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CAhXFlRATED HOT BOX TEST RESULTS 

DATA MANUAL - VOI-UME 1 

by 

M .  6. Van Geem* 

ABSTRACT 

T h i s  manual summarlzes results from 15 wall assemblies t e s t e d  under 

steady-state and dynamic temperature condltions in the calibrated h o t  box 

facllity at Constructlon Technology Laboratories, a Olvislon o f  the 

Portland Cement Assocjation. 

The calibrated hot box provides data on the  heat transmission charac- 

terlstics o f  full-size wall assernblles under steady-state and dynamic tem- 

perature conditions. Steady-state tests a r e  used t o  obtaln average heat 

transmjssion coefficients. Dynarntc t e s t s  prowlde data on thermal perform- 

ance under controlled condttions that slmulate ac tua l  temperature changes 

i n  building envelopes. Caltbrated h o t  box tests are perfarmed generally 

followlng procedures descrlbed in ASTM ~ ~ s ~ ~ n a ~ l ~ ~ ~  C976, ''Thermal Per- 

formance o f  Bullding Assemblfes by fleans a f  a Calibrated Hot 80x."  

This manual summarlzes; t e s t  r e su l t s  of SIX c o n c r e t e  masonry walls, two 

masonry c a v t t y  walls, t h r e e  concrete walls, three wood frame w a l l s ,  and a 

I , brick veneer-wood frame w a l l .  A descriptlon a f  wall ~ e ~ ~ ~ t ~ y  a n d  material 

propert4es i s  g i v e n  f o r  each specimen. The manual presents steady-state, 

translent, and dynamic ( p e s i o d l c )  t e s t  results in tabular form, in f i g -  
I 

ures, and ? n  summary tables. Heat transfer rharactertstics o f  d l f f e r e n t  
I 

*Research Engineer, Cons t ruc t i on  Methods Department, Construction Tech- 
nology Laboratories, a D l v f s i o n  O F  t h e  Portland Cement Associatlon, 
5420 Old Orchard Road, Sk&le ,  Illinois 60077 I 

, 
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wall assemblles can be compared by u s l n g  f l g u r e s  and summary t a b l e s  f o r  

each w a l l .  Data  presented i n  numer ica l  form can be used t o  valldate 

models or a n a l y z e  r e s u l t s .  

-I v-  
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CALIBRATED HOT BOX TEST RESULTS 

DATA MANUAL - VOLUME I 

by 

W ,  G. Van kern* 

INTRODUCTION 

The calibrated hot b0x provides data on heat transmission characteris- 

t i c s  o f  full-size wall assemblles under steady-state and dynamic tempera- 

ture conditions. Heat transmlssion characterlstlcs o f  walls must be 

determined to evaluate thermal performance o f  bullding envelopes. 

The 1981 ASHRAE Handbook o f  Fundamentals I**  summarjzes steady-state 

propertles of flve comonly used types of wall constructlon. Thermal and 

physlcal properties of bullding materqals used j n  wall  constructlon are 

a l s o  listed. 

There I s  a need f o r  a document to SWm’iarlZe ata from tests on wall 

assemblies under dynamic temperature canditlons. Massive materials, such 

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

temperature conditions. O n l y  dynamlc tests c a n  be used t o  determlne heat  

storage characterlstlcs o f  ~u~~~~~~ camponents. 

This manual T U  r l z e s  r e s u l t s  o f  1 5  wall asaemblles tested under 

steady-state and dynamic temperature condStlons I n  the  callbrated hot box 

facil4ty at Constructlon ~ ~ c h ~ o ~ ~ g ~  Labora tor tes  ( C T L j ,  a division o f  t h e  

Portland Cement Assaclation. Wall d e s c r l p t i o n s  and test dates are l i s t e d  

*Research Engineer, Construction Metho 5 Department, Constructlon Tech- 
no logy  Laboratories, a Dlvlslon o f  the Portland Cement Assoclatlon, 5420 
Q ? d  Orchard Road, S k o k l e ,  Illinols 60077 

**Superscrqpt numbers In parenthesjs r e f e r  t o  references l i s t e d  at the end 
o f  the descriptive part’ron o f  the manual. 
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in Table I .  Steady-state tests are used t o  obtain average heat transmis- 

sion coefficients. Dynamic tests provide d a t a  an thermal performance 

under controlled cond-itions that simulate actual temperature changes in 

building envelopes. 

Dynamtc test data a r e  applicable only for t h e  temperature cycles used 

during test'rng. Although cycles used for t e s t s  summarized in this report 

da not cover a wide range of temperat ire conditions, test results illus- 

trate the significance o f  dynamic test ng. 

Test r-esults f o r  six additional walls will be covered in a future 

report entitled, "Calibrated Hot B o x  Test Results Data Manual - Volume 

r I .  ' I ( ' '  Wall descriptlons f o r  Volume I 1  are listed in Table 2.  

CALIBRATED HOT BOX TEST FACILITY 

Tests were conducted in t h e  calibrated h o t  box  facility shown in 

Figs. 1 2nd 2. Tests were performed generally follokding procedures des- 

cribed in ASXM Designation: C 9 9 6 ,  "Standard Test Method f o r  Thermal Per- 

forrnance o f  Building Assemblies by eans of a Calibrated H o t  $ax, 1 1 ( 3 )  

approved in 1983* The fifteen walls described in this manual were tested 

before the standard w s  approved. 

Descrlptian 

The fallowing 7 s  a b r l e f  descriptton o f  the calibrated h o t  b o x .  

Details are available in Reference 4 .  The facility consists af two highly 

insulated chambers a s  shown in Fig. 2. Pial ls ,  ceiling, and floors o f  each 

chamber are insulated w l t h  foamed urethane shee ts  t o  obtain a nomina l  

thSckness o f  12 i n .  (305 mm). During tests. the  chambers are clamped 

tightly against an insulated frame that surrounds the test wall. Air in 

-2- 
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TABLE 9 - C A L I B R A T E D  HOT BOX TEST DATES 

Wall 
3es 1 g- 
l a t ion  

M1 

M2 

M5 

M6 

M7 

M8 

M3 

M4 

e1 

c2 

c3 

F3 

F4 

F5 

v1 

Wall Description 

8-ln. (203 -m)  ~~~~~~~ Weight Concrete 
Block 

8- in .  (203-mm) ed?um Weight  Concrete 
Block  w i t h  Insu la t ion  Sn Cores 

8-in.  (203-nun) Normal Weight Concrete 
Block w i t h  Ref lec t ive  Insu la t ion  

8- ln .  (203-mm) ~ ~ ¶ h t w ~ ~ ~ ~ ~  Concrete Block 
w i t h  Insulat?on on Ins lde  Surface  

6-in.  ( 1 5 2 - m )  Lightweight Concrete Block 
w i t h  Inru?atlan on Ensjde Surface 

$- in .  (2Q3-mm) asmal Welght Concrete 
Block w t t h  I n s u l a t t a n  on ? n s i d e  S u r f a c e  

1Q-in. (254-mm) 81ock-8rlck C a v i t y  Mali 

10-an. ( 2 5 4 - m )  Block-Brlck C a v l t y  
w i t h  1nsulat”ron I n  Cavity 

8- in .  (203 -m)  Normal WeIghP Concrete 

2 ~ 4 - h .  ( 51 XI 02- ood Frame ~ i t h  R-11 
Fiberglass Insulation an Cedar Siding 

2x4-qn. ( 51 X I  02-m)  
Fiberglass  Insu la t lo  

2 x 4 - i n .  ( 5 1  x1Q2- Baod Frame W S t h  R - l l  
Fiberglass; Insulation and Ward 

