.2 

-27.8 
-28.5 
-28.6 
-29.3 
-29.9 
-30.3 
-30.5 
-30.6 
-30.5 
-30.9 
-30.7 
-31.1 
-31.1 
-31 -0 
-31.1 

-27. a 

- 
qhfm 
HFM Q 

Indoor 
Surf. 

-0.1 
-0.1 
-0.1 
-0.5 
-1.8 
-3.6 
-5.8 
-8.0 

-10.3 
-12.3 
-14.3 
-1 6.1 
-1 7.7 
-19.3 
-20.5 
-22.1 
-23.7 
-24.7 
-25.3 
-26.1 
-26.7 
-27.1 
-27.5 
-28.0 
-28.3 
-29.0 
-29.5 
-30.0 
-30.1 
-30.4 
-30.7 
-30.8 
-30.8 
-30.8 
-31 .O 
-31 .O 
-31.1 

I 

qhfm 
HFM @ 

Outdoor 
Surf. - 

-0.3 
-40.9 
-64.5 
-62.4 
-58.8 
-54.8 
-52.1 
-50.0 
-48.0 
-46.3 
-44.7 
-43.2 
-41.8 
-40.9 
-40.2 
-38.7 
-37.2 
-36.4 
-35.9 
-35.2 
-35.1 
-34.3 
-34.2 
-33.9 
-33.3 
-32.9 
-32.6 
-32.0 
-31.7 
-31.6 
-31 -6  
-31 -3  
-31.1 
-31.3 
-31 .O 
-31.1 
-31 .O 

Cal cul ated 
Heat Flux,  

2 B t u  /hr f t  

W** 
Response 
Factor 

9s s 
Steady- 
S t a t e  

-0.0 
-9.9 

-20.8 
-25.1 
-27.2 
-28.2 
-29.0 
-29.5 
-29.7 
-30.0 
-30.2 
-30.3 
-30.5 
-30.6 
-30.7 
-30.8 
-30.9 
-30.9 
-30.9 
-31 .O 
-30.9 
-31 .O 
-31.1 
-31.1 
-31.1 
-31.2 
-31.2 
-31.1 
-31 .I 
-31.1 
-31.1 
-31.1 
-31.1 
-31.1 
-31.1 
-31.1 
-31 .O 

*Data for this hour derived from l i n e a r  interpolat ion of da t a  from hours 14 t o  16. 
***Response f ac to r  analysis was not performed f o r  this wall assembly. 
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Time, 
h r  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15* 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 

TABLE C2-5(b) - TRANSIENT TEST RESULTS, S I  UNITS 

t o  
Outdoor 

A i  r - 
22.2 
2.5 

-1 2.1 
-15.7 
-17.2 
-17.8 
-18.6 
-19.1 
-19.6 
-19.9 
-20.2 
-20.4 
-20.6 
-20.8 
-20.9 
-21.1 
-21.3 
-21.4 
-21.5 
-21 a 5  
-21.6 
-21 -7 
-21 -8 
-21 -8  
-21.8 
-21.8 
-21.8 
-21.7 
-21.7 
-21.7 
-21.7 
-21 - 8  
-21 -8 
-21.8 
-21.8 
-21.8 
-21.8 

Measured Temperatures, 

t 2  

Outdoor 
Surf. - 
22.6 
13.1 
2.3 

-2.1 
-4.5 
-5.9 
-7.2 
-8.2 
-9.0 
-9.7 

-10.2 
-10.7 
-11.2 
-11.6 
-11.9 
-12.3 
-1 2.8 
-13.0 
-1 3.1 
-1 3.3 
-1 3.4 
-13.5 
-1 3.7 
-1 3.8 
-1 3.9 
-14.0 
-14.1 
-14.1 
-14.1 
-14.2 
-1 4.2 
-14.2 
-14.3 
-14.3 
-14.3 
-14.3 
-14.3 

*c 

t 3  

Internal 

22.3 
22.2 
21.6 
20.0 
18.2 
16.4 
14.8 
13.3 
11.9 
10.7 
9.7 
8.7 
7.8 
7.1 
6.4 
5.6 
4.8 
4.4 
4.1 
3.7 
3.4 
3.2 
2.9 
2.8 
2.6 
2.3 
2.1 
1.9 

1.7 
1.7 
1.6 
1.6 
1.5 
1.4 
1.4 
1.4 

1 .a 

- 
tl 

Indoor 
Surf. - 
22.7 
22.7 
22.6 
22.5 
22.2 
21.8 
21.3 
20.8 
20.3 
19.9 
19.5 
19.1 
18.8 
18.6 
18.3 
18.0 
17.7 
17.5 
17.4 
17.3 
17.1 
17.1 
17.0 
16.9 
16.9 
16.8 
16.7 
16.6 
16.6 
16.5 
16.5 
16.5 
16.5 
16.4 
16.4 
16.4 
16.3 - 

ti 
Indoor 

A i  r 

22.5 
22.5 
22.5 
22.4 
22.4 
22.3 
22.3 
22.1 
22.1 
21.9 
21.8 
21.8 
21.7 
21.7 
21.6 
21.6 
21.5 
21.5 
21.4 
21.4 
21.4 
21.3 
21.3 
21.3 
21.3 
21.3 
21.2 
21.2 
21.2 
21.2 
21.3 
21.2 
21.2 
21.1 
21.1 
21.1 
21.1 

Measured Heat F1 ux , 
W h 2  

qW 
Cal i b. 
Hot Box 

-0.4 
0.9 
1 .o 
0.1 

-4.1 
-11.8 
-17.7 
-27.3 
-33.2 
-41 -9 
-47.2 
-53.6 
-58.7 
-63.0 
-68.2 
-72.8 
-77.4 
-79.5 
-82.3 
-84.6 
-85.7 
-87.7 
-87.7 
-90.0 
-90.2 
-92.3 
-94.2 
-95.6 
-96.1 
-96.4 
-96.3 
-97.3 
-96.6 
-98.0 
-98.0 
-97.9 
-98.1 

qhfm 

HFM 4 
Indoor 
Surf. - 
-0.2 
-0.3 
-0.5 
-1.7 
-5.7 

-11.4 
-18.3 
-25.2 
-32.5 
-38.9 
-45.1 
-50.6 
-55.8 
-60.8 
-64.6 
-69.7 
-74.8 
-77.8 
-79.8 
-82.2 
-84.1 
-85.6 
-86.8 
-88.3 
-89.4 
-91 - 5  
-93.0 
-94.2 
-95.0 
-96.0 
-96.8 
-97.1 
-97.1 
-97.3 
-97.7 
-97.8 
-98.0 

1 

qhfm 

HFM @ 
Outdoor 
Surf. 

-0.9 
-1 29.1 
-203.4 
-196.8 
-185.4 
-1 72.9 
-164.2 
-1 57.8 
-151.5 
-145.9 
-141.1 
-1 36.4 
-1 31.1 
-1 28.9 
-126.7 
-122.1 
-117.4 
-114.9 
-113.3 
-110.9 
-1 10.6 
-108.3 
-107.8 
-106.9 
-105.2 
-103.7 
-103.0 
-100.9 
-99.9 
-99.8 
-99.7 
-98.6 
-97.9 
-98.6 
-97.8 
-98.1 
-97.7 

Calculated 
Heat F1 ux, 

W/m2 

qrf** 

Response 
Factor 
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95s 

Steady- 
State 

R 
I 
I 
I 
I 
I 
I 
I 
I 
I 
8 
I 
I 
I 
I 
I 
I 
I 

construction technology laboratories I 

*Data for t h i s  hour derived from l i n e a r  in terpolat ion of data from hours 14 t o  16. 
**Response factor  analysis was not p e r f o m d  fo r  t h i s  w a l l  assembly. 

-0.1 
-31.1 
-65.6 
-79.2 
-85.8 
-89.0 
-91.5 
-93.1 
-93.8 
-94.5 
-95.3 
-95.7 
-96.1 
-96.4 
-96.7 
-97.0 
-97.3 
-97 5 
-97.6 
-97.8 
-97.6 
-97.9 
-98.0 
-98.2 
-98.3 
-98.3 
-98.2 
-98.2 
-98.2 
-98.2 
-98.2 
-98.2 
-98.2 
-98.2 
-98.2 
-98.2 
-97.9 



TABLE C2-6 - 5 W Y  OF TRANSIENT TEST RESULTS 

%* 
Btu/hr*ft2 

Wm2) 

-30.9 
(-97.7) 

-29.6 
(-93.3) 

-28.0 
(88 .4)  

Heat Flux 
~ 

Time to qhfmb 
Reach q , Btu/hr.ft  

hr Wn?) 

38 -30.9 
( -97.7)  

28 -29.6 
(-93.31 

23 -28.0 
(-88.4) 

99.51 of Final Heat Flux 

~~ 

Time to  
 reach q 

hr hfm 

44 

~ 29 

23 

I 

95% o f  Final Heat Flux I 1 
902 o f  Final Heat Flux 

Heasured j Ca 1 cul a ted 
t i 

oor Surf. 

*Response factor analysis was not p e r f o m d  for t h i s  dynamic test cycle. 

, Response Factor* 

Btu/hr - f t  Reach q 
(W/& 

Steady-State 

-30.9 
( -91.7) 

-29.6 
(-93.3) 

-20.0 
(-88.4) 

16 

8 

5 
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Time, 
hr 

Measured Heat F lux ,  
2 B t u / h r  ' f t 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Calculated 
Heat F1 ux, 

2 Btu/hr'ft 

Yean 

t3  
Internal 

TABLE C2-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

t 1 ti q W  

Indoor Indoor Cal i b ,  
Surf. Air Hot  BOJ 

- 

t0  

Outdoor 
A i  r 

Indoor 
Surf. 

0.3 
-0.6 
-1.6 
-2.6 
-3.6 
-4.5 
-5.4 
-6.1 
-6.4 
-6.4 
-6.0 
-5.2 
-4.4 
-3.3 
-2.2 
-1.0 
0.3 
1.3 
2.2 
2.7 
2.7 
2.4 
1.8 
1.1 

44.2 
42.1 
41.2 
40.9 
41.1 
50.1 
62.3 
70.3 
77.1 
83.5 
88.0 
91.1 
97.0 

100.9 
98.6 
94.1 
86.4 
74.0 
64.2 
58.8 
57.0 
56.5 
50.1 
45.5 

Outdoor Response Steady- 
Surf. Factor State  

-23.9 -10.5 
-24.1 -11.3 
-23.4 -11.8 
-22.1 -1 2.0 
-20.5 -12.1 
-9.5 -9.7 
3.5 -5.4 

10.3 -2.1 
15.5 0.8 
20.2 3.6 
22.4 5.7 
22.9 7.2 
27.4 9.4 
29.2 11.3 
23.3 11 .o 
16.4 9.6 
6.7 7.0 

-7.0 2.7 
-16.0 -1.3 
-19.0 -4.0 
-18.1 -5.3 
-16.6 -5.8 
-22.3 -7.8 
-24.9 -9.7 

67.3 

69.7 
68.4 
67.1 
65.9 
64.8 
63.9 
63.4 
63.6 
64.3 
65.4 
66.7 
68.3 
69.9 
71.6 
73.2 
74.7 
75.9 
76.4 
76.3 
15.6 
74.5 
73.4 
72.3 
71.1 

Measured Temperatures, 

OF 

72.5 72.1 0.5 
72.1 72.0 -0.5 
71.7 71.9 -1.8 
71.3 71.9 -2.7 
71.0 71.8 -3.7 
70.6 71.7 -5.3 
70.3 71.7 -5.9 
70.1 71.7 -7.0 
70.0 71.6 -7.2 
70.1 71.6 -7.0 
70.3 71.7 -6.6 
70.7 71.8 -5.9 
71.1 71.9 -4.5 
71.5 72.0 -3.5 
72.0 72.0 -2.3 
72.4 72.2 -0.4 
72.9 72.2 1.0 
73.3 72.3 2.3 
73.6 72.4 3.3 
73.7 72.4 3.3 
73.7 72.4 3.6 
73.4 72.3 3.1 
73.2 72.3 2.5 
72.8 72.2 1.3 

t 2  
Outdoor 
Surf. 

-1.9 

54.1 
52.2 
50.9 
50.1 
49.7 
53.6 
60.8 
66.4 
71.5 
76.3 
80.3 
03.2 
87.4 
91.1 
91.1 
89.2 
85.1 
78.0 
71.2 
66.7 
64.4 
63.3 
59.5 
55.8 

I 

-2.1 -1.7 68.8 69.8 I 71.8 I 72.0 I -1.8 

*Response f ac to r  analysis  was not performed fo r  th i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 
Indoor Chamber - 18% 
Outdoor Chamber - 24% 

Max. - 71°F (22OCP 
Min. - 66OF ( 1 9 O C )  

Laboratory Air Tern erature:  
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I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 



Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

TABLE C2-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, S I  UNITS 

~ 

to 
Outdoor 

A i  r - 
6.8 
5.6 
5.1 
4.9 
5.0 

10.0 
16.8 
21.3 
25.1 
28.6 
31 -1 
32.8 
36.1 
38.3 
37.0 
34.5 
30.2 
23.3 
17.9 
14.9 
13.9 
13.6 
10.0 

7.5 

Measured Temperatures, 

'C 

19.6 

t 2  

Outdoor 
Surf. 

12.3 
11.2 
10.5 
10.1 
9.8 

12.0 
16.0 
19.1 
21.9 
24.6 
26.8 
28.4 
30.8 
32.8 
32.8 
31.8 
29.5 
25.6 
21 .8 
19.3 
18.0 
17.4 
15.3 
13.2 

20.5 

t 3  

Internal 

- 
20.9 
20.2 
19.5 
18.8 

17.7 
17.4 
17.5 
17.9 
18.5 
19.3 
20.2 
21.1 
22.0 
22.9 
23.7 
24.4 
24.7 
24.6 
24.2 
23.6 
23.0 
22.4 
21.7 

18.2 

21 .o 

tl 
Indoor 
Sur f .  

22.5 
22.3 
22.1 
21.8 
21.6 
21.5 
21.3 
21.1 
21.1 
21 - 1  
21.3 
21.5 
21.7 
21.9 
22.2 
22.5 
22.7 
23.0 
23.1 
23.2 
23.1 
23.0 
22.9 
22.7 

22.1 

ti 
Indoor 

A i  r 

22.3 
22.2 
22.2 
22.2 
22.1 
22.1 
22.1 
22.0 
22.0 
22.0 
22.1 
22.1 
22.2 
22.2 
22.2 
22.3 
22.4 
22.4 
22.4 
22.4 
22.4 
21.4 
22.4 
22.3 

22.2 - 

Measured Heat Flux, 

qw 
Calib. 

Hot Box 

1.6 
-1.6 
-5.6 
-8.5 

-11.7 
-16.8 

-22.1 
-22.6 
-22 1 
-20.9 
-18.7 
-14.2 
-11.1 

-7.2 
-1.3 

3.1 
7.2 

10.4 
10.5 
11.3 

9.6 
7.7 
4.2 

-18.7 

-5.7 

w/m2 - 
Qhfm 

HFM @ 
Indoor 
Surf.  - 
1 .o 

-2.0 
-4.9 
-8.1 

-11.2 
-1 4.1 
-1 7.1 
-1 9.1 
-20.1 
-20.1 
-18.8 
-16.5 
-1 3.0 
-10.5 
-7.0 
-3.1 
0.9 
4.2 
6.8 
8.4 
8.4 
7.5 
5.6 
3.5 

-5.8 

- 
- 

*Response f a c t o r  ana lys is  was no t  performed f o r  . t h i s  wa l l  assembly. 

I 

qhfm 

HFM @ 
Outdoor 

Surf  

-75.5 
-75.9 
-73.7 
-69.6 
-64.6 
-30.0 
11.2 
32.6 
48.9 
63.6 
70.8 
72.2 
86.5 
92.2 
73.5 
51.7 
21.3 

-22.2 
-50.3 
-59.9 
-57.1 
-52.3 
-70.4 
-78.6 

-6.5 

Calculated 
Heat Flux, 

W/m 
2 

qrf* 

Response 
Factor 

95s 
S t e  a dy - 
Sta te  

-33.0 
-35.7 
-37.3 
-38.0 
-38.1 
-30.5 
-17.1 

-6.6 
2.6 

11.3 
18.0 
22.6 
29.5 
35.5 
34.8 
30.4 
22.1 
8.5 

-4.2 
-1 2.6 
-16.7 
-18.3 
-24.5 
-30.7 

-5.3 
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I 

T i  me, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

TABLE C2-8(a) - DYNAMIC TEST RESULTS (PERIODIC). NBS+lO TEST CYCLE 

t 0  

Outdoor 
A i  r 

52.9 
51.1 
50.1 
50.6 
51.8 
62.7 
74.3 
81.5 
87.2 
93.5 
97.2 
100.6 
106.3 
108.9 

101.8 
94.0 
80.9 
71.5 
67.5 
66.4 
65.1 
58.0 
55.3 

106.0 

76.5 

Measured Temperatures, 

OF 

t2 
Outdoor 

Surf. 

61.3 
59.5 
58.2 
57.8 
57.9 
63.1 
70.5 
75.8 
80.1 
84.8 
88.4 
91.3 
95.7 
98.4 
98.2 
96.2 
92.0 
84.4 
77.6 
73.8 
72.0 
70.7 
66.2 
63.5 

76.6 

t 3  

[nternal 

73.9 
72.6 
71.3 
70.1 
69.0 
68.2 
67.9 
68.2 
68.8 
70.0 
71.4 
73.0 
74.5 
76.2 
77.8 
79.3 
80.3 
80.8 
80.6 
79.8 
78.7 
77.5 
76.4 
75.2 

74.2 

- 

tl 

Indoor 
Surf. - 
73.9 
73.6 
73.2 
72.8 
72.4 
72.1 
71.8 
71.6 

71.5 
71.8 
72.1 
72.5 
73.0 
73.5 
74.0 
74.4 
74.8 
75.1 
75.2 
75.1 
74.9 
74.6 
74.3 

73.3 

71.4 

- 
- 

- 
ti 

Indoor 
A i  r 

72.6 
72.6 
72.5 
72.4 
72.3 
72.3 
72.2 
72.2 
72.1 
72.1 
72.2 
72.3 
72.4 
72.5 
72.6 
72.7 
72.8 
72.8 
72.9 
72.9 
72.9 
72.8 
72.8 
72.7 - 
72.5 - 

Measured Heat F1 ux, 
2 Btu/hr*ft  

9rJ 

Calib. 
Hot Box 

4.2 
3.2 
1.7 
1 .o 
-0.2 
-1.7 
-2.4 
-3.2 
-3.6 
-3.2 
-2.7 
-1.9 
-0.7 
0.6 
1.7 
3.2 
4.9 
6.1 
6.9 
7.4 
7.1 
6.7 
6.1 
4.8 

1.9 

- 
qhfm 

HFM 0 
Indoor 
Surf. 

3.7 
2.8 
1.8 
0.8 
-0.1 
-1.1 
-1.9 
-2.5 
-2.9 
-2.7 
-2.3 
-1.5 
-0.7 
0.4 
1.5 
2.7 
3.9 
5.0 
5.8 
6.1 
6.2 
5.8 
5.2 
4.5 - 
1.7 - 

*Response factor analysis was not p e r f o m d  for t h i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 
Indoor Chamber - 21% 
Outdoor Chamber - 25% 
Max. - 73V ( 2 3 d  
Hin. - 70°F (21°C) 

Laboratory A i r  Tern erature: 

- 
I 

qhfm 
HFM @ 

Outdoor 
Surf. 

-21.1 
-20.9 
-20.1 
-18.0 
-1 5.6 
-2.0 
10.0 
15.7 
19.7 
24.3 
25.5 
26.9 
31.6 
31.4 
25.4 
18.6 
8.9 
-5.7 

-1 3.8 
-15.1 
-1 3.6 
-1 3.2 
-20.1 
-20.5 

1.6 

Calculated 
Heat F1 ux, 

2 Btu/hr*f  t 

Response 
Factor 

qss 

Steady- 
State 

-7.2 
-8.1 
-8.5 
-8.6 

-5.1 
-0.8 
2.4 
5.0 
7.6 
9.5 
11.0 
13.3 
14.8 
14.3 
12.7 
10.1 
5.5 
1.5 

-0.8 
-1.8 
-2.4 

-6.2 

-8.2 

-4.8 

1.9 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
1 
I 
I 
I 
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m 

n 

T i  me , 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

C a n  

TABLE C2-8(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS+10 TEST CYCLE, SI UNITS 

t0 

Outdoor 
A4 r 

11.6 
10.6 
10.1 
10.3 
11 .o 
17.1 
23.5 
27.5 
30.7 
34.2 
36.2 
38.1 
41.3 
42.7 
41.1 
38.8 
34.4 
27.1 
22.0 
19.7 
19.1 
18.4 
14.4 
13.0 

24.7 

Measured Temperatures , 

t 2  

Du tdoor 
Surf. 

16.3 
15.3 
14.6 
14.3 
14.4 
17.3 
21 -4 
24.3 
26.7 
29.4 
31.3 
33.0 
35.4 
37.1 
36.8 
35.7 
33.4 
29.1 
25.3 
23.2 
22.2 
21.5 
19.0 
17.5 

24.8 

*C 

t 3  
nterna' 

- 
23.2 
22.6 
21.8 
21.2 
26.6 
20.1 
19.9 
20.1 
20.5 
21.1 
21.9 
22.8 
23.6 
24.6 
25.4 
26.3 
26.9 
27.1 
27.0 
26.6 
25.9 
25.3 
24.7 
24.0 

23.5 - 

tl 

I ndoot 
Surf. - 
23.3 
23.1 
22.9 
22.7 
22.5 
22.3 
22.1 
22.0 
21.9 
22.0 
22.1 
22.3 
22.5 
22.8 
23.0 
23.3 
23.6 
23.8 
22.3 
24.0 
23.9 
23.8 
23.7 
23.5 - 
22.9 - 

ti 

Indoor 
A i  r 

22.6 
22.5 
22.5 
22.5 
22.4 
22.4 
22.4 
22.3 
22.3 
22.3 
22.3 
22.4 
22.4 
22.5 
22.5 
22.6 
22.6 
22.7 
22.7 
22.7 
22.7 
22.7 
22.7 
22.6 

22.5 

Measured Heat Flux, 
2 

w/m 

% 
Calib. 

Hot Box 

13.3 
10.1 

5.3 
3.2 

-0.6 
-5.4 
-7.5 
-9.9 

-11.4 
-10.2 
-8.5 
-5.8 
-2.3 
1.9 
5.3 

10.2 
15.5 
19.1 
21.8 
23.4 
22.5 
21 .o 
19.1 
15.0 

6.0 

qhfm 

HFM P 
Indoor 
Surf. 

11 - 6  
0.7 
5.8 
2.5 

-0.5 
-3.6 
-6.1 
-8.0 
-9.0 
-8.6 
-7.1 
-4.8 
-2.1 
1.2 
4.8 
8.5 

12.4 
15.8 
18.2 
19.3 
19.4 
18.3 
16.3 
14.3 

5.3 

I 

qhfm 

HFM 8 
Dutdoor 
Surf. 