IQ- in ,  (254-msn) Brick Veneer 

Date of Cal ibrated 
Hot Box Tests 

December 1978 - 
January 1979 

January-February 
1979 

February-April 

Janudry-February 
1981 

Apri 1 -June 1981 

1 980 

March-Aprll 7981 

March-Apr?? 1979 

A p r t ?  1979 

October-December 
7981 

Oecember 1981 - 
February 1982 

February -March 
I982 

~ ~ ~ ~ ~ a ~ ~ - M ~ ~ c ~  
1979 

ovembc?r 79-79 - 
J a n u a r y  1980 

December 1980 - 
~~~~~r~ 1981 

May-June: 1979 



TABLE 2 - DESCRIPTIONS OF WALLS SUMMARIZED IN THE 
"CALIBRATED HOT BQX.TEST RESULTS DATA 
~ A ~ ~ A ~  - V01-19ME 11" 

Mal 1 
Des lgna t ion  Wall Description 

SI 1-3/8-3n. (35-mm) F'lberglass Board 

s2 Polystyrene Beadboard 

M9 12- in .  (3O!i-mm) Block-BPick C a ~ l  t y  Mal 1 

M1 Q 12-117. (305-mm) Block-Brtck C a v i t y  Ma11 w i t h  Insulation 
i n  C a v j t y  

F l  2x4- in .  (51x102-mm) Wood Frame w l t h  R-13 Fiberglass 
I n s u l a t i o n  and Alurnlnum S i d i n g  

F2 2 ~ 6 - i n .  ( 51 xl52-1~i~1)  oad Frame w l t h  R-19 Fiberglass 
Insulation and Aluminum S i d l n g  

- 4 -  
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Fig. 1 Calibrated Hot Box Test Facility 

E e a t i n q  a n d  

F i g .  2 Schematic of  Calibrated Hot Box 

- 5- 
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each chamber i s  conditioned by heating and cooling equipment to obtain 

desired temperatures on each side of the test wall. 

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

or cycled between -15 and 130°F (-26 and 54°C). Temperature cycles can 

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

indoor (meter ng) chamber, which simulates an lndoor environment, can be 

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

27OC). 

The facility was designed 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). 

Basic Instrumentation 

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

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

plementary imstrumentation was used in selected wall tests. Generally, 

wall tests done later in the program have more instrumentation. 

Instrumentation was designed to monitor temperatures inside and out- 

side the indoor chamber, air and surface temperatures on both sides of the 

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

measurements monitor indoor cooling system performance. Baslcally, the 

instrumentation provides a means o f  monitoring the energy required to 

maintain constant temperature in the indoor chamber while temperatures In 

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

losses, provides a measure of heat flow through the test wall. 

Thermocouples corresponding to ASTM Designation: E230, "Standard Tem- 

perature-Electromotive Force (EMF) Tables f o r  Thermocouples, ' 1 (3 )  Type T ,  

were used to measure temperatures. There were 16 thermocouples in the alr 

-6- 
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space of each chamber and 16 on each face o f  the test wall. Thermocouples 

were uniformly dlstributed on a 20-in. (508-mm) square grid over the  wall 

area. 

Surface thermocouples were securely attached t o  the wall over a length 

o f  approxlrnately 3 In. ( 7 6  mm). Tape that covered sensors mounted on 

surfaces o f  painted walls was painted the same color as the test wall 

surfaces. Thermocouples in alr were located approximately 3 In. (76 mm) 

from the face of the test wall. 

Laboratory and interlor surface temperatures o f  the indoor chamber 

sides were measured. These temperatures provided data f o r  evaluating heat 

transfer between the chamber and the laboratory. Temperature data were 

supplemented with heat flux transducer measurements. 

A watt-hour transducer was used to measure cumulative electr’lcal 

energy input t o  the Indoor chamber, 

Measurements were monitored wlth a programmable dlgital data acquisi- 

tlon system capable o f  samplang and recordlng up t o  124 jndependent 

channels of data i n  l e s s  than one mlnute. The data acqulsltion system i s  

fnterfaced with a mlcrocomputer that i s  programmed t o  reduce and store 

data. 

Far tests performed prlor t o  October 1979, all data channels were 

scanned at one, t w o ,  or four hour Intervals. For tests performed after 

October 7979, thermocouple channels were scanned every two minutes. Aver- 

age temperature and supplementary data were obtained from average readlngs 

for one ar twa hours. The cumulative watt-hour transducer output was 

scanned every 0ne car two hours. 

-7-  
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Supplementary Instrumentatqon 

Supplementary thermocouples were used t o  measure temperatures at 

selected locations. F o r  the three concrete walls, C 1 ,  C2, and C3, 16 

thermocouples were embedded approxlmately at midthickness o f  the test 

wall. These internal thermocouples were uniformly dlstributed over the 

same 20- in .  (508-mmj g r j d  as surface and atr thermocouples. 

Heat flux transducers were applied to seven wall specimens. Walls C1, 

C2, and C3 had heat flux transducers applied t o  the I n d o o r  and outdoor 

wall surfaces. Heat flux transducers were applied t o  the indoor surfaces 

o f  Malls N6, M7, M8, and F5 .  Far t he  masonry w a l l s ,  the apparatus was 

applied at a furrlng s t r ’ lp  used t o  attach i n s u l a t ’ l o n  and between furring 

strips. Transducers were applled at a wood stud and between wood s t u d s  

f o r  Wall F 5 .  

A d gttal humidity and temperature measurement system was used t o  

measure relative humidity and temperature in air streams on each side o f  

most test specimens. Probes were located i n  the a i r  streams approximately 

at the specimen mid-point. 

Air f l a w  rates t n  each chamber were measured with air f l o w  meters 

located approximately at the wall geornetrlc center. Each Flow rate meter 

was mounted perpendlcular t o  t he  alr f l o w .  Data f rom air Flow meters were 

m o n i t o r e d  periadically and were n o t  part o f  the au tomated  d a t a  acqulsition 

apparatus, Air flow rates in each chamber For all wall t e s t s  were approx- 

imately 20 f t / r n i n .  (0.1 r n / s ) .  

Procedui-es 

energy were mad 

Calibration Procedure 

o r  calibratlon and determination of indoor chamber cooling 

Fled November 1981 t o  increase accuracy o f  t e s t  results. 

construction technology laboratories 



I Methods used for t he  tlme perlods before and after November 1981 are 

described In the follovlng sections. 

, Heat flow through a test wall is determined from measurements o f  the 

amount of energy input t o  the l n d o o r  chamber to maintaln a constant tem- 

perature. T h e  measured energy Input must be adjusted for heat losses. 

Figure 3 shows sources of heat losses and galns by the indoor chamber 

where: 

= heat transfer through test wall 

= heat removed by indocar chamber cooling 

= heat s u p p l i e d  by Indoor electrlcal resistance heaters 

3 heat supplied by Indoor clrculatlon fan 

= heat loss/gain from laboratory 

= heat loss/ga’ln from f l ank ing  path arouri 

Qw 

Q, 

Qh 

Qfan 

Q, 

Q, 

S l n c e  net energy Into the control volume o f  the lndoor  chamber equals 

zero, heat transfer through the  t e 5 t  wall can be expressed by the follow- 

lng energy balance equstlonr 

9, = 9, - 9, Qfan -. 9% -. Q, (1) 

The need for cooling In the ’indoor chamber results from requirements 

for dynam?c t e s t s .  Xn cases where outdoor temperatures exceed indoor 

temperatures, coallng c a p a c J t y  I s  required to madntaln Indoor  temperature 

c o n t r o l .  

Indoor chamber csol”ing e ~ ~ ~ p m ~ ~ t  operates ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ 1 ~  and I s  designed 

to remove heat at a constant r a t e ,  Control o f  ’ ~ n d ~ o r  chamber temperature 

1 s  obtalned by varylng the amount o f  Input heat requlred to balance t h e  

amount o f  heat removed by the refrigeration s y s t e m ,  the amount o f  h e a t  

t h a t  f.lows through t h e  t e s t  specimen, and the amount o f  heat lost t o  l a b -  

oratory space.  

-9- 
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,--ContrQl Volume 

fan 

~ ~ l t d s o r  ( Climatic 1 lndsor ( Metering) 
Chamber Chamber 

F i g .  3 I n d o o r  (Pletering) Chamber Energy Balance 
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The f o  

D e t a i l s  are ~ 

lowing are b r i e f  descrlptions of calibration procedures. 

available In Reference 5-and Individual wall reports. 

Cali bratlon Prjor to November 1981 

Correctlon f o r  jndoor coollng and laboratory l o s s e s  was accomplished 

by  performing base callbratlon t e s t s  Immedjately before and after each 

, steady-state and dyiamic test. Base calibration tests were  steady-state 

tests wlth indoor and outdoor chamber temperatures held at approximately 
I 
I 
I 73'F ( 2 3 O F ) .  These tests provlded a measure of "base ca14brattontt energy, 

9, - Q,, f o r  the system. 

Heat losses  t o  laboratory space were m i n ? m i z e d  by keeping indoor 

chamber air temperature near laboratory temperature. In acidltion, losses 

were accounted for s ince  the base calibratlon test was run at essentlally 

the same Indoor chamber and laboratory temperature as that for the s t e a d y -  

state or dynamic test being evaluated. 

A watt-hour transducer was used to measure h e a t  supplied to the indoor 

chamber by heaters and a f a n ,  Q, + Qfan. 

FlankSng l o s s e s ,  Q,, were neglected. T e s t s  performed an a flberglass 

board wall wqth a known R-value approxlmately the hame as t h a t  o f  test 

specimens showed that neglecting flanking losses d'ld n o t  adversely affect 

t e s t  results. 

Callbration After November 1981 

Steady-state call ' lbrated h o t  box tests of  two  " s i a n d a r d ' *  calibrat-lon 

specfmens were used t o  i-eflne caleulatlons o f  heal, removed by Indoor 

chamber c o o l i n g ,  Q,, and flanking l o s s e s ,  0,. The first: c a l i b r a t i o n  

Specimen, SI, has a r e l a t ' l ve ly  low thermal resistance of  5.7 hr-ft2.OF/Btu 
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(1  .O r n 2 * O K / W I ) .  I t  consists o f  1.375-in. ( 3 4 . 9 - m )  thick flberglass and 

was speclally fabricated to insure unlformlty. 

The second callbratlon wall, S Z ,  has a relatively hlgh thermal reslst- 

ance of 17.3 hr*ft2-"F/Btu ( 3 - 0  r n 2 * O K / W ) .  Materlal for Speclrnen S 2  was 

selected as part o f  the AST Committee Clb Hot  Box Round Robin program. 

It cons is t s  s f  expanded polystyrene board that I s  speelally produced and 

cut to insure uniform'ity. Board faces are coated t o  provlde surfaces 

sultable f o r  attachment of instrumentation. 

Heat removed by indoor chamber coollng, Q,, Mas calculated from 

r e f r l g e r a n t  enthalpy and mass flow rate, assurndng an Ideal b a s l c  vapor 

compression refrlgeratjon cycle. Results from steady-state callbrated 

hot box tests on the two "standard" callbratlon speclmens were used t o  

a d j u s t  far inefflclencles I n  the actual refrigeratlon cycle. 

Losses f r o m  the Indoor chamber t o  the laboratory, Q,, were calculated 

from thermal p r o p e r t l e s  o f  component materials rnaklnp u p  walls and cell- 

inga of the lndaor cha bnr and temperature conddtlonr on the lnner and 

outer s u r f a c e s  o f  the Indoor chamber. Weat flux transducers mounted on 

the lnsdde surface o f  the I n d o o r  chamber Mere used to check calculatlons. 

Indoor chamber air and laboratory a ?  r- temperatures were generally main-- 

talned at the same nomlnal value, 72°F (22°C) .  t o  rnlnlrnize l a b o r a t o r y  

lOS5eS. Thus, the value o f  0, i s  small r e l a t i v e  t o  a t h e r  t e r m s  o f  

the energy balance equa t jon .  

A watt-hour transducer was used t o  measure heat supplied to the indoor 

chamber by heaters and a f a n ,  Qh i. Q f a n .  

Heat l o s s  o r  g a i n  f rom flanklng around the t e s t  speclrnen, Q,, W ~ S  

determlned f r o m  steady-state tests o f  the  " s tandard "  callbratian walls. 

S j n c e  thermal conductance D f  each standard c a l i b r a t i o n  wall l s  known, 
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Q, for a given steady-state t e s t  can be calculated using the following 

equation : 

where: 

= heat transfer through t e s t  wall, B t u / h r  (W*hr/hr) 
QW 

A = area o f  

C = average 

t2 = average 

tl = average 

wall surface normal t o  heat f l o w ,  f t  2 2  (rn ) 

t herma 1 canduc tance , Bt u/hr f t O F  ( W/m* K) 

temperature o f  o u t s i d e  wall surface, O F  (C) 

temperature o f  inside wall surface, O F  (C) 

Thus, 9, was determined from Eq. (1) using calculated values o f  Q,, 

Q,, and Q,, and measured values o f  Q, and O f a n .  

For both standard calibration walls, values o f  Q, were observed t o  

follow the relatlonsh5p: 

9, 0.235 ( t 2  - tl) ( 3 )  

where : 

Q f  = heat loss  or  galn from flankjng around test speclmen, W-hr/hr 

t2 = average temperature of outside wall su r face ,  " F  

tl = average temperature o f  insfde wall surface, O F  

Since Qf 1 s  the residual f r o m  Eq. ( l ] ?  i t  may include o t h e r  undetermined 

losses f r o m  the indoor chamber. ( 5) 

USE OF M ~ ~ ~ A ~  

In the section "Test beginning on page 39 o f  this manual, 

results for each wall are  presented in tabular form, i n  figures, and i n  

summary tables. Heat transfer characteristics o f  d l f f e r e n t  wall assem- 

blies, can be eastly compared by using figures and summary tables f o r  each 