-66.5 
-65.9 
-63.5 
-56" 9 
-49.1 

-6.3 
31.5 
49.4 
62.1 
76.6 
80.4 
84.0 
99.8 
99.1 
80.1 
58.5 
28.1 

-17.8 
-43.5 
-47.7 
-43.0 
-41.7 
-63.4 
-64.7 

5.0 

Calculated 
Heat F1 ux, 

W/m 
2 

W* 
Responsf 
Factor 

%S 

Steady- 
State 

-22.8 
-25 4 
-26 9 
-27.0 
-26.0 
-16.1 
-2.5 

7.6 
15.8 
24.1 
30.0 
34.8 
41.9 
46.6 
45.0 
40.2 
32.0 
17.2 
4.7 

-2.5 
-5.6 
-7.6 

-1 5.0 
-19.4 

6.0 

*Response f a c t o r  ana lys is  was not performed for t h i s  wal l  assembly. 
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TABLE C2-9(a) - DYNAMIC TEST RESULTS (PERIODIC). NBS-10 TEST CYCLE 

Calculated 
Heat F1 ux ,  

2 Btulhr'  f t  

Measured Temperatures, 

O F  

Measured Heat Flux, 
2 Btulhr - f t Tirne, 

h r  

qw 

Calib. 
Hot Box 

- 

qss 

Steady - 
State  

- 

ti 

Indoor 
A i  r 

72.1 
72.0 
72.0 
71.8 
71.8 
71.8 
71.7 
71.7 
71.7 
71.7 
71.7 
71.8 
71.9 
72.0 
72.1 
72.1 
72.3 
72.3 
72.4 
72.4 
72.3 
72.3 
72.2 
72.2 

72.0 

- 
- 

t 2  
lutdoor 
Surf. 

~ 

t0  

Outdoor 
A i  r 

I 

qhfm 
HFM P 

Du tdoor 
Surf. 

qhfm 
HFM 8 

Indoor 
Surf. 

qrf* 

Response 
Factor 

t 3  
nternal 

t 1 
Indoor 
Surf. 

-1 4.2 
-15.1 
-15.6 
-15.8 
-15.5 
-1 2.1 
-7.9 
-4.5 
-1.8 
0.9 
2.6 
4.0 
6.4 
7.9 
7.3 
5.9 
3.2 

-1.4 
-5.3 
-7.8 
-8.9 
-9.5 

-11.7 
-1 3.2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
1 3  
14  
15  
16 
17 
1 8  
19 
20 
21 
22 
23 
24 

35.0 
33.0 
32.2 
32.1 
33.4 
44.7 
56.3 
64.4 
70.6 
76.8 
80.2 
83.4 
89.9 
92.6 
89.4 
85.0 
77.1 
63.8 
54.7 
49.6 
48.1 
47.2 
40.3 
37.2 

46.6 
44.6 
43.4 
42.6 
42.7 
48.2 
55.4 
61.1 
65.8 
70.7 
73.9 
76.7 
81.2 
84.3 

81.7 
77.6 
69.9 
63.4 
59.1 
57.1 
55.8 
51.7 
48.7 

83.7 

65.7 
64.3 
63.1 
61.9 
60.8 
59.9 
59.6 
59.9 
60.7 
62.1 
63.5 
65.0 
66.5 
68.1 
69.8 
71.2 
72.3 
72.7 
72.5 
71 .7 
70.6 
69.4 
68.2 
67.0 

71.4 
71 .O 

70.2 
69.9 

69.2 
69.1 
69.0 
69.2 
69.4 
69.7 
70.1 
70.6 

70.6 

69.5 

71.1 
71 a 5  
72.0 

72.6 
72.7 

72.4 

72.6 
72.4 
72.1 
71.8 

-2.7 
-3.8 
-4.9 
-6.0 
-7.1 
-8.4 
-9.3 

-10.1 
-1 0.3 
-10.0 

-9.4 
-8.5 
-7.4 
-6.2 
-5.0 
-3.2 
-1 .a 
-0.6 
0.1 
0.6 
0.3 

-0.1 
-0.7 
-1.7 

-3.2 
-4.1 
-5.1 
-6.1 
-7.1 
-8.1 
-8.9 
-9.5 
-9.7 
-9.5 
-9.0 
-8.3 
-7.4 
-6.3 
-5.2 
-4.0 
-2.9 
-1 -8 
-1 .o 
-0.6 
-0.6 
-1 .o 
-1 -6  
-2.4 - 
-5.1 

-27.2 
-27.3 
-26.3 
-25.1 
-22.4 
-9.3 
2.1 
8.8 

13.0 
17.1 
18.1 
19.4 
24.6 
24.5 
18.3 
11.7 
2.1 

-1 2.6 
-20 1 
-22.6 
-21.4 
-20.2 
-26.3 
-27.1 

-5.1 - Mean 59.0 61.9 66.1 70.8 - -4.9 -5.3 

*Response f ac to r  analysis  was not performed fo r  t h i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 
Indoor Chamber - 20% 
Outdoor Chamber - 25% 

Max. - 73°F (23OCP 
Min. - 68mF (2OOC) 

Laboratory A i r  Tern erature: 
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TABLE C2-9(b) - DYNAMIC TEST RESULTS (PERIODIC). NBS-10 TEST CYCLE. $1 UNITS 
~~ 

Time, 
hr 

Cal cul ated 
Heat Flux. Measured Temperatures, Measured Heat Flux. 

W/m2 "C W/m2 

qss 

Steady- 
S ta t e  

- 

ti 

Indoor 
A i r  

1 

qhfm 

HFM @ 
Outdoor 

Surf. 

qhfm 

HFM 0 
Indoor 
Surf. 

%f* 
Response 
Factor 

t0  

Outdoor 
Air 

t 2  
Outdoor 

Surf. 

t 3  
Internal 

t 1 

Indoor 
Surf. 

q W  

Cal ib.  
Hot Box 

~ 

8.1 
7.0 
6.3 
5.9 
6.0 
9.0 

13.0 
16.2 
18.8 
21.5 
23.3 
24.8 
27.4 
29.0 
28.7 
27.6 
25.4 
21.1 
17.4 
15.1 
13.9 
13.2 
10.9 
9.3 

18.7 
17.9 
17.3 
16.6 
16.0 
15.5 
15.3 
15.5 
16.0 
16.7 
17.5 
18.3 
19.1 
20.1 
21 .o 
21.8 
22.4 
22.6 
22.5 
22.1 
21.4 
20.8 
20.1 
19.4 

21.9 
21.7 
21.5 
21.2 
21 .o 
20.9 
20.7 
20.6 
20.6 
20.6 
20.8 
21 .o 
21.2 
21.4 
21.7 
22.0 
22.2 
22.4 
22.6 
22.6 
22.6 
22.4 
22.3 
22.1 

22.3 
22.2 
22.2 
22.2 
22.1 
22.1 
22.1 
22.0 
22.0 
22.1 
22.1 
22.1 
22.2 
22.2 
22.3 
22.3 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.3 - 
22.2 - 

-8.6 
-1 2.1 
-15.3 
-1 9.0 
-22.4 
-26.4 
-29 4 
-31.7 
-32.6 
-31 -6 
-29.5 
-26.7 
-23 4 
-19.6 
-1 5.9 
-9.9 
-5.7 
-2.0 
0.4 
1.8 
1 .o 

-0.3 
-2.3 
-5.4 

-10.1 
-13.1 
-16.2 
-1 9.4 
-22 3 
-25.5 
-28.0 
-30.0 
-30.7 
-29.8 
-28.5 
-26.2 
-23.3 
-20.0 
-16.5 
-1 2.6 
-9.0 
-5.8 
-3.2 
-1.9 
-2.0 
-3.2 
-5.2 
-7.5 

-85.8 
-86.2 
-83.0 
-79.1 
-70.6 
-29.2 

6.6 
27.9 
41 -0  
54.1 
57.1 
61 .O 
77.4 
77.4 
57.6 
36.8 
6.7 

-39.7 
-63.5 
-71.4 
-67.4 
-63.6 
-82.9 
-85.4 

-44.7 
-47.6 
-49.1 
-49.7 
-48.8 
-38.3 
-25.0 
-14.3 
-5.7 

2.8 

12.6 
20.2 
24.8 
22.9 
18.6 
10.2 
-4.5 

-16.8 
-24.5 
-28.1 
-30.0 
-36 I 8 
-41.5 

8.2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1.7 
0.6 
0.1 
0.0 
0.8 
7.0 

13.5 
18.0 
21.4 
24.9 
26.8 
28.6 
32.2 
33.7 
31.9 
29.4 
25.1 
17.7 
12.6 
9.8 
8.9 
8.4 
4.6 
2.9 

~ 

-1 5.3 -16.2 

~~ 

-16.8 -16.0 Mean 15.0 - 16.6 18.9 21 -6 

*Response factor analysis  was not  performed for  t h i s  wall assembly. 
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TABLE C2-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG 

Thermal Lag, hrs 

Measured I C a l c u l a t e d  
c 

Test  
Cycle C a l i b r a t e d  H o t  Box Heat  F l o w  H e t e r  Response Factor *  

9,s v s  qw '5s " qhfm 9,s vs  qrf to vs tl 
Avg . Avg. . Avg . 

@ Max. @ Mln. @ Max.  @ Mln. @ Max. @ Mln. @ Max. @ Min. 

6 5 7 4 . 5  5 . 5  6 . 5  5 6 

6 6 6 5 . 5  6 6 . 5  5 . 5  6 

6 5 6 5 5 . 5  5 . 5  4 5 I I 

NOS 

NBS+lO 

NBS-I 0 

~ 

~ 2.9 

~ 2.9 

1 2.9 

- 

Test 
Cyc 1 e 

Measured, % C a l c u l a t e d ,  % 

C a l i b r a t e d  Hot BOX Heat  Flow Meter  Response Factor *  

Calc I 
Time 

Constant, 
hrs  

@ M l n .  Avg. @ Max. (4 H l n .  Avg. 

MBS 58 48 53 65 5 6  61 

NBSt10 57 48 53 65 56 61 

NBS-10 58 50 54 65 5 7  61 

@ Max.  @ Hin .  Avg. 

*Response f a c t o r  a n a l y s i s  was n o t  performed for  t h l s  w a l l  assembly. 
1 
Iu 
w 
'p TABLE C2-13 - SURHARY OF DYNAMIC TEST RESULTS (PERIODIC), REDUCTION I N  AMPLITUDE 

*Response f a c t o r  analysts was not performed for t h l s  w a l l  assembly. 



I 
N 
w 
ID 
1 

Total Energy, Total Energy Iye t Energy, 
Corrpari sons, 

2 2 2 2 

TABLE C2-14 - S W Y  OF DYNAnIC TEST RESULTS (PERIODTC), ENERGY EEQUIREENTS 

Net Energy 
Comparisons, 

'L 'L B t u / f t  W h r / m  1 Btu l f t  (W.hr/m 1 

Cycle Heasured 

T T 
(I, "hfm 

Cal cu 1 ated T T  T Fleasured 
4, %fm qrf - --- 

T *  T T T  T N N 
%f 4,s qss qss 9SS qH 'hfm 

FIES 85.2 13.8 177.1  

NB!+10 85.0 71.9 170.1 

N8!-10 118.2 123.6 198.3 

(268.7) (232.7) (558.6) 

(268.3) (226.9) (536.7) 

(373.0) (390.0) (625.71 
i 

4 8 4 2  -43.6 -44.4 
(-137.5) (-140.11 

50 42 46.0 40.3 
(145.1) (127.3) 

60 62 -116.2 -123.6 
(-366.6) (-390.0) 

calculated 

N *  N 
qrf %s 

-40.6 
(-128.01 

45.4 
(143.1) 

-122.1 

N N  N 
qu qhfm %f 

%s q*s %s 
N M  N 

107 109 

101 89 

95 101 
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iJALL C3: LOW DENSITY CONCRETE 

DESCRIPTION : Low density concrete wail with reinforcem-nt a t  
mi d thi  ckness. 

pproxi m t e  

REFEREKE: Van Ceem, 14. G'. and Fiorato,  A. E., "Heat Transfer 
Character is t ics  o f  Low Density Concrete gal 1 ,I' Construction 
Techno1 ogy Laboratories, Portl and Cement Associ a t i  on,  
Skoicie, 1583, 89 pages. 

COMP 0s IT I 0 N : 
1. Low Density Concrete 

Portl and Cement 
Per1 i t e  Aggregate* 

Loose un i t  weight o f  7.9 pcf (126 kg/m3) 
2 Measured A i  r Content: n o t  avai 1 able 

2. Reinforcement 
Single layer  o f  6-mr;l diameter bars 

Spaced 12 i n .  (305 mm) 
center-to-center 

TABLE C3-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

Property 
Me as u red 

Val ue 

Weight, psf (kg/rn2) 

Average Thickness, i n. ( m m )  

Area, f t 2  (m2) 

Estimated Moisture Content, 
X by ovendry weight 

32.7 
(160) 

8.52 
(216 )  

73.79 
(6.86) 

9.5 

*Per l i te  only, no sand was used as aggregate, 

-241 - 
construction technology laboratories 



TABLE C3-2(a.) - MATERIAL PROPERTIES, LOW DENSITY CONCRETE 

Proper ty  

Unl  t Weight, pc f  ( kg/m3) 

Speclf1c Heat, Btu/ lb .*F ( J / k g - K )  

S p e c f f l c  Heat, Btu/ lb.*F (J/kg.K) 

Thermal Conduct1 v l t y  , B t u .  I n /h r  .f t 2 a 0 F  (W/m.K) 

Thermal Conduct iv t ty ,  B t u - i n / h r . f t 2 - O F  (W/m.K) 

Thermal Conduct1 v l  t y ,  Btu. l n / h r .  f t 2 - O F  ( W / m - K )  

Thermal D j f f u s f v f t y ,  f t2 /hr  (mn2/s) 

Cornpresslve Strength,  PSI (MPa) 

Splitting Tens i l e  Strength,  p s i  (HPa) 

r e s t  Method 

-- 

S l m l  l a r  t o  
CRD-C124-7: 

Calcu lated 

Ho t  W i  r e  

ASTH C 1 7 7  

ASTM C 976 

CRO-C36-73 

ASTM C 39 

ASTM C 496 

Spec t men 
Cond i t i  on 

ovend r y  

sa tura ted  

alr dry*  

a1 r dry* *  

ovendry 

a1 r dry*  

saturated 

a l r  d ry  

a l r  d r y  

Hean 

O f  

( " C )  

remperature, 

73 
( 2 3 )  

73 
(23)  

-- 

Hea s u red 
Value 

0.444 
( 1  860) 

0.179 
(750) 

3.05 
(0.440) 

1 . 4 4  
(0.207) 

7.44  
(0 .207)  

0.00849 
(0.219) 

880 
( 6 . 1 )  

65 
( 0 . 4 5 )  