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wall. Data presented in numerical form can be used to valldate models or 

analyze results. 

Each table or figure designation i n  t he  "Test Data'' section identifies 

the wall tested and the t y p e  o f  data presented. Designation formats are 

X X - Y  

where 

X X  = wall tested 

Y = table or figure t y p e  a s  descrlbed in Table 3 on the following 

Page * 

For example, Table M1-4 summarizes steady-state test results for Mall lull. 

If data for a particular table or figure type were not available for 

a glven wall assembly, that table or figure was omitted. However, t h e  

numbering system applied t o  other tables o r  flgures rernalns as listed 'In 

Table 3 .  For example, Tables X X - 5  and XX-6 on translent tests are n o t  

included for a l l  wall assemblies.  

Data o f  different wall assernbl t e s  are e a s i l y  comparable because table 

formats a r e  c o n s l s t e n t  throughout t h 2  manual. Table formats were not 

altered when data were n o t  available or headings were not applicable. In 

these cases, coluinns and r o w s  were left blank, not deleted. f o r  example, 

the t3 column of Table Ml-7(a) i s  blank because In te rna l  wall tempera.- 

tures  were not measured f o r  Wall MI. 

Contents o f  individual sections, tables, and figures a r e  described i n  

the  following paragraphs.  

Description, Reference, and Mall Composition 

The first skeet o f  data f o r  each wall assembly  contains a brief wall 

description, the reference report, and detaSls o f  wall composition. 
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TABLE 3 - TABLE AND F I G U R E  DESCRIPTIONS 

ratale ar 
Cigure No. 

Table XX-l* 

Table XX-2  

Table XX-3 

Table XX-4 

Table X X - 5  

Table X X - 6  

Table XX-7 

Tables XX-8 
thru XX-11  

Table X X - I 2  

Table X X - 1 3  

Table XX-14 

Figure XX-1 

Figure X X - 2  

Figures XX-: 
thru X X - 6  

Description 

Physical Properties o f  Wall a t  Time o f  Test 

Materi a1 Properti es 

Design Heat Transmlssion C o e f f j c l e n t s  

Steady-State Test Results 

Transient Test Results 

Summary o f  Transient Test Results 

Dynamic Test Results (Perlodic) f o r  MBS Test Cycle 

Dynamic Test Results (Perlodic) for Test Cycles Other Than 
the N5S Cycle 

Summary o f  Dynamic Test Results (Periodic), Thermal Lag 

Summary of Dynamic Test Results (Periodic), Reduct ion in 
Amp1 1 tude 

Summary o f  Dynamic T e s t  Results (Periodic), Energy 
Requi rements 

Transfent Test Results 

Dynamlc T e s t  R e s u l t s  (Periodic) f o r  N8S Test Cycle 

Dynamic Test Resul ts  (Periodic) f o r  Test Cycles Other Than 
t h e  NBS Cycle 

* Characters in t he  ‘ ‘XXi8 p o s i t i o n  are wall des igna t ions .  
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Calibrated hot box test results f o r  each assembly were or")rg5nally p u b -  

lished in the report listed as a reference. 

In the section labeled "Cornpositton," an isometric sketch illustrates 

wall constructlon, and m a t e r i a l s  used f o r  construction. Paints and wal l  

coatlngs used on wall surfaces are omitted from descriptions. This 

information ' Is available In individual wall reports. 

Physicaj Properties o f  Wall (Table X X - I )  

Table X X - 1  in the section for each wall assembly  lists physjcal prop- 

erties of the test specimen at the t l m e  o f  callbrated h o t  box t e s t s .  

Measured unit welght o f  the Mall is listed in weight per unit area. Aver- 

age thickness and wall area a r e  measured dimensions o f  the calibrated h o t  

box t e s t  specimen. Measured wall malrture content Is listed f o r  masonry 

and concrete w a l l s .  

Material Properties (Table X X - 2 )  

Walls were  constructed using rnaterlal. ;  listed i n  the "Composition" 

section on the f i r s t  sheet  o f  data f o r  each wall assembly. When a d d ? -  

tlanal data a r e  avallable on the  properties o f  any construction material, 

the additional data are listed in Tab le  X X - 2  o f  t he  section for each wall 

assembly. In t h e  c a s e  where more than one Materlal Proper tqes  Table may 

e x l s t  f o r  a g i v e n  wall, Tables are designated X X - 2 ( a ) ,  X X - Z ( b ) ,  etc. 

Design Heat T r a n s n i s s b n  CoeffjcienPs (Table X X S  

Destgn values o f  overall resjstance and t r aQsrn i t t ance  are shown in 

Table X X - 3  o f  the section for each wall assembly. These  ere calculated 

In accordance w i t h  procedures established by the Anierican Society o f  Heat-- 

i n g ,  Refrigerating, and Air-Conditioning Engineers. (71  
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Surface resistances were taken as 0.68 hr*ft2.0F/Btu 

Inside and 0.17 hr*ft2*'F/8tu (0.03 K a m  / W )  for outside. 

commonly used i n  deslgn and are considered to represent 

2 

2 (0 .12  K*m /W) 

These values 

stlll air on 

for 

are 

the 

indoor wall surface and an air flow of 15 mph ( 2 4  km/hr) on the outdoor 

wall surface. 

Reslstances for construction materials were taken from the 1981 ASHRAE 

Handbook o f  Fundamentals (') or other similar llstings o f  thermal prop- 

ertles. Resistances used I n  this table were not measured. 

Steady-State Test Results (Table XX-4 )  

Steady-state tests were conducted by maintaining constant indoor and 

outdoor chamber temperatures. Results were calculated from data collected 

when spec'imen temperatures reach equllibrlurn and 

through the test wall was constant. 

Results o f  steady-state tests are summarized i n  

tion for each wall assembly. For tests performed 

the rate of heat flow 

Table X X - 4  of the sec- 

prior to October 1979, 

results are averages o f  data collected at one,, two, or four hour inter- 

vals. Results are averages o f  data collected a t  two hour intervals f o r  

tests performed I r a  the period from November 1979 through April 1980. For 

tests performed after A p r l l  1980, results are h o u r l y  averages o f  sixteen 

consecutive hours o f  data. 

The f?rst column o f  Table X X - 4  l l s t s  the mean wall temperature, tm, 

dur'lng each steady-state test. Mean wall temperature '15 determined f r o m  

the average of the  Sndoor and outdoor wall surface temperatures. 

The second column shows wall heat  f l u x  deterrnlned f r o m  leach calibrated 

h o t  box test. 
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The t h i r d  and f o u r t h  columns l i s t  o v e r a l l  t he rma l  r e s l s t a n c e  and 

t r a n s m i t t a n c e  c o e f f l c i e n t s  c a l c u l a t e d  us ing  measured va lues o f  hea t  f l u x  

and t h e  d e s i g n  s u r f a c e  r e s i s t a n c e  c o e f f i c i e n t s  g i v e n  i n  Tab le  X X - 3 .  

Deslgn hea t  t r a n s m l s s l o n  c o e f f l c l e n t s ,  f r o m  Table X X - 3 ,  a r e  shown I n  t h e  

l a s t  r o w  o f  Tab le  XX-4 f o r  comparison. 

Outdoor a j r ,  ou tdoor  s u r f a c e ,  I n d o o r  a i r ,  and i n d o o r  s u r f a c e  tempera- 

t u r e s  a r e  average read lngs  o f  15 thermocouples p laced  i n  t h e  u n i f o r m  gi- Id 

d e s c r i b e d  in t h e  "Bas ic  I n s t r u r n e n t a t l o n "  s e c t l o n  o f  t h i s  manual. f o r  t h e  

t h r e e  c o n c r e t e  w a l l s ,  C1, C Z ,  and C3, i n t e r n a l  temperatures a r e  t h e  a v e r -  

age read ings  o f  16 thermocouples embedded i n  t h e  c o n c r e t e  a p p r o x i m a t e l y  a t  

m l d t h l c k n e s s .  

Average measured r e l a t l v e  h u m j d i t i e s  f o r  t h e  qndoor  and outdoor  cham- 

be rs  a r e  l l s t e d .  Re la t ' i ve  h u m i d l t y  w i t h i n  t h e  two chambers i s  n o t  con- 

t r o l l e d  by C o n s t r u c t l o n  Technology L a b u r a t o r l e s '  ( C T C ' s )  c a l i b r a t e d  h o t  

b o x .  11owever, r e l a t l v e  h u m i d l t y  has been measured f o r  most t e s t s  per- 

formed s i n c e  October 1979.  

Maxlrnum and n.inlmum l a b o r a t o r y  a i r  temperatures o b t a i n e d  dzl r lng  each 

s t e a d y - s t a t e  t e s t  a r e  a l s o  l i s t e d  i n  Tab le  X X - 4 .  The l a b o r a t o r y  a c t s  as 

a guard f o r  t h e  i n d o o r  chamber f o r  t e s t s  c r~wduc ted  I n  CTL's c a l i b r a t e d  h o t  

b o x .  There fo re ,  maintajnlng a smal l  temperature d l f f e r e n t l a l  belween the 

l a b o r a t a r y  a i r  temperature and t h e  I n d o o r  chamber a i r  temperature m i n l -  

mlmes hea t  l o s s  t o  and f r o m  t h e  l n d a a r  chamber. F o r  example, t h e  s teady-  

s t a t e  t e s t  performed on Wall C1 a t  a mean w a l l  temperature o f  37°F ( 3 " C ) ,  

had heat  l o s s  f r o m  t h e  i n d o o r  chamber Po the  l a b o r a t o r y ,  Q,, equal t o  0.5% 

o f  t h e  t o t a l  heat  flow t h rough  t h e  w a l l ,  Q,. 
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Transient Test Results (Fig. X X - 1 ,  Tables XX-5 and XX-6)  

Time required for a w a l l  t o  reach a steady-state condition can be 

deterrntned f r o m  transient t e s t s .  This time .Is affected by both thermal 

resistance and heat storage capacity of the test wall. 

Results of a transient test are deterrnlned f r o m  data collected In the 

period OS t l m e  between two steady-state tests. After a wall I s  In a 

steady-state condlt’ion, denoted time 0, the o u t d o o r  chamber temperature 

setting 4s  changed. The transjent t e s t  continues untll the wall reaches 

an equillbriurn for the new QUtdoQr chamber a’ r r  temperature. The rate o f  

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

data. Transient tests were performed on Walls C18 62, and C3 only. 

Figure XX-1 In the sections for Walls C1, C2, and C3 I l l u s t r a t e s  

measured temperatures, temperature differentlals, and  heat flux through 

the wall for a transjent test. Tables XX-S(a) and a i X - S ( b ) ,  respectively, 

l i s t  measured temperatures and heat flux In U . S .  units and SI units. 

Values are shown as a function of t l m e .  

Table 4 lists brief descriptlons o f  symbols used 

and tables. Symbols a r e  described more t h o r o u g h l y  

Results“ section ob: t h l s  r e p o r t .  

i n  test data figures 

~1 the “DDynam?c T e s t  

Table X X - 6  for each wall assembly l i s t s  tqme reqlnjred t o  reach 99-5,  

95, and 90% o f  t he  f l n a l  steady-state heat f l u x  achdeved during a tran- 

s i en t  teat. Results show s t e a d y - s t a t e  predlctions underestjmate the 

amount o f  tjrne required f o r  massjve walls to reach steady-state 

condltjons. 

Dynam’rc Test Results 

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

trolled condjtions that simulate temperature changes actually encountered 
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TAWLE 4 - A B B R E V I A T I O N S  

= heat f l u x  measured b y  heat f l o w  meter mounted on indoor wal l  Qhfm 

% f m  

Q k m  

q;l;rn 

s u r f a c e  

= heat F l u x  measured by h e a t  f l o w  meter mounted on o u t d o o r  wal l  

sur face  

= heat f l ux  measured by h e a t  f l a w  m e t e r  mounted oi l  Indoor surface o f  

a nonhomogeneous w a l l ,  a t  a stud or  fu r r lng  s t r t p  

= h e a t  f l u x  measured b y  heat  f l o w  meter mounted on Indoor s u r f a c e  o f  

a n o ~ ~ o ~ ~ ~ ~ ~ ~ o ~ ~  Mall,  between studs or  furr”ing s t r i p s  

q r f  = hea t  f l u x  c a l c u l a t e d  usSng a Response Factor Program 

= heat f lux  predlcted from s teady-s ta te  analysis 

= h e a t  f l u x  measured b y  callbrated hot  box 
4S 5 

4, 
t j  = I n d o o r  chamber a l t -  temperature 

tl  = wall su r f ace  t e m p e r a t u r e ,  Indoor s lde  

t3  = In te rna l  wall t e m p e r a t u r e  a t  approximate midthIcknejs 

-t - wall sur face  temperature, o u t d o o r  s lde  

t = outdoor chamber a l r  tesi iperature 

t = a v e r a g e  o f  wall sur face  t e m p e r a t u r e s  on Indoor and o u t d o o r  s l d e  

2 -  

0 

111 
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in building envelopes. Response o f  walls to temperature changes i s  a 

function o f  both thermal resistance and heat storage capaclty, 

Dynamic tests were conducted by  maintaining calibrated hot box indoor 

a j r  temperature constant while outdoor air temperatures were cycled over 

a predeterrnlned time versus temperature relationship. The rate of heat 

flow through a test speclmen was determined from hourly averages o f  data. 

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

was applied to every wall tested in the calibrated hot box. T h l s  cycle 

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

Standards in their evaluatton o f  dynamic thermal performance a f  an experi- 

mental masonry building. ''' I t  represents a 'large variation 'in outdoor 

temperature over a 24-hour pertod. The mean outdoor temperature of the 

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

this cycle perrnlts the comparison of resu l t s  wfth those from other wall 

Additfonal sol-air diurnal temperature cycles were performed on most 

t e s t  specimens. A description of  dynamic temperature cycles and corre- 

sponding test walls is given I n  T a b l e  5 .  Addtt'lranal lnforrnatlon on test 

cyc le s  i s  available jra ~ n ~ ~ ~ ~ ~ u a l  wall reports. 

For all t e s t s ,  ~ y ~ ~ ~ ~ c  c y c l e s  were repeated until conditions o f  @qui- -  

librium were obtained. Equilibr~um cond"lions were  evaluated by consist- 

ency of  applied temperatures and measured energy response.  Each t e s t  

requ-ired approximately f o u r  to SIX days fo r  c o m p l e t i o n ,  A f t e r  equilibrjurn 

"Sol-alr temperature 15; that temperature o f  nutdaor alr that, in t h e  
absence o f  aJ1 radiation exchanges, would give t h e  same rate o f  heat  
entry into the su r face  as wou ld  exist with the a c t u a l  eombinatlon o f  
tnctdent s o l a r  radiation, radiant energy exchange, and convectlve heat  
exchange with outdoor a1 r 1 

.... 
i 
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TABLE 5 - CALIBRATED HOT BOX DYNA IC TEMPERATURE CYCLES 

Test Cycle 
Des I gnat1 on 

NBS 

Orlando January 

Orlando January 
M o d i f l e d  

Orlando Aprll 

Orlando August 

Phoenix January 

Phoenl x Apr t  1 

Phoenix August 

Walls T e s t e d  
Using Cycle 

A l l  Walls 

M 5 ,  F 4  

MS, F 4  

M5, F4  

M5, F4 

Mb,M7,!48,F5 

C 1  ,C2,C3 

C 1  ,C2,C3 

Cyc lg  D e s c r l p t i o n  

Used by NBS i n  eva lua t9on  o f  dynamlc 
t he rma l  performance o f  an exper imen ta l  
masonry b u l l d l n g . ( 6 )  See t e x t .  

Average s o l - a l r  t empera tu re  c o n d i t i o n s  
f o r  Orlando, F l o r l d a  i n  January. 

Slmilar t o  the  Or lando January c y c l e  
b u t  w j t h  wal-mer s i m u l a t e d  n lgh t t lme  
temperatures.  

Average sol-a’rr  temperature c o n d l t i o n s  
f o r  Or lando, Florlda i n  A p r l l .  

Average sol-atr t empera tu re  candit?ons 
f o r  Or lando, Flos lda  f n  August. 

Average 30-year s o l - a l r  t empera tu re  
c o n d l t i o n s  f o r  Phsenix and Tucson, 
Ar lzena on January 21 

Average 3O-yeai- s o l - a i r  temperature 
c o n d i t j o n s  f o r  Phoen’ix and Tucson, 
Ar tzena on Apr’il 21. 

Average 30-year s o l - a j r  tempera ture  
c o n d l t i s n s  f o r  Phoen lx  and Tucson, 
Artzona on August 21. 

S? rn l l a r  t o  N8S cyc le ,  but outdoor 
temperatures i nc reased  by 1Q”F ( 6 ° C ) .  

Slrn i la r  t o  N8S c y c l e ,  b u t  ou tdoor  
t e m p e r a t u r e s  decreased by 10°F ( h o e ) .  
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conditlions were reached, tests were generally contlnued for a perlod of 

three days. Results are based on average readings for at least three 

consecutive 24-hour cycles, unless otherwise noted. 

Hourly Test Data (Figures XX-2  thru X X - 6 ,  Tables X X - 7  thru X X - 1 1 )  

Measured temperatures, temperature differentials, and heat flux for 

the NBS test cycle are Illustrated In F'lg. X X - 2  and listed I n  Table K X - 7  

o f  the section for each wall assembly. Figures XX-3  through XX-6  and 

Tables X X - 8  through XX-11  give results from other test cycles, when 

available. 

Brlef descriptions o f  symbols used in figures and tables are l l s t e d  

in Table 4 .  Symbols are descrlbed In detall I n  the followlng para- 

graphs. Tables denoted X X - Y ( a )  and X X - Y ( b )  list results in U . S .  and SI 

un i t s , respect i vel y . 
Measured Temperatures. Outdoor alr (to), outdoor surface (t2), lndoor 

alr (ti), and lndsor surface (t1)" temperatures r e  average readings o f  16 

thermocouples placed t n  the uniform grid descrjbed i n  the ''8as'Ic Irtstru- 

rnentatfon" sectlon o f  t h l s  manual. For the three concrete w a l l s ,  C 1 ,  C2, 

and C3, internal temperatures (t,b, are the average readlngs o f  16 

thermocouples embedded I n  the c o n c r e t e  approxt  a t e l y  a t  midthickness. 

Values are l l s t e d  i n  Tables XX-7 through X X - 1 1  and I l l u s t r a t e d  i n  the 

portion o f  Figs. X X - 2  through X K - S  denoted (a). 

Temperature Differentials. Alir-to-air (to-t,), susface-to-surface 

(t2-tllP and surface-to-alr (to-t2,t,-t,r) temperature djfferentlals a r e  

illustrated i n  the p o r t t o n  o f  F i g s .  XX-2  through X X - 6  denoted ( b ) .  

-23- 



Heat F l u x .  Measured and c a l c u l a t e d  hea t  f l u x  va lues a r e  l i s t e d  i n  

Tables X X - 7  t h rough  X X - 1 1  and i l l u s t r a t e d  i n  t h e  p o r t i o n  o f  F i g s .  X X - 2  

t h rough  X X - 6  denoted ( c ) ,  Heat  f l u x  i s  p o s l t i v e  when h e a t  f l o w s  f r o m  t h e  

ou tdoor  chamber t o  t h e  i n d o o r  chamber. 

Heat f l u x  determined f r o m  c a l i b r a t e d  h o t  box t e s t s  i s  denoted 9,. 

Heat f l u x  measurements were a l s o  determined u s i n g  4x4 - in .  (102x102-mm) 

heat  f l o w  meters.  Measurements f r o m  hea t  f l o w  meters l o c a t e d  an i n d o o r  

and ou tdoor  wall Mea- 

surernents f o r  hea t  f l o w  meters l o c a t e d  on the  i n d o o r  s u r f a c e  o f  nonhomo- 

su r faces  were denoted qhfm and qhfm% r e s p e c t l  v e l  y . 

g e n e ~ u s  wal ls  were denoted qilfrn i f  t h e  metes was l o c a t e d  a t  a s t u d  o r  f u r -  

r j n g  s t r l p ,  and q;fm I f  t h e  meter  was l o c a t e d  b e t  een studs o r  f u r r ' i n g  

s t r i p s .  Heat f l o w  meter  d a t a  were c a l l b r a t e d  u s i n g  r e r u l t s  o f  steady- 

s t a t e  c a l i b r a t e d  h o t  box t e s t s  f o r  the g l v e n  w a l l .  Heat f l o w  meters were 

not used on a l l  wall assemblies. 

deno t ed 

Na t i ona 

Program 

c hamke r 

q r f .  These va lues were supplied by Ken Ch 

Values o f  h e a t  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 a r e  

llls o f  Oak Ridge 

L a b o r a t o r i e s .  Valuer were c a l c u l a t e d  u s i n g  3 Response F a c t o r  

developed a t  t h e  N a t i o n a l  Sureau o f  Standards,  I n d o o r  and ou tdoor  

a i r  temperatures f r o m  c a l i b r a t e d  h o t  box  t e s t s  were used as i n p u t  

t o  t h e  Response F a c t o r  Program. 

Heat f l u x  p r e d l c t e d  by s t e a d y - s t a t e  a n a l y s i s  i s  denoted q s s .  Values 

were c a l c u l a t e d  on an  h o u r l y  b a s i s  f rom w a l l  su r face  temperatures uslng 

t h e  f o l l o w i n g  equa t ion :  

w h e r e :  

= hea t  f l u x  th rough  t e s t  wal l  p r e d i c t e d  b y  s t e a d y - s t a t e  4,s 
2 2 a n a l y s i s ,  B t u / h r * f t  (W/m ) 
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2 R = average thermal reslstance, hr*ft2.*F/Btu ( m  .K/w) 

t2 E average temperature of outdoor wall surface 

tl  = average temperature o f  indoor wall surface 

Wall reslstances are derlved from steady-state calibrated hot box test 

results. t o  the total resistance, RT, 

listed i n  Table XX-4 for each wall assembly, minus the sum o f  the design 

a l r  f i l m  resistance, 0.85 hr*ft2*"F/Btu (0.15 K9m2/W) a 

Measured wall r e s i s t a n c e  i s  equal 

Tables XX-7 through XX-11 also footnote the calibrated h o t  box Indoor 

and outdoor chamber relative humlditles, and maxlmum and rninlmum labora- 

tory alr temperatures measured during t e s t s .  

Thermal Lag (Table XX-12) 

Thermal l ag  I s  a measure o f  the response o f  both Indoor surface tem- 

peratures and heat flow t o  fluctuations in ~~t~~~~ a?r temperature. Lag 

i s  related t o  the ratis o f  the  wall's abilqty t o  s t o r e  energy to I t s  

abillty t o  conduct energy. 

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

determlned from measured calibrated hot box test results, measured heat  

flaw meter readlngs, and response f ac to r  calculations. Caltbrated hot  box 

thermal lag Is quantlfaed by two one measure, denoted to vs  

t19 lag was calculate as; the t lme  required f o r  the ~a~~~~~ or rnlnimum 

indoor su r face  t e ~ ~ ~ ~ ~ ~ ~ ~ ~  t o  be reached a f t e r  the  maxi urn o r  ~ j ~ ~ ~ u m  out- 

door  alr temperature was a t t a l n e d .  In the second measure, denated g , ,  vs 

was calculated as t h e  time required for the maxl urn o r  mlnlrnum 

the f f l a x ~ ~ ~ ~  a r  ~~~~~u~ heat flow 

T h i s  1 s  illus- 

% * 
heat f l o w  rate, Q,, to be reached a f t e r  

rate based on steady-state predictlons. q,,, was a t t a l n e d .  

trated I n  Fig. 4 .  Both measures g"re s i m l l a r  results. The second 

-25-  
construction technology Iaboratories 



Heat Flux 
0 t u  

tir - ft’ 

-I I i g s s  

1 -40 

12Q 

IQQ 

80 

Thermal 

-/-I20 

F i g .  4 Definition of  Thermal Lag and Reduct ion i n  Amplitude 

- 26- 
construction technology laboratories 



measure was used to determine thermal l ag  for heat flow meter data and 

response factor calculations. 

The tlme constant f o r  each wall assembly i s  a l s o  listed i n  Table XX-12 

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

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

thickness for each layer of building material In a wall system. 

If the difference In temperature across a wall i s  changed abruptly 

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

through the wall will equal 63.2% of the next steady-state equilibrlum 

heat f l o w  after a tlme period equal to the tlme constant. (7) 

The following equatlon was used t o  calculate time constants, * ( 7 )  

where : 

tc = characteristlc t lme constant o f  bullding component, hr ( s )  

g, = conversion constant a Justlng thickness o f  layer t o  

make rnaterlal unj for rn  t ~ r ~ u ~ ~ ~ ~ ~  wall 

2 2 a = r c d reciprocal o f  iffusivlty of w-th l ayer ,  h r / f t  ( s / m  ) n n n n' 
a k  = a, at layer k c osen f o r  ~ ~ ~ ~ a ~ i z a ~ i ~ ~  

r = resistlvtty o f  n-t layerr or  rectpraca? of conductivity o f  n- th  n 
layer, h r s f t e " f / B t u  (m-K/ 

c = speclfic heat o f  n-th ' layer,  Eltu/lb*"F (J/kg*K) n 
3 densjty o f  n-th l aye r ,  Ib/ft3 (kg/m ? 

= thickness a f  n - th  layer, f t  ( r n )  Xn 
When available, measured thermal properties listed in Table XX-2  i n  

? 

the s e c t i o n  f o r  each wall assembly were used ta calculate tjme constants. 
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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  F u n d a m e n t a l s  were  used 

when measured va lues were n o t  a v a i l a b l e .  

D e t a l 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 significance o f  t?me 

c o n s t a n t s  a r e  a v a l l a b l e  I n  Reference 7 .  

Reduc t ion  I n  Amp l i t ude  ( T a b l e  X X - 1 3 )  

Tab le  XX-13 l n  t h e  s e c t l o n  f o r  each w a l l  assembly l l s t s  r e d u c t i o n  I n  

amp l t tude  va lues  f o r  each dynamic tempera tu re  c y c l e .  Percent  r e d u c t l o n  

I n  a m p l l t u d e  I s  d e f l n e d  as t h e  p e r c e n t  r e d u c t I a n  i n  peak hea t  f l o w  when 

compared t o  peak h e a t  f l o w  p s e d l c t e d  by s t e a d y - s t a t e  a n a l y s l s .  Values 

f o r  p e r c e n t  r e d u c t l s n  i n  am l l t u d e  were c a l c u l a t e d  us ing  t h e  f o l l o w l n g  

equat ion:  

A = [ l - ( q '  - 4 ) / ( ~ 4 ~  - 9 ) ] * 1 0 0  
5s 

wi4ere: 

A = p e r c e n t  r e d u c t i o n  I n  a m p l i t u d e  

q '  = ~ ~ x ~ ~ u ~  o r  minimum hea t  f l o w  t h r o u g h  wall 

q = mean h e a t  f l o w  th rough  w a l l  
- 

qis = maximu 

by s t e a d y - s t a t e  ana lys i s  

= mean h e a t  f l a w  t h r o u g h  Ma 
- 
9,s 

a n a l  y s  i 5 

ow th rough  w a l l  p r e d l c t e d  

1 predtcted by steady-state 

Reduction i n  a m p l l t u d e  i s  I l l u s t r a t e d  in F i g .  4 o f  t h l s  s e c t i o n .  

Actual maxImum h e a t  f l o w  th rough  a w a l l  I s  I m p o r t a n t  i n  de te r rn ln ing  

t h e  peak energy l oad  f o r  a b u l l d j n g  envelope. I f  peak h e a t  f l a w s  a r e  

reduced, peak energy demands: w i l l  dec rease .  Storage c a p a c l t y  as well as 

thermal  t r a n s m l t t a n c e  o f  each w a l l  i n  a b u l l d i n g  envelope I n f l u e n c e s  peak 

energy requ l remen ts .  
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Amplitudes for heat f l o w  meter data, qhfmt are generally n o t  the same 

as those for measured heat f l o w ,  qw. On a nonhcP ageneous wall, amplitudes 

differ due to location and limitations of heat f l o w  meters. Amplitudes 

also differ because o f  the physical effect of a heat flow meter mounted on 

a wall. A wall’s thermal propertjes are altered at the location o f  a heat 

f l o w  meter. Heat  flow meter calibration using steady-state results does 

not correct for dynamic effects of the meter locat’ion. 

Energy Requirements (Table X X - 1 4 )  

Results O F  dynamic tests were also compared using measures of energy 

expended i n  maintaining constant indoor temperature while outdoor tem- 

peratures were varted. Energy expended 1 s  a measure o f  heat Flow through 

t he  test wall. 

It should be noted that comparison of measured energy values for the 

test walls I s  limlted to specimens and dynamtc  cycles evaluated i n  this 

program. Results are f o r  diurnal test cycles and should not be arbjtrar- 

fly assumed to represent annual heatfing and caoltng loads, In addltion, 

results are for individual opa ue wall assemblies. A s  such, they a re  

representatlve o f  only one component o f  the b u ? l d i n g  envelope. 

Two parameters were derived as measures o f  energy expended, o r  heat 

f l o w  through test w a l l s ,  during dynamlc cycles. These a r e  illustrated i n  

Fig. 5. The curve marked “qwl’ i s  a measure o f  heat flow through the test 

wall. Results were corrected far heat  e x t r a c t e d  by indoor cooling, for 

heat transfer t o  laboratory space, and flanking losses. 

Areas within “ loops i i  o f  the measured energy curves were used to pso- 