*!I.% moisture content  relative t o  ovendry weight 
**17.3% mois ture  content  r e l a t l v e  t o  ovendry welght 
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TABLE C3-3 - DESIGN HEAT TRAP~SMISSION COEFFICIEt4TS 

~~~ ~~ . . . . .  

Component 

1. Outside A i r  F i  m 

2. 8-in. (203-m) Low Density Concrete 

3. I n s i d e  A i r  F i l m  

To ta l  U 

R,  
Thermal Resistance 

0.17 
(0.03) 

t3.02* 
(1.41) 

0.68 
(0.12) 

0.11 
(0.64) 

*Source: ASHRAE Handbook of Fundamental s ,  American Society o f  
Heating, R e f r i g e r a t i o n ,  and Air-Condi t i o n i n g  Engineers, 
Inc. ,  A t lan ta ,  1931, Chapter 23. 
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TABLE C3-4 - STEADY-STATE TEST ESULTS 

Relative Hunidi t] 

Measured Tenperatures, 

O F  

("C) 

9 

Heat Flux, 

2 Btu/hr. f t 

(M/m2, 

Laboratory 
A i r  Tenperature 

u, 

2 Btu/hr.ft .OF  

(W/lIl2.K) 

0.14 
(0.81) 

0.15 
(0.87) 

0.16 
(0.90) 

0.11 
(0.64) 

Flaninal Test 
Condi tion t3 

Internal 
ti 

Indoor 
A! r 

Outdoor 
Chamber9 

'L 

H a X .  

OF 

("C) 

Bin. 

OF 

("C) 

70 
(211 

70 
(211 

60 
(20) 
- 

to 
Outdoor 

A i r  
Indoor 

Surface 

-5.69 
(-17.9) 

5.13 
(16.2) 

8.64 
(27.3) 

- 

7.02 
(1.24) 

6.53 
(1.15) 

6.31 
(1.11) 

8.87 
(1.56) 

t,,, = 53OF 
(llOC1 

= 890F 
(32OC) 

(38OC) 
b =  100°F 

Design Values 

32 
(0) 

105 
(411 
126 
(52) 
- 

70 
I211 

75 
(241 
76 

(24) 

12 
(22) 

13 
(23) 

13 
(23) 
- 

24 

26 

24 

- 

22 

25 

28 

- 

72 
(221 

12 
(221 

72 
(22) 

- 
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I 10 Temp, 
r +3 O C  I 4 0  

1-10 

f t2 
-, -20 
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t* 7 -30 
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Time , hour 

( a )  Measured Temperatures 

100 

t,=31 O F  ( - I  O C )  
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Fig. C3-1 Wall C3 Transient Test Results 
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Heat Flux 
Btu 

hr . f t2  

20 

I 

0 

- 20 

- 40 

Wall c3 
tm=31 OFI-1 "C) 50 

Heat Flux 
W 
7- 0 

-50 

- loo 

- 60 

-150 

- 200 

1 I I I I t I I -00 ' -250 
0 24 48 72 
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( c )  Heat F l u x  

F i g .  C3-1 Wall C3 Transient Test Results 
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I 
1 
I 
1 
1 
I 
1 
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I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

- 

Time, 
h r  

- 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 

50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 

4a 

- 

TABLE C3-S(a) - TRANSIENT TEST RESULTS 

t 0  

Outdoor 
A i  r 

72.0 
39.9 
3.3 

-4.7 
-6.3 
-7.3 
-8.0 
-8.4 
-8.8 
-9.1 
-9.4 
-9.5 
-9.7 
-9.9 

-10.1 
-10.2 
-1 0.4 
-10.6 
-10.7 
-10.6 
-10.7 
-10.8 
-10.9 
-10.9 
-1 0.9 
-11 .o 
-11 -0 
-11.2 
-11.1 
-11.2 
-11.2 
-11.3 
-11.2 
-11.3 
-11.3 
-11.2 
-11 - 3  
-11.3 
-11 -4 
-11.5 
-11.5 
-11.5 
-11 - 5  
-11.5 
-11.5 
-11 - 5  
-11.5 
-11 - 5  
-11.5 

Measured Temperatures, 

OF 

.~ 

t 2  
Outdoor 
Surf. 

72.7 
52.4 
20.0 

9.4 
6.0 
4.1 
2.7 
1.8 
0.9 
0.3 

-0.2 
-0.7 
-1.1 
-1.5 
-1.9 
-2.2 
-2.4 
-2.6 
-3.0 
-3.2 
-3.3 
-3.5 
-3.7 
-3.8 
-4.0 
-4.2 
-4.3 
-4.5 
-4.7 
-4.8 
-4.9 
-4.9 
-4.9 
-5.0 
-5.1 
-5.1 
-5.1 
-5.2 
-5.3 
-5.3 
-5.3 
-5.4 
-5.3 
-5.4 
-5.4 
-5.4 
-5.4 
-5.4 
-5.4 

t 3  
Internal 

71.8 
71.7 
71.6 
70.7 
69.1 
67.0 
64.8 
62.8 
60.8 
58.9 
57.2 
55.7 
54.2 
52.0 
51.5 
50.3 
49.1 
47.8 
46.9 
46.3 
45.5 
44.9 
44.1 
43.6 
43.0 
42.0 
41 .P 
40.4 
39.9 
39.3 
38.7 
38.6 
38.3 
38.0 
37.8 
37.6 
37.5 
37.3 
37.2 
37.1 
37.0 
37.0 
36.9 
36.8 
36.8 
36.8 
36.7 
36.6 
36.6 

t 1 
Indoor 
Surf. - 
72.7 
72.7 
72.7 
72.7 
72.6 
72.6 
72.4 
72.1 
71.9 
71.6 
71.3 
71 .O 
70.7 
70.3 
70.2 
69.9 
69.8 
69.6 
69.4 
69.1 
69.0 
68.9 
68.8 
68.7 
68.6 
68.4 
68.3 
68.1 
68.0 
67.9 
67.8 
67.8 
67.7 
67.6 
67.5 
67.4 
67.5 
67.4 
67.4 
67.4 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 - 

t i  
Indoor 

Air - 
72.4 
72.4 
72.4 
72.4 
72.5 
72.4 
72.3 
72.3 
72.3 
72.2 
72.2 
72.1 
72.1 
72.0 
71.9 
71.9 
71.8 
71.4 
71.5 
71.6 
71.6 
71.6 
71.5 
71.6 
71.6 
71.6 
71.6 
71.4 
71.6 
71.5 
71.5 
71 .S 
71.5 
71.4 
71.4 
71.4 
71.4 
71.4 
71 - 4  
71.4 
71.4 
71.5 
71.3 
71.5 
71.4 
71.5 
71.3 
71.4 
71.4 - 

Measured Heat Flux, 
n 

Btu/hr-ft '  

QW 

Calib. 
H o t  Box 

-0.1 
0.6 
0.6 
0.6 
0.9 
0.3 

-0.3 
-0.5 
-1.1 
-2.2 
-3.0 
-3.4 
-4.5 
-4.9 
-5.5 
-5.8 
-6.7 
-7.2 
-7.7 
-7.5 

-8.5 
-8.8 
-8.8 
-9.1 
-9.7 

-10.0 
-1 0.3 
-10.5 
-10.8 
-11 .o 
-11.2 
-11.3 
-11 .o 
-11.1 
-11.3* 
-11.3 
-11.6 
-11 .o 
-11 -5 
-11.5 
-11.6 
-12.1 
-11 a 7  
-1 2.0 
-11 - 8  
*11.9 
-12.0 
-11.9 

-7 .a 

qhfm 
HFM @ 

Indoor 
Surf. 

-0.1 
-0.1 
-0.0 
-0.0 
-0.1 
-0.3 
-0.7 
-1.2 
-1 -8  
-2.4 
-3.1 
-3.8 
-4.4 
-4.9 
-5.5 
-6.0 
-6.5 
-6.9 
-7.3 
-7.6 
-8.0 
-8.3 
-8.6 
-8.9 
-9.2 
-9.7 

-10.0 
-10.3 
-10.6 
-10.8 
-10.9 
-11.1 
-11.2 
-11.3 
-11.4 
-11 - 7  
-11 -6 
-11.7 
-11.7 
-11.7 
-11.8 
-11.8 
-11.8 
-11.8 
-11 -8 
-11.9 
-11.9 
-11.9 
-1 2.0 - 

I 

qhfm 
HFM @ 

Outdoor 
Surf. 

-0.0 
-26.9 
-41 a7 
-34.3 
-29 0 
-25.6 
-23.9 

-20.9 
-20.3 

-1 8.6 
-17.5 
-17.3 

-16.4 

-22.4 

-19.3 

-17.1 

-16.0 
-15.8 
-15.3 
-15.1 

-14.6 
-I 4.8 

-14.4 
-14.2 
-13.7 
-1 3.6 
-1 3.0 
-1 2.9 
-1 2.7 
-12.5 
-1 2.6 
-1 2.2 
-12.2 
-1 2.0 
-11.7 
-12.1 
-11.9 
-11.7 
-1 2.0 
-11.7 
-11 -6 
-11.7 
-11.7 
-11 -7 
-11.6 
-11.5 
-11.6 
-11.7 
-11.7 

Cal cul a ted 
Heat Flux, 

2 Btu/hr*f t  

qrf** 
Re s pon st 

Factor 

qSS 
Steady- 
S ta t e  

0.0 
-3.4 

-1 0.0 
-1 0.5 
-10.7 
-10.9 
-11 .o 
-11.1 
-11.1 
-11.1 
-11.1 
-11.1 
-11.1 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.1 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.1 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 

-8.4 

*Calibrated h o t  box data f o r  this hour derived from l i n e a r  interpolat ion of data from 
hours 44 to  47. 

**Response factor analysis was not performed f o r  t h i s  wall assembly. 
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Tim, 
h r  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 

TABLE C3-5(b) - TRANSIENT TEST RESULTS. S I  UNITS 

t o  
Outdoor 

A i  r 

22.3 
4.4 

-1 6.0 
-20.4 
-21.3 
-21 -8 
-22.2 
-22.4 
-22.7 
-22.9 
-23.0 
-23.1 
-23.2 
-23.3 
-23.4 
-23.4 
-23.5 
-23.7 
-23.7 
-23.7 
-23.7 
-23.8 
-23.8 
-23.8 
-23.8 
-23.9 
-23.9 
-24 .O 
-24.0 
-24.0 
-24.0 
-24.1 
-24.0 
-24.0 
-24.1 
-24.0 
-24.1 
-24.1 
-24.1 
-24.1 
-24.2 
-24.2 
-24.1 
-24.2 
-24.2 
-24.2 
-24.2 
-24.2 
-24.2 

- 

Measured Temperatures, 

*C 

t 2  
Outdoor 

Surf. 

22.6 
11.4 
-6.7 

-1 2.6 
-1 4.4 
-1 5.5 
-16.3 
-16.8 
-17.3 
-1 7.6 
-1 7.9 
-18.2 
-18.4 
-18.6 
-18.8 
-1 9.0 
-19.1 
-1 9.2 
-19.4 
-1 9.6 
-19.6 
-19.7 
-19.8 
-19.9 
-20.0 
-20.1 
-20.2 
-20.3 
-20.4 
-20.4 
-20.5 
-20.5 
-20.5 
-20.6 
-20.6 
-20 6 
-20.6 
-20.7 
-20.7 
-20.7 
-20.7 
-20.8 
-20.7 
-20.8 
-20.8 
-20.8 
-20.8 
-20.8 
-20.8 

t 3  
Internal 

22.1 
22.1 
22.0 
21.5 
20.6 
19.4 
18.2 
17.1 
16.0 
15.0 
14.0 
13.2 
12.3 
11 a 6  
10.9 
10.2 
9.5 
8.8 
8.3 
7.9 
7.5 
7.2 
6.7 
6.4 
6.1 
5.6 
5.1 
4.7 
4.4 
4.1 
3.7 
3.6 
3.5 
3.3 
3.2 
3.1 
3.0 
2.9 
2.9 
2.8 
2.8 
2.0 
2.7 
2.7 
2.6 
2.6 

2.6 
2.6 

2.6 

tl 
Indoor 
Surf. - 
22.6 
22.6 
22.6 
22.6 
22.6 
22.5 
22.4 
22.3 
22.1 
22.0 
21.8 
21.7 
21.5 
21.3 
21.2 
21.1 
21 .o 
20.9 
20.8 
20.6 
20.6 
20.5 
20.4 
20.4 
20.3 
20.2 
20.1 
20.1 
20.0 
20.0 
19.9 
19.9 
19.8 
19.8 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 - 

ti 
Indoor 

A i  r 

22.4 
22.5 
22.4 
22.4 
22.5 
22.5 
22.4 
22.4 
22.4 
22.3 
22.3 
22.3 
22.3 
22.2 
22.2 
22.2 
22.1 
21 - 9  
22.0 
22.0 
22.0 
22.0 
22.0 
22.0 
22.0 
22.0 
22.0 
21.9 
22.0 
21.9 
22.0 
21.9 
21.9 
21.9 
21.9 
21.9 
21.9 
21.9 
21.9 
21.9 
21.9 
22.0 
21.9 
21.9 
21.9 
22.0 
21.9 
21.9 
21.9 

- 

Measured Heat Flux, 

qw 

Calib. 
Hot Box 

-0.5 
1.9 
1.7 
1.9 
2.7 
0.9 

-0.9 
-1.5 
-3.6 
-6.9 
-9.6 

-10.8 
-14.3 
-15.5 
-17.2 
-1 8.3 
-21 .o 
-22 8 
-24.2 
-23 0 
-24.5 
-26.7 
-27.8 
-27.7 
-28.7 
-30.5 
-31.5 
-32.5 
-33.0 
-34.2 
-34.7 
-35.2 
-35.6 
-34.7 
-35.0 
-35.7" 
-35.6 
-36.5 

-36.1 
-36.3 
-36.5 
-38.3 
-37.0 
-37.9 
-37.1 
-37.7 
-38.0 
-37.4 

-34.8 

w/m2 

qhfm 
HFM I 

Indoor 
Surf. - 
-0.3 
-0.2 
-0.1 
-0.1 
-0.4 
-1 .o 
-2.1 
-3.9 
-5.8 
-7.6 
-9.9 

-1 2.0 
-1 3.8 
-15.5 
-17.3 
-18.9 
-20.5 
-21 -8 
-23.1 
-24.1 
-25.3 
-26.1 
-27.2 
-28.0 
-28.9 
-30.5 
-31.4 
-32.3 
-33.4 
-34.1 
-34.3 
-35.0 
-35.5 
-35.6 
-36.0 
-36.9 
-36.6 
-36.8 
-36.9 
-37.0 
-37.3 
-37.3 
-37.3 
-37.3 
-37.4 
-37.5 
-37.4 
-37.5 
-37.8 

I 

qhfm 
HFM 8 

Outdoor 
Surf. 

-0.1 
-84.8 

-1 31.5 
-1 08.1 
-91.5 
-80.7 
-75.5 
-70.8 
-65.8 
-63.9 
-60.8 
-58.6 
-55.2 
-54.7 
-53.8 
-51.8 
-50.6 
-49.9 
-48.3 
-47.7 
-46.7 
-46.2 
-45.3 
-44.6 
-43.2 
-42.8 
-41 -1 
-40.8 
-40.2 
-39.4 
-39.7 
-38.4 
-38.4 
-37.8 
-37 .o 
-38.0 
-37.6 
-37.0 
-37.7 
-36.9 
-36.7 
-37 .O 
-36.8 
-36.9 
-36.6 
-36.4 
-36.6 
-36.9 
-36.8 

Cal cul eted 
Heat F lux ,  

W/m2 

9 r P  
Response 
Factor 

*Calibrated hot box data f o r  this hour derived from l i n e a r  interpolation o f  data from 
hours 44 t o  47. 

**Response factor  analysis  was not perfomed fo r  this wall assembly. 

qss 

Steady- 
Sta t e  

0.0 
-10.6 
-26.6 
-31 -4  
-33.0 
-33.7 
-34.3 
-34.7 
-34.9 
-35.1 
-35.0 
-35.0 
-35.1 
-35.1 
-35.2 
-35.2 
-35.3 
-35.3 
-35.4 
-35.4 
-35.4 
-35.4 
-35.1 
-35.2 
-35.2 
-35.2 
-35.2 
-35.2 
-35.3 
-35.3 
-35.3 
-35.3 
-35.2 
-35.2 
-35.2 
-35.1 
-35.2 
-35.2 
-35.3 
-35.3 
-35.3 
-35.4 
-35.3 
-35.3 
-35.3 
-35.3 
-35.3 
-35 4 
-35.4 
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I 
N 
P 
I0 
I 

Measured 

TABLE C3-6 - S U M M Y  of T W S I E N T  TEST RESULTS 

Calculated 

Heat Flux HFH @ Indoor Surf. 

1 

99.5% of  Final Heat Flux 

95% of Final Heat Flux 

90% o f  Final Heat Flux 

Response Factor* Steady-State 
1 1 

qhfm 
Btu/hr* f t  

(W/& 

Calib. Hi 

2 
Btu/hr f t 

(W/& 

Time to  qrf 8 T i m e  to qss * Time to 
Reach q , 3tu/hr . f t2  Reach q , Btu/hr* f t2  Reach q , 

hr hfm (W/d) h r  rf (Wn?) hr ss 

-12.0 
( - 3 7 . 1 )  

-11.4 
(-36 .O) 

(-34.1) 
-10.8 

-11.9 
(-37.4) 

-11.3 
(-35.7) 

-10.7 
(-33.9) 

t BOX 

Time t o  
Reach q , 

hr 
~ ~ ~~ 

65 -11.1 9 

43 -10.6 5 

34 -10.1 4 

(-35.1) 

(-33.6) 

(-31.8) 

57 

47 

33 

1 

Wesponse factor analysis was not performed for t h i s  dynamic test  cycle. 
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Tim, 
hr  

to 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

t 2  

TABLE C3-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

I 

qhfm 

HFM B 
Outdoor 
Surf. 

-11.16 
-10.81 
-9.91 
-9.1 7 
-5.06 

4.47 
8.07 

10.86 
12.58 
13.23 
11.84 
14.19 
16.25 
12.65 

7.39 
1.98 

-5.62 
-11 -28 
-1 1.80 
-10.03 
-8.1 2 

-10.25 
-1 3.30 
-11.52 

- .  

Measured Temperatures. 

OF 

%f* 

Response 
Factor 

68.0 
77.7 
84.5 
90.0 
92.1 
91.3 

Outdoor Outdoor 
A i r  Surf. I 

65.7 
74.4 
80.6 
85.9 
88.5 
92.8 

-I 

66.0 
66.1 
66.6 
67.4 

69.3 
70.4 

68.3 

41.6 
40.2 
39.8 
39.7 
44.1 
58.1 

72.0 
71.9 
71.8 
71.8 

71.9 
72.0 

71 a 8  

46.9 
45.2 
44.6 
44.2 
46.7 
57.0 

74.2 
74.4 
74.2 
73.7 
73.2 
72.5 
71.7 

72.6 
72.8 
72.9 
72.9 
72.9 
72.9 
72.9 

103.4 
103.2 
98.3 
91 .o 
79.1 
66.5 
59.5 
56.7 
56.2 
52.2 

43.3 
44.8 

98.4 
99.5 
96.5 
91 .o 
82.0 
71.2 
64.4 
61 .O 
59.9 
57.0 

48.7 
50.8 

67.8 I 68.9 

Surf. 

70.0 
69.1 72.6 
68.2 72.4 

72.3 1 72.2 
66.1 72.1 

13.6 72.4 

70.2 I 72.4 

- 

ti 

Indoor 
A i r  - 

72.4 
72.4 
72.4 
72.3 
12.3 
72.3 
72.3 
72.3 
72.3 
72.2 
72.2 
72.2 
72.2 
72.3 
12.2 
72.3 
72.4 
72.4 
72.4 
72.5 
72.5 
72.5 
72.5 
72.4 

72.3 

- 
- 

Calculated 
Measured Heat Flux, Heat flux, 

Btu /hr - f t  Btu/hr 'f t - 

qw 
Calib. 

Hot Box 

0.93 
0.51 
0.32 
0.19 

-0.28 
-0.93 
-1.39 
-1.90 
-1 -80 
-2.08 
-2.08 
-2.27 
-2.08 
-1 -62 
-1.25 
-0.93 
-0.32 
0.37 
0.83 
1.06 
1.02 
1.06 
1.34 
1.25 

-0.42 

qhfm 

HFM C 
Indoor 
Surf. - 
0.43 
0.23 

-0.03 
-0.29 
-0.58 
-0.88 
-1.13 
-1 -46 
-1 -64 
-1 -78 
-1.76 
-1.73 
-1 -58 
-1.36 
-1.09 
-0.77 
-0.39 
-0.08 
0.22 
0.49 
0.68 
0.72 
0.67 
0.57 - 

-0.52 - 
I 

-0.60 I 
1 

qss 

Steady- 
State 

-4.26 
-4.49 
-4.58 
-4.63 
-4.21 
-2.50 
-1.06 
0.42 
1.48 
2.41 
2.87 
3.65 
4.63 
4.81 
4.21 
3.24 
1.62 

-0.23 
-1.39 
-1.99 
-2.1 7 
-2.64 
-3.65 
-4.02 

-0.52 

*Response factor analysis was not perfomed for th is  wall assembly. 

Calibrated Hot Box Relative Humidity: 
Indoor Chamber - 24% 
Outdoor Chamber - 24% 

Laboratory A i r  Tern erature: 
Max. - 72OF (22'Cf 
Min. - 68OF (20'C) 
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Measured Temperatures, 

Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

Calcul ated 
Heat F1 ux, Measured Heat Flux, 

TABLE C3-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE. $1 UNITS 

t0  t2 
Outdoor Outdoor 

A i r  Surf. 

t3 
Internal 

tl 
Indoor 
Surf. 

5.3 
4.5 
4.4 
4.3 
6.7 
14.5 
20.0 
25.4 
29.2 
32.2 
33.4 
36.3 
39.7 
39.5 
36.9 
32.8 
26.2 
19.1 
15.3 
13.7 
13.5 
11.2 
7.1 
6.3 

qhfm 
ti qW HFM @ 

Indoor Cal i b. Indoor 
Air Hot Box Surf. 

8.3 
7.4 
7.0 
6.8 
8.1 
13.9 
18.7 
22.5 
27.0 
30.0 
31.4 
33.8 
36.9 
37.5 
35.8 
32.8 
27.8 
21.8 
18.0 
16.1 
15.5 
13.9 
10.4 
9.3 

I 

qhfm 

HFM C 
lutdoor 
Surf. 

21.6 
21.1 
20.6 
20.1 
19.7 
19.2 
18.9 
18.9 
19.0 
19.2 
19.7 
20.2 
20.7 
21.3 
21.9 
22.6 
23.1 
23.4 
23.5 
23.4 
23.2 
22.9 
22.5 
22.1 

qrf* 

Response 
Factor 

I I 
I I 

22.5 
22.4 
22.3 
22.3 
22.2 
22.2 
22.1 
22.1 
22.1 
22.2 
22.2 
22.3 
22.4 
22.5 
22.6 
22.6 
22.7 
22.7 
22.7 
22.7 
22.7 

19.9 I 20.5 I 21.2 

22.4 0.58 -0.92 
22.4 -0.88 -1.83 
22.4 -2.92 -2.77 
22.4 -4.38 -3.57 
22.4 -5.98 -4.61 
22.3 -5.69 -5.17 
22.3 -6.56 -5.60 
22.3 -6.56 -5.57 
22.3 -7.15 -5.44 
22.3 -6.56 -4.97 
22.4 -5.11 -4.28 
22.3 -3.94 -3.43 
22.4 -2.92 -2.42 
22.4 -1.02 -1.24 
22.5 1.17 -0.25 
22.5 2.63 0.71 
22.5 3.36 1.55 
22.5 3.21 2.1 3 
22.5 3.36 2.28 
22.5 4.23 2.12 
22.5 3.94 1.80 

I 1 

2 I W/m 

I I I 
22.7 2 92 1.35 
22.6 I %: I 1:SO 1 0.72 
22.5 22.4 1.02 -0.10 

22.4 I 22.4 I -1.32 I -1.65 
1 I 1 

-35.21 
-34.11 
-31.27 
-28.93 
-1 5.89 
14.10 
25.47 
34.25 
39.68 
41.73 
37.37 
44.77 
51.26 
39.92 
23.30 
6.25 

-17.73 
-35.60 
-37.1 7 
-31.66 
-25.61 
-32.28 
-41 -97 
-36.35 

-1.90 

qss 

Steady - 
State 

-1 3.42 
-14.15 
-14.44 
-1 4.59 
-1 3.27 

-3.36 
1.31 
4.67 
7.59 
9.04 
11.52 
14.59 
15.17 
13.27 
10.21 
5.11 
-0.73 
-4.38 
-6.27 
-6.86 
-8.32 
-11.52 
-1 2.69 

-7.88 

-1.64 

*Response factor  analysis was not  performed for this wall assembly. 
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TABLE C3-8(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS+10 TEST CYCLE 

qhfm 
HFM @ 

Indoor 
Surf. 

to 
Outdoor 

A i  r 

- 

I 

qhfm 
HFM Q 9rf ** 

Outdoor Response 
Surf. Factor 

52.1 
50.2 
49.1 
49.3 
50.3 
59.3 
72.9 

88.5 
95.4 
99.7 

102.6 
108.6 
112.0 
110.0 
105.8 
97.3 
82.8 
71.9 
67.3 
65.7 
65.0 
58.1 
54.6 

81.9 

1.82 
1.67 
1.41 
1.18 
0.89 
0.59 
0.31 

-0.20 
-0.43 
-0.56 
-0.71 
-0.60 
-0.49 
-0.33 
-0.09 
0.25 
0.59 
0.93 

- -. 

77.1 

-10.46 
-10.06 
-9.43 
-8.05 
-6.81 
0.87 
8.68 

11.31 
12.50 
14.76 
14.43 
14.10 
17.11 
16.59 
12.24 

7.99 
1.49 

-7.49 

Measured Temperatures, 

OF - 

t 2  
Outdoor 
Surf. 

56.8 
54.8 
53.5 
53.2 
53.7 
59.4 
70.3 
78.5 
84.6 
90.7 
95.3 

103.3 
107.2 
106.6 
103.7 
97.4 
86.1 
76.4 
71.4 
69.0 
68.0 
63.0 
59.1 

98.2 

77.5 

t 3  
Internal 

75.3 
74.4 
73.5 
72.7 
71.8 
71 .O 
70.3 
69.3 
69.4 
69.8 
70.2 
71.3 
72.2 
73.3 
74.5 
75.6 
76.7 
77.5 
78.0 
78.2 
77.9 
77.3 
76.7 
76.0 

73.9 

t 1 
Indoor 
Surf. 

73.5 
73.4 
73.3 
73.2 
73.1 
72.9 
72.8 
72.6 
72.5 
72.3 
72.3 
72.4 
72.4 
72.5 
72.6 
72.7 
72.9 
73.1 
73.3 
73.5 
73.6 
73.6 
73.6 
73.6 - 
73.0 

- 

ti 

Indoor 
A i  r - 

72.7 
72.7 
72.7 
72.6 
72.6 
72.6 
72.6 
72.4 
72.4 
72.4 
72.3 
72.4 
72.3 
72.4 
72.5 
72.5 
72.5 
72.6 
72.7 
72.7 

72.8 
72.7 
72.7 

72.8 

72.5 - 

Calculated 
Heat F1 ux, Measured Heat Flux, 

B t u / h r  f t  B W h r  ‘ft 

qw 
Cal i b. 

.lot Box 

2.41 
2.17 
1 .71 
1.39 
1.06 
0.65 
0.09 

-0.46 
-0.74 
-0.79 
-1 . l l  
-1 . l l  
-0.93 
-0.56 
-0.28 
0.19 
0.42 
1.02 
1.34 
1.90 
2.27 
2.27 
2.41 
2.41 

0.74 

qss 

Steady- 
State  - 

-2.78 
-3.10 
-3.28 
-3.33 
-3.19 
-2.27 
-0.46 
0.97 
2.08 
3.1 5 
4.02 
4.49 
5.41 
6.1 1 
5.97 
5.46 
4.26 
2.27 
0.56 

-0.37 
-0.79 
-0.93 
-1 -80 
-2.41 

0.83 

*Data f o r  these hours a re  2-day avera es, not 3-day averages. o f  t e s t  results. 
**Response f a c t o r  analysis  was not per s omed f o r  this wall assembly. 

Calibrated Hot  Box Relative Humidity: 
Indoor Chamber - 25% 
Outdoor Chamber - 24% 

Max. - 72OF (22-CY 
Min. - 7OoF (21°C) 

Laboratory Air Tern rature:  
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TABLE C3-8(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS+10 TEST CYCLE, SI UNITS 

Calculated 
Heat F1 ux, 

W/m 
2 

k a s u r e d  Temperatures, Measured Heat Flux, 

"C w/m2 Time, 
h r  

%f** 

lesponse 
Factor 

qss 

Steady- 
S ta t e  

-8.75 
-9.77 

-1 0.36 
-10.50 
-10.07 
-7.1 5 
-1.46 
3.06 
6.56 
9.92 

12.69 
14.15 
17.07 
19.26 
18.82 
17.21 
13.42 

7.1 5 
1.75 

-1.17 
-2.48 
-2.92 
-5.69 
-7.59 

- 
t l  

Indoor 
Surf. 

- 
1 

qhfm 
HFM B 

Jutdoor 
Surf. 

qhfm 
HFM 0 

[ndoor 
Surf. 

t 2  
Outdoor 
Surf. 

t0 

Outdoor 
Air 

t 3  
Internal 

t i  
Indoor 

Air - 
22.6 
22.6 
22.6 
22.5 
22.6 
22.5 
22.5 
22.5 
22.4 
22.4 
22.4 
22.4 
22.4 
22.5 
22.5 
22.5 
22.5 
22.6 
22.6 
22.6 
22.7 
22.6 
22.6 
22.6 - 
22.5 

qw 

Calib. 
Hot Box 

1 
2 
3* 
4 
5 
6 
7 
8 
9 

10 
11* 
12 
1 3  
14 
15 
16 
17 
18* 
19 
20 
21 
22 
23 
24 

11.2 
10.1 
9.5 
9.6 

10.1 
15.2 
22.7 
27.7 
31.4 
35.2 
37.6 
39.2 
42.5 
44.5 
43.3 
41 .O 
36.3 
28.2 
22.2 
19.6 
18.7 
18.3 
14.5 
12.5 

13.8 
12.7 
12.0 
11.8 
12.0 
15.2 
21.3 
25.8 
29.2 
32.6 
35.2 
36.8 
39.6 
41.8 
41.4 
39.8 
36.4 
30.1 
24.7 
21.9 
20.6 
20.0 
17.2 
15.1 

24.0 
23.6 
23.1 
22.6 
22.1 
21.7 
21.3 
20.7 
20.8 
21 .o 
21.2 
21.8 
22.3 
22.9 
23.6 
24.2 
24.8 
25.3 
25.5 
25.7 
25.5 
25.2 
24.8 
24.5 

23.0 
23.0 
23.0 
22.9 
22.8 
22.7 
22.7 
22.5 
21.5 
21.4 
22.4 
22.4 
22.5 
22.5 
22.6 
22.6 
22.7 
22.8 
22.9 
23.0 
23.1 
23.1 
23.1 
23.1 

7.59 
6.86 
5.40 
4.38 
3.36 
2.04 
0.29 

-1.46 
-2.33 
-2.48 
-3.50 
-3.50 
-2.92 
-1.75 
-0.88 
0.58 
1.31 
3.21 
4.23 
5.98 
7.15 
7.15 
7.59 
7.59 

5.73 
5.26 
4.45 
3.73 
2.80 
1.86 
0.99 

-0.62 
-1.36 
-1 -78 
-2.23 
-1.90 
-1.54 
-1.04 
-0.30 
0.80 
1.85 
2.92 
3.85 
5.11 
5.72 
6.11 
6.43 
6.05 

2.20 

-32.99 
-31.72 
-29.76 
-25.41 
-21.49 

2.74 
27.38 
35.67 
39.70 
46.58 
45.51 
44.46 
53.97 
52.34 
38.61 
25.21 
4.69 

-23.63 
-34.42 
-31 -04 
-24.81 
-20.80 
-34.74 
-33.62 

Mean 25.1 - 25.3 23.3 22.8 - 2.33 3.01 - 2.63 

*Data f o r  these hours a re  2-day avera es, not 3-d averages, of test results. 
**Response f ac to r  analysis was not per!omed f o r  t # s  wal l  assembly. 
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1 
I 

TABLE C3-9(a) - DYNAHIC TEST RESULTS (PERIODIC), NBS-10 TEST CYCLE I 
I 
1 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 

Calculated 
Heat Flux,  

2 Btu/hr*ft  

Measured Temperatures, 

OF 

Measured Heat F lux ,  

Btu/hr-f t2  Time. 
hr 

- 
qhfm 
HFM P 

Indoor 
Surf. 

- 

ti 

Indoor 
A i  r 

t 2  

Outdoor 
Surf, 

~~~ 

t3  
Internal 

67.5 
66.7 
65.8 
64.9 
64.0 
63.2 
62.5 
62.1 
62.1 
62.6 
63.2 
64.0 
64.8 
65.9 
66.9 
68.1 

70.0 
70.4 
70.5 
70.2 
69.6 
68.9 
68.3 

69.2 

~~ 

9w 
Calib. 

Hot Box 

I 

qhfm 
HFM Q 

Du tdoor 
Surf. 

t 1 
Indoor 
Surf. 

qrf* 
Response 
Factor 

45s 

Steady - 
State  

t 0  

Outdoor 
Air 

33.6 
31.4 
30.4 
30.3 
31.3 
40.9 
53.9 
63.2 
70.1 
77.5 
81.1 
84.3 
91 - 3  
94.5 
92.6 
87.1 
79.1 
64.7 
54.5 
48.5 
46.8 
46.2 
39.2 
35.7 

~~ 

-1 2.68 
-1 2.59 
-1 1.80 
-1 0.85 
-9.35 
-1.82 
5.1 2 
8.07 
9.47 

11.45 
10.65 
10.81 
14.40 
13.31 
9.34 
4.37 

-1.20 
-10.18 
-1 2.92 
-1 2.84 
-10.67 
-9.32 

-13.37 
-1 3.03 

-1.90 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
1 3  
14 
15 
16 
17 
18  
19 
20 
21 
22 
23 
24 

39.5 
37.2 
36.0 
35.5 
35.9 
42.2 
52.7 
60.9 
67.3 
74.0 
78.0 
80.9 
86.7 
90.5 
90.0 
86.2 
80.3 
69.3 
60.0 
54.1 
51.7 
50.7 
45.6 
41.6 

72.2 
72.1 
72.0 
71.9 
71.8 
71.7 
71.5 
71.4 
71.3 
71.3 
71.2 
71.3 
71.3 
71.4 
71.5 
71.6 
71.7 
71.9 
72.1 
72.2 
72.3 
72.3 
72.3 
72.3 

71.8 

- 

-0.28 
-0.56 
-0.69 
-1.02 
-1.48 
-2.04 
-2.36 
-2.68 
-3.15 
-3.28 
-3.47 
-3.52 
-3.56 
-3.42 
-2.82 
-2.45 
-1.90 
-1 -39 
-0.88 
-0.51 
-0.28 
10.09 
-0.05 
-0.19 

-0.78 
-0.96 
-1.19 
-1 -44 
-1 -69 
-1.99 
-2.30 
-2.58 
-2.83 
-2.96 
-3.06 
-3.05 
-2.96 
-2.79 
-2.56 
-2.29 
-1 -96 
-1.63 
-1.25 
-0.96 
-0.76 
-0.63 
-0.59 
-0.67 - 
-1.83 - 

-5.37 
-5.69 
-5.83 
-5.07 
-5.78 
-4.81 
-3.10 
-1.76 
-0.69 
0.46 
1 . l l  
1.67 
2.64 
3.28 
3.19 
2.50 
1.48 

-0.46 
-2.04 
-3.01 
-3.42 
-3.61 
-4.39 
-5.00 

72.2 
72.2 
72.2 
72.1 
72.1 
72.1 
72.1 
72.0 
72.0 
72.1 
72.1 
72.1 
72.1 
72.1 
72.1 
72.1 
72.2 
72.2 
72.2 
72.2 
72.2 
72.2 
72.2 
72.2 

72.1 

- ~~ 

60.3 
~ 

-1.75 -1.85 
111 

I 

66.3 

*Response factor  analysis was not perfomed for t h i s  wall assembly. 

Cal i brated Hot Box Re1 a t i  ve Huni di ty  : 
Indoor Chamber - 24% 
Outdoor Chamber - 25% 

Max. - 7 3 T  (23OCY 
Min. - 69OF (21°C) 

Laboratory Air Tem rature: 
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Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

TABLE C3-9(b) - DYNAMIC TEST RESULTS (PERIODIC),  NBS-10 TEST CYCLE, SI UNITS 

t0 

Outdoor 
A i  r 

0.9 
-0.3 
-0.9 
-0.9 
-0.4 
4.9 

12.2 
17.3 
21.2 
25.3 
27.3 
29.0 
33.0 
34.7 
33.6 
30.6 
26.2 
18.2 
12.5 
9.2 
8.2 
7.9 
4.0 
2.0 

14.8 

Measured Temperatures, 

O C  

t 2  

Outdoor 
Surf. 

4.1 
2.9 
2.2 
2.0 
2.2 
5.7 

11.5 
16.1 
19.6 
23.3 
25.5 
27.2 
30.4 
32.5 
32.2 
30.1 
26.9 
20.7 
15.5 
'12.3 
10.9 
10.4 
7.5 
5.3 

15.7 

19.7 
19.3 
18.8 
18.3 
17.8 
17.3 
17.0 
16.7 
16.7 
17.0 
17.3 
17.8 
18.2 
18.8 
19.4 
20.0 
20.6 
21 . I  
21.3 
21.4 
21.2 
20.9 
20.5 
20.2 

19.1 

- 

tl 

Indoor 
Surf .  - 
22.3 
22.3 
22.2 
22.2 
22.1 
22.0 
22.0 
21.9 
21.8 
21.8 
21.8 
21.8 
21.8 
21.9 
21.9 
22.0 
22.1 
22.2 
22.3 
22.3 
22.4 
22.4 
22.4 
22.4 

22.1 

- 
7 

ti 

Indoor 
A i  r 

22.3 
22.3 
22.3 
22.3 
22.3 
22.3 
22.3 
22.2 
22.2 
22.3 
22.3 
22.3 
22.3 
22.3 
22.3 
22.3 
22.3 
22.3 
22.3 
22.4 
22.3 
22.4 
22.3 
22.4 

- 

22.3 

Measured Heat Flux, 

qw 
Cal i b. 
Hot Box 

-0.88 
-1.75 
-2.19 
-3.21 
-4.67 
-6.42 
-7.44 
-8.46 
-9.92 

-10.36 
-10.94 
-1 1.09 
-11.23 
-10.80 
-8.90 
-7.73 
-5.98 
-4.38 
-2.77 
-1 -60 
-0.88 
-0.29 
-0.1 5 
-0.58 

-5.53 

W/m2 - 
qhfm 
HFM Q 

Indoor 
Surf. - 
-2.47 
-3.04 
-3.75 
-4.55 
-5.33 
-6.28 
-7.25 
-8.1 3 
-8.92 
-9.33 
-9.66 
-9.63 
-9.33 
-8.80 
-8.08 
-7.22 
-6.1 7 
-5.1 3 
-3.95 
-3.02 
-2.39 
-1 -98 
-1 -86 
-2.1 2 

-5.77 

I 

qhfm 
HFM @ 

Outdoor 
Surf. 

-40.01 
-39.72 
-37.23 
-34.23 
-29.49 
-5.75 
16.14 
25.47 
29.88 
36.12 
33.59 
34.10 
45.43 
42.00 
29.48 
13.78 
-3.78 

-32.1 3 
-40.75 
-40.50 
-33.67 
-29.39 
-42.1 9 
-41 -1 2 - 
-6.00 - 

Calcul a t e d  
Heat F1 ux, 

w/m2 

qrf" 
Response 
Factor 

- 

95s 

Steady- 
State 

-16.92 
-1 7.94 
-1 8.38 
-1 8.53 
-1 8.23 
-15.17 
-9.77 
-5.54 
-2.19 
1.46 
3.50 
5.25 
8.32 

10.36 
10.07 
7.88 
4.67 

-1.46 
-6.42 
-9.48 

-1 0.80 
-1 1.38 
-1 3.86 
-1 5.75 

-5.85 

- 

*Response factor analysis was not per fomed  for t h i s  wall assembly. 
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TABLE C 3 - 1 2  - SUMMARY OF DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  THERMAL LAG 

I 

Calibrated H o t  Box 
I I 

Tes t  
C y c  1 e 

NBS 

NBSt lO 

NBS-10 

Heat Flow fleter 
I 

The rma 1 Lag, h r s 

Measured 

@ Max. @ M l n .  

9 7 

8 8 

8.5 7 

Avg. - Avg . 
@ Max. 8 M t n .  @ Max. @ Hln. 

9 8 8.5 a 6.5  7 . 5  

10 8 8.5 9 7 8 

9 9 8.5 9 7 . 5  8.5  

@ Max. 

*Response factor analysls was not performed f o r  thls wall assembly. 

Avg . 
d M l n .  

Calculated 

Test 
Cyc 1 e 

NBS 

NBSt10 

NBS-10 

Response Factor* 

Measured, 56 Calculated, % 

C a l i b r a t e d  H o t  Box Heat Flow Meter Response Factor*  

@ Max. @ H f n .  Avg. 13 Hax. 13 Min.  Avg. 6 Max. @ M j n .  Avg. 

67 5 5  61 7 7  6g 7 3  

68 56 62 75 66 71  

67 55 61 76  69 73 

1 
9,s vs  qrf I 

TABLE C3-13 - SUMMARY OF DYNAMIC T E S T  RESULTS ( P E R I O D I C ) ,  REDUCTION IN AMPLITUDE 

*Response factor  analysis was not performed for t h t s  wall assembly. 

Calc. 
Ttme 

Constant, 
hrs 

3.6 

3.6 

3.6 



I 
Iu 
QI 
W 
I 

Total Energy 
Total Energy, Met Energy, Conpar i sons, 

TABLE C3-14 - S W Y  OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREWWTS 

Net Energy 
Conparisom, 

*Response factor analysis was not performed for t h i s  wall assembly. 



I 
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WALL F3: 2~4-1N. (51~102-MM) WOOD FRAME WITH 
R-11 k IBERGLASS INSULATION AND C t D  AR SIDING 

Estimated Moi sture Content, 
Z by ovendry weight 

DESCRIPTION: Wood frame wall w i t h  R-1 1 f i  bergl  ass bl anket i nsul a t i  on 
between s t u d s ,  gypsum wall  board on i nteri o r  s u r f  ace, and 
plywood cedar s i d i n g  on e x t e r i o r  su r face .  

Masonry Wall s, 'I Research and Development B u l l  @t i  n RD071, 
Por t l and  Cement Assoc ia t ion ,  Skokie, 1980, 17 pages. 

REFERENCE: F i o r a t o ,  A. E. and Cruz, C. R. ,  "Thermal Performance of  

-- 

COMPOS IT I QN : 

1. 5/8-in. (16-mm) Plywood Cedar Sid ing  

2. 2x4-in. (51x102-mm) Wood Studs  

3. 3-1 /2-i n. (89-mm) R-11 F i  bergl  ass B1 anket 

4. 1 /2-i n. (1  3-mm) Gypsum Wall board 

spaced 16 i n .  (406 mm) on centers 

I n s u l a t i o n  f aced  w i t h  kraft paper  

TABLE F3-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

1 I 

P rope r t y  
Me a su re d 

Val ue 

I I 

Weight, psf (kg/m2) 5.2 
(25) 

I (XI Average Thickness,  in .  (mm) 

Area, ft2 (m2) 73.40 
(6.82) 
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TABLE F3-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

~ 6, I ns ide  A i r  F i l m  

Component 

1, Outside A i r  F i l m  

2, 5/8-in. (16-mm) Plywood Siding 

3. 2x4-in. (51x102-mm) Wood Stud 

4. 3-1 /2- i  n. (89-mm) F i  berg1 ass B1 anket 

5. 1 /2-i n. (1 3-mm) Gypsum Wall board 

Insul  a t i o n  

Total R 

Total U 

~~ 

R, Thermal Resistance 

Between Framing 

h r -  f t2goF/Btu 
( in2= K/W) 

~ 

0.17 
(0.03) 

0.78" 
(0.14) 

-- 

11 .oo* 
(1.94) 

0.45" 
(0.08) 

0.68 
(0.12) 

13.08 
(2.30) 

0.08 
(0.43) 

A t  Framing 

h r -  ft2- "F/Btu 
(m2-K/W) 

0.17 
(0.03) 

0.78 
(0.14) 

4.35" 
(0.77) 

-- 

0.45 
(0.08) 

0.68 
(0.12) 

6.43 
(1.14) 

0.16 
(0.88) 

*Source: ASHRAE Handbook of Fundamental s, American Society o f  Heati ng , 
Refr igerat ing,  and Air-condi t ioning Engineers, Inc., New York, 
1977, Chapter 22. 

Adjust  for framing (15%): 

U = (0.85)(0.08) + (0.15)(0.16) = 0.09 Btu/hr-ft '"F (0.50 W/m2-K) 

RT = l / U  = 11.36 h r= f t2 - "F /B tu  (2.01 rn2-K/W) 

I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
1 
m 
1 
I 
I 
I 
I 
I 
I -266- 
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Nominal Test 
Condition 

t2 
Outdoor 
Surface 

t,,, = 9 8 O F  

= 8 4 O F  

(37043 

(29OC) 

t,,, = SS'F 
(13OC) 

(OOC) 
t,,, = 33OF 

Design Values 

t3* 5 ti 
Internal Indoor Indoor 

Surface A i r  

Q 
Heat Flux, 

2 
B W h r  * ft 

(Wm2, 

!lax. 
O F  
("C) 

3.8 
(12.1) 

1.2 
(3.8) 

-2.2 
( - 7 . 1 )  

-5 .3  
(-16.7) 

- 

Hin. 

OF 

("C) 

13.57 
(2.39) 

18.70 
(3.29) 

15.22 
(2.68) 

15.91 
(2.63) 

11.36 
(2.01) 

72 
(22) 

70 
(211 

71 
(22) 

74 
(23) 
- 

TABLE F3-4 - STEAOY-STATE TEST RESULTS 

1 

71 
(22) 

TO 
(21) 

7 1  
(22) 

7 1  
(21) 

- 

0.07 
(0.42) 

0.01 
(0.37) 

0.01 
(0 * 38) 
0.09 

(0.50) 

0.05 95 

37 
(3) 

-a 
(22) 
- 

*Internal thermocouples were not used for th is  wall assenbly. 
xxRe1ative hunidity was not measured for  t h i s  wall assmbly. 

Measured Tenperatures , 
O F  

("Cl 

123 
(51) 

94 
(34) 

39 
(4) 

-5 
(21) 
- 

~ 

Re1 at  i ve 
Humid! ty)rk 

'L 



I20 7 1 50 

90 

60 

I 
-I 

25 

0 

i I 
I 
I 

0 0 ,I 8 16 
24 

Time , hour 

( a )  Measured Temperatures 

30 

Temp 7 

O C  

-30 

4 -30 
! -60 ' 1 

0 8 16 24 

Time , hour 

( b )  Temperature Differentials 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

F i g .  F3-2 Wall F3 Dynamic Test Results f o r  NBS T e s t  Cycle 
construction technology laboratories 
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Heat Flux, 
BtU 

h r . f t 2  

- IC 

- 20 

-30 

-40 

-50 
0 

- 
Wall F3 

NES 

I I 

8 16 

Time , hour 

( c )  Heat Flux 

I20 

100 

80 

60 

40 

20 

Hw, Flux, 
W 

m 
1 -  

-20 

2 

-40 

-60 

-80 

-100 

,120 

140 

24 

F i g .  F3-2 Wall F3 Dynamic Test Results for NBS Test Cycle 
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. .  

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12  
13 
14 
1 5  
16 
17 
1 8  
19 
20 
21 * 
22* 
23* 
24* 

Mean 

t0 

Outdoor 
A i  r 

~ 

46.5 
45.8 
46.1 
46.4 
54.0 
69.5 
77.7 
86.1 
93.3 
98.6 

101.7 
107.1 
113.2 
111.4 
105.0 

97.1 
83.2 
70.1 
63.4 
61.2 
60.4 
54.7 
48.3 
47.8 

74.5 

TABLE F3-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

Measured Temperatures, 

O F  

t 2  
Outdoor 

Surf. 

t3** 
internal 

48.5 
47.6 
47.7 
48.0 
53.3 
67.9 
76.5 
84.5 
91.7 
97.2 

100.5 
105.2 
111.5 
110.9 
105.6 

98.7 
86.3 
73.4 
65.7 
62.9 
61.8 
57.5 
50.8 
49.5 

75.1 1 

~~ 

tl  
Indoor 
Surf. - 
71.6 
71.4 
71.4 
71.3 
71.4 
71.5 
71.8 
72.1 
72.4 
72.6 
72.8 
72.9 
73.2 
73.4 
73.4 
73.3 
73.0 
72.7 
72.4 
72.1 
72.0 
71.9 
71.7 
71.5 

72.2 - 

t i  

Indoor 
A i  r - 

72.1 
71.6 
71.6 
71.4 
71.7 
71 -7 
71.7 
71.8 
71.7 
72.0 
71.9 
71.8 
72.1 
72.1 
72.3 
72.0 
71.8 
71.9 
72.0 
71.8 
72.0 
71.7 
71.6 
71.5 

71.8 - 

Measured Heat Flux, 
2 B t u l  h r  * f t 

qw 
C a l i b .  
lot Box 

-1.91 
-2.46 
-2.42 
-2.60 
-2.42 
-2.56 
-1.86 
-1.35 
-0.70 
-0.09 
0.33 
1.02 
1.21 
1.67 
1.86 
2.09 
1.86 
1.53 
0.46 

-0.14 
-0.74 
-1.07 
-1.35 
-1.58 

-0.46 

- 
ah fm** 
HFM @ 

[ndoor 
Surf. - 

- 

I 

qhfm** 
HFM @ 

lu  tdoor 
Surf. 

Calculated 
Heat Flux, 

2 
B t u / h r '  f t 

qrf*** 

Lsponse 
Factor 

-2.18 
-1.73 
-2.10 
-2.04 
-2.14 
-1.42 
-0.52 
0.05 
0.84 
1.23 
1.96 
2.36 
2.60 
3. I6 
2.91 
2.91 
2.30 
1.17 
0.33 
0.01 

-0.58 
-0.54 
-1.19 
-1.56 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

consfructlon technology laboratorles I 

0.24 

- 

qss 

Steady- 
State  

-1.66 
-1.71 
-1.70 
-1.68 
-1.30 
-0.26 
0.34 
0.89 
1.39 
1.77 
2.00 
2.33 
2.76 
2.70 
2.32 
1.83 
0.96 
0.05 

-0.48 
-0.67 
-0-74 
-1.04 
-1 -50 
-1.59 

0.21 

*Data a re  2-day averages, not 3-day averages, of test r e su l t s .  
**Internal thermocouples and heat  flow meters were not  used on t h i s  wall assembly. 

***Response f ac to r  values supplied by Ken Childs, ORNL. Values calculated u s i n g  NBS Response 
Factor Program by Peavy. 

Cal ibrated Hot Box Relative Humidity: 
Indoor Chamber - Not measured f o r  th i s  wall assembly 
Outdoor Chamber - Not measured f o r  this wall assembly 

Laboratory A i r  Tern erature:  
Max. - 74°F (230CP 
Min. - 66°F (19OC) 
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Time, 
h r  

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 * 
22* 
23* 
24* 

Mean 

TABLE F3-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, S I  UNITS 

t0 

Outdoor 
A i  r 

8.1 
7.7 
7.8 
8.0 

12.2 
20.8 
25.4 
30.0 
34.1 
37.0 
30.7 
41.7 
45.1 
44.1 
40.5 
36.2 
28.4 
21.2 
17.4 
16.2 
15.8 
12.6 

9.1 
8.8 

23.6 

Measured Temperatures , 
"C 

c2 
Outdoor 

Surf.  

9.1 
8.6 
8.7 
8.9 

11.8 
19.9 
24.7 
29.2 
33.2 
36.2 
38.1 
40.7 
44.1 
43.8 
40.9 
37.1 
30.2 
23.0 
18.7 
17.2 
16.5 
14.1 
10.4 
9.7 

~ 

24.0 

t3** 

I n te rna l  

t 1 
Indoor 
Surf. 

22.0 
21.9 
21.9 
21.8 
21.9 
22.0 
22.1 
22.3 
22.4 
22.6 
22.6 
22.7 
22.9 
23.0 
23.0 
22.9 
22.8 
22.6 
22.4 
22.3 
22.2 
22.1 
22.0 
22.0 

22.4 

- 
- 

ti 
Indoor 

A i  r 

22.3 
22.0 
22.0 
21.9 
22.0 
22.1 
22.0 
22.1 
22.1 
22.2 
22.1 
22.1 
22.3 
22.3 
22.4 
22.2 
22.1 
22.2 
22.2 
22.1 
22.2 
22.0 
22.0 
22.2 

22.1 

Measured Heat Flux, 
2 

W/m 

qW 

Calib. 
Hot Box 

-6.01 
-7.77 
-7.62 
-8 21 
-7.62 
-8.06 
-5.87 
-4.25 
-2.20 

0.29 
1.03 
3.23 
3.81 
5.28 
5.87 
6.60 
5.87 
4.84 
1.47 

-0.44 
-2 35 
-3 .37.  
-4.25 
-4.99 

-1.45 

%fin** 
HFM Q 

Indoor 
Surf. 

I 

Ihfm** 

HFM @ 
lutdoor 
Surf. 

Calculated 
Heat Flux, 

W/rn 
2 

qrf*** 

lesponse 
Factor 

-6.88 
-5.46 
-6.63 
-6.44 
-6.75 
-4.48 
-1 -64 
0.16 
2.65 
3.88 
6.10 
7.45 
8.20 
9.97 
9.18 
9.18 
7.26 
3.69 
1.04 
0.03 

-1.83 
-1 a 7 0  
-3.75 
-4.92 

0.77 

%S 

Steady- 
State 

-5.25 
-5.41 
-5.38 
-5.28 
-4.11 
-0.82 
1.06 
2.82 
4.40 
5.59 
6.31 
7.33 
8.69 
8.52 
7.32 
5.78 
3.02 
0.1 5 

-1.51 
-2.10 
-2.32 
-3.27 
-4.74 
-5.01 

0.66 

*Data are 2-day averages, n o t  3-d averages, o f  t e s t  resu l t s .  
** Internal  thermocouples and heat Y f ow meters were not used on t h i s  wa l l  assembly. 

***Response f a c t o r  values suppl ied by Ken Childs, ORNL. Values ca l cu la ted  using NBS Response 
Factor Program by Peavy. 
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I 
Iu 
w 
Iu 
I 

Test  
Cycle 

HBS 

TABLE F3-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THERMAL LAG 

Thermal Lag, hrs  

Measured Ca lcu la ted  

C a l l b r a t e d  H o t  Box Heat  Flow Meter*  Response Factor  

9,s vs  qw ‘ss vs  ‘hfm Q s s  vs Qrf to v s  t, 
Avg . - Avg. Avg . 

@ Max. @ M i n .  @ Max.  @ Min. 0 Max. @ Mln. @ Max. @ Min. 

1 . 5  2 3 3 2.5 - - - 1 0 0 .5  

*Heat f l o w  meters were n o t  used on t h l s  w a l l  assembly. 

TABLE f3-13 - SUMMARY OF O Y N A M I C  TEST RESULTS ( P E R I O D I C ) ,  REDUCTION I N  AMPLITUDE 

T e s t  
Cycle 

NBS 

I Measured, % I C a l c u l a t e d ,  x 
~~ ~~ ~~~ 

C a l i b r a t e d  H o t  Box Heat  Flow Meter*  Response Factor 

@ Max.  @ M l n .  Avg. 13 Max. @ Min. Avg. @ Max. (3 Mln. Avg. 

0 -1 1 - 6  - - - -1 5 -26 -21 

*Heat f low meters were not used on t h i s  w a l l  assembly. 