vide an indjccation o f  t o t a l  energy expended. These areas  are denoted a s  
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I and q;- I n  F ig .  5. The sum o f  t he  absolu te  values o f  pos i t i ve  and qa t. 

negatSve a reas  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 4: i n  Table  X X - 1 4  for  each wall assembly. 

A s'rmllar procedure 7 s  used t o  c a l c u l a t e  t o t a l  energy aver a 24-hr 

period f o r  measured heat f l o w  meter d a t a ,  response f a c t o r  calculat ' ions ,  

and predic t ions  based on s teady-s ta te  ana lys l s .  These a r e  a l s o  denoted 

by the superscr fp t  "Tt8 ' in Table XX-14 for  each wall assembly. 

" T o t a l  Energy Comparisons" l i s t  measured energy and  response f a c t o r  

ca l cu la t tons  as a percentage o f  predlcted energy based on s teady-s ta te  

analysis. 

Net energy f o r  a 24-hr  per-lodlc cycle  'IS equal t o  the sum of  hourly 

measured r a t e s  of heat  f l o w .  These values can be f o u n d  lay t o t a l l n g  values 

o f  "q' from columns o f  Tables XX-7 through XX-11. Net energy values a r e  

denoted by the supe r sc r ip t  "P4" I n  Table X X - 1 4 ,  

"Net Energy Comparlsons" 11 s t  measured energy and response f a c t o r  

ca l cu la t ions  as a percentage o f  predicted energy based on s teady-s ta te  

ana lys i s .  Measured ca l ib ra t ed  hot  box net ~ n e r g y  a n d  net  energy based on 

response f ac to r  ca l cu la t ions  t h e o r e t i c a l l y  s h o u l d  be equal t0 net energy 

based on s teady-s ta te  pred ic tSons.  Differences between net energy meas- 

ured using the  callbrated hot box and n e t  energy ased on s teady-s ta te  

pred lc t ions  may be anttrlbuted t o  Snaccuracles 'in calibration procedures. 

These procedures a r e  descrtbed ? n  t h e  t ' 6 a l i b r a t i a n  Procedures" sec t ion  o f  

the  manual. 

When the f i r s t  s e t  o f  ca l tb ra t ed  h o t  box t e s t s  were perfarmed I n  1978, 

CTL malntained the  o n l y  Rot box I n  North Amerlca w l t h  the  capab i l i t y  t o  

perform t e s t s  under dynamjc temperature condi t lons.  S l n c e  procedures for  
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r e d u c i n g  d a t a  from dynamic callbraked h o t  boxes w i t h  Indoor  chamber c o o l -  

I n g  have n o t  been d e f i n e d  In i n d u s t r y  s tandards,  CTL has c o n t i n u a l l y  

r e f i n e d  a n a l y s i s  pracedures and added egulpment t o  i n c r e a s e  accuracy o f  

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

T e s t s  Performed on Wall Assembl ies 

S teady-s ta te ,  t r a n s i e n t ,  and dynamlc t e s t s  performed on each wall 

assembly are l i s t e d  I n  Table 6. T r a n s i e n t  t e s t s  w e r e  n o t  performed on 

a l ?  specimens. 
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T-ABLE 6 - (Cont inued)  

I 
w 
u1 
I 

Wall  
Des lyna t ion  

c 3  

F3 

F4 

F4 

V I  

Wal l  D e s c r l p t i o n  

8-lri.  (203-mm) how Dens i t y  
Concrete 

2x4411, ( 5 1  x l O 2 - m )  Wood Frame 
w l t h  R-11 f i b e r g l a s s  I n s u l a t i o n  
and Cedar S i d i n g  

2x4 - In .  (51x102-mm) Wood Frame w l t h  
R - l ' 1  FSberglass I n s u l a t l o n  and 
Cedar S i d i n g  

2x4-- tn.  (51x702-mrn) bJood Frame w i t h  
R - 1 3  F l b e r g l a s s  Ensu la t l on  and 
Hardboard S i d i n g  

10-ln. (254-mm) Brick Veneer 

Steady-State 

M a l l  Mean 
Temperature, 

O F  ( " C )  

53 ( 1 1 )  
89 ( 3 2 )  

100 (38)  

98 (37)  
84 ( 2 9 )  
5 5  ( 1 3 )  
33 (0) 

34 ( 1 )  
5 4  (12) 

100 ( 3 8 )  

102 ( 3 9 )  
38 ( 3 )  

99 (37 )  
a 4  (29) 
55 ( 1 3 )  
33 ( 0 )  

T r a n s l e n t  
-- 

Wal l  Mean 
Temperature, 

O F  ("C) 

(3 Tes. 
S t a r t  

Dynamic 
-- 

Test  
Cyc 1 e 

D e s i g n a t i o n  

FJBS 
N BSi-10 
NBS- 10 

NBS 

NBS 
Orlando January 
Orlando Jan. Mod. 
Orlando A p r i l  
Or lando August 

NOS 
Phoen i x January 
Ptioenlx A p r i l  
Phoenix August 

NBS 
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'AALL M1 8-IN. (203-MM) MEDIUM WEIGHT CONCRETE BLOCK 

DESCRIPTION: Medi um wei g h t  8- i  n. (293-mm) no1 1 ow core concrete b l  ock 
wal l .  

REFERENCE: Fiora to ,  A. E. and Cruz, C. R., "'Thermal Performance of  
Masonry Mal Is," Research and  Deve'l opment Sul1  e t i  n RD071 , 
Port1 and Cement Associ a t i  on,  Skoki  e ,  1980, 1 7  pages I) 

COMPOSITIOhl: 

1. 

2. 

3x8~16-i n. (203x203x406-mm) Medi um blei gtat Hal 1 ow 

Type til Mortar: 

Core Concrete Block - 2 cores  per block 

qua r t e r  p a r t  lime, and tnree par ts  masonry 
sand by volume 

one pa r t  p o r t l a n d  cement, one- 

TABLE MI-I - PHYSICAL PROPERTIES OF &ALL AT TIME OF TEST 

U n i t  Neight ,  psf (kg/m2) 

Average P h i  ckness i II. Imm) 

!~%Ji5itllre Content,* % by 
ovendry w e i g h t  

"Measured on masonry, i ncl u d i  ng mortar joints 
a f t e r  test .  
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R, 
Thermal Kesi s tance 

TABLE M1-3 - DESIGS HEAT TRAi iSMISSION COEFFICIENTS 

Component 

1. Outside Air F i l m  

2. 8 x 8 ~ 1 6 - i  n. (203~203x406-1m) Hol1 ow 

3. Inside Air F i l m  

Core Block 

"Source: Tab1 es o f  U-Val ues f o r  Concrete Masonry la11 s, NC31A-TEK 
b / ,  Nati onal Concrete Masonry Assaci a t i  on, Mckan,  
Virgin ia ,  1975. 
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TABLE M1-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

t0 

Outdoor 
A i  r 

48.7 
47.8 
47.6 
48.0 
51 -1 
66.2 
74.1 

89.0 
94.8 
98.3 
103.0 
109.5 
108.0 
194.4 

97.8 
87.8 
74.7 
66.6 
63.5 
62.3 
59.0 
51.3 
50.1 

a i  .9 

74.4 

Measured Temperatures, 

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 

56.3 

74.5 

58.4 

O F  

t3- 

In te rna l  

t 1 
Indoor 
SU rf . 
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 

LII 

- 

ti 

Indoor 
Air 

71 .I 
71 .0 
70.9 
70.4 
70.5 
70.5 
70.4 
70.9 
71 .l 
7'1.2 
71 -6  
71 "7 
71.7 
72.2 
72.3 
72.2 
12.6 
72.7 
71.8 
71.4 
7') .8 
71 .4 
71 .I 
71 - 3  

71.4 

I 

Measured Heat Flux, 
2 

B t u  / h r  * f t 

qw 

Calib. 
Hot Box 

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

11.16 
10.37 
8.93 
6.91 
4.32 
2.07 
0.55 

-1 -10 

10.78 

1.35 
P 

9hfrn** 

HFM 0 
Indoor 
Surf.  

I 

qhfin** 

HFM @ 
Dutdoor 
Surf .  

Gal c u i  a ted  
Heat F1 ux, 

2 
8tu/ hr * f t 

+f** 

Response 
Fac tor  

9SS 

Steady- 
j t a t e  

-8.14 
-8.54 
-8.67 
-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 

-2.43 
-3.22 
-4.16 
-6.82 
-7.62 

-0.85 

1.23 

*Data a r e  2-day averages, n o t  3-day averages, of test results. 
**Internal thermocouples and hea t  f low meters were not used on 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. 

Cal ibra ted  Hot Box Rela t ive  Humidity: 
Indoor Chamber - Not measured f o r  this wall assembly 
Outdoor Chamber - Not measured f o r  t h i s  wall assembly 

Laboratory Air Tem e ra tu re :  
Max. - 72°F (22"CP 
Min. - 70°F (21°C) 
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TABLE ~ 1 - 7 ( b )  - DYNAMIC TEST RESULTS ( P E R I O D I C I ,  NBS 'rEsr CYCLE,  SI W I T S  

rime, 
hr 

1 
2 
3 
a 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14  
15" 
16* 
17 
18 
19 
20 
21 
22 
23 
24 

__l- 

Mean 

I 
t o  I t 2  

Outdoor Outdoor 
Air Surf . I 
9.3 12,6 
8.8 11.9 
8.7 11.5 
8.9 11.5 

10.6 12.1 
19.0 17.2 
23.4 21 .o 
27.7 24,6 
31.7 28.1 
34.9 31.1 
36.8 33.2 
39.5 35.4 
43.0 38.4 
42.2 39.0 
40.2 38.1 
36.5 36.0 
31 .O 32.4 
23.7 27.1 
19.2 23.0 
17.5 20.7 
16.8 19.4 
15.0 17.9 
10.7 
10.1 1 
23.6 I 23.8 

"C 

21.2 21.7 
21.0 21.7 
20.8 21.6 
20.5 21.4 
20.5 21.4 
20.4 21.4 
20.7 21.4 
21.2 21.6 
21.7 21.7 
22.2 21.8 
22.8 22.0 
23.3 22.1 
23.7 22.1 
24.3 22.3 
24.6 22.4 
24.7 22,3 
24-7 22.6 
24.4 22.6 
23.9 22.1 
23.3 21.9 
22.8 22.1 
22.3 27-9 
21.9 21 - 7  
21.6 1 21.8 

Measured Heat F1 ux 

I__-- 

9w 

Cal i b .  
Hot Box 
-II_ 

-8.14 
-13.24 
-17.44 
-19.81 
-21.49 
-22.47 
-20.84 
-16.65 
-10.52 

-3.95 
4.10 

10.7'2 
18.03 
24.94 
29.43 
34.01 
35.22 
32 70 
28,16 
21 -78 
13.63 

6.52 
1.73 

-3.46 
I_ -.-I_ _.- 

4-27 

N/mZ 

+lf,Il** 

HFM Q 
[ndoor  
Sur f .  --- 

-..- 

_I- 

-1 

I 

qhfrn** 
HFM ia 

3u tdoor 
Surf .  
l_l_ 

---.- 

Gal c u i  a ted  
Heat  F lux ,  

i l / m  2 

qrf  ** 
iesponse 
Factor  

qss 

State 
Steady-  

--I__ 

-25.68 
-26.93 
-27.35 
-26.81 
-24.58 
-9.38 

10.23 
18.86 
26.11 
30.63 
35.78 
43.34 
43.44 
39.90 
33.26 
22.73 

7 .a5 
-2-67 
-7.66 

-10.15 
-13.12 
-21.50 
-24,02 

0 . a  

__ly..l- 

3.88 

kData are  2-day averages, n o t  3-day averages,  o f  t e s t  resul ts .  
""Intevnal thermocouples and heat  f l o w  meters were not used on t h i s  wall asscaibly. 

* * R ~ S Q Q T I S ~  f a c t o r  ana lys i s  was no t  performed for  t h i s  wall assembly. 
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WALL M2: 8-IN. (203-MPl) MEDIUM WEIGHT CONCRETE 
BLOCK WITH INSIJnrnON I N m t S  

DESCRIPTION: Medi um weight 8-i n. (203-mm) hol  1 ow core  concrete block 
wall w i  t h  1 oose-f i 11 i n s u l  a t i  on i n cores.  

REFERENCE: Fiora to ,  A. E. and Cruz, C. R,, "Thermal Performance o f  
Masonry Ha1 I s ," Research and Devel opment B u l l  e t i  n RD07l , 
Port1 and Cement Associ a t i  on, Skoki e ,  1980, 1 7 pages e 

C Ob1 P OS IT I ON : 

1 . 8x8~16- i  n. ~203x203~406-m)  Medi um Weight Holi ow 
Core Concrete Block - 2 cores  per block 

2. Si1 icone-Treated Per1 i t e  Insulat ion Loose 
u n i t  weight o f  6.1 pcf (97.7 kg/m3) 

3.  Type M Mortar: one p a r t  portland cement, one- 
quar te r  p a r t  lime, and t h ree  p a r t s  masonry 
sand by volume 

1 

TABLE M2-1 - P YSICAL PROPERTIES OF WALL A T  TIME OF T E S T  

rope r t y  

U n i t  Weight ,  psf ~ ~ g ~ ~ * ~  

Average Thickness, f n. (mm) 

Moisture Content," X by 
ovendry we4 g h t  

Measured 
Val ue 

*Measured on masonry, i ncl udi ng mortar j o i n t s  I 
a f t e r  test .  

-51 - 
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1 . -  

.... .... 

TABLE M2-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

-~ 

1.  Outside Air Fi lm 

2. 8 x 8 ~ 1 6 - i  n. (203x203~405-mm) Hol 1 ow 
Core Block w i t h  Perlite Loose 
Fi 11 Insul at1 on 

3. Inside Air F i l m  

Total R 

Total U 

R, 
Thermal Resi stance 

0.17 
(0.031 

4.00" 
(0.70) 

0.68 
(0.12) 

4.85 
(0.85) 

0.21 
(1.18) 

*Source: Tab1 es o f  U-Val ues f o r  Concrete Masonry Wall s ,  NCMA-TEK 
67, Nati onal Concrete Masonry Associ a t i  on Mchan , 
Virgin ia ,  1975. 
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120 1- 1 50 

25 

Time , hour 

( a )  Measured Temperatures 

15 

0 

- I5 

1 -30  
I i I I 

0 a 16 24 -60 

Time , hour 
( b )  Temperature Differentials 

F i g .  M2-2 Wall M2 Dynamic Test Results f o r  NBS T e s t  Cycle 
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Time hoirr 
16 24 8 0 

( c )  Heat Flux  

F i g ,  M2-2 Wall M2 Dynamjc Test Results f o r  NBS T e s t  Cycle 
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TABLE M2-7(a) - DYNAMIC TEST RESULTS (PERIODIC), 118s TEST CYCLE 

T i  me, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 Of 
11” 
1 2* 
13” 
14* 
15* 
16* 
17* 
18 
19 
20 
21 
22 
23 
24 

Mean 

to  
Outdoor 

Air 

48.3 
47.1 
47.5 
47.5 
55.4 
68.4 
76.0 
84.0 
91 . I  
95.7 
99.1 

105.0 
110.3 
108.3 
103.8 

95.6 
82.8 
72.2 
65.8 
63.2 
52.0 
56.2 
50.9 
49.6 

74.4 

Measured Temperatures, 

t 2  

It-tdcior 
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 

_c_I 

1111 

ti 
Indoor 

Air 

71 - 5  
71.4 
71.6 
71.5 
70.9 
71 -0 
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 
79.9 
72.0 
72,O 
71 -7 
?I .3 

71.7 

Measured Heat F1 ux, 
2 

Btu / R  P’ c t 

9W 

Cal i b. 
i o t  BOK 

-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 

W m * *  
HF# @ 

Indoor 
Surf. 

I 

qhfm** 

HFM @ 
Outdoor 
Surf. 

Calculated 
Heat Flux, 

2 
B t u  /hr ’ f t  

Qrf*** 

h spo n se 
Factor 

*Data are 2-day averages, no t  3-da averages, of test  results. 
*Internal themcouples and heat f ow meters were n o t  used on t h i s  wall assembly. 

Calibrated Kot BOX Relatiwe Humr’d1t.y: 

***Respanse f ac to r  anmlysls #as not  performed for this  w a i l  assembly, 

Indoor Chamber - Not measured f o r  t h i s  Hall assembly 
Outdoor Chamber - Not measured for this wall assembly 

Max. - 73°F (23”CY 
Min. - 69°F (21°6) 

Laboratory Air fem erature:  

9s S 

Steady- 
State 

-5.00 
-5.30 
-5.35 
-5.37 
-4.27 

0.02 
1.85 
3.53 
4.77 
5.75 
5.92 
8.16 
8.33 
7.67 
6.20 
3.82 
1.46 

-0.35 
-1 -33 

-2.88 
-4.13 

-I -78 

-1 .a5 

-4.60 

0.68 
-II 
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TABLE M2-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 Of 
l l *  
12" 
13" 
14* 
1 5* 
1 6* 
17* 
18 
19 
20 
21 
22 
23 
24 

Mean 

Measured Temperatures, 

t 0  

Outdoor 
A i  r 

9.1 
8.4 
8.6 
8.6 

13.0 
20.2 
24.5 
28.9 
32.8 
35.4 
37.3 
40.6 
43.5 
42.4 
39.9 
35.3 
28.2 
22.3 
18.8 
17.3 
16.7 
13.5 
10.5 
9.8 

23,6 

t 2  

Outdoor 
Surf .  

11.7 
10.9 
10.7 
10.5 
12.7 
17.7 
21 .€I 

25.5 
29.1 
31.9 
34.2 
36.9 
39.8 
40.3 
39.2 
36.4 
31.6 
26.6 
22.7 
20.5 
19.1 
16.8 
14.0 
12.8 

23.9 

"C 

t3** 

I n t e r n a l  
t 1 

Indoor 
Surf. 

22.0 
21 .8 
21.7 
21.6 
21.4 
21.4 
21 a 5  

21.7 
21.9 
22.1 
22.4 
22.7 
23.0 
23.2 
23.4 
23.6 
23.7 
23.6 
23.5 
23.2 
22.9 
22.7 
22.5 
22.2 

22.5 

ti 
[ndoor 

Air 

21.9 
21.9 
22.0 
21.9 
21.6 
21.7 
22.0 
22.0 
21.9 
21 - 9  
21.9 
22.2 
22,4 
22.2 
22.2 
22.6 
22,4 
22.3 
22.2 
22.2 
22.2 
22.2 
22,o 
2% .9 

22-1 
__a_ 

Measured Heat Flux, 

qw 
Gal i b. 

# S t  BOX 

-4.35 
-7.21 
-9.34 

-1 1.81 