Ca7 c. 
Tlme 

Constant, 
hrs  

0 .6  



TABLE F3-14 - SUMWRY OF DYMAMIC TEST RESULTS (PERIODIC), ENERGY REQUIRERNTS 

Net Energy, Total Energy 
Conpar i sons, Total Energy, 

2 
Btu/ f t2  (W-hr/m 1 

2 2 t Btu/ft (W.hr/m 1 
Test ' 

Cycle Measured Ca 1 cu 1 ated T T T Measured Ca 1 cu 1 ated 
Qw 4hfm %f 

T *  T T T 1 T t4 N *  N N d Qhfm %f 4,s 9,s 4,s qss 4, 'hfm %f 4SS 

NBS 35.3 37.8 33.7 105 112 -11.0 5.8 5.0 
( 1  11.3) (1 19.4) (106.2) (-34.8) (18.4) (15.8) 1 

N 
-4 
w 
I 

Net Energy 
Campar! sons, 

'L 

" N 
% 'hfm 'rf 

N N  N 
4,s qss QSS 
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WALL F4: 2~4-1N. (51x102-MM) WOOD FRAME WITH 
R-11 FIBERGLASS INSULATION AND HARDBOARD SIDING 

Nominal Area, f t *  (m2) 

Estimated Moisture Content ,  
% by ovendry weight  

DESCRIPTION: Wood frame wall w i t h  R-1 1 f i  bergl ass b lanke t  i nsul a t i o n  
between studs, gypsum wall board on i n t e r i  o r  s u r f a c e ,  and 
plywood cedar s i d i n g  on e x t e r i o r  sur face .  

73.67 
(6.84) 

I- 

REFERENCE: F i o r a t o ,  A. E.,  "Heat T rans fe r  C h a r a c t e r i s t i c s  o f  Wall s 
Under Dynamic Temperature Condi t i  ons ," Research and 
Devel opment Bull e t i  n RD075, Por t1  and Cement Associ a t i  on, 
Skokie, 1981, 20 pages. 

COMPOSITION: 

1. 5/8-in. (16-mm) Plywood Cedar S id ing  w i t h  
rough sawn surface and vertical gooves a t  
8-in. (203-mm) on centers 

16 i n .  (406 mm) cen te r - to -cen te r  

3. 3-1/2-in. (89-mm) R-11 K r a f t  Paper  Faced 
Fi  bergl  ass I n s u l a t i o n  

4. 1 /2-i n. (1  3-mm) Gypsum Wall board 

1 

2 2. 2x4-in. (51x102-mm) Wood Studs  a t  

TABLE F4-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

Property 
Measured 

Val ue 

Weight, psf (kg/m2) 5.3 
(26) 

1 (% Nominal Thickness ,  i n .  (mm) 

-275- 
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t 
N 
w 
5" 