-1 3.68 
-14,47 
-14.03 
-13.26 
-11.19 
-7.19 
-4.15 

0.1 5 
4.74 
7.56 

10.82 
14.67 
16.67 
16-10 
15.36 
13,14 

9.39 
5.88 
2.22 

-1.53 

0.24 

w / m 2  -- 

Qhfi%** 
HFM @ 

Indoor 
Surf. 

I 

"ifm** 

HF14 0 
Outdoor 
Surf . 

Gal cul a ted  
Heat F1 ux 

/m 
2 

qrf ** 
tesponse 
Factor 

*Da%a are 2-day averages,  n o t  3-day averages, o f  test  r e s u l t s .  
**Internal thermocouples and hea t  f l o w  meters were not used on t h i s  wall assembly. 

**Response f a c t o r  ana lys i s  was not performed f o r  t h i s  wall assembly. 

q5 S 

Steady - 
S t a t e  

-1 5.75 
-16.71 
-16.88 
-16.94 
-13.45 

-5.61 
0.05 
5.85 

11.13 
15.04 
18.14 
21.81 
25.74 
26.27 
24.19 
19.57 
12.03 

4.59 
-11 . I4  

-5.82 
-9.09 

-1 3.02 
-1 4.51 

-4.18 

2.14 

- 58- 
cons?ructiort techriology laboratories 



I 

W
 

W
 

a, 
L

 
3
 

v
) 

rd 
a, 
z
 

T
 

X
 

Irj 
I 

a
 

m
 

e
 

.s 1 
m

 
E

 
N

 

-59- 
c

o
n

s
tru

c
tio

n
 te

c
h

n
o

lo
g

y
 la

b
o

ra
to

rie
s

 



-
h
l
 

-c, 
ac. 

Q
\

 
+

2
 

c
,
 

m
 

v
)
 

m
 

7
: 

c
o

n
s

tru
c

fio
n

 tech
n

o
lo

g
y la

b
o

ra
to

rie
s

 



WALL M5: $-IN. (203-MM) NORMAL WEIGHT CONCRETE BLOCK 
WIm RtFLECTIVt I N m O N  

DESCRIPTION: 8-in. (203-mm) concrete block wall w i t h  stucco on exter ior  
surface and gypsum wallboard secured t o  f u r r i n g  strips on 
in t e r io r  surface. 

REFERENCE: Fiorato, A. E., "Heat Transfer Characteri s t i c s  o f  Mal 1 s 
Under Dynamic Temperature Conditions ," Research and 
Devel opment B u l l  e t i  n RD075, Port1 and Cement Associ a t i  on, 
Skokie, 1981, 20 pages. 

COMPOSITION: 
9 .  1/2-in. (13-mm) Stucco 

2. 8x8x16-in. (203x203~406-mm) Normal Weight 
Hollow Core Concrete Block - 2 cores per 
block 

a t  17-i n. (432-mm) center-to-center 
3.  3/4-in.xl-1/2-in.  (19x38-m) F u r r i n g  S t r i p s  

4. 3/4-in, ('19-mm) re f lec t ive  a i r  space 

5. 1 /2- i  n. (1 3-mna) f o i l  -backed gypsum wall board 
I 

Mote: A bond beam was cast  i n  the top course o f  
block. See referenced report  for  detai 1 s. 

I 

Property 
Me a su red 
Value 

*Measured on masonry, i ncl udi ng mortar j o i  nts, 
a f t e r  t e s t .  

... . . 

i .  -61 - 
construction iechnwlogy laboraiories 



13 
Q

, 
L
a
,
 

3
7
 

c
 

c
o
 

a
-
 

E
*
 

C
C

 

M
 

m
 

4
j 

F
 

rn 
P

 

I 
.
V

 

P
- 

r- 
I
 

I 
I 

I 
I 

I 
I 

1 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

-62- 
c

o
n

s
tru

c
tio

n
 tech

n
o

lo
g

y la
b

o
ra

to
rie

s
 



, ..... 

.r
. 

~ 

1
 

~ ... 
... 

0
 I 

I 
1 

i 
1 

I 
I 

I 
I 

I 
I 

1 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

0
 

t
)
 

d
 

* 
0
 

i I 
I I 

7
 

V
 

a
 

u7 
4
 

c
 

-63- 
c

o
n

s
tru

c
tio

n
 te

c
h

n
o

lo
g

y
 laboratories 



A
 

.
.

 
r
-
v

 
7
 

v
 

I 
I 

I 
I 

I 
I 

I 
I 

-64- 
c

s
n

s
tru

c
lio

n
 tech

n
o

lo
g

y la
b

o
ra

to
rie

s
 



TABLE M5-3(a) - OESIGN HEAT TRANSMISSION COEFFICIENTS 
OF WALL EXCLUSIVE OF BOMD BEAM 

~ ~- 

Component 

1. Outside Air F i l m  

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

3. 8x8~3 6- i  n. ( 203x203x406-mrn) Hol 1 ow 
Core Block 

4. 3/4x1-1/2-i n. ( 1  9x38-mm) Furr ing 
S t r i p s  

5. 3/4-in. (19-mm) Reflective Air Space 

6. 7 /2-i n. ( 1  3-mm) Foi 7 -backed Gypsum 
Mal 1 board 

7. Inside Air F i l m  

Total 

Total U 

R ,  Thermal Resistance 

Between F u r r i n g  , 

0.10" 
(0.02) 

1.04" 
(0.18) 

3.46" 
(0.61 1 

0.45" 

5.90 
(1.04) 

0.17 

A t  Furring, 

h r *  f t 2 *  " F / B t U  
(m2*K/W 1 

0.17 
(0.03) 

0.10 
(0.02) 

1.04 
(0.181 

0.94* 
(0.171 

e- 

0.45 
(0.08) 

0.68 
(0.12) 

3.38 
(0.69) 

0.30 
{ 1.689 

*Source: ASHRAE Handbook of  Fundamentals, American Society o f  Heating, 
Refri gerati ng , and A i  r-Condi t i  o n i  ng Engi neers , Enc e , New York, 
1977, Chapter 22. 

A d j u s t  f o r  F u r r i n g  (14,3%), Exclusive o f  Bond Beam: 
U = 0.857 (0.169) + 0.143 (0.296) 

= 0.187 Btu/hr-f tP*"F (1.06 w / ~ ~ * K )  

Adjust  for  Bond Beam (7.8%): 
U = 0.922 (0.187) f 0.078 (0.195 

= 0.19 Btu/hr'ft 'OF (1.07 W 
R = l / U  = 5.33 h r * f t 2 * " F / B t u  ( 

2 

construction f e c h n ~ l ~ g y  laboratories -65- 



TABLE F45-3(b) - DESIGN HEAT TRANSMISSION COEFFICIENTS AT BOND BEAM 

Component 

1. Outside A i r  F i l m  

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

3. 8 x 8 ~ 1 6 - i  n. ( 203x203~486-m 

4. 3/4x1=-1/2-i n. ( 1 9x38-mm) Furri ng 

5. 3/4-in. (19-min) Re f lec t i ve  A i r  Space 

w i t h  Concrete in Cores 

S t r i p s  

7. Ins ide A i r  F i l m  

Total, R 

Total U 

FQ, Thermal Resistance 

0.17 
(0.03) 

0.10" 
(0.021 

0 a 84" 
(0.45) 

3.46* 
(0.61 1 

0" 45" 
(Q.08) 

8.68 
(0.12% 

0.17 
(0.03) 

0.10 
(0,021 

0.84 
(0.95) 

0.94" 
(0.17) 

-- 

0.45 
(O.08) 

0.68 
(0.12) 

3.18 
(0.56) 

0.31 
(1.79) 

Adjust  for Fur r i ng  (14.3%) a t  Bond Beam: 

-66- 
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25 

Time , hour 

( a )  Measured Temperatures 

I 
3Q r i 

l" 
15 

Q 

- 15 

AT, 
"C 

Time , hour 

( b )  Temperature Differentials 

F i g .  M5-2 Ida11 M5 Dynamic T e s t  Results f o r  NBS Pes t  Cycle 
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TABLE M5-7(a) - DYNMIC TEST RESULTS (PERIODIC), NBS 'TEST CYCLE 

Time, 
h r  

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 

t0 

Outdoor 
A i  r 

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 

Measured Temperatures, 

" F  

t 2  
Outdoor 
Surf. 

60.9 
59.0 
57.4 
56.5 
55.8 
58.4 
65.1 
70.7 
76.4 

86.7 
90.4 
95.0 
99.4 
100.6 
99.6 
96.2 
89.8 
82.4 
77.0 
73.7 
71.5 
67.6 
53.3 

82.0 

76.5 

t3* 

Internal 

t 1 
Indoor 
Surf. 

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 
75.1 
75.3 
75.5 
75.5 
75.4 
75.2 
95.0 
74.7 
74.5 

--, 

74.2 

t i  

[ndoor 
A i  P - 
73.8 
73.8 
73.7 
73.7 
73.7 
73.6 
73.6 
73.6 
73.6 
73.6 
13.7 
73.7 
73.8 
73.8 
73.9 
74.0 
74.0 
74.1 
7 4 a o  
74.1 
74.0 
74.0 
73,9 
73.9 

73.8 

I-._-- 

--- 

Measured Heat Flux, 
2 Btu/hr * f t 

qw 
C a l i b .  

4ot Box 

0.22 
4 . 1  3 
-0.63 
-1.23 
-1.56 
-1 .a0 
-1.96 
-1.88 
-1.71 
-1.63 
-1.12 
-0.48 
0.08 
0.51 
1.13 
1.72 
2.05 
2.48 
2.45 
2.46 
2.22 
1.75 
1.32 
0.89 

0.22 

Wnl* 
HFM @ 

Indoor 
Surf. 

_ I ~  

I 

%fm" 
HFM @ 

Outdoor 
Surf. 

Calculated 
Heat Flux, 

2 
Btu/hr* f t 

*Internal thermocouples and h a t  f low meters were n o t  used on this wall assembly. 

Calibrated Not Box Relative Humidity. 

*Response factor analysis was not performed f o r  this  wall1 assembly. 

Indoor Chamber - 19% 

Laboratory Air Tern erature: 
Max. - 76°F (24OCY 
Min. - 7OOF (ZlOC) 

%f** 

iesponse 
Factor 

4s s 
Steady - 
State 

-2.77 
-3.1 3 
-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 

0.48 

-70- 
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TABLE M5-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS 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 

t0 
Outdoor 

A i  r 

11.3 
10.6 
10.1 
10.0 
10.0 
14.2 
20.1 
24.9 
29.0 
32.7 
35.4 
37.2 
40.4 
42.9 
41.8 
39.8 
35.6 
29. I 
23.2 
20.0 
18.7 
18.1 
14.7 
12.0 

24.3 

Measured Temperatures, 

"C 

t 2  
lutdoor 
Surf. 

16.1 
15.0 
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 
25.8 
23.2 
22.0 
19.8 
17.4 

24.7 

t3*  
Intern a 1 

t l  

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 .O 
23.9 
23.7 
23.6 

23.5 
L_I 

I 

ti 
Indoor 

A i r  

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 

23.2 
_II 

Measured Heat Flux, 

ClW 

Cal i b. 
Hot Box 

0.68 
-0.42 
-2.00 
-3.87 
-4.91 
-5.38 
-6.1% 
-5.92 
-5.41 
-5.1 5 
-3.52 
-1.51 
0.26 
1.61 
3.57 
5.44 
6.48 
7.81 
7-73 
7.56 
7.QB 
5.52 
4.18 
2.79 

0.68 

w/m2 

4hfm* 
HFM e 

Indoor 
Surf. 

a 

qhfrn* 
H F M  @ 

Outdoor 
Surf. 

Cal cul a ted 
Heat Flux,  

W /m 2 

Clrf ** 
b spo n se 
Factor 

*Internal thermocouples and heat f law meters were not used on t h i s  wall assembly. 
**Response f ac to r  analysis was no t  performed for  t h i s  wall ass@mbly. 

9s 5 

Steady- 
State  

-8.76 
-9 I 87 

-10.72 
-71.37 
-11.56 
-9.73 
-5.27 
-1 "5% 
2.12 
5.70 
8.70 

10.97 
13.85 
16.67 
17.21 
16.34 
13.92 
9.57 

1.06 
-0.99 
-2.25 
-4.68 
-7.38 

1.53 

4-58 

-71 - 
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TABLE M5-8(a) - DYN IC TEST RESULTS ( P E R I O D I C ) ,  ORLANDO JANUARY TEST CYCLE 

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 

t 0  

Outdoor 
A i  r 

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 
55.7 
64.5 
62.4 
62.0 
60.2 
60.2 

66.5 

Measured Temperatures 

t 2  

Outdoor 
Surf. 

62.9 
62.0 
60.8 
59.9 

57.3 
57.1 

60.1 
63.0 
66.7 
72.4 
76.7 
80.4 
83.1 

81.9 
76.2 
71.6 
69.4 
67.5 
66.3 
64.9 
64.1 

58.4 

58.1 

84.2 

67.7 
._C_X 

OF 

t3+ 

Internal 

_1__1- 

tl 

Indoor 
S u r f .  
111__ 

73.6 
73.5 
73.4 
73.3 
73.2 
73.1 
73.0 
72.9 
72.9 
12.8 
72.9 
73.0 
73.1 
73.3 
73.6 

74.0 
74.2 
74.2 
74.2 
74.1 
74.0 
33.8 
73.7 

73.5 

73.8 

-- 

ti 
Indoor 

A i r  
_.__I 

73.6 
73.6 
73.5 
73.5 
73.5 
73.5 
73.5 
73.4 
73.4 
73.4 
73.4 
73.4 
73.5 
73.6 
33.6 
73.7 
73.7 
73.7 
73.7 
73.7 
73.a 
73.7 
73.6 
73.6 

73.6 

Measured Meat Flux, 
2 

R t u / h r '  f t 

Cal i b. 
Hot. Box 

-0 58 

-1.08 
-1.25 
-1.56 
-1.65 
-1.70 
-1.87 
-1.76 
-1 .81 
-2.13 
-1.90 
-1.53 
-1.16 
-0.75 
-0 m 28 
-0.33 
-0.04 
0,33 
0.33 
0.18 

-0.15 
-0 45 

-0.92 

-0.84 

0.08 

9hFrn* 

HFM e 
Indoor 
Surf. 

I 

%fin* 
HFM @ 

Outdoor 
S u r f .  

Cal cu l  ated 
Heat Flux, 

2 
B t u / h r '  f t  

%f** 

Response  
Factor 

"Internal  therm~couples  and heat flow meters were not used on t h i s  wall assembly. 

Calibrated Hot Box Relat ive Humnida'ty: 

**Response f a c t o r  ana lys i s  Mas n o t  performed f o r  t h i s  wall assembly. 

Indoor Chamber - 18% 
Outdoor Chamber - 19% 

Laboratory A i r  T ~ ~ P Q w ~ ~ u P ~ :  
Max. - 73°F (23%) 
Min. - 67°F (19°C) 

9s s 
jteady- 
State 

-2,23 
-2.40 
-2.63 
-2.79 

-3.29 
-3.31 
-3.08 
-2.67 

-1.30 
-0.1 3 
0.75 
1.49 
2.00 
2.19 
1.66 
0.42 

-o* 54 
-1 .00 
-1.38 
-1.61 
-1.86 
-2.00 

-3. oa 

-2,a5 

-1.20 
1 1 1 _  

-74-  
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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 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

t 0  

Outdoor 
Ai 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 
a 8.7 
18.1 
16.9 
16.7 
15.6 
15.7 

19.2 

Measured Temperatures, 

*c 

t 2  t3* 

Outdoor Internal 
Surf. 

t 1 
Indoor 
Surf. 

23.1 
23.1 
23.1) 
22.9 
22.9 
22.8 
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 

23.0 

- 
- 

t i  

M o o r  
A i  r 
II 

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 
WII 

Pleasured Heat Flux, 

qw 
Cal ib ,  

Hot Box 

-2.15 
-2.64 
-3.42 
-3.95 
-4.92 
-5.22 
-5.36 
-5.90 
-5.56 
-5.70 
-6.72 
-5.99 

-3.66 
-2.35 
-0-90 
-1.04 
4.1 2 
1 .Q4 
1 .Q4 
0.56 
0.27 

-0. 46 
-1.43 

-4. a3 

-2 * 89 

W/m2 

HFM @ 
Indoor 
Surf I 

I 

%fm* 
HFM B 

Outdoor 
Surf. 

Cal c ul  a ted 
Heat F l u x ,  

w/m2 

W** 
lesponse 
Factor 

*Internal thermocouples and heat f l o w  meters were not used on t h i s  wa%l assembly. 
'*Response f a c t o r  analysis was not performd Far t h i s  wall assembly. 

95 S 

Steady- 
S t a t e  

-7.05 
-7.57 
-8.29 
-8.82 
-9.73 

-1 0.38 
-10.45 

-9.73 
-8.42 
-6.45 

-0.40 
2.38 
4.70 
6.30 
6.90 
5.24 
1.32 

-1.72 
-3.1 7 
-4*35 
-5.08 
-5 c 87 
-5.33 

-3.79 

-4.09 

-75- 
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5-9(a) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO JANUARY MODIFIED TEST CYCLE 

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 

Mean 
_llll 

_I-p.. 

.-- 

Measured Temperatures> 

t 0  

O U  tdoor 
Air 

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 
89.7 
84.2 
76.6 
79 .o 
70.1 
6?.9 
67.8 
66.0 
66.2 

71.1 

t 2  

Outdoor 
Surf. 

68.1 
67.2 
65.9 
65.0 
63.8 
63.2 
63.1 
64.0 
65.5 
67.5 
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* 

In te rna l  

tl 

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.Q 
--- 
73.8 
__Î  

ti 

Indoor 
A i  P- 

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 

B t u / h r '  f t  

Qw 

C a l i b ,  
Hot Box 

-0.00 
-0.14 
-0.37 
-0.58 
-0.82 
4.82 
-1.06 
-0.89 
-1.17 
-1.02 
-1.22 
-0.85 
-0.86 
-0.1 8 
-0.18 

0-43 
0.42 
0.49 
0.60 
1.03 

0.72 
0.37 
0,26 

-0.22 

0.58 

-...-- 

%fm* 

Indoor 
Surf. 

I 

qhfm* 

HFM 8 
Outdoor 
Surf. 

I 

-- 
Calculated 
Heat F l u x ,  

2 
B tu /h r - f t  

%f** 
Response 
Factor 

I 
*Internal thermocouples and heat f low meters were not csed on t h i s  wall assembly. 

Cal i brated Mt. Box Re1 a t i  vi! Humiid:; ty : 

"Response f ac to r  analysis #a5 not. p e r f o m d  for  t h i s  wall asseirrbly. 

OUtdQQr Chamber - 19% 

Laboratory A i r  Tern erature: 
Max. - 75°F (240C7 
Mil l .  - 71°F (22'C) 

qs s 
Steady- 
S t a t e  

-1.21 
-1.38 
-1 -65 

-2.05 
-2.15 
-2.15 
-1.94 
-1.153 
-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 

-1 .a2 
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TABLE M5-91bI - DYNAMIC TEST RESULTS (PERIODIC) ,  ORLANDO JANUARY MODIFIED TEST CYCLE, SI UNITS 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 1  
12 
1 3  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

i o  

1_1 

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 

27.1 
29.4 

32.1 
32.1 
29.0 
24.8 

21.1 
19.9 
19.9 
18.9 
19.0 

21.7 

22.8 

31 .a 

21.7 

Measured Temperatures. 

__I 

t 2  

lutdoor 
Surf. 

20.1 
19.6 
18.8 
18.3 
17.6 
17.3 
17.3 

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 .I 
20.7 

17.8 

22.2 

"C 

t3* 

[n  ternall 
t l  

:ndoor 
Surf. 

23.3 
23.2 
23.2 
23.1 
23.1 
23.1 
23.0 

22.9 
22.9 
23.0 
23.0 

23.1 
23.2 
23.4 
23.4 
23.5 
23.6 
23.5 
23.5 
23.5 
23.4 
23.3 

23.2 

23.0 

23.0 

ti 

Moor 
A i r  

__c 

23.2 
23.1 
23.1 
23.1 
23.1 
23.1 
23.7 
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 
__I 

Measured Heat Flux, 

qw 
Cal fb .  

lot Box 

-0.00 

-1.16 
-1.84 
-2.57 
-2.57 
"3.35 
-2.81 
-3.64 
-3.20 
-3.83 
-2.67 
-2.72 

-0.58 
a .J6 
1.38 
1.55 
1.89 
3.25 
1.84 
2.28 
1 .?S  
0.82 

-0.69 

-0.44 

-0.58 

w/m2 

qhfm* 
Hm @ 

Indoor 
Surf. 

I 

*hfm* 

HFM @ 
Iutdoor 
Surf .  

Calculated 
Heat F1 M X ,  

w /m 2 

qrf** 

Response 
Factor 

"Internal thermocouples and heat f l o w  meters were n o t  used ow this wall assembly. 
**Response f ac to r  analysis  was n o t  performed f o r  t h i s  wall assembly. 

qs s 

Steady- 
S ta t e  

-3- $3 
-4.35 
-5.21 
-5.73 
-6.46 
-6.78 
-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 
-3.1 7 

-1.22 
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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 

b a n  

t0 

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 
72.5 

77.6 

Measured Temperatures, 

t 2  
Outdoor 
Surf. 
-II 

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 

79.8 
78.0 
76.9 
75.9 

78.2 

82.7 

"F 

t3** 

[nterna 1 

~. 

tl 

Indoor 
Surf.  

78.5 

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 

78.2 

78. I 

75.7 

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 
14.7 
75.3 
75.9 
76.5 
77.1 
77.5 
77.7 
77.8 
77.8 

Measured Heilt F l u x ,  
2 

Btla/hr*f t 

qw* 
Cal i b. 

Hot Box 

I_.___. 76.1 

HFW @ 
Indoor 
Surf.  

I 

Jhfm** 

HFM 0 
lutdoor 
Surf. 

Calculated 
Heat F1 ux, 

2 
B t u l h r  ' f t  

9rff** 

Response 
Factor 

9s s 
Steady- 
S t a t e  

-0.80 
-1.05 
-1.26 
-1.51 
-1.70 
-1.82 
-1.72 
-1.46 
-1 .QO 
-0.57 
0.Q4 
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 l o a t i n g  conditions.  Indoor sur face  and a i r  t e  
perm1Lte.d t o  respond t o  outdoor changes wi thou t  heating, cooling, or forced a i r  c i r c u l a t i o n  on 
the indoor side.  Ma hea t  f l o w  through wall was measured. 

**Internal thermocouples and heat f l o w  meters were not used on th i s  wall assembly. 
**Response factor ana lys i s  was not. performed for this wall assembly. 

Calibrated Hot Box Relative Hmws'dity: 
Indoor Chamber - 25% 
OMtdOQt" Chamber - 21% 

Laboratory A i r  Temperature: 
Max. - 72°F (22OC) 
Min.  - 68°F (20°C) 

-82- 
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TABLE M5-10(b) - DYNAMIC TEST RESULTS (PERIODIC) ,  ORLANDO APRIL TEST CYCLE. SI UNITS* 

Time,  
h r  

- 
1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

a 

- 
_111 

Measured Temperatures , 
"C 

t 0  t 2  t3** 

Outdoor Outdoor Internal 
Air I Surf. 1 

21 .5 
20.8 
19.7 
19.0 
18.1 
17.9 
18.3 
19.4 
21.2 
22.7 
24.9 
28.1 
31.2 
34.1 
36.5 
38.2 
36.9 
33.3 

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 

25.4 25.7 

t l  

Indoor 
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 
2b.l 
26.0 - 
24.8 
II_ 

t i  
Indoor 

A i  r - 
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 
IC 

Measured k a t  Flux, 

%t* 

Cal i b. 
Hot Box 

- I 24.5 

Y/m2 

qhfmW 

HFM @ 
Indoor 
Surf. 

I 

Q-Ifrn** 
HFM @ 

Outdoor 
Surf. 

-1- 

Calculated 
Heat F1 ux, 

w/m2 

q r F  

Iesponse 
Factor 

qs 5 

iteady- 
i t a t e  

-2.52 
-3.31 
-3.97 
-4.76 
-5.35 
-5.75 
-5.41 
-4.62 
-3.17 
-1.78 
0.13 
2.52 
5.44 
7 -90 
0.37 
1.98 
1 e99 
9.45 
6.05 
2.79 
0.66 

-0.66 
-'I. 33 
-1.86 

1 .OJ 

*Test was conducted under f l o a t i n g  condit ions.  Indoor surface and as"r temperatures were 
permitted t o  respond t o  outdoor changes w i t h o u t  heating, cooling, o r  forced air  c i r cu la t ion  
the indoor side.  No hea t  Flow through waK7 was measured. 

**Internal therRIQtQUpleS and heat flow neters were not used on this wall assembly. 
*MResponse factor analysis  was not performed for this wall assembly. 
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h r  

- 
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 - 
Hean 

1. 7 rime, 

t o  
itdoor 
A i  r 

31.7 

60.4 
77.9 
77.4 
75.3 
77.1 
78.6 
82.7 
83.3 
86.4 
88.2 
93.8 
96.8 
102.7 
105.0 
107.5 
100.7 
95.4 
90.7 
88.4 
85.3 
84.5 
81.8 

ao.3 

ILI 

87.6 
_II 

4.4 
i3.0 
i2.7 
10.9 
10.1 
'8.5 
'8.8 
19.3 
31.5 
32.3 
34.2 
85.6 

91.7 
96.0 
98.5 
01.6 
99.0 
96.2 
92.8 
90.9 
88.4 

85.1 

2.9.2 

87.3 

t3* 

1 ter nal 

I 

idQOY 
IUPS. 

r5.3 
15.2 
15.1 
15.0 
74.9 

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 

75.0 

74.8 

-- 

73.9 2.32 
73.9 2.54 
73.9 2.80 
74.0 3.11 
74.0 3.34 
74.0 3.57 
14.0 3.72 
74.0 3.69 
14.0 I 3.71 
13.9 3.37 

ifrn* 
iFM P 
itdoor 
jurf.  
___I 

__._- 

_I*.- 

Gal cul a ted  
Heat Flux, 

B t u / h r  * f t 

*Internal thennocouples and heat f low meters were not used on t h i s  wall assembly. 
"~espoiqse factor analysis was not  perfolnirne far this assetPubly* 

1.91 
1.64 1 
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 
4.33 
3.63 
3.23 
2.70 
2.48 
2.04 
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TABLE M5-ll(b) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO AUGUST TEST CYCLE, SI UNITS 

Cal cul ated 
Heat f lux ,  

W/m2 

Measured Temperatures, Measured Heat Flux, 

M/m2 

q h h *  

HFM @ 
Indoor 
Surf. 
I_ 

"C 

t3* 
Internal 

Time, 
hr I 

qhfin* 

HFH @ 
Outdoor 
Surf. 

t0  

Outdoor 
A i  r 

t2 
Dutdoor 
Surf. 

q W  

Cal i b. 
Hot BQX 

t 1 
Indoor 
Surf. 

t i  

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 

%f** 

Response 
Factor 

qs s 

Steady- 
State 

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 

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 

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 

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 

6.08 
5.17 
5.04 
3.91 
3.45 
2.45 
2.72 
3.11 
4.57 
5.1 7 
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 

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 -7% 
11.64 
73.69 
10.63 

8.46 %an 30.8 8.23 30.9 23.9 

"Internal thermocouples and heat flow meters were not  used can this wall assembly. 
*Response factor analysis was not performed for this wall assembly. 
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WALL M6: 8-114. (203-Ml1) LIGHTNEIGidT CQIdCRETE 
BLOCK WITH ItaSULATIOiJ Cid INSIDE SURFACE 

DESCRIPTION: L i  ghtwei gh t  8-i n. (283-mm) hol 10% core concrete b l  ock Nal1 
w i t h  f iber31 ass b a t t  insu la t ion  between fur r ing  strips and 
gypsun wall board on i nteri or- surface.  

REFERENCE: F iora to ,  A. E. and Bravinsky, E. "Heat Transfer 
Charactcri  s t i c s  o f  Mal 1 s Under Arizona Temperature 
Condi ti ons " Construction Techno1 ogy Lasoratori es, Port1 and 
Cement Association, Skoki e ,  1981 til pages. 

COMPOSITION: 

1. 
4 

3 

2 

1 

2. 

3. 

4. 

8x8~16- i  n. (203x203x406-mm) L i g h t w e i g h t  
Hollow Core Concrete Block - 2 cores  
per bl ock 

1-1 /2-in.xl-3/4-i n. (38x44-mm) 
F u m i n g  S t r i p s  a t  16-in. 
(4O6-mm) centes-to-center 

Insul a t i  on 
1 -3/4-i n. (44-mm) R-8 F i  berg1 a s s  

1 Gypsum Wallboard 

TABLE M6-1 - PHYSICAL PROPERTIES OF NALL AT TIME OF TEST 

P roper ty 
c 

Un i t  weight, psf ( 42.1 
(2058 

(251 9 I Average Thickness, i n .  (mm) 

73.67 
(5.84) 

Moisture Content.,* % by 1 .Q 
a w l d r y  wei g h t  

I I 
*Measured masonry, i ncl udi ng mortar j o i  nts, 

a f t e r  test. 
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TABLE $46-3 - DESIGN HEAT TRANSi4ISSION COEFFICIEt4TS 

Component 

1 .  Outside Air Fi lm 

'2. 8 x 8 ~ 1 6 - i  n. ( 203x203x4Q6-mm) 
Hol l ow Core Block 

3. 1 -3/4x1-1/2-i n .  (44x38-mm) 
Furri ng S t r i p s  

4. 1 -3/4-i n. (44-mrn) F i b e r g l a s s  
I n s u l a t i o n  

5. I/Z-in.. (13-mm) Gypsum Wallboard 

6. Inside Air F i l m  

Total  R 

Total  u 

R ,  Thermal Resistance 

Between F urri ng 

hr- f t 2 *  Q F / B ~ ~  

( m2 * K/W) 

0.17 
(0.03) 

2.13" 
(0.38) 

- 

6.00* 
(1.06) 

0,45* 
(0.08) 

0.58 
(0 .12)  

9.48 
(1.67) 

0.11 
I0.50) 

A t  Fur r ing  

h r * f t 2 *  "F/Btu 

(m2*K/W) 

0.17 
(0.03) 

2.18 
(0 .38)  

2.19* 
(0.39) 

- 

0.45 
m o a )  
0.68 

(0.12) 

5.67 
( 1  .OQ) 

*Source: ASHRAE Wlandbo~k o f  Fundamentals, American Soc ie ty  of' Heating,  
k f r i  g e r a t i  ng and A i  r-Condi t i  o n i  ng Engi news Inc. New Work 
1977, Chapter  22. 

-95- 
construction technofogy laboratories 



>
 

Y
 

c
 

h-4 

I 
I 

I 

3
 

c
o

n
s

tru
c

tio
n

 
te

c
h

n
o

lo
g

y
 kd3oraiories 

-96- 



Wall M 6  1 50 r 

Temp., 
O F  25 

3oI 0 0 8 I6 24 

Time, hour 

( a )  Measured Temperatures 
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O F  
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Fig. 146-2 Wall M 6  Dynamic Test Results f o r  NBS Pest Cycle 
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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 M6-7(a) - OYNAMIC TEST RESULTS (PLRIODIC), NE5 TEST CYCLE 

I I 

Measured Temperatures, 

O F  

Surf. 

52.3 59.0 
50.3 56.9 
49.1 55.2 
48.6 54.1 
48.9 53.6 
56.6 57.3 
69.0 65.4 
77.3 72.2 
84.4 78.3 

64.7 69.9 
60.2 1 66.6 
53.9 61.2 

t3* 
tnternal 

t 1 
[ndoor 
Surf. 

73.6 
73.5 
73.3 
73.2 
73.1 
73.0 
73.0 
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 

73.5 

Measured Heat F l  ux, 

Btm/hr-f t2 

73.3 
73.3 
73.3 
73.3 
73.2 
73.2 
73.3 
73.2 
73.3 

73.3 
73.3 
73.4 
73.3 
73.3 
73.3 
73.3 
73*4 
73.3 
73.3 
73.2 

-0.13 
0.33 
1.77 
2.10 
2.39 
2.30 
2.17 
1.87 
1.53 
1.86 
0.98 

0.07 
5.46 
0.91 
1.33  
3 "68 
1.90 
1.95 
1 .a7 
1.72 
1.45 
1 .I6 

73-3 

"Internal thermocouples .were not used on wall asseybly. 

Calibrated Mot Box Relative Humidity: 

**Response factor analysts was n o t  performed for t h l s  wall assembly, 

Indoor Chamber - 36% 
Outdoor Chamber - 35% 

Max. - 74OF (23'T)  
Laboratory Air Temperature: 

 in. - 69°F ( 2 1 4 ~ )  

Calculated 
Heat F1 ux, 

2 
Btu/hr*f t 

0.44 
0.18 
-0.09 
-0.33 
-0.55 
-0.74 
-0.89 
-0.96 
-5.89 
-0.74 
-0.51 
-0.22 
0.08 
0.39 
0.74 
1.08 
1.37 
1.55 
1.64 
1.57 
1.41 
1.22 
0.95 
0.71 

%S 

jteady- 
jtate 

-1.98 
-2.24 
-2.44 
-2.56 
-2.52 
-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 

0.45 
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TABLE M6-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS 

Time e 

h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14  
15 
16 
17 
18  
19 
20 
21 
22 
23 
24 

Mean 

t0 

Outdoer 
Air 

11.3 
10.2 

9.5 
9.2 
9.4 

13.7 
20 "6 
25.2 
29.1 

35.4 
36.9 
40.2 
43.9 
42.1 
39.9 
36.2 
29.9 
23.5 
19.9 
18.3 
18.2 
15.7 
12.2 

32.8 

24.3 

Measured Temperatures, 

"C 

t 2  

3utdOQr 
Surf. 

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 
38.8 
39.2 
38.2 
36.1 
32.1 
27.4 
23.9 
21.9 
21.1 
19.2 
16.2 

24.6 

t3* 
In te rna l  

t l  

Indoor 
Slarf. 

23,l 
23.1 
22.9 
22.9 
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 

22.8 

23.1 

ti 

Indoor 
A i  1" 

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 F l u x ,  

qw 
Calib.  
Hot Box 

2.17 
1.00 

-0.75 
-1.16 
-2.78 
-5.25 
-7.14 
-7.14 
-7.59 
-5.31 
-5.44 
-2 I53 
-1.82 
-0.41 
1.36 

6.63 
7.52 
7.25 
6.84 
5.89 
4.84 
5.86 
3.08 

5.58 

--.-. 

0.44 

2 
bd/m 

I1 

% f m  
HFlvl @ 
Stud 

2.67 
1.60 
0.47 

-0.58 
-1 -61 
-2.51 
-3.46 
-3.97 
-4.08 
-3.81 
-3.20 
-2.23 
-1.19 
0.04 
1 .a 
2.88 
4.20 
5.29 
5.98 
6.16 
5.90 
5.44 
4.56 
3,66 

0.98 
_^__I 

*Interna l  thermocouples were n o t  used For this wall assembly. 
*Response f a c t o r  a n a l y s i s  was not performed f o r  this wall assembly. 

G f m  

HFM 
Retween 
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 
3.85 
3.00 
2.25 

-m_l 

0-97 

Cal cul a t 4  
Heat F1 ux, 

w/w 2 

+f** 

Iespanse 
Factor 

qss 
Steady - 
Sta te  

-6.24 
-7.07 
-7.68 
-8.09 
-8.25 
-6.68 
-3.28 
-0.35 

2.39 
4.96 
7.07 
8.56 

10.68 
12.99 
13.24 
12.33 
10.47 

7.05 
3.20 
0.40 

-1 . I4  
-1.74 
-3.12 
-5.37 

1.43 
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Time, 
hr 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

a 

- 

TABLE M6-8(a) - DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  PHOENIX JANUARY TEST CYCLE 

Gal cul ated 
Measured Temperatures, Measured Heat Flux, Heat F1 ux, 

t0 

Outdoor 
A i  r 

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 

53.1 
74.9 
64.9 
58.2 
56.7 
53.0 
50.7 
50.0 
48.8 
47.5 

a i  .7 

57.1 

t2 

Su tdoor 
Surf 

50.4 
49.2 
48.2 
47.3 
46.6 
45.8 
45.4 
48.5 
54.1 
59.8 
65.8 
70.6 
74.0 
76.7 
78.8 
75.1 
67.4 
62.7 
60.5 
57.6 
55.3 
54.2 
53.0 
51.7 

58.3 

"F 

t3* 

Internal 

2 I Btu/hr-ft 2 

t l  

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 
68.7 
68.7 
68.7 
68.7 
68.6 
68.5 
68.4 

-0.99 
-1.16 
-1.34 
-1.48 
-1.66 

-1.95 
-2.07 
-2 20 
-2.28 
-2.25 
-2.15 
-1 -97 
-1 -69 

-1 .04 
-0.72 

-0.37 
-0 *36 
-0.40 
4 , 5 2  
-0.68 
-0.85 

-1 .a0 

-1 -38 

-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 e 37 
-0.76 
-0.05 
-0.05 
-0.1 2 
-9.21 
-0.34 
-0.49 
-0.82 

*Interndl thermocouples were n o t  used f a r  tha's wall assembly, 

Cal i brated Hot Box Re1 at ive.  WUind df ty : 

*"*Response factor  analysjs  was q a t  performed f o r  t h i s  wall assembly, 

Indoor Chamber - 341; 
Outdoor Chamber - 33% 

95.5 
Steady- 
Sta te  

-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 

Laboratory A i r  Tem erature: 
Max. - 7 5 " ~  (240~7 
Min.  - 72°F (2266,) 

-1 03- 



TABLE M6-8(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE,  SI UNITS 

Time, 
h r  

1 
2 
3 