TABLE F4-2 - M A T E R I A L  PROPERTIES,  R-11 FIBERGLASS INSULATION 

~~~~~ ~~ 

Nominal Installed Thlckness, 
i n .  (mm) 

Thickness, as rece ived ,  I n .  (m) 

Oenst ty ,  as rece ived ,  pc f  (kg/m3) 

Test  Method 

-- 

ASTM C167 

ASTM C167 

Specimen 
Condi t ion  

Mean 

O F  

Temperature, 

( " C )  

Measured 
Value 



~ 

I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
4 
I 
I 

TABLE F4-3 - DESIGN HE T TRANS1 

- .  ~~ 

Component 

- ~~ 

1. Outside A i r  F i l m  

2. 5/8-in. (16-mm) Plywood Cedar Siding 

3. 3-1/2-in. (89-mm) Wood Stud 

4. 3-1 / 2 - i  n. (89-mm) F i  berg1 ass 
Insu l  a t i o n  

5. 1 /2- i  n. ( 13-mm) Gypsum Wall board 

6. Ins ide A i r  F i l m  

Total R 

Total U 

ISSIO COEFFICIENTS 

R, Thermal Resistance 

Between Framing, 

h r = f t 2 -  "F/Btu 
(m2-K/W) 

0.17 
(0.03) 

0.77" 
(0.14) 

-I 

11 .oo* 
(1.94). 

(0.08) 

0.68 
(0.12) 

0.45" 

13.07 
(2.31) 

0.08 
(0.43) 

A t  Framing, 

hr= ft2- "F/Btu 
(m29K/W 1 

0.17 
(0.03) 

0.77 
(0.14) 

4.38* 
0.77) 

c- 

0.45 
0.08) 

0.68 
(0.12) 

6.45 
(1.14) 

0.16 
(0.881 

*Source: ASHRAE Handbook o f  Fundamentals, American Society o f  Heating, 
Refr igerat ing,  and Ai r -condi t ion ing Engineers, Inc., New York, 
1977, Chapter 22. 

Adjust for Framing (17.3%): 

U = 0.827 (0.077) + 0.173 (0.155) 

= 0.090 Btu/hr* ft2* 'F (0.51 W/m2*K) 

R = 1/U = 11.05 hr=f t2* 'F/Btu (1.95 K-m2/W) 
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1 
N 
-4 
05 
1 

Wninal Test 
Condi ti on 

= 34OF 
(1OCI 

54OF 
= (12OC) 

h =  looof 
(38%) 

Design Values 

4 
Heat F 1 ux , 

2 
B t u l h r - f t  

(wm2) 

-6.03 
(-l9*01) 

-2.95 
(-9.31) 

4.94 
(15.591 

- 

13.02 
(2.29) 

12.97 
(2.281 

10.79 
(1.90) 

11.05 
(1.95) 

TABLE F4-4 - STEADY-STATE TEST RESULTS 

0.08 
(0.44) 

(0.08) 
(0.441 

0.09 
(0.53) 

0.09 
IO.51) 

*Internal the-couples were not used for t h i s  uall asstxbly. 
-elat ive hunidi ty was not measured for th is  wall a s s d l  y.  

Heasured Tenperatures, 

O F  

("C) 

t2 
3utdoor 
Surface 

t3* 
Internal 

- 

- 

- 

- 

I ndmr 
Surface 

ti 
Indoor 

A i r  

72 
(22) 

12 
122) 

73 
(23) 
- 

Re1 a t  i ve 
M i d i  tp 

A o r a  tory 
A i m  Tenperature 

Hat. 

(O3 

0: 

flin. 

OF 

("C) 



I 
I 30 

25 

1, 
0 I I 

0 8 I6 24 

Time , hour 

( a )  Measured Temperatures 

Wall F4 
NBS 

30 +o- I 
- to c 

! 

1" 
I5 

0 

-15 

1 
I 7 -30 

-60 ' , I I 
0 0 16 24 

Time , hour 

( b )  Temperature Different ia ls  

F i g .  F4-2 Wall F4 Dynamic T e s t  Results f o r  NBS T e s t  Cycle 
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Heat Flux, 
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- 10 

- 20 

-30 

-40 

-50 
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Time , hour 

I20 
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00 

60 
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20 
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-29 
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1 
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I 
I 
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I 
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I 
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24 

( c )  Heat Flux 

Fig. F4-2 Wall F4 Dynamic Test Results for NBS T e s t  Cycle 
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Time, 
h r  

- 
1* 
2* 
3* 
4* 
5* 
6* 
7* 
8* 
9* 

10 
11 
1 2* 
13* 
1 4* 
15* 
1 6* 
17* 
1 8* 
19* 
20* 
21 
2P 
23* 
24* 

Mean 

TABLE F4-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

t 0  

Outdoor 
A i  r 

47.1 
57.1 
70.4 
78.9 
87.1 
94.2 
99.1 

102.3 
108.7 
112.7 
110.6 
104.8 
95.4 
81.6 
69.6 
63.9 
61.8 
60.7 
53.8 
49.3 
48.0 
47.1 
46.5 
46.8 

74.9 - 

Measured Temperatures, 

'F 

t 2  
Outdoor 
Surf. 

48.7 
55.7 
68.6 
77.3 
85.3 
92.4 
97. J 

101 .o 
106.5 
111 .o 
110.3 
105.5 
97.5 
85.3 
73.2 
66.2 
63.5 
62.2 
56.9 
51.7 
50.0 
49.0 
48.3 
48.4 

t3- 
Internal 

75.5 I 

t 1 
Indoor 
Surf. 

72.2 
72.2 
72.5 
72.9 
73.2 
73.5 
73.0 
74.0 
74.2 
74.4 
74.6 
74.5 
74.3 
74.0 
73.6 
73.2 
73.0 
72.8 
72.7 
72.5 
72.3 
72.3 
72.2 
72.2 

73.2 

ti 
Indoor 

Air 

72.7 
72.6 
72.7 
72.8 
72.8 
72.9 
72.9 
73.0 
73.0 
73.1 
73.1 
73.1 
73.1 
73.1 
72.9 
72.9 
72.8 
72.8 
72.8 
72.7 
72.7 
72.7 
72.6 
72.6 

72.9 

Measured Heat Flux, 
2 Btu/hr-f t 

qw 
Calib. 

Hot Box 

-1.90 
-2.11 
-1.49 
-1.05 
-0.24 
0.41 
1.32 
1.39 
2.52 
2.71 
3.15 
3.10 
2.98 
2.41 
1.36 
0.88 
0.04 

-0.51 
-0.72 
-1 -37 
-1 -39 
-1 -65 
-1.77 
-1.97 

0.25 

qhfm** 
HFM P 

Indoor 
Surf. 

- 
1 

qhfm** 
HFM B 

Outdoor 
Surf. 

Calculated 
Heat Flux, 

2 B tu /h r  f t 

qrf*** 

Response 
Factor 

qs s 
Steady- 
S t a t e  

-2.11 
-1.50 
-0.36 
0.41 
1.15 
1.82 
2.32 
2.64 
3.18 
3.63 
3.54 
3.05 
2.25 
1 .OS 

-0.04 
-0.65 
-0.87 
-0.97 
-1.44 
-1.88 
-2.01 
-2.09 
-2.14 
-2.1 3 

0.29 

*Data are  2-day averages, not  3-df averages, o f  test  results. 
**Internal thermocouples and heat f ow meters were not used on this wall assembly. 

Calibrated Hot Box Relative Humidity: 

**Response factor analysis was not p e r f o m d  f o r  t h i s  wall assembly. 

Indoor Chamber - Not measured for this wall assembly 
Outdoor Chamber - N o t  measured f o r  this wall assembly 

Laboratory Air Tern erature:  
Max. - 750F ( 2 4 4  
Min. - 71°F (22°C) 
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TJme, 
h r  

1* 
2* 
3* 
4* 
5* 
6* 
7* 
8f 
9* 

10 
11 
1 2* 
1 3* 
1 4" 
15* 
16* 
17* 
1 8* 
19" 
2o* 
21 * 
2 P  
23* 
24* 

Mean 

TABLE F4-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, $1 UNITS 

t0  

Outdoor 
A i  r - 
8.4 

14.0 
21.4 
26.1 
30.6 
34.6 
37.3 
39.1 
42.6 
44.8 
43.7 
40.4 
35.2 
27.5 
20.9 
17.7 
16.6 
15.9 
12.1 
9.6 
8.9 
8.4 
8.0 
8.2 

23.8 

Measured Temperatures, 

' C  

t 2  
Outdoor 
Surf. 

9.3 
13.2 
20.3 
25.2 
29.6 
33.6 
36.5 
38.4 
41.4 
43.9 
43.5 
40.9 
36.4 
29.6 
22.9 
19,o 
17.5 
16.8 
13.9 
10.9 
10.0 

9.4 
9.0 
9.1 

24.2 

t3* 
Internal 

t 1 
Indoor 
Surf. 

22.3 
22.3 
22.5 
22.7 
22.9 
23.0 
23.2 
23.3 
23.4 
23.6 
23.6 
23.6 
23.5 
23.4 
23.1 
22.9 
22.8 
22.7 
22.6 
22.5 
22.4 
22.4 
22.3 
22.3 

22.9 - 

- 

t i  
Indoor 

Air - 
22.6 
22.6 
22.6 
22.6 
22.7 
22.7 
22.7 
22.8 
22.8 
22.8 
22.9 
22.9 
22.8 
22.8 
22.7 
22.7 
22.7 
22.7 
22.7 
22.6 
22.6 
22.6 
22.6 
22.6 

22.7 
- 
- 

Measured Heat Flux, 

q W  

Cal i b. 
Hot Box 

-6.01 
-6.67 
-4.69 
-3.30 
-0.75 
1.30 
4.1 5 
4.37 
7.95 
8.54 
9.95 
9.78 
9.42 
7.59 
4.30 
2.76 
0.13 

-1.62 
-2.28 
-4.33 
4.40 
-5.20 
-5.57 
-6.23 

0.80 

W h 2  

4hfm** 

HFM P 
Indoor 
Surf. 

I 

qhfm** 
HFM B 

Du tdoor 
Surf. 

Calculated 
Heat Flux, 

W/m2 

qrf*** 
Response 
Factor 

*Data a re  2-day averages, not 3-day averages. o f  test results. 
**Internal t h e m c o u p l e s  and heat flow meters were not used on t h i s  wall assembly. 

*wResponse factor analysis was not performed f o r  this wall assembly. 
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9s s 
Steady- 
Sta t e  

-6.65 
-4.72 
-1.14 
1.31 
3.64 
5.74 
7.32 
8.32 

10.03 
11.45 
11.16 

9.62 
7.11 
3.40 

-0.1 2 
-2.04 
-2.76 
-3.07 
-4.54 
-5.92 
-6.33 
-6.60 
-6.76 
-6.73 

0.90 
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( c )  Heat F l u x  

F i g .  F4-3 Wall F4 Dynamic T e s t  Results fo r  Orlando January Test Cycle 
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-. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3* 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean - 

TABLE F4-8(a) - DYNAMIC TEST RESULTS (PERIODIC). ORLANDO JANUARY TEST CYCLE 

t0 

Outdoor 
A i  r 

57.0 
56.6 
54.9 
54.2 
51.7 
51.2 
51.9 
55.0 
59.3 
65.1 
71.3 
81.3 
86.7 
90.4 
92.9 
92.4 
83.1 
70.8 
63.8 
62.6 
60.6 
60.1 
58.4 
58.6 

66.2 

Measured Temperatures, 

O F  

t 2  

3u tdoor 
Surf. 

50.7 
57,7 
56.8 
55.5 
53.9 
52.6 
53.3 
55.4 
59.5 
64.4 
70.6 
79.1 
85.8 
89.1 
92.6 
92.2 
85.9 
74.0 
66.5 
63.9 
62.5 
61.2 
60.2 
59.6 

67.1 

t3" 
Internal  

- 

tl 

Indoor 
Surf. 

72.6 
72.5 
72.5 
72.5 
72.4 
72.4 
72.3 
72.3 
72.4 
72.6 
72.8 
73.0 
73.3 
73.5 
73.7 
73.8 
73.8 
73.5 
73.2 
73.0 
72.8 
72.7 
12.7 
72.6 

72.9 

ti 

Indoor 
A i r  

72.8 
72.7 
72.7 
72.7 
72.7 
72.7 
72.7 
72.7 
72.7 
72.7 
72.7 
72.8 
72.9 
72.9 
73.0 
73.0 
73.0 
73.0 
72.9 
72.8 
72.8 
72.8 
72.8 
72.8 - 
72.8 

Measured Heat Flux, 
2 

Btu/hr f t 

q W  

Calib. 
Hot Box 

-1.25 
-1.44 
-1.39 
-1.53 
-1 -62 
-1.73 
-1.79 
-1.91 
-1.84 
-1.48 
-1.06 
-0.68 
-0.41 
0.26 
0.82 
1.13 
1.24 
0.71 
0.11 

-0.32 
-0.54 
-0.83 
-0.85 
-1 -03 

-0.73 

qhfm* 

HFM B 
Indoor 
Surf. 

- 
I 

qhfm** 

HFM C 
Dutdoor 
Surf. 

Calculated 
Heat Flux, 
B tu /h r * f  t 2 

qrf ** 
Response 
Factor 

9s s 
Steady- 
State 

-1.27 
-1.35 
-1.43 
-1.54 
-1 -67 
-1.79 
-1.72 
-1 -53 
-1 -18 
-0.76 
-0.20 
0.58 
1.19 
1.49 
1.82 
1.77 
1.15 
0.05 

-0.62 
-0.84 
-0.95 
-1.05 
-1.14 
-1.19 

-0.51 

*Data are 2-day averages, not 3-day averages, of t e s t  resul ts.  
**Internal themcouples and heat f low meters were not  used on t h i s  wall assembly. 

Calibrated Hot Box Relative Humldity: 

**Response factor  analysis was not perfonred f o r  t h i s  w a l l  assembly. 

Indoor Chamber - Not measured f o r  t h i s  wal l  assembly 
Outdoor Chamber - Not measured for t h i s  wall assembly 

Max. - 75OF (24OCY 
Min. - 72*F (22OC) 

Laboratory A i r  Tern erature: 
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TABLE F4-8(b) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO JANUARY TEST CYCLE, $I UWITS 

- 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3* 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

lean 

- 
- 

t 0  

Outdoor 
A i  r 

~~ 

13.9 
13.6 
12.7 
12.3 
10.9 
10.7 
11 .o 
12.8 
15.2 
18.4 
21.8 
27.4 
30.4 
32.5 
33.9 
33.5 

21.5 
17.7 
17.0 
15.9 
15.6 
14.7 
14.8 

28.4 

19.0 

Measured Temperatures, 

'C 

t 2  
Outdoor 
Surf. 

14.8 
14.3 

13.1 
12.2 
11.4 
11.8 
13.0 
15.3 
18.0 
21.5 
26.2 
29.9 
31.7 
33.7 
33.4 
30.0 
23.3 
19.2 
17.7 
16.9 
16.2 
15.6 
15.3 

13.8 

19.5 

t3fic 

Internal  

- 

tl 

Indoor 
Surf. 

22.6 
22.5 
22.5 
22.5 
22.5 
22.4 
22.4 
22.4 
22.5 
22.5 
22.6 
22.8 
22.9 
23.1 
23.2 
23.2 
23.2 
23.1 
22.9 
22.8 
22.7 
22.6 
22.6 
22.6 

22.7 

- 

ti 

[ndoor 
A i  r - 

22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.7 
22.7 
22.7 
22.8 
22.8 
22.8 

22.7 
22.7 
22.7 
22.7 
22.7 
22.6 

22.8 

22.7 

Measured Heat Flux, 

- 

qw 
Cal i b. 

Hot Box 

-3.94 
-4.53 
-4.38 
-4.82 
-5.11 
-5.45 
-5.65 
-6.04 
-5.79 
-4.67 
-3.36 
-2.14 
-1.29 
0.83 
2.59 
3.56 
3.90 
2.25 
0.35 

-1.02 
-1.10 
-2.63 
-2.68 
-3.26 

-2.29 

W/m2 

q h h *  
HFM Q 
Indoor 
Surf. 

1 

qhfrn*** 
HFM 0 

Outdoor 
Surf. 

Calculated 
Heet F1 ux, 

W/m2 

q r P *  
Response 
Factor 

9s S 

Steady- 
State 

-4.00 
-4.25 
-4.51 
-4.07 
-5.28 
-5.64 
-5.42 
-4.84 
-3.72 
-2.38 
-0.65 
1.81 
3.76 
4.72 
5.75 
5.59 
3.64 
0.1 5 

-1.95 
-2.64 
-2.98 
-3.32 
-3.61 
-3.75 

-1.60 

*Data are 2-day averages, not 3-day averages, o f  t e s t  resul ts.  
**Internal thermocouples and heat flow meters were not used on t h i s  w a l l  assembly. 

**Response factor  analysis was not p e r f o m d  f o r  t h i s  wall assembly. 
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TABLE F4-9(a) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO JANUARY MODIFIED TEST CYCLE 

Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

t 0  

Outdoor 
A i  r 

61.8 
60.6 
59.4 
58.2 
57.5 
58.5 
60.2 
63.6 
66.7 
72.4 
79.2 
86.9 
89.8 
93.0 
91.9 
87.1 
76.6 
70.1 
67.6 
66.5 
65.3 
64.6 
63.7 
63.2 

70.2 

Measured Temperatures, 

OF 

t2 
3utdoor 
Surf. 

62.9 
62.2 
60.5 
59.9 
58.6 
59.6 
60.7 
63.8 
66.6 
71.9 
77.7 
85.6 
88.7 
92.5 
91.7 
88.8 
79.1 
72.5 
68.8 
68.0 
66.2 
66.0 
64.6 
64.5 

70.9 
I_c 

t3* 
Internal 

t 1 
Indoor 
Surf. - 
72.8 
72.7 
72.7 
72.6 
72.6 
72.6 
72.6 
72.6 
72.7 
72.8 
73.0 
73.3 
73.5 
73.7 
73.8 
73.8 
73.6 
73.4 
73.1 
73.0 
72.9 
72.9 
72.8 
72.8 

73.0 
- 
Lc_ 

ti 
[ndoor 

A i  r 

72.7 

72,7 
72.7 
72.7 
72.7 
72.7 
72.6 
72.6 
72.7 
72.7 
72.8 
72.9 
72.9 
73.0 
73.0 
73.0 
72.9 
72.8 
72.8 
72.0 
72.8 
72.7 
72.7 

E2.7 

- 
72.8 

Measured Heat Flux, 
2 Btu /h r*  f t 

qw 

Cal i b. 
lot  Box 

-1.08 
-1 .oo 
-1 -23 
-1.39 
-1.31 
-1.34 
-1.26 
-1.19 
-1.03 
-0.71 
-0.58 
-0.26 
0.59 
0.71 
1.19 
1.19 
0,78 
0.56 
-0.09 
-0.27 
-0.72 
-0.54 
-0.68 
-0.99 

-0.44 

- 
qhfm* 

HFM 13 
Indoor 
Surf. - 

I 

qhfm* 
HFM 0 

Outdoor 
Surf. 

Calculated 
Heat F lux ,  

2 Btu/hr-f t  

qrf** 
bsponse 
Factor 

qss 

Steady- 
S ta t e  

-0.91 
-0.96 
-1.12 
-1.16 
-1.28 
-1.19 
-1.09 
-0.81 
-0.56 
-0.08 
0.44 
1.17 
1.46 
1.81 
1.72 
1.44 
0.52 
-0.08 
-0.40 
-0.46 
-0.62 
-0.64 
-0.76 
-0.76 

-0.18 

*Internal thermocouples and heat f low laeters were not ,used on this wall assembly. 

Calibrated H a t  Box Relative Humidity: 

*Response fac to r  analysis was not  perforrned f o r  this wall assembly. 

Indoor Chamber - Not measured fo r  this wall assembly 
Outdoor Chamber - Not measured f o r  t h i s  wall assembly 

Max. - 76*F (24%! 
Min. - 67'F (19%) 

Laboratory Air Tem erature: 
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TABLE F4-9(b) - DYNAMIC TEST RESULTS (PERIODIC),  ORLANDO JANUARY MODIFIED TEST CYCLE, $1 UNITS 

Ti  me , 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
14  
15 
16 
17 
1 8  
19 
20 
21 
22 
23 
24 

Mean 

- 
- 

Measured Temperatures, 

"C 

t0  

Outdoor 
A i  r 

16.6 
15.9 
15.2 
14.5 
14.2 
14.7 
15.7 
17.5 
19.3 
22.4 
26.2 
30.5 
32.1 
33.9 
33.3 
30.6 
24.8 
21.2 
19.8 
19.2 
18.5 
18.1 
17.6 
17.3 

21.2 

t 2  
hrtdoor 
Surf. 

17.2 
16.8 
15.9 
15.5 
14.8 
15.3 
16.0 
17.7 
19.2 
22.2 
25.4 
29.8 
31.5 
33.6 
33.2 
31.6 
26.2 
22.5 
20.5 
20.0 
19.0 
18.9 
18.1, 
18.1 

21.6 
- 
- 

t3* 
hternal 

~ 

tl 
Indoor 
Surf. - 
22.7 
22.6 
22.6 
22.6 
22.5 
22.5 
22.5 
22.6 
22.6 
22.1 
22.8 
22.9 
23.0 
23.2 
23.2 
23.2 
23.1 
23.0 
22.9 
22.8 
22.7 
22.7 
22.7 
22.7 

22.8 

ti 

[ndoor 
Ai r 

22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.7 
22.7 
22.7 
22.8 
22.8 
22.8 
22.7 
22.7 
22.1 
22.7 
22.6 
22.6 
22.6 

- 

22.7 

Measured Heat Flux, 

qW 

Cal i b. 
Hot Box 

-3.40 
-3.16 
-3.89 
-4.38 
-4.13 
-4.23 
-3.99 
-3,74 
-3.26 
-2.23 
-1.84 
-0.82 
1.86 
2.25 
3.76 
3.76 
2.45 
1.76 
-0.28 
-0.87 
-2.28 
-1 -70 
-2.1 3 
-3.11 

-1.40 

W/m2 

qhfm* 
HFHB 

Indoor 
Surf. 

- 
- 

- 
I 

qhfm* 
HFM @ 
3u tdoor 
Surf. - 

Calculated 
Heat F1 ux, 

W/m2 

W* 
Re s ~ o  nse 
Factor 

-290- 

I 
1 
1 
1 
1 
4 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
D 

construciion iechnology laboratorles I 

**internal thermocouples and heat flow me&rs were not used on th is  wall assembly. 
***Response f ac to r  analysis was not perfonned f o r  this wall assembly. 

qss 

Steady- 
S ta t e  

-2.87 
-3.04 
-3.52 
-3.66 
-4.03 
-3.75 
-3.44 
-2.55 
-1.70 
-0.26 
1.40 
3.70 
4.59 
5.72 
5.44 
4.53 
1.64 
-0.27 
-1 -26 
-1.46 
-1.95 
-2.01 
-2.38 
-2.41 

-0.57 
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I 
I 
I 
I 
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I 
I 
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I 
I 
I 
I 
I 
I 
1 
I 
I 

Time, 
h r  

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1 7  
18 
19 
20 
21 
22 
23 
24 

Mean 

TABLE F4-10(a) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO APRIL TEST CYCLE* 

t 0  

Outdoor 
A i  r 

68.3 
68.1 
64.9 
64.8 
62.3 
63.4 
63.9 
67.6 
70.5 
74.7 
77.8 
86.5 
90.9 
98.2 

101.2 
105.1 
98.2 
91.1 
80.7 
76.1 
71.8 
72.3 
70.5 
71.3 

77.5 

Measured Temperatures, 

OF 

t 2  

Outdoor 
Surf. 

70.0 
69.1 
66.7 
65.8 
64.0 
64.2 
64.9 
67.6 
70.7 
74.2 
78.4 
84.8 
90.2 
96.2 

100.4 
103.8 
99.8 
92.8 
83.6 
77.6 
73.7 
73.1 
71.9 
72.0 

78.1 

t3- 
In ternal  

- 

tl 

Indooi 
Surf - 
77.0 
76.5 
76.2 
75.7 
75.3 
74.9 
74.6 
74.3 
74.3 
74.3 
74.6 
74.9 
75.7 
76.5 
77.5 
78.5 
79.4 
79.7 
79.5 
79.1 
78.5 
78.0 
77.6 
77.2 

76.7 

ti 

Indoor 
A i r  

76.8 
76.5 
76.2 
75.8 
75.5 
75.1 
74.8 
74.5 
74.4 
74.2 
73.4 
74.5 
75.0 
75.6 
76.4 
77.1 
77.9 
78.4 
78.6 
78.4 
78.1 
77.7 
77.4 
77.1 

76.2 - 

Measured Heat F1 ux, 
2 

Btu /h r * f t  - 

%* 
Cal i b. 

Hot Box - 

qhfm** 

HFM 0 
Indoor 
Surf. 

- 
I 

qhfn** 

HFM Q 
Du tdoor 
Surf. - 

Calculated 
Heat F1 ux , 

2 B t u l h r ' f t  

qr f -  

Response 
Factor 

9s 5 

Steady- 
State 

-0.65 
-0.69 
-0.88 
-0.92 
-1.04 
-0.99 
-0.90 
-0.62 
-0.34 
-0.01 
0.36 
0.94 
1.40 
1.92 
2.25 
2.50 
2.00 
1.27 
0.39 

-0.14 
-0.45 
-0.46 
-0.54 
-0.49 

0.16 

*Test was conducted under f l o a t i n g  conditions. Indoor surface and a i r  temperatures were 
permitted t o  res  ond t o  outdoor temperature changes without heating, cooling, o r  forced a i r  
c i r c u l a t i o n  on tk indoor side. No heat f low through wal l  was measured. 

**Internal thennocouples and heat flow meters were no t  used on t h i s  wal l  assembly. 

Calibrated Hot  Box Relative Humidity: 

**XResponse factor analysis was not  perfomed f o r  t h i s  wal l  assembly. 

Indoor Chamber - Not masured f o r  t h i s  wall assembly 
Outdoor Chamber - Not measured f o r  t h i s  wall assembly 

Max. - 76*F (24OCP 
Min. - 69*F (21%) 

Laboratory A l r  Tern erature: 
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I 
I 

TABLE F4-10(b) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO APRIL TEST CYCLE, SI UNITS* 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12  
1 3  
14  
15  
16 
17 
18 
19 
20 
21 
22 
23 
24 

a 

Wean 

t0  

Outdoor 
A i  r 

20.1 
20.1 
18.3 
18.2 
16.8 
17.4 

19.8 
21.4 
23.7 
25.5 
30.3 
32.7 
36.8 
38,5 
40.6 
36.8 

27.1 
24.5 
22.1 
22.4 
21.4 
21.8 

17.7 

32.8 

25.3 

Measured Temperatures, 

'C 

t 2  
Outdoor 
Surf. 

21.1 
20.6 
19.3 
18.8 
17.8 
17.9 

19.8 
21.5 
23.4 
25.8 
29.3 
32.3 
35.7 
38.0 
39.9 
37.7 

28.7 
25.3 
23.2 
22.8 
22.2 
22.2 

18.3 

33.8 

25.6 I 

t3** 

Internal 

- 

tl  
Indoor 
Surf. - 
25.0 
24.7 
24.6 
24.3 
24.1 
23.8 
23.6 
23.5 
23.5 
23.5 
23.6 
23.9 
24,3 
24.7 
25.3 
25.8 
26.3 
26.5 
26.4 
26.1 
25.8 
25.5 
25.3 
25.1 

24.8 

ti 
Indoor 

Air 

24.9 
24.7 
24.6 
24.4 
24.2 
23.9 
23.8 
23.6 
23.5 
23.5 
23.0 
23.6 
23.9 
24.2 
24.6 
25.1 
25.5 
25.8 
25.9 
25.8 
25.6 
25.4 
25.2 
25.0 

24.6 I 

k a s u r e d  Heat Flux, 

W h 2  

SW* 
Cal i b. 

Hot Box 

qhh*  
HFM Q 

Indoor 
Surf. 

I 

qhfin** 
HFM 8 

Outdoor 
Surf. 

Calculated 
Heat Flux .  

w/m2 

q r P *  
Response 
Factor 

qs s 

Steady- 
State  

-2.07 
-2.18 
-2.79 
-2.90 
-3.29 
-3.1 2 
-2.83 
-1 -96 
-1 -06 
-0.03 
1.13 
2.98 
4.41 
6.05 
7.08 
7.88 
6.32 
4.02 
1.24 

-0.45 
-1.43 
-1 -46 
-1 -69 
-1.54 

0.51 

*Test was conducted under f loa t ing  conditions. Indoor surface and a i r  temperatures were 
permitted t o  respond t o  outdoor teaperaturn changes without heating, cooling. or forced a i r  
c i r cu la t ion  on the indoor side. No heat flow through wall was measured. 

**Internal thennocouples and heat flow meters were not used on t h i s  wall assembly. 
**Response f ac to r  analysis  was not perfonred f o r  t h i s  wall assembly. 
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T i  me , 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12* 
1 3* 
14* 
15* 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean - 

TABLE f$- l l (a)  - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO AUGUST TEST CYCLE 

_II 

t0 

Outdoor 
A i  r 

- 

79.8 
78.9 
78.7 
76.7 
75.7 
74.2 
76.0 
78.6 
82.9 
83.9 
87.7 
90.5 
95.8 
99.8 

105.4 
108.6 
109.3 
101 "3 
94.5 
89.7 
86.6 
83.8 
82.6 
80.4 

87.6 

Measured Temperatures. 

O F  

t 2  
Outdoor 
Surf. 

80.7 
79.4 
79.6 
77.4 
76.8 
74.9 
76.3 
78.3 
82.6 
83.7 
87.1 
89.6 
94.7 

104.0 
106.9 
109.1 
102.3 
96.1 
90.6 
87.8 
84.5 
83.6 
81.1 

98.2 

87.7 

t3* 
Internal 

- 

tl 

Indoor 
Surf. - 
73.5 
73.4 
73.4 
73.4 
73.3 
73.3 
73.2 
73.3 
73.3 
73.5 
73.5 
73.7 
73.8 
73.9 
74,l 
74.3 
74.5 
74.5 
74.3 
74.0 
73.9 
73.7 
73.6 
73.5 

73.7 - 

- 

ti 
Indoor 

A i  r - 
73.0 
73.0 
72.9 
72.9 
72.9 
72.9 
72.9 
72.9 
72.9 
73.0 
73.0 
73.0 
73.0 
73.1 
73.1 
73.2 
73.2 
73.2 
73.2 
73.1 
73.1 
73.0 
73.0 
73.0 

73.0 - 

Measured Heat Flux, 
2 B t u / h r * f t  

qw 
Calib. 

Hot  Box 

1.22 
0.85 
0.92 
0.69 
0.69 
0.52 
0.41 
0.52 
0.77 
1.18 
0.98 
1.27 
1.55 
1.76 
2.31 
2.48 
3.04 
2.88 
2.82 
2.28 
2.03 
1.66 
1.45 
1.09 

1.47 

qhfin- 

HFM Q 
Indoor 
Surf. 

I 

qhfm** 

HFH @ 
Outdoor 
Surf. 

-. - .  

Calculated 
Heat F1 ux, 

2 Btu/hr-f t 

qrf*** 

hsponse 
Factor 

- 

9s s 
Steady- 
S t a t e  - 

0.68 
0.57 
0.59 
0.38 
0.33 
0.1 5 
0.29 
0.47 
0.88 
0.97 
1.30 
1.53 
2.02 
2.36 
2.93 
3.21 
3.42 
2.72 
2.11 
1.60 
1.33 
1.03 
0.95 
0.72 

1.36 

*Data a re  2-day averages, not 3d averages. of test results. 
**Internal thermocouples and heat #ow meters were not used on this wall assembly. 

Calibrated H o t  Box Relative Humidity: 

**Response f ac to r  analysis  was not perfotmed f o r  t h i s  wall assembly. 

Indoor Chamber - Not Available 
Outdoor Chamber - Not Available 

Max. - 78'F (26OCY 
Min. - 75'F (24°C) 

Laboratory Air Ten mature:  
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TABLE F4-11 (b)  - DYNAMIC TEST RESULTS (PERIODIC) ,  ORLANDO AUGUST TEST CYCLE, SI UNITS* 

Tim, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2* 
1 3* 
1 4* 
15* 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

t0  

Outdoor 
A i  r - 

26.6 
26.1 
25.9 
24.8 
24.3 
23.4 
24.4 
25.9 
28.3 
28.9 
31 .O 
32.5 
35.5 
37.7 
40.8 
42.5 
42.9 
38.5 
34.7 
32.0 
30.3 
28.8 
28.1 
26.9 

30.9 - 

Measured Temperatures, 

O C  

t 2  

Outdoor 
Surf. 

27.1 
26.3 
26.4 
25.2 
24.9 
23.9 
24.6 
25.7 
28.1 
28.7 
30.6 
32.0 

36.8 
40.0 
41.6 
42.8 
39.0 
35.6 
32.5 

28.7 
27.3 

34.8 

31 .O 
29.2 

31 .O 

t3* 
internal 

t 1 

Indoor 
Surf. 

23.0 
23.0 
23.0 
23.0 
22.9 
22.9 
22.9 
22.9 
23.0 
23,O 
23.1 
23.1 
23.2 
23.3 
23.4 
23.5 
23.6 
23.6 
23.5 
23.4 
23.3 
23.2 
23.1 
23.1 

23.2 

- 

ti 

Indoor 
Air 

22.8 
22.8 
22.7 
22.7 
22.7 
22.7 
22.7 
22.7 
22.7 
22.8 
22.8 
22.8 
22.8 
22.8 
22.8 
22.9 
22.9 
22.9 
22.9 
22.8 
22.8 
22.8 

22.8 

22.8 

22.8 

Measured Heat Flux, 

qw 

Cali b. 
Hot Box 
- .. - 

3.84 
2.67 
2.91 
2.18 
2.18 
1.64 
1.30 
1.64 
2.42 
3.74 
3.10 
4.01 
4.88 
5.54 
7.30 
7.83 
9.59 
9.10 
8.90 
7.20 
6.42 
5.25 
4.57 
3.45 

4.65 - 

W/m2 - 
qhfmr* 
HFM @ 

Indoor 
Surf. - 

- 

I 

qhh**  
HFM Q 

Outdoor 
Surf. 

Calculated 
Heat F1 ux, 

W/m2 

q r P *  
Response 
Factor 
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*Data are 2-day averages, not 3 d  averages, of test results. 
**Internal themacouples and heat v o w  meters were not  used on t h i s  wall assembly. 

**Response factor analysis was not p e r f o m d  for this wall assembly. 

9s s 
Steady- 
State - 

2.15 
1.79 
1.85 
1.19 
1.04 
0.47 
0.92 
1.49 
2.78 
3.06 
4.10 
4.81 
6.38 
7.45 
9.25 

10.14 
10.80 
8.59 

5.03 
4.20 
3.24 
3.00 
2.27 

6.67 

4.28 - 



I 

@ Max. 

1 

2 

1 . 5  

Test 
Cycle 

@ M t n .  

3 

2 

0 

NBS 

Or1 ando 
January 

Or1 ando 
Jan. Mod, 

Or1 ando 
A p r l l  

Or 1 ando 
August 

TABLE F4-12 - SUMMARY OF DYNAMIC TEST RESULTS ( P E R I O O i C ) ,  THERMAL LAG 

Thermal Lag, hrs 

Heasured 

C a l i b r a t e d  H o t  % o x  

to vs t1 

@ Max. 

1 

1 . 5  

1 . 5  

2 

0.5 

*Not  avai’lable: 

@ Mln. 

1.5 

1 . 5  

1 

4 

1 

Avg . 
- 

1 . 5  

2 

’1 

3 

0.5 
- 

Heat Flow Meter**  

q s s  ”’ qhfm 

I3 #ax.  

See note  b e n e a t h  Tab le  F4-10Ial. 

I3 H l n .  
Avg . 

**Heat  f l o w  meters were not used on t h l s  wall assembly. 
***Response factor analysis was n o t  performed for t h l s  wall assembly. 

~~ 

Calculated 

Response f a c t o r * * *  

Avg . 

Calc. 
T I  me 

Constant I 
h r s  

0.7 

0.7 

0 . 7  

0.7 

0 . 7  



- m n 
3 
0 

IQ cc 

a 
6 

Test 

TABLE F4-13 - SUMMARY OF DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  REDUCTION I N  AHPLITUDE 

C a l l b r a t e d  H o t  Box Heat F l o w  Meter**  Response Factor * * *  

I Measured, % I Calcu la ted ,  % 

@ Min. Avg. @ Max. @ Mln. 

NBS 

@ Max. @ Min. Avg. 0 Max. 

13 3 7 . 5  

3an. Hod. 18 14 16 

*Not a v a i l a b l e .  See n o t e  beneath Table F4 -10 (a ) .  

***Response f a c t o r  analysls was not  performed for  thls  wall assembly. 
**Heat f l o w  meters were n o t  used on t h l s  wall assembly. 

Or 1 ando 
January I5 

Or 1 ando 

Avg . 

8 1 1 . 5  

Or 1 ando 
April 

Or 1 ando 
August 

* * * 

2 4  7 2  18 



I 
w 
2 
I 

N N  
% 

N W  
Qss 

88 

143 

241 

* 

109 

TABLE F4-14 - SUMARY OF DYMIC TEST RESULTS (PERIODIC), ENERGY EQUIREEENTS 

N 
‘hfm ‘rf 

N 
Qss %s 

Test 
Cycle 

i 
38.4 

(121.3) 

26-0 
(81.9) 

20.7 
(65.3) 

* 

35.4 
(111.7)  

NBS 

Orlando 
January 

Or 1 ando 
Jan. Mod. 

Or 1 ando 
Apri 1 

O r  1 ando 
August 

I 

T *  T -  
qhfm qrf 

, ,. 
, 

Total Energy, 

8 t u l f  t2 ( W *  hr/m2) 

N 
4, 

kasured 1 Calculated 

N * k  
%fm 

T 
qss 

43.3 
(136.51 

20.3 
(89.21 

21.4 
(67.7) 

22.2 
(69.9) 

32.5 
(102.7) 

Total Energy 
Cornpar i sons, 

T 
qY 

qSS 

T 

- 
89 

92 

96 

* 

109 

- 
xNot available. See note beneath Table F4-10(a). 

-esponse factor analysis was not performed for this wall assenbly. 
w t  flow meters Were not used on this w a l l  assenbly. 

c) 

a 
t 
2 
2 
F 

0 

1 
0 
n 
3 

-. 

a 

Net Energy, 

2 2 Btu/f t (U- hr/m ) 

h a s u  red 

6.1 
(19.2) 

-17.4 
(-55 -0) 

-10.6 
(-33.6) 

* 

35.4 
(1 11.71 

Ca 1 cu 1 a ted 

N- 
‘rf 

N 
%S 

6.9 
(21.7) 

-12.2 
(-38.4) 

-4.3 
(-13.6) 

3.9 
(12.3) 

32.5 
(102.7) 

Net Energy 
Carpari sons, 

‘L 



I 
I 
I 
I 
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WALL F5: 2x4-IN. (51x102-MM) WOOD FRAME WITH 
R-11 t 1  BERGLASS INS lnATIOtJ  AHU HARDBOARD SIDITG 

DESCRIPTION: Wood frame wal l  w i t h  f i be rg lass  i n s u l a t i o n  between studs, 
gypsum wal l  board on i n t e r i o r  surface, and hardboard s id ing  
on e x t e r i o r  surface. 

2EFERENCE : Fiora to ,  A. E. and Bravinsky, E., "Heat Transfer 
Characteri s t i c s  o f  Wall s Under Arizona Temperature 
Conditions," Construction Technology Laboratories, Port land 
Cement Association, Skokie, 1981 , 61 pages. 

COMPOSITION: 

1. 7/16-in. (11-mm) Medium Density Hard- 
board S i  d i  ng w i  t h  v e r t i c a l  grooves 
spaced 8 in. (203 mm) on centers 

2 2. 2x4-in. (51x102-mm) Wood Studs a t  
1 6 4  n. (406-mm) center-to-center 

3. 3-1/2-in. (89-mm) R-11 Kra f t  Paper 
Faced F i  berg1 ass Insu la t i on  

4. 1 /2-i n. (1  3-mm) Gypsum Wal lboard 

TABLE F5-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

P r ope r t y  

U n i t  weight, psf  (kglm2) 

Average Thickness, i n .  (mm) 

Area, ft2 (mz)  

Estimated Moisture Content, 
% by ovendry weight 

Measured 
Val ue 

4.7 
(23) 

4.3 
(1 09) 

73.54 
(6.83) 

-- 

construction technology laboratorles 



TABLE F5-2Ia)  - MATERIAL PROPERTIES, R-11  FIBERGLASS INSULATION 

Property 

Nominal Installed Thlckness,  
I n .  (mn) 

Thlckness, as r e c e i v e d ,  i n .  (mm) 

Density, a s  recelved,  p c f  (kg/m3) 

Test  Method 

-- 

ASTM C167 

ASTM C167 

Specimen 
Condi t ton 

Mean 

O F  

("C) 

Temperature, Hea s ured 
Vat ue 



I 
w 
0 
ul 
I 

TABLE F5 -2 (b )  - M A T E R I A L  P R O P E R T I E S ,  HARDBOARD SIDING 

Nominal Thlckness, I n .  (m) 

Measured Thlckness, I n .  (mn) 

D e n s l t y ,  p c f  (kg/m3) 

Test  Method 

-- 

-- 

-- 

Spec Imen 
Cond 1 t 1 on 

Mean 

O F  

( " C )  

Temperature, Measured 
Value 



TABLE F5-3 - DESIGN HEAT TRAt4SMISSION COEFFICIENTS 

Component 

1. Outside A i r  F i lm  

2. 7/16-in. ( l l - m m )  Medium Density 
Hardboard 

3. 3-1/2-in. (89-mm) Wood Stud 

4. 3-1 /2-i n. (89-mm) F i  berg1 ass 
Insu la t i on  

5. 1 /2- i  n. ( 1  3-mm) Gypsum Wall board 

6. Inside A i r  F i lm  

Total  R I 
Total  U I 

R, Thermal Resistance 

Between Framing 
h r -  f t2- 'F/Btu 

0.17 
(0.03) 

0.60" 
(0.11 1 

- 

11 .oo* 
(1.94) 

0.45* 
(0.08) 

0.68 
(0.12) 

12.90 
(2.27)  

0.08 
(0.44) 

A t  Framing 
h r * f t 2 *  "F/Btu 

(m2-K/W) 

0.17 
(0.03) 

0.60 
(0.11 1 

4.3P 
(0.771 

0.45 
(0.08) 

0.68 
(0.12) 

6.28 
(1 .11) 

0.16 
(0.90) 

Source: ASHRAE Handbook o f  Fundamental s, American Society of Heating, 
Ref ri ge ra t i  ng , and A i  r-Condi t i o n i  ng Engi neers, Inc. , New York , 
1977, Chapter 22. 

Adjust f o r  Framing (15.5%): 

U = 0.845 (0.078) + 0.155 (0.159) 

= 0.09 Btu/hr- ft2= "F ( 0.52 W/rn2-  K )  

R = 1/U = 11.04 hr.f t** 'F/Btu (1.94 K*m2/W) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
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I 
w 
0 
U 
I 

Hax. 
O F  

("C) 

74 
(23) 

74 
(24) 

- 

I 
Ain.  
OF 

("C) 

12 
(22) 

70 
(21) 

- 

Q 
Heat F1 ux , 

Btu/hr- f t i  

llaninal Test 
Condition 

= 1020F 
(39%) 

= ($;; 

1 
5.68 

( 17.94) 

-5.94 
(-18.74) 

Design Values - 

TABLE FS-4 - STEADY-STATE TEST RESULTS 

10.04 
(1.77) 

1 1 . 9 %  
(2.11) 

11.04 
(1.94) 

u, 

8tu/ h r  - f t - OF 
2 ( W m  * Kl 

0.10 
(0.57) 

0.m 
(0.471 

0.09 
(0.52) 

M s u r e d  Tenperatures, 

OF 

("C) 
Relative Humidity 

Outdoor 
Chamber, 

x 

*Internal thermocouples were not used for th is  wall assenbjy. 
W t d o o r  chanher re la t ive  humidity was not measured for t h i s  wall a s s h l y .  



120 

90 

Temp I 

OF 60 

30 

0 
0 

60 

30 

AT 
O F  

0 

- 30 

8 16 

Time , hour 

( a )  Measured Temperatures 

Wall F5 
NBS 

50 

25 

24 

30 

I3 

0 

-15 

-30 

AT, 
OC 

- 60 
0 8 16 24 

Time , hour 

(b )  Temperature Differentials 
F i g .  F5-2 Wall F5 Dynamic T e s t  Results for NBS T e s t  Cycle 
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40 - 
- 

- 

30 

I20 

I00 

-a!3 

60 

-40 

20 

I0 

Heat Flux, 

hr-  ft' 
Etu 0 

- 10 

- 20 

-40 

Wal l  F5 
NBS 

1 -20 

Lq." 
hfm 

-40 

-60 

- I20 
- I40 

-50 

Time , hour 

( c )  Heat Flux 

Fig .  F5-2 Wall F5 Dynamic T e s t  R e s u l t s  f o r  NBS T e s t  Cycle 
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PER I ODIC , YES TEST CYCLE TABLE F5-7(a) - DYNMIC TEST RESULTS 
- 

Time 
hr 

Calculated 
Heat Flux, 
Btu/hr  f t 2 

Measured Temperatures, 

*F 
kasured Heat Flux, 

2 Btu/hr = f  t - 
4 f n  

H F H  
Between 
Studs 

- 

qts 
Steady- 
State 

- 

ti 
Indoor 

Air 

- 
a 

q h f a  
HFM 0 
Stud - 

-1.26 
-1.40 
-1.45 
-1 -51 
-1 -53 
-1.38 
-0.80 
-0.06 
0.48 
0.97 
1.48 
1.68 
1 .% 
2.42 
2.63 
2.43 
2.04 
1.47 
0.64 

-0.09 
-0.45 
-0.58 
-0.66 
-1.06 

0.25 

- 
1__ 

to 
Outdoor 

A i  r 

t 2  
Outdoor 
Surf. 

t3* 
[nterna' 

t l  
Indoor 
Surf. 

W** 
Response 
Factor 

9w 
Cali b, 
Hot Boi 

51.7 
49.8 
48.6 
48.4 
48.8 
55.3 
68e6 
78.1 
85.7 
92.8 
98.0 

100.6 
105.8 
111.4 
1'11.1 
106.3 
99.3 
87.9 
75.3 
66.9 
64.1 
63.1 
59.6 
53.3 

~ 

-2.06 
-2.24 
-2.34 
-2.35 
-2.31 
-1 -71 
-0.45 
0.47 
1.22 
1.93 
2.46 
2.72 
3.27 
3.86 
3.82 
3.29 
2.54 
1.37 
0.10 

-0e69 
-0.94 
-0.96 
-1 -35 
-1 -93 

49.8 
47.7 
46e8 
46.7 
47.4 
56.7 
70.7 
80.0 
87.6 
94.9 
99.4 

102.1 
108.3 
113.4 
111.6 
105.8 
97.6 
84.5 
72.0 
64.6 
62.6 
62.6 
56.7 
50.9 

72.9 
72.9 
72.8 
72.7 
72.7 
72.8 
73.1 
73.5 
73.8 
74.1 
74.4 
74.6 
74.8 
75.1 
75.2 
75.1 
75.0 
74.6 
74.3 
73.8 
73.6 
73.4 
73.3 
73.1 

73.1 
73.1 
73.1 
73.1 
73.1 
73.1 
73.1 
73.3 
73.3 
73*4 
73.4 
73.5 
73.6 
73.5 
73.6 
73.5 
73.5 
73.5 
73.4 
73.4 
73.3 
73.3 
73.2 
73.2 

73.3 
- 

-1.44 
-1 -30 
-1.72 
-1.9s 
-1 -72 
-2.46 
-1 -63 
-1.11 
-0.14 
0.74 
1.16 
2.00 
2.60 
2.74 
3.81 
3.95 
3.95 
3.16 
2.27 
1.07 
0.23 
0.28 

-0.42 
-0.42 

0.57 
- 

-1 -46 
-1.73 
-1.91 
-2.07 
-2.15 
-2.16 
-1.90 
-1.20 
-0.37 
0.42 
1.19 
1.79 
2.28 
2.80 
3.30 
3.47 
3.21 
2.68 
1.85 
0.83 
0.05 

-0.46 
-0.76 
-1 .a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

ean - 75.9 76.3 73.8 0.28 0.32 

*Internal themcouples were not used for  t h i s  wall assembly. 

Calibrated Hot  Box Relative Humidity: 

HResponse factor analysis was not perfomed for  this wall assellbly. 

Indoor Chanber - 30% 
Outdoor Chamber - Not measured for  this wall assembly 

Laborawry Air Tear rature: 
Max. - 74OF (23OCY 
Min. - 71°F (22OC)  
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Tina. 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

&an 

TABLE F5-7(b) - DYNAMIC TEST RESULTS (PERIODIC], NBS TEST CYCLE, SI UNITS 

to 
OutdWY 

A i  r 

9.9 
8.7 
0.2 
8.2 
8.6 

13.7 
21.5 
26.7 
30.9 
34.9 
37.4 
38.9 
42.4 
45.2 
44.2 
41 .O 
36.4 
29.2 
22.2 
18.1 
17.0 
17.0 
13.7 
10.5 

24.4 

Measured Temperatures, 

O C  

t2  
Olrtdoor 
Surf. 

10.9 
9.9 
9.2 
9.1 
9.3 

12.9 
20.3 
25.6 
29.8 
33.8 
36.7 
38.1 
41 .O 
44.1 
43.9 
41.3 
37.4 
31.1 
24.1 
19.4 
17.8 
17.6 
15.3 
11.8 

24.6 

t3* 
[nterna' 

t l  
Indoor 
Surf. 

22.7 
22.7 
22.7 
22.6 
22.6 

22.8 
23.1 
23.2 
23.4 
23.6 
23.7 

23.9 
24.0 
23.9 
23.9 
23.7 
23.5 
23.2 
23.1 
23.0 
22.9 
22.8 

22.7 

23.8 

23.2 

- 

ti 
Indoor 

A i  r - 
22.8 
22.8 

22.8 
22.8 
22.8 
22.8 
22.9 
22.9 
23.0 
23.0 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.0 
23.0 
22.9 
22.9 
22.9 
22.9 

23.0 

22.8 

- 
- 

Measured Heat Flux, 

-4.54 
-4.10 
-5.42 
-6.15 
-5.42 
-7.76 
-5.12 
-3.51 
-0.44 
2.34 
3.66 
6.30 
8.20 
8.64 

12.01 
12.45 
12.45 
9.96 
7.1 7 
3.37 
0.73 
0.88 

-1.32 
-1 -32 

1.79 

U h 2  

qhfm 
H F M B  
Stud - 

-3.98 
-4.41 
-4.58 
-4.75 
-4.82 
-4.36 
-2.52 
-0.20 
1.51 
3.06 
4.68 
5.31 
6.18 
7.62 
8.29 
7.67 
6.43 
4.64 
2.00 

-0.30 
-1.43 
-1.84 
-2.07 
-3.33 

0.78 
- 
- 

4 f m  
HFH 

Between 
Studs 

-4.60 
-5.44 
-6.04 
-6.53 
-6.77 
d a83 
-5.99 
-3.79 
-1 -16 
1.34 
3.75 
5.63 
7.19 

'8.83 
10.41 
10.93 
10.1 3 
8.46 

2.62 
0.1 7 

-1 -45 
-2.39 
-3.35 

0.87 

5.83 

Cal cul ated 
Heat F1 ux, 

U/m 2 

q r P  

Response 
Factor 

- 

qss 
Steady- 
State 

-6.50 
-7 06 
-7.38 
-7 41 
-7.29 
-5 39 
-1 -41 
1.47 
3.84 
6.10 
7.76 
8.58 

10.31 
12.1 7 
12.04 
10.39 
8.01 
4.31 
0.32 

-2.17 
-2.97 
-3.03 
-4.25 
-6.08 

1.02 

*Internal theraocouples were not used for t h i s  wall assembly. 
**Response factor analysis was not perfomd for t h i s  wall assembly. 

-31 1- 

constructlon technology laboratories 



I20 

90 

Temp 1 

OF 60 

W a l l  F 5  
January 

0 
0 8 16 24 

Time , hour 

60 

30 

AT 1 

O F  

0 

-30 

( a )  Measured Temperatures 

Wall F5 
January 

to-ti T\ 

50 

25 
Temp 1 

OC 

3 

I 
I 
i -30 

8 16 24 
- 60 

0 

Time hour 
( b )  Temperature Differentials 

FjE;. F5-3 Wall  F5 Dynamic Test  Resu l ts  f o r  Phoenix January Test  Cycle 
construction technology laboratories 

-31 2- 



401 January F5 

Heat Flux, 
Btu 0 

h r - f t 2  

- 10 

- 20 

-30 

-40 

-50 
0 a 16 24 

Time , hour 

I20 

too 

80 

60 

40 

20 

Heat Flux, 
0 -  W 

2 rn 
-20 

- 40 

-60 

- 80 

- 100 

- I20 

- 140 

( c >  Heat F lux  

F j g .  F5-3 !/a11 F5 Dynamic Test Results for  Phoenix January T e s t  Cycle 

-31 3- 
construction technology laboratories 



TABLE F5-8(a) - DYWIC TEST RESULTS (PERIODIC). PHOENIX JANUARY TEST CYCLE 
- 

lime, 
hr 

Cal cul ated 
Heat Flux, 

2 Btu/hr '  ft 

lrleasured Temperatures, kasured b a t  Flux, 
2 Btu/hr'f t 'F - 

t3* 
Internal 

- 

tl  

Indoor 
Surf. 

1_1 

qhfm 

HFH @ 
Stud - 

-1 -14 
-1.19 
-1 -25 
-1 -32 
-1.35 
-1 -40 
-1.42 
-1.36 
-1.07 
-0.72 
-0.25 
0.21 
0.52 
0.70 
0.82 
0.70 
0.22 

-0.23 
-0.45 
-0.65 
-0.81 
-0.93 
-1.03 
-1 .ll 

- 

ti 

Indoor 
Air 

68.3 
68.3 
68.3 
68.3 
68.3 
68.3 
68.3 
68.3 
68.3 
68.3 
68.4 
68.4 

68.5 
68.5 
68.5 
68.5 
68.4 
68.4 
68.4 
68.4 
68.3 
66.4 
68.4 

68.4 

48.5 

difm 
HFn 

Betneen 
Studs 

t0 

Outdoor 
Air 

t 2  
Outdoor 
Surf. 

qrf* 
Response 
Factor 

sw 
Calib. 

Hot Box 

qss 

Steady- 
State 

47.6 
46.7 
45.2 
44.3 
43.9 
43.3 
43.1 
48.4 
54.3 
62.4 
70.8 
76.1 
78.8 
80.9 
80.8 
72.7 
63.7 
59.9 
57.5 
54.2 
52.1 
50.4 
49.3 
48.2 

.. 

49.2 
40.4 
47.1 
46.0 
45.5 
45.0 
44.7 
48.5 
54.2 
61.3 
69.5 
75.3 
78.3 
80.5 
81.1 
75.0 
66.4 
61 .I 
59.2 
56.2 
53.8 
52.1 
50.9 
49.8 

1 
2 -  
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18  
19 
20 
21 
22 
23 
24 

68.1 
68.1 
68.0 
68.0 
67.9 
67.9 
67.9 
67.9 
68.0 
68.2 
68.5 

69.0 
69.2 
69.3 
69.2 
69.0 
68.8 
68.6 
68.5 
68.3 
68.2 
68.2 
68.1 

68.4 

68e8 

- 
- 

-1.73 
-1.77 
-1.82 
-2.00 
-2.04 
-2.04 
-2.26 
-2.30 
-1 .a9 
-1.76 
-1.17 
-0.62 
-0.07 
0.35 
0.52 
0.70 
0.51 

-0.14 
-0.40 
-0.59 
-1 .oB 
-1 -31 
-1 -26 
-1.35 

-1.50 
-1 -60 
-1 -67 
-1.75 
-1.83 
-1.91 
-1.96 
-1 -98 
-1.86 
-1.55 
-1 -08 
-0.48 
0.11 
0.55 
0.87 
1.01 
0.80 
0.34 

-0.1 3 
-0.49 
-0.80 
-1 -05 
-1.25 
-1 -40 

-1 -82 
-1 -89 
-2.00 
-2.10 
-2.14 
-2.1 9 
-2.21 
-1 -86 
-1 -34 
-0.68 
0.10 
0.65 
0.93 
1.14 
1.19 
0.58 

-0.26 
-0.70 
-0.92 
-1.20 
-1 -40 
-1 a 5 5  
-1 -67 
-1.76 - 
-0.96 Mean - 57.3 5 8 e 3  -1 -06 -0.60 - -0.86 

*Internal thermocouples were not used for  t h i s  wall assembly. 

Calibrated Hot Box Relative Humidity: 

VkspOnse factor analysis was not perforrred for  this wall assembly. 

Indoor Chamber - 33% 
Outdoor Chamber - Not measured f o r  t h i s  wall assembly 

Uax. - 73OF (23'CY 
Min. - 71°F (22%) 

Laboratory Air Tern rature: 

-31 4- 
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TABLE F5-8Ib) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE. SI UNITS 

Tim, 
hr  

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

k a n  - 

t0  

Outdoor 
A i r  

8-7 
8.2 
7.3 
6.8 
6.6 
6.3 
6.2 
9.1 

12.4 
16.9 
21.6 
24.5 
26.0 
27.2 
27.1 
22.6 
17.6 
15.5 
14.2 
12.3 
11.2 
10.2 
9.6 
9.0 

14.0 - 

Measured Temperatures . 
*C 

t 2  
Outdoor 
Surf. 

9.6 
9.1 
8.4 
7.8 
7.5 
7.2 
7.1 
9.2 

12.3 
16.3 
20.8 
24.1 
25.7 
26.9 
27.3 
23.9 
19.1 
16.5 
15.1 
13.4 
12.1 
11.2 
10.5 
9.9 

14.6 

t3* 
Internal 

tl 
Indoor 
Surf. - 
20.1 
20.1 
20.0 
20.0 
19.9 
19.9 
19.9 
19.9 
20.0 
20.1 
20.3 
20.4 
20.6 

20.7 
20.7 
20.6 
20.4 
20.3 
20.3 
20.2 
20.1 
20.1 
20.1 

20.2 

20.7 

- 
- 

- 

ti 
Indoor 

A i r  - 
20.2 
20.2 
20.2 
20.2 
20.2 
20.2 
20.2 
20.2 
20.2 
20.2 
20.2 
20.2 
20.3 
20.3 
20.3 
20.3 
20.3 
20.2 
20.2 
20.2 
20.2 
20.2 
20.2 
20.2 

20.2 

- 

Measured Heat Flux, 

9w 
Calib. 
Hot Box 

-5.46 
-5.59 
-5.73 
-6.30 
-6.43 
-6.43 
-7.13 
-7.26 
-5.98 
-5.57 
-3.68 
-1.95 
-0.21 
1.10 
1.64 
2.19 
1.62 

-0.43 
-1 -28 
-1.85 
-3.41 
-4.14 
-3.98 
-4.26 

-3.35 

W h 2  - 

qhfm 
me 
Stud - 

-3.60 
-3.76 
-3.94 
-4.16 
-4.27 
-4.41 
-4.47 
-4.28 
-3.38 
-2.28 
-0.80 
0.65 
1.64 
2-22 
2.60 
2.20 
0.68 

-0.72 
-1 -42 
-2.05 
-2.57 
-2.92 
-3.24 
-3.50 

-1.91 

- 

9 ; ; h  
HFn 

Between 
Studs 

-4.73 
-5.05 
-5.27 
-5.53 
-5.78 
-6.02 
4 . 1 8  
-6.25 
-5.85 
-4.90 
-3.42 
-1.51 
0.36 
1.75 
2.76 
3.18 
2.53 
1.08 

-0.42 
-1.55 
-2.51 
-3.32 
-3.93 
-4.42 

-2.71 

Calculated 
Heat Flux, 

Y h 2  

W** 
hsponse 
Factor 

9SS 

Steady- 
State 

-5.73 
-5.96 
-6.31 
-6.63 
-6.75 
-6.89 
-6.98 
-5.87 
-4.21 
-2.13 
0.31 
2.05 
2.95 
3.59 
3.76 
1.83 

-0.81 
-2.19 
-2.89 
-3.77 
-4.43 
-4.90 
-5.26 
-5.55 

-3.03 

*Internal themcouples were not used for this wall assembly. 
**Response factor analysis was not perfomed for t h i s  wall assembly. 
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Tine, 
h r  

I Btu Jhr f t 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

t3* 
Internal 

ban  

tl ti 
Indoor Indoor 
Surf. Air 

13.4 73.4 
73.3 73.4 
73.2 73.3 
73.2 73.3 
73.1 13.3 
73.1 73.3 
73.2 73.3 
73.4 73.4 
73.6 73.4 
73.9 73.5 
74.1 73.5 

TABLE F5-9(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE 

-0.99 
-1 -06 
-1.11 
-0.92 
-0.63 
-0.10 
0.38 
0.73 
0.96 
1.16 
1.39 
1.56 
1.76 
1.88 
1.64 
1.12 
0.62 
0.25 

-0.03 
-0.25 
-0.43 

to 
Outdoor 

A i  r 

-1.28 
-1.41 
-1.53 
-1.53 
-1.34 
-0.90 
-0.31 
0.31 
0.81 
1.19 
1.55 
1.86 
2.13 
2.39 
2.39 
2.05 
1.49 
0.91 
0.42 
0.00 

-0.33 

59.7 
57.6 
56.3 
55.2 
53.6 
56.3 
60.7 
69.7 
78.6 
84.4 
87.8 
90.9 
94.5 
97.2 
99.8 

102.8 
100.5 
91.8 
82.8 
77.0 
72.2 
68.6 
65.8 
62.9 

74.3 
74.5 
74.6 
74.7 
74.9 
74.9 
74.0 
74.5 
74.3 
74.1 

76.1 

73.5 
73.6 
73.6 
73.5 
73.7 
73.7 
73.6 
73.6 
73.5 
73.5 

Measured Temperatures, 

OF 7-r 
t 2  

Outdoor 
Surf. 

61.8 
59.3 
57.8 
56.8 
55.2 
56.8 
61 .O 
68.2 
77.1 
83.3 
86.9 
89.9 
93.3 
96.2 
98.4 

101.5 
100.8 
93.6 
85.1 
78.8 
74.0 
70.2 
67.4 
64.5 

76.6 

73.9 73.4 

73.6 73.4 
I 73.7 I 73.4 

I 73.9 I 73.5 
1 I 

9n 
Calib. 

Hot Bor 

-0.17 
-0.34 
-0.86 
-0.81 
-1.32 
-1 -27 
-1.64 
-1 -08 
-0.71 
-0.06 
0.63 
1 .oo 
1.45 
1.82 
2.23 
2.59 
3.06 
2.83 
2.59 
1.75 
1.39 
0.78 
0.46 
0.09 

0.60 

-0.62 -0.63 
-0.76 -0.87 
-0.90 I -1.09 

+ 
0.24 1 0.26 

*Internal thennocouples were not used for t h i s  wall assembly. 

Calibrated Hot  Box Relative Humidity: 

**Response factor analysis was not p e r f o w d  for  this wall asserpbly. 

Indoor Chamber - 30% 
Outdoor Chamber - Not measured for t h i s  wall assembly 

Laboratory Air Temperature: 
Mx. - 74OF (23OC) 
Min. - 72.F (22.C) 

Calculated 
tkat  F1 ux, 

2 Btu/hr-f t 

qr f)* 
Responsr 
Factor 

qss 

Steady- 
state 

-1 -15 
-1 -38 
-1 -51 
-1.61 
-1 -75 
-1 -60 
-1.20 
-0.52 
0.35 
0.96 
1.31 
1.61 
1.95 
2.25 
2.47 
2.79 
2.71 
1.95 
1.08 
0.46 

-0.01 
-0.37 
-0.63 
-0.90 

0.30 
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Ti*, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

TABLE F5-9(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE, SI UNITS 

t0  

Outdoor 
A4 r 

15.4 
14.2 
13.5 
12.9 
12.0 
13.5 
15.9 
20.9 
25.9 
29.1 
31 .O 
32.7 
34.7 
36.2 
37.7 
39.3 
38.1 
33.2 
28.2 

22.3 
20.3 
18.8 
17.2 

- 

25.0 

24.5 

Measured Temperatures , 

t 2  

Outdoor 
Surf. 

16.6 
1 5 2  
14.3 

12.9 
13.8 
16.1 
20.1 
25.1 
28.5 
30.5 
32.2 
34.1 
35.7 
36.9 
38.6 
30.2 
34.2 
29.5 
26.0 
23.3 
21.2 
19.7 
18.1 

13.8 

24.8 

*C - 

t3* 
Internal 

- 

t l  
Indoor 
Surf. - 
23.0 
22.9 
22.9 
22.9 
22.8 
22.8 
22.9 
23.0 

23.3 

23.5 
23.6 
23.7 
23.7 
23.0 
23.8 
23.8 
23.6 
23.5 
23.4 
23.3 
23.2 
23.1 

23.1 

23.4 

23.3 - 

- 

ti 
Indoor 

A i  r - 
23.0 
23.0 
22.9 
22.9 
22.9 
22.9 
22.9 
23.0 
23.0 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23.2 
23.2 
23.1 
23.1 
23.1 
23.1 
23.0 
23.0 
23.0 

23.0 - 

Measured Heat Flux,  

9w 
Calib. 

Hot Box 
. .  

-0.53 
-1 -07 
-2.73 
-2.57 
-4.18 
-4.01 
-5.19 
-3.41 
-2.24 
-0.19 
1.99 
3.14 
4.57 
5.74 
7.02 
8.18 
9.65 
8.91 
8.1 7 
5.53 
4.37 
2.47 
1.45 
0.28 

1.89 

U/n2 - 

qhf. 

HM 0 
Stud - 

-1.97 
-2 - 41 
-2.04 
-3.12 
-3.34 
-3.49 
-2.90 
-1.99 
-0.32 
1.20 
2.29 
3.02 
3.67 
4.38 
4.93 
5.55 
5.93 
5.17 
3.54 
1.97 
0.79 

-0.08 
-0.79 
-1.36 

0.74 

$fin 

HFM 
Between 
Studs 

-1 -99 
-2.74 
-3.45 
-4.03 
-4.45 
-4.83 
-4.81 
-4.23 
-2.85 
-0.97 
0.97 
2.55 
3.75 
4.89 
5.85 
6.72 
7.54 
7.53 
6.47 
4.69 
2.86 
1.32 
0.00 

-1.06 

0.82 

Cal cul ated 
Heat Flux,  

Y/R2 

%f** 
Response 
Factor 

qss 

Steady- 
State 

-3.61 
-4.34 
-4.76 
-5.07 
-5.52 
-5.03 
-3.79 
-1 a63 
1.12 
3.02 
4.14 
5.07 
6.14 
7.09 
7.80 
8.79 
8.55 
6.15 
3.42 
1.44 

-0.03 
-1.17 
-1 -98 
-2.85 - 
0.96 

*Internal themcouples were not used for  t h i s  wall assembly. 
-Response factor analysis was not per fomd for  t h i s  wall asseably. 
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Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

TABLE F5-10(a) - DYNAMIC TEST RESULTS [PERIODIC), PHOENIX AUGUST TEST CYCLE 

- 

t0 

u tdoor 
A1 r - 

80.9 
79.4 
78.0 
77 .O 
75.8 
78.3 
85.9 
93.7 
99.0 
02.1 
04.5 
06.5 
08.6 
10.4 
13.2 
15.6 
12.0 
04.0 
96.5 
91.1 
88.4 
86.7 
84.4 
82.6 

93.9 
- 
- 

Measured Temperatures . 
'F - 

t 2  
Outdoor 
Surf. 

81.9 
80.4 
79.0 
77.9 
76.8 
78.1 
84.3 
91.9 
97.6 

100.9 
103.5 
105.4 
107.5 
109.2 
111.6 
114.2 
11 2.2 
105.4 
98.1 
92.3 
89.2 
87.5 
85.3 
83.5 

93.9 

t3* 
Internal 

- 

tl  
Indoor 
Surf. - 
78.6 
78.6 
78.5 
78.5 
78.4 
78.4 
78.6 
78.8 
79.1 
79.2 
79.3 
79.5 
79.6 
79.7 
79.8 
79.9 
80.0 
79.7 
79.5 
79.3 
79.1 
78.9 
78.9 
78.8 

79.1 
- 
- 

- 

ti 
Indoor 

Air - 
78.1 
78.1 
78.1 
78.1 

78.2 
78.2 
78.2 
78.2 
78.3 
78.3 
78.3 
78.3 
78.3 
78.3 
78.4 
78.3 
78.3 
78.3 
78.2 
78.2 
78.2 
78.2 
78.2 

78.1 

- 
78.2 - 

Measured Heat Flux. 
2 B t u / h r *  f t 

qw 
Calib. 

H o t  Box - 
0.38 
0.34 

-0.02 
-0.25 
-0.48 
-0.66 
-0.66 
-0.28 
0.27 
1.05 
1.37 
1.55 
1.92 
2.41 
2.49 
2.68 
3.61 
3.33 
2.77 
1.93 
1.38 
1.01 
0.88 
0.42 

1.14 
- 
- 

- 

qhfm 
H F W B  
Stud - 
0.29 
0.20 
0.09 
0.02 

-0.05 
-0.08 
0.12 
0.57 
1.03 
1.32 
1.54 
1.71 
1.86 
1.99 
2.15 
2.36 
2.43 
2.09 
1.61 
1.16 
0.84 
0.68 
0.53 
0.41 

1.04 
- 
- 

*Internal thermocouples were not used for t h i s  wall assembly. 

Calibrated Hot  Box Relative Hmiditd: 

"Response factor analysis was not performed for  t h i s  wall a s s d l y .  

Indoor Chamber - 31% 
Outdoor Chamber - Not measured for  th is  wall assembly 

Laboratory Air Ten rature: 
Max. - 73OF (t30CPe 
Hin. - 71OF (21%) 

- 
#flu 

HFH 
Between 
Studs 

0.48 
0.32 
0.1 8 
0.05 

-0.06 
-0.1 7 
-0.1 2 
0.21 
0.75 
1.39 
1.73 
2.05 
2.32 
2.55 
2.76 
2.99 
3.27 
3.15 
2.68 
2.11 
1.55 
1.17 
0.88 
0.65 

1.37 

Calcul ated 
Heat F1 ux, 
Btulhr-  ft2 

qrf- 
Response 
Factor 

- 

qss 

Steady- 
State 

0.34 
0.18 
0.05 

-0.06 
-0.1 6 
-0.03 
0.59 
1.36 
1.94 
2.29 
2.56 
2.75 
2.97 
3.15 
3.40 
3.69 
3.45 
2.73 
1.95 
1.35 
1.05 
0.89 
0.66 
0.48 

1.57 
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TABLE F5-10(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX AUGUST TEST CYCLE. $1 UNITS 

Ti=, 
hr 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

to 
Outdoor 

A4 r 

27.2 
26.3 

25.0 
24.3 
25.7 
29.9 
34.3 
37.2 
38.9 
40.3 
41.4 
42.6 
43.6 
45.1 
46.4 
44.4 
40.0 
35.8 
32.8 
31 03 
30.4 
29.1 

25.6 

28.1 

34.4 

basured Temperatures, 

9c 

t 2  
Outdoor 
Surf. 

t3* 
Internal 

27.7 
26.9 
26.1 
25.5 
24.9 
25.6 
29.1 
33.3 
36.4 
38.3 
39.7 
40.8 
41 "9 
42.9 
44.2 
45.7 
44.6 
40.8 
36.7 
33.5 
31.8 
30.8 
29.6 
28.6 

34.4 

t 1 
Indoor 
Surf. - 
25.9 
25.9 
25.8 
25.8 

25.8 
25.9 
26.0 
26.2 
26.2 
26.3 
26.4 
26.4 
26.5 
26.6 
26.6 
26.7 
26.5 
26.4 
26.3 
26.2 
26.1 
26.1 
26.0 

25.8 

- 
26.2 

- 

ti 

Indoor 
A i  r 

25.6 
25.6 
25.6 
25.6 
25.6 
25.7 
25.7 
25.7 
25.7 
25.7 

25.7 
25.7 
25.7 
25.7 
25.8 
25.7 
25.7 
25.7 
25.7 
25.7 
25.7 
25.7 
25.7 

25.7 

- 

25*7 

- 
- 

Measured Heat Flux, 
2 

Wlm 
~ 

9rr 
Calib. 

Hot Box 
~ 

1.21 
1.08 

-0.07 
-0.78 
-1 -52 
-2.09 
-2.07 
-0 89 
0.86 
3.32 
4.31 
4.80 
6.04 
7.61 
7.86 
8.44 

11.38 
10.51 
8.73 
6.10 
4.36 
3.20 
2.79 
1.34 

3.61 - 

I 

qhfr 
HFnB 
Stud - 
0.93 
0.62 
0.29 
0.07 

-0.16 
-0.25 
0.39 
1.81 
3.24 
4.18 
4.86 
5.40 
5.88 
6.29 
6.77 
7.46 
7.67 
6.58 
5.06 
3.61 
2.66 
2.1 5 
1.66 
1.30 

3.27 - 

b i f m  
HFn 

B e w e n  
Studs 

1 S O  
1.02 
0.56 
0.16 

-0.20 
-0.53 
-0.39 
0.67 
2.36 
4.40 
5.47 
6046 
7.32 
8.03 
8.69 
9.44 

10.31 
9.92 
8.46 
6.65 
4.90 
3.69 
2.77 
2.06 

4.32 

Cal cul ated 
Heat f lux ,  

U/P2 

qrf* 

Response 
Factor 

qss 
Steady- 
State 

1.07 
0.58 
0.16 

-0.19 
-0.51 
-0.10 
1.85 
4.30 
6.12 
7.21 
8.07 
8.67 
9.36 
9.93 

10.74 
11.62 
10.88 
8.60 
6.16 
4.27 
3.30 
2.80 
2.08 
1.52 

4.94 

*Internal themcouples were not used for th is  wall assembly. 
*rResponse factor analysis uas not perfomed for t h l s  wall assembly. 
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TABLE F5-12 - SUMMARY OF O Y N A M I C  TEST RESULTS ( P E R I O D I C ) ,  THERMAL LAG 

Thermal Lag, hrs - 
Measured 

1 

Cycle 
Test  I C a l l b r a t e d  Hot Box 1 Heat Flow Meter 

@ Stud 

(BHax. 
H8S I 

Phoen 1 x 
January 0 . 5  

Phoen 1 x 
Apr t  1 0.5 

Phoen 1 x 
August 1 

0 . 5  I 2.5  

0 1 

0.5 1 

0.5 1 

@ Mln. 

2 . 5  

1 . 5  

2 

1 . 5  

Avg- I@Max. 

I 
@ M i n .  

Avg * 

Heat Flow Fleter 
Between Studs 

Q Max. 

2 

1 

1 . 5  

1 

@ Mln. 

2 

7 

1 . 5  

1 

Avg . 

2 

1 

1.5 

1 

Calc. 
TIRE 

Constant, 
hrs 

0 .5  

0 . 5  

0.5 

0.5 



TABLE F5-73 - SUMMARY OF DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  REDUCTION I N  AHPCITUOE 

1 5  

18 

1 

-5  7 

1 Reduction l n  Amplitude, X 
I 1 

9 

10 

13 

10 

Heat  F l o w  Meter 
Between Studs 

Heat F l o w  Meter 1 @ Stud 
1 l;z:e I Caltbrated Hot Box 

10 

12 

1 4  

10 

I 
w 
1u 
m 
t 

NBS 

Phoent x 
January 

Phoen 1 x 
A p r l l  

Phoenix 
August 

@ Max. @ Mln. 

-1 3 

7 

-9 

-4  



I 
w 
ru m 
I 

Total Energy 
Carpar i sons, Net Energy, Total Energy, 

TABLE FS-14 - SUMWRY OF OYHlwIC TEST RESULTS (PERIODIC), ENERGY REQUIRERENTS 

Net Energy 
Carpari sons, 

calc. 

N 
qss 

7.7 
(24.4) 

-23.1 
(-72.9) 

7.3 
122.9) 

37.6 
( I  18.6) 

I x 

N W  
%s 9,s 

178 18 

110 63 

197 78 

73 66 

Cycle 

YBS 

Phoenix 
January 

Phoenix 
April 

6.0 
(18.8) 

-14.5 
(-45.8) 

5.7 
(17.8) 

kasured 1 calc. I -T 

6.6 
(20.9) 

-20.6 
(-65.0) 

6.3 
(19.8) 

YI 

Qss 
, T  

7 

91 

92 

30.9 21.3 28.7 32.5 95 
(91.6) I (67.0) I (90.6) I (102.611 

T I8 

'hfm - 
T 

%S 

66 

65 

66 

Phoenix I 32.1 I 25.1 I 33.6 I 38.1 I 84 I 66 
k g u s t  (101.4) (79.3) (106.0) (120.1) 

27.4 
(86.6) 

Measured 

Y l z  (78.5) (103.8) 



I 
I 

Average Thickness, in. (mm) 

WALL V1: 10-IN. (254-MM) BRICK VENEER 

9.2 
( 234 1 

DESCRIPTION: I 

A i r  Space Thickness, in. (mn) 

Area*, f t 2  (m2) 

Moisture Content,* % by 
ovendry we4 g h t  

REFERENCE: 

1 .o 
(25)  

73.78 
(6.85) 

1.8 

COMPOSITION: I 
I 
B 
I 
I 
I 

r 5  
1 - 7  

Wood frame w i  t h  i n s u l a t i o n  between studs, gypsum wal l  board 
on i n t e r i o r  surface, and plywood cedar s i d i n g  on exterior 
surface; with a c l a y  b r i c k  veneer appl ied 1-in. (25-mm) from 
the cedar s i  d i  ng . 
Fiorato,  A. E. and Cruz, C. R., "Thermal Performance of 
Masonry Wall s ,I' Research and Development Bul l e t i  n RD071, 
Port land Cement Association, Skokie, 1980, 17 pages. 

1. 4x2-1/2x&-in. (102x64x203-mm) Clay Br ick - 10 cores 
per b r i c k  

2. 

3. 

4. 

5. 

6. 

7. 

Type M Mortar: one p a r t  por t land cement, one- 
quarter p a r t  l i m e ,  and three pa r t s  masonry sand 
vol ume 

Corrugated Metal Ties 

5/8-i n. (1 6-m) Plywood Cedar S i  d i  ng 

2x4-in. (51x102-mm) Wood Studs spaced 16 in. (406 

3-1 /2-i  n. (89-m) R-1 1 F i  berg1 ass 61 anket Insu l  a t  

1 /2 - i  n. (1  3-m) Gypsum Wall board painted 

on centers 

faced w i t h  k r a f t  paper 

I 
I 
I 
I 
I 
8 

Property I Measured 

I 
I I 

*Area i s  average o f  b r i c k  and wood frame surface areas. 
*Measured on masonry, i nc lud ing  mortar j o i n t s ,  a f t e r  test .  

mm) 

on 

corrstrociion fechnology laboratories 
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TABLE V l - 2  - MATERIAL PROPERTIES, CLAY B R I C K  

I w 
Iu 
a3 
1 

n 
0 

5 
; 2 

a 

Property 

Standard Dimenslons, i n .  (m) 

Measured Dimenslons, i n .  (m) 

Percent Sol i d  Volume 

Ovendry Unl t Welght , p c f  (kg/m3) 

Moisture  Content, X ovendry weight 

Absorption, X ovendry welght 

~~ 

T e s t  Method 

-- 

ASTM C67 

-- 

-- 

ASTM C67 

ASTH C67 

Hean 

O F  

( " C )  

Temperature , 

~~~ 

Hea s u red 
Value 

3 - 3 / 4 ~ 2 - 1 / 4 ~ 8  
( 9 5 x 5 7 ~ 2 0 3 )  

-- 

75 

151 
( 241 9) 

0 

1 .8  



TABLE V1-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

1. Outside A i r  F i lm 

2. 4x2-1/2x8-i n. (1 02x64~203-mm) 
Clay Brick 

3. 1-in. (25-mm) A i r  Space 

4. Wood Stud Wall F3, adjusted f o r  
f rami ng 

5. Inside A i r  F i lm 

I 

R, 
Thermal Resistance 

h r =  f t2- "F/Btu 
(m2gK/W) 

0.17 
(0.03) 

0.44" 
(0.08) 

(0.17) 

10.51 
(1.85) 

0.68 
(0.12) 

0.97** 

Total R 12.77 I (2 .25)  ' 

Total U 0.08 
(0.44) 

*Source : 

**Source : 

Heat Transmission Coeff ic ients o f  Brick Masonry Walls, 
Technical Notes on Brick Construction No. 4. Br ick  
I n s t i t u t e  o f  America, McLean, Virginia,  August/September 
1974. 

ASHRAE Handbook of Fundamental s, American Society of 
Heati ng , Refr i  gerat i  ng, and A i  r-Condi ti oni ng Engi neers, 
Inc., New York, 1977, Chapter 22. 
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TABLE V1-4 - STEADY-STATE TEST RESULTS 

Measured Tenperatures, 

9 

Heat Flux, 

2 
Btu/hr-ft  

(Wrn2) 

RT 8 

2 hr-ft *OF/Btu 

(m -K/W) 
2 

Re1 at i ve 
M i d i  tykk 

Haninal Test 
Condition 

t3* 
Internal 

t. 

Indoor 
hi r 

1 
Indoor 

: W e r  
'L 

Outdoor 
Chamber, 

'L 

t2 
Dutdoor 
Surface 

123 
(511 

95 
(351 

39 
(4) 
-3 

I-21) 
- 

Jutdoor 
Air 

Indoor 
Surface 

3.1 
(11.6) 

1.4 
(4 * 41 

-2.4 
(-7 1 7) 

-4.6 
(-1 4.6) 

- 

14.29 
(2.521 

16.32 
(2.87) 

13.86 
(2.441 

16.96 
(2.991 

12.77 
I2.251 

12s 
(52) 

95 
(35) 

31 
( 3 )  

-a 
(-221 
- 

= 99OF 
(37OC) 

$,, = 84OF 
( 2 9 O C )  

$,, = 55zF 
(13 C) 

$,, = 33'F 
(0°C) 

Design Values 

0.07 
(0.40) 

0.06 
(0.35) 

0.07 
(0.41) 

0.06 
(0.331 

0.08 
(0.441 

I 
w 
w 
0 
1 

*Internal thermocouples were not used for t h i s  wall assenbly. 
**Relative hunidity was not measured for th is  wall assenbly. 



I 
I 
I 
I 
I 
I 
I 

120 

90 

Temp, 

OF 60 

30 

0 

- 50 
Wall V I I 

25 

0 8 16 24 

Time , hour 

( a )  Measured Temperatures 

30 

- 30 

15 

0 

- I5 

I I 

0 8 16 24 
I 

-50 

Time ) hour 

( b )  Temperature Differentials 

F ig .  V 1 - 2  Wall V 1  Dynamic T e s t  Resu l t s  f o r  NBS Test Cycle 
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4€ - 
- 

- 

x 

120 

I00 

- 8 0  

60 

-40 

2c 

- 

10 

Heat Flux, 
Btu 0 

hr*ft2 

- 10 

-140 

- 20 

-40 

-50 

3 

Wall V I  
NBS 

I 

- 

- 

p s  

1 -2Q 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 

constructlon technology laboratories 

0 0 I6 24 

Time , hour 

( c )  Heat Flux  

F i g .  V1-2 Wall V 1  Dynamic Test Results for NBS T e s t  Cycle 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

qw 
Cali b. 

Hot Box 

-0.37 
-0.56 
-0.74 
-1.06 
-1.48 
-1.34 
-1.48 
-1.48 
-2.17 
-2.04 
-1.53 
-1.25 
-0.69 
-0.46 
-0.09 
0.09 
0.18 
0.56 
0.69 
0.51 
0.51 
0.51 
0.00 

-0.14 

~ 

Time, 
h r  1 

qhfm* 9hfm" 
HFM 8 HFM Q 

Indoor Outdoor 
Surf. Surf. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Can 

TABLE V1-7(a) - DYNAMIC TEST RESULTS (PERIODIC). NBS TEST CYCLE 

to 
Outdoor 

A i  r 

48.6 
47.4 
47.3 
47.5 
52.1 
64.6 
71.7 
79.3 

91.1 
94.6 
98.9 

105.9 
106.2 
102.6 

97.0 
86.5 
73.9 
66.6 
64.6 
62.6 
58.9 
52.1 
49.1 

85.2 

73.1 

Measured Temperatures, 

O f  

t 2  

Outdoor 
Surf. 

58.3 
56.4 
55.1 
54.1 
54.3 
61 .O 
65.5 
70.6 
74.6 
79.5 
83.4 
87.3 
92.8 
95.5 
95.5 
93.9 
89.3 
82.3 
76.9 
73.7 
70.7 
68.5 
63.1 
60.5 

73.4 

t3* 
Internal 

- 
t l  

Indoor 
Surf. 

72.1 
72.0 
71.7 
71.8 
71.7 
71.6 
71.6 
71.8 
71.6 
71.6 
71.8 
71.9 
72.0 
72.2 
72.3 
72.4 
72.7 
72.6 
72.6 
72.6 
72.6 
72.5 
72.3 
72.1 

72.1 

ti 

Indoor 
A i  r - 

71.6 
71.5 
71.6 
71.5 
71.2 
71.5 
71.5 
71.8 
71.6 
71.3 
71.6 
71.6 
71.7 
71.8 
71.8 
71.7 
71.5 
71.5 
71.7 
71.6 
72.0 
71.9 
71.8 
71.5 

71.6 

Measured Heat F l u x ,  
2 Btu lh r - f t  

I -0.58 I 

Cal cul ated 
Heat F1 ux, 
Btu/hr'f t 2 

. .  

qrf** 
Response 
Factor 

0.06 
-0.03 
-0.44 
-0.56 
-0.61 
-1.16 
-1 .OO 
-1.22 
-0.84 
-0.52 
-0.60 
-0.22 
0.02 
0.29 
0.67 
0.99 
1.37 
1.29 
1.27 
1.27 
0.76 
0.86 
0.63 
0.58 

0.12 

- 
qss 

5 t e  ady - 
State  

-0.92 
-1.04 
-1 . l l  
-1 -1.8 
-1.17 
-0.71 
-0.41 
-0.08 
0.20 
0.53 
0.78 
1.03 
1.40 
1.56 
1.55 
1.44 
1 . l l  
0.65 
0.29 
0.07 

-0.13 
-0.27 
-0.62 
-0.78 

0.09 

*Internal thermocou l e s  and heat flow meters were not used on this wall assembl . 
*Response f ac to r  v a h e s  supplied by Ken Childs. ORNL. Values calculated using i BS Reponse 

Factor Program by Peavy. 

Indoor Chamber - Not measured f o r  this wall assembly 
Outdoor Chamber - Not  measured f o r  this wall assembly 

Max. - 8l0F (27OCr 
Min. - 63OF (17OC) 

Calibrated Hot Box Relative Humidity: 

Laboratory Air Tern erature:  
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TABLE V1-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS 

Calculated 
Heat F1 ux, 

W/m 2 
Measured Temperatures, Measured Heat Flux, 

W/m2 

qhfm* 
HFH [9 

Indoor 
Surf. - 

Time,  
h r  

- 

tl  
Indoor 
Surf. 

t 0  

Outdoor 
A l  r 

I 

qhfm* 
HFM @ 

Ou tdoor 
Surf. 

W** 
Response 
Factor 

t 2  
lutdoor 
Surf. - 
14.6 
13.6 
12.8 
12.3 
12.4 
16.1 
18.6 
21.4 
23.7 
26.4 
28.5 
30.7 
33.8 
35.3 
35.3 
34.4 

27.9 
24.9 
23.1 
21.5 
20.3 
17.3 
15.8 

31 .a 

- 
23.0 

9w 

Calib. 
4ot Box 

t3* 
Internal 

ti 

Indoor 
A i  r 

9s s 
S t e  ady - 
State  

0.19 
-0.09 
-1.39 
-1.77 
-1.92 
-3.66 
-3.16 
-3.85 
-2 65 
-1.64 
-1.89 
-0.69 
0.06 
0.91 
2.11 
3.12 
4.32 
4.07 
4.01 
4.01 
2.40 
2.71 
1.99 
1.83 

-2.90 
-3.29 
-3.51 
-3.74 
-3.67 
-2.24 
-1.28 
-0.25 
0.63 
1.67 
2.45 
3.25 
4.40 
4.93 
4.89 
4.53 
3.51 
2.04 
0.90 
0.23 

-0.40 
-0 -85 
-1.95 
-2.46 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
15  
16 
17 
1 8  
19 
20 
21 
22 
23 
24 

9.2 
8.6 
8.5 
8.6 

11.2 
18.1 
22.1 
26.3 
29.6 
32.9 
34.8 
37.2 
41.1 
41.2 
39.2 
36.1 
30.3 
23.3 
19.2 
18.1 
17.0 
15.0 
11.2 
9.5 

22.3 
22.2 
22.1 
22.1 
22.0 
22.0 
22.0 
22.1 
22.0 
22.0 
22.1 
22.2 
22.2 
22.3 
22.4 
22.4 
22.6 
22.6 
22.6 
22.5 
22.6 
22.5 
22.4 
22.3 

22.0 
21.9 
22.0 
21.9 
21.8 
21.9 
21.9 
22.1 
22.0 
21.8 
22.0 
22.0 
22.0 
22.1 
22.1 
22.1 
21.9 
22.0 
22.0 
22.0 
22.2 
22.2 
22.1 
21.9 

-1 el7 
-1.75 
-2.34 
-3.36 
-4.67 
-4.23 
-4.67 
-4.67 
-6.86 
-6.42 
-4.82 
-3.94 
-2.19 
-1.46 
-0.29 
0.29 
0.58 
1.75 
2.19 
1.61 
1.61 
1.61 
0.00 

-0.44 

0.38 0.29 Mean 22.8 22.3 -1.82 - 22.0 

i 'Internal t h e m c o u  l e s  and heat flow meters were not used on t h i s  wall assembl 
**Response fac to r  vafues supplied by Ken Childs, ORNL. Values calculated using i s  Response 

Factor Program by Peavy. 
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TABLE V1-12 - SUM#ARY OF DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  THERMAL LAG 

Thermal Lag, hrs 

Measured Ca 1 cu 1 at ed 

Response Factor Callbrated Hot Box Heat F l o w  Meter* Test 
Cycle 

4,s vs  9, 'ss vs  'hfm 9,s "' %f to vs tl 
Avg . . Avg. . Avg . 

@ Max. @ Mln. @ Max. @ H i n .  @ Max. @ Min. @ Max. @ Mln. 
I 

NBS 3 3.5 4.5 5 4 - - - 2.5 3 3 

Calc . 
Tlme 

Constant , 
hrs 

1.7 

*Heat f l o w  meters were not used on t h l s  wall assembly. 

Measured, % 

I 
w 

Calculated, 96 

TABLE V1-73 - SUMMARY OF DYNAMIC T E S T  R E S U L T S  ( P E R I O D I C ) ,  REDUCTION I N  A M P L I T U D E  

Test Cycle 

NBS 

I Callbrated Hot Box Heat Flow Meter* Response Factor 

d Max. @ Min. Avg. @ Max. @ Mln.  Avg. @ Max. @ Mln. Avg. 

74 -25 -6 - - - 1 5  - 6  5 

"Heat flow meters were n o t  used on this wall assembly. 



I 
W 
w 
m 
I 

Total Energy 
COnparisons, 

% 

Total Energy, 

Btu / f t  (W*hr/m ) 2 2 

Test 
Cycle Heasu red Cal cu 1 a ted T T T 

’ %I qhfm ‘rf 

T *  T T T T 1 d ‘hfm ‘rf 4SS Qss qss Qss 

NBS 19.9 17.3 19.0 105 91 
(62.91 (54.5) (60.0) 

TABLE V1-14 - SlJRMRY OF D Y M I C  TEST RESULTS (EREOQIC), EIQERGY REQULREENTS 

Net Energy 
CaFparisons, 

x 
Net Energy, 

2 2 
Btu/ft (Whr/m 1 

Pleasured calculated N N  N - t %fnl Qrf . 

N N N  N *  N H d ‘hfm Qrf Qss 9,s 9,s qss 

-13.8 2.9 2.2 -630 132 
(-43.6) (9.0) (6.9) 