a 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

t0 

Outdoor 
Air 

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 
23.8 
18.3 
14.6 
13.7 
11.7 
10.4 
10.0 
9.3 
8.6 

14.0 

Measured Temperatures, 

t 2  

3u tdoor  
S u r f .  

10.2 
9.5 
9.0 
8-5  

7.7 
7.4 
9.2 
12.3 
15.4 
18.8 
21.4 
23.3 
24.8 
26.0 
23-9 
19.9 
17.1 
15.8 
14.2 
12.9 
12.3 
11.7 
10.9 

8.1 

14.6 

"C 

t3" 

Internal 

tl 

Indoor 
Sur f .  

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 

ti 

Indoor 
A i  r 

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 

20.3 

Measured Heat FI ux, 

q, 

Cali b. 
l o t  Box 

-3.44 
-4.46 
-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 -6'7 
-1.39 
-1 -66 

-3.39 

W/m2 

I1 

qhfrm 

WFM 8 
Stud 
___I 

-3.11 
-3.65 
-4 I 23 
-4.67 
-5.24 
-5.69 
-6.16 
-6 -54 
-6.95 
-7.14 
-7.11 
-6.77 
-6.23 
-5.33 
-4.34 
-3.28 
-2.27 
-1.53 
-1.17 
-1.13 
-1.28 
-1.65 
-2.116 
-2.68 

-4.18 

"In terna l  thermocouples were no t  used f o r  this wall assembly. 
**Response f a c t o r  a n a l y s i s  'was not  performed f o r  this wall assembly. 

-1  04- 

qi(hI 
HFM 

Be tween 
Studs  

-2 e 32 
-2.72 
-3.14 
-3.44 
-3.81 
-4.13 
-4.43 
-4.67 
-4.82 
-4 92 
-4.72 
-4 28 
-3*64 
-2,83 
-1.98 
-1 -18 
-0.52 
-0.1 5 
-0.16 
-0.38 
-0.66 
-1.07 
-1.54 
-1.97 

-2.65 

Calcul a ted  
Heat Flux ,  

W/m 
2 

qrf** 

i e  s po n se 
Factor  
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TABLE M6-9(a) - DYNAMIC TEST RESULTS (PERIODIC), PI.IOEISIX APRIL TEST CYCLE 

Time, 
h r  

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 

Measured Temperatures, 

"F 

---T7-- 
t o  I t 2  1 t3* 

Outdoor 
Air 

61 .1 
58.6 
56.2 
54.4 
53.0 
54.9 
59.4 
67.3 
75.9 
81.5 
85.2 
88.2 
91.4 
95.0 
97.9 

101.3 

95.4 
83.5 
81 - 3  
75.1 
70.1 
67.0 
64.2 

i a i  .o 

Surf. 

66.6 
64.0 
61.7 
59.7 
58.1 
58.4 
60.8 
65.6 
72.0 
76.9 
80.4 

86.6 
89.8 
92.7 
95.8 
97 .o 
94.3 
89.3 
84.5 
79.8 
75.4 
72*2 
69.5 

83.7 

76.0 1 76.5 f 

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 

73.7 

72.8 

73.8 

73.3 - 

ti 

M o o r  
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 
13.2 
73.2 
73.2 
73.3 
73.3 

23.1 
II 

Measured Heat Flux, 
2 Btu/hr*ft 

s, 
Calib. 

Hot Box 

Y .5Q 
0.81 
0.58 
0.13 

-0*34 
-0.75 
-1 -21 
-1.71 
-1 -48 
-1 -32 
-1 .ai7 
-1.07 
-0.71 
-0.50 
0.14 
0.8% 
0.69 
1-34 
1.96 
J .78 
2.07 
1.79 
1.66 
1.54 

0.23 

i- 

l "35  I 0.98 

0.35 I 0,34 
*Internal thermocouples were not used For t h i s  wall assembly., 

Calibrated Hot Box Relative Humidity: 

*Response f ac to r  a n a l y s i s  was not performed f o r  this well asserrstrly. 

Indoor Chamber - 34% 
Outdoor Chamber - 33% 
Max. - 74°F I23OC) 

Laboratory Air Temperature: 

Min. - 69°F (20°C) 

Cal cul a t ed  
Heat F1 ux, 

2 B t u / h r  * f t  

a.47 
.J 

-1 07- 



TABLE M6-9(b) - DYNAblIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE, S I  UNITS 

Time, 
hr 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

a 

t o  

Outdoor 
A i  r 

16.2 

13.4 
12.4 
11.7 
12.7 
15.2 
19.6 
24.4 
27.5 
29.6 
31 .2 
33.0 

36.6 

38.3 
35.2 
30.8 
27.4 
23.9 
21 -2 
19.4 
17.9 

14.8 

35.a 

38.5 

24.4 

Measured Temperatures, 

O C  

t2 

Outdoor 
Sur f .  

19.2 

16.5 
15.4 
14.5 
14.7 

17.8 

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 

24.7 
--- 

t3* 

[nternal 

t 1 
Indoor 
Surf .  

23.1 
23.1 
23.0 
22.9 

22.8 
22.8 
22.7 
22.7 
22.1 
22.7 
22.7 
22.8 
22.9 
22.9 
23.8 
23-1 
23.2 
23.2 
23,2 
23.3 
23.2 
23.2 
23.1 

22.8 

23.0 

ti 

Indoor 
Air 

22.8 

22.8 

22.8 

22.8 
22.8 

22.8 
22.8 

22.9 
22.8 
22-8 

22.8 

22.8 

22.7 
22.8 
22.8 

22.8 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
22.9 

22.8 

Measured Heat  Flux ,  

Qw 
Cal i b. 

- lot Box 

4.74 
2.55 
1.83 
0.40 
-1.07 
-2.37 
-3.81 
-5.41 

-4.1 5 
-4.65 

-2.24 
-1.56 
0.44 
0.56 

4.24 
6.19 
5.60 
6.52 
5.66 
5.25 
4.84 

-4.68 

-3.38 

2.18 

0.74 

2 
W/m 

H 

qhfm 
KFM @ 
Stud 

3972 
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 

0.81 
1.75 
2.91 
3.72 
4.47 
4.81 
4.93 
4.68 
4.25 

1.10 

-0 = oa 

"Internal thermocouples were not used f o r  t h i s  wall assembly. 
**Response f a c t o r  a n a l y s i s  was not performed f o r  t h i s  wall assembly 

111 

9 h fm 

HFM 

Studs 

2.49 

1.19 
0.55 
-0.06 
-0.70 
-1.29 
-1.72 
-1.92 
-1.90 
-1.63 
-1.1 1 
-0.49 

0.86 
1.62 
2.33 
3.13 
3.67 
4.06 
4.11 
3.98 
3-58 
3-08 

1 .a7 

0.04 

- 
1.07 
--- 

Cal cul a ted 
Heat Flux,  

W/m 2 

w** 
Response 

Factor  

Qss 

Steady- 
Sta te  

-3.03 
-4.10 
-5.02 
-5.82 
-6.40 
-6.27 
-5.23 
-3 .15  
-0.35 

3.37 
4.82 
6.10 
7.49 

10.17 
10.69 
9.37 
6.99 
4.79 
2.62 
0.70 
4-70 
-1 .83 

1.49 

1 .ai 

8.79 

-1 08- corn truetion tack nodapgy laboratories 
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TABLE M6-10(a) - DYNAMIC TEST RESULTS (PERIODICI, PHOENIX AUGUST TEST CYCLE 

Measured Temperatures, 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
1 8  
19 
28 
21 
22 
23 
24 

a 

82.6 
81 .o 
79.6 
78.0 
76.6 

85.8 
94.2 
99.3 

102.6 
105.3 
107.5 
109.4 
111.5 
114.2 
115.3 
113.1 
105.6 
98.5 
92.0 
88.3 
86.6 
85.5 
84.3 

78.9 

85.6 
84.0 
82.6 
81 .I 
79.8 
80.6 

90.7 
95.3 
98.6 

101.3 
103.6 
105.7 
107.7 
110.0 
111.9 
111 .o 
106.4 
101 .I 
96-0 
92.2 

, 88.7 

84.8 

' 90.2 

"F 

t3* 

:nternal 

t l 

Indoor 
Surf. 

79.2 
79.1 
79.0 
78.9 
78.8 
78.8 
78.7 
ir8.7 

78.7 
78.7 
78.9 
79 .o 
79.0 
79.2 
79.3 
79.4 
79.5 
79.6 
79.5 
79.4 
79.4 
79.3 
79.2 

78.6 

79.1 
I 

ti 

1 d o o r  
A i r  - 

78.4 
78.3 
78.3 
78.2 
78.2 
78.2 
78.3 
78.2 

78.2 
78.1 
78.2 

78.4 
78.3 
78.3 
78.4 
78.4 

78.3 
78.4 
78.3 
78.3 

78.2 

78.3 
78.3 

78.4 

78.3 

Measured Heat Flux ,  
2 Btu/hr.f t 

qw 
Gal ib .  

l o t  Box 

2.38 
2.55 
2.51 
2.19 
2.19 
1 .I1 

0.56 
0.89 
Q.73 
1.32 
1.56 
1.60 
2.11 
2.07 
2.44 
3,36 
3.93 
3.88 
4.3 2 
4.04 
3.71 
3.52 
3.29 

0.80 

2.40 

,I 

% f m  
HFF1 @ 
Stud 

2.23 
2.10 
1.87 
1.73 
1.53 
1.35 
1 .I5 
1.04 
0.95 
0.97 
1.06 
1.20 
a -36 
1.64 
1.82 
2.09 
2.32 
2.60 
2.76 
2.90 
2.92 
2.84 
2.70 
2.54 

1.90 

*Internal thermocouples were not used f o r  t h i s  wall assembly. 

Cal i brated Mot BOX Re1 at3 we Humni d i  ty: 

*Response f a c t o r  analysis was n o t  performed f o r  this wall assembly, 

Indoor Chamber - 34% 
Outdoor Chamber - 35% 

Max. - 76°F /24"C! 
Min. 73°F (23OC) 

Laboratory Air 'hem erature: 

S'{fm 

HFM 
Between 

Studs 

1.62 
1.53 
1.34 
1.24 
1.09 
0.94 
0.80 
0-75 
0.74 

0.96 
1 .IC 
1.26 
1.47 
1.63 
1.86 
2.04 
2.24 
2.35 
2.38 
2.33 
2.20 
2.03 
1.87 

0.81 

1.52 

Cal CUI a t e d  
Heat Flux,  

qrf** 
Zesponse 
Factor 

%S 

Steady- 
State  

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 . I 7  

2.32 

-111- 



TABLE M6-70(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX AUGUST TEST CYCLE, S I  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 

vlean 

t o  
Outdoor 

Air 

28.1 
27.2 
26.4 
25.6 
24.8 
26.0 
29.8 
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 

34.9 

Measured Temperatures, 

t 2  

Outdoor 
Surf .  

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 

34.9 

"C 

t3* 

[nternal  

t l  

Indoor 
Surf. 

26*2 
26.2 
25.1 
26.1 
26.0 
26.0 
25.9 
25.9 
25.9 
25.9 
25.9 
26.1 
26.1 
25.1 
26.2 
26.3 
26.3 
26.4 
26.4 
26.4 
25.3 
26.3 
26.3 
26.2 

26.2 

f i  

Indoor 
A i  r 

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 
25.8 
25.7 
25.7 
25.8 
25.8 
25.5 
25.7 
25.8 
25.7 
25.7 

25.7 

--II__ 

Measured Heat  Fiux, 

% 
Calib. 

Hot BOX 

9.39 
8.08 
7.90 
6.89 
6.89 
3.51 
2.52 
1.78 

2.32 
4.16 
4.92 
5.05 
6.66 
6.53 

10.59 
12.41 
12.24 
12,99 
12.73 
11 .70 
11.10 
10.39 

2.80 

7 .ao 

7.56 
--_. 

2 W /m 

,I 

qhfm 

HFM (3 
Stud 

7.04 
6.62 
5.90 
5.46 
4.83 
4.26 
3.61 

3,OI 
3.05 
3.33 
3.78 
4.29 
5.16 
5.72 
6.59 
7.31 
8.19 

3-28 

8.71 
8.1 5 
8.21 
8.94 
8.50 
8.01 
-- 
6.00 
I- 

"In terna l  thermocouples were not used f o r  this wall assembly. 
**Response f ac to r  a n a l y s i s  was not performed f o r  t h i s  #a? l  asscmbliy. 

111 

qhfm 
HFM 

Between 
Studs 

5.11 

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 
5.43 
7.07 
7.40 
7.49 
7.34 
6.92 
6.41 
5.91 

4.81 

4.82 

I 
Calculated 
Heat f l ux ,  

W/m 
2 

%f ** 
Response 
Factor 

q S S  

5 t e  a dy - 
State 

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 
14.32 
12.81 
9.99 

5.86 
4.93 
4.28 
3.67 

7 .a0 

7.32 

-1 12- 
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WALL 147: 6-IN. (1  52-lutM) LIGHTdEIGHT CDdCRETE 
BLOCK WITH II.ISULATIONI Otd I N S 1  DE S U R r A i t  

DESCRIPTION: Ligntwei ght  6-i n. ( 1  52-mm) hol 1 ow core concrete block wall 
w i t h  f iberglass  ba t t  insulation between furr ing strips and 
gypsum wallboard on in te r ior  surface. 

REFEilEMCE: Fioratcs, A. E. and Bravinsky, E. ,  "Heat Transfer 
Character1 s t i c s  o f  Wall s Under Ari zona Temperature 
Conditions," Construction Technology Laboratories, Portland 
Cement Association, Skokie, 1981, 61 pages. 

COMPOSITION: 

1. 

2. 

3 .  

4. 

6x8~16-i n. (1 52x203x406-mml Hol 7 ow Core 
Concrete Block - 2 cores per block 

I -1 / 2 - i  n. XI 4 4 - i  n, ( 38x44-mrn) 
F u r r i n g  S t r i p s  a t  16-in.  
(406-1-m) center-to-center 

1-3/4-in. (44-mm) Fiberglass 
Insul a t i  on 

1 /2-i n. (1 3-mm) Gypsum Mal 1 board 

TABLE M7-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

Me a su red 
Val ue Prop e r ty 

Average Thickness, i n .  (mf 7.9 
(201 1 

Moisture Content,* '% by 
ovendry weight 

1 I 

"fleasure8 on masorry .i ncl ud i  ng mortar j oi nts , 
a f t e r  t e s t ,  

-117- 
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TABLE M7-3 - DESIGN HEAT T ~ A ~ S M I ~ S I ~ ~  CCIEFFICIEMTS 

I Component 

I 1 1. O u t s i d e  Air F i l m  

2. 6 ~ 8 x 1 6 - i  n. (1 52~203~40S-rr~n) 
Hollow Core Block 

3. 1 -3/4x1-1/2-i n. 44x38-mm 1 
F u r r i n g  Strips 

4. 1 -3/4-i n. (44-mm) F j  berg1 ass 
Insul a t i  an 

5. 1 /2 - i  II. { 13-mm) Gypsum Mal 1 board 

6. Inside Air f i l m  

Total R 

T o t a l  ld 

-1 R ,  Thermal Resistance 

Between Furr ing 
hr- f t 2 g  "F/Btu 

A t  F u r r i n g  -1 hr . f t2 .  "F/Stu 

4 

0.17 
(0.03) 

1.65 
( 0 . 2 9 )  

2.19" 
(0.391 

- 

0.45 
(0.08) 

0.68 
(0.12 

J 

Source: 
eers, Inc., 

1977, Chapter 22. 

Adjust  f o r  F u r r i n g  (11 -7%) :  

-1 21 - 
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(a )  Measured Temperatures 

O C  

1 30 
I 

30 

0 

I -30 - 
I 

15 

0 

- 15 

~ i 
I 
I 
I , - -3a 
I I -L2 
0 r3 IS 24 

I m e  , hour 

-60 - 
9- 

( b )  Temperature D i  f f e r e n t i a l  s 

F i g .  M7-2 Wall M7 Dynamic Test  R e s u l t s  f o r  NBS T e s t  Cycle 
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40 r- 

Wall M-P 
NBS 

38 I 
Heat Flux, 

h r - f t 2  

Btu 

- iQ 

- 20 

- 30 

-43 

-50 

128 

io0 

80 

60 

40 

ZQ 

Heat Flux, 
3 -  W 

2 rn 
-2c) 

- 40 

-6Q 

- ao 

- I O 0  

,120 

I40 

8 16 24 
-. 
I ime , haur 

( c )  Heat F l u x  

F i g .  M7-2 Wall M7 Dynarri-ic Test Qesul t s  f o r  NBS Test Cycle 
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TABLE M7-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

Time, 
h r  

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 

Measured Temperatures, 

O F  

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 

58.5 
56.3 
54.5 

I 53.4 
52.8 
56.9 

1 64.9 
1 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 

73.5 
73.4 
73.2 
73.1 
73.0 
72.9 
72.8 
72.9 
73.0 
73.2 
73.3 
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 

I I 

t i  

ndoor 
Air 

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 

_I 

-- 

Measured Heat F1 ux, 
2 

Btclihs'ft 

qw 

Calib. 
dot 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 .I1 
2.23 
2.75 
2.81 
3.00 
2.72 
2.17 
1.84 
1.48 
0.82 

0.18 

,I 

qhfm 
HFM 0 
Stud 

0.39 
-0.15 
-0.61 
-1.08 
-1 -49 
-1.85 
-2.12 
-2.19 
-2 e 09 
-1.71 
-1.25 
-0 -66 
-0 * 04 
0.68 
1.22 
9 "91 
2.43 
2.79 
2.87 
2.78 
2.47 
1 .%5 
1-45 
0.95 

0.27 

*Internal thermocouples were n o t  used f o r  Lhis  wall assembly. 

Calibrated Hot Box Relative Humidity: 

"Response factor analysis was not performed f o r  t h i s  wall assembly. 

Indoor Chamber - 27% 
Outdoor Chamber - 25% 

Max. - 74°F (23°C) 
Min. - 71°F (2lOCl 

Laboratory Air Temperature: 

qrf m 

HFM 
&?tween 
Studs 

0.09 
XI. 31 
,0.64 
.0.98 
t1.27 
. I  .47 
.1.61 
.1.51 
.1.34 
4.91 
.0.49 
0.01 
0.54 
1.05, 
1.53 
2.04 
2.35 
2.52 
2.39 
2.17 
1.75 
7.32 
0.91 
0,54 

0.36 

Cal cul ated 
Heat Flux ,  
B t u / h r *  f t 2 

qrf** 

esponse 
Factor 

qS, 
i te  a dy - 
State 

1.95 
-2.22 
-2.42 
-2.54 
-2.61 
-2.07 
-1.03 
-0.15 
0.67 
1.46 
2.72 
2.54 
3.24 
3.89 
3.99 
3.71 
3*12 
i? .04 
0.90 
0.12 
-0.34 
-0.54 
-1 -01 
-1.63 

0.39 

-1 25- 
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TABLE M7-7(h) - DYNAMIC TEST RESULrS (PERIODIC), NBS TEST CYCLE, SI UNITS 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
1 3  
14 
15  
16 
17 
1 8  
19 
20 
21 
22 
23 
24 

a 

Mean 
--. 

t0 

Outdoor 
Air 

11 .o 
9.8 
9.1 

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 .a3 

a.9 

24.3 

Measured Temperatures, 

t 2  

3utdoor 
Surf .  

14.7 
13.5 
12.5 
11.9 
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 
22.7 
21.1 
19.0 
16.3 

24.6 

"C 

t3* 

I n term 1 

23.1 
23.0 
22.9 
22.8 
22 -8 
22.7 
22.7 
22.7 
22.8 
22.9 
22.9 
23.1 
23.2 
23.3 
23.4 
23.6 
23.6 
23.7 
23.7 
23.6 
23.5 
23.4 
23.3 
23,2 

23.2 

ti 

Indoor 
Air 

23.1 
23.0 
23.0 
23.0 
22.9 
22.9 
23.0 
22.9 
23.0 
23.0 
23.1 
23.1 
23.1 
23.1 
23.1 
23,l 
23.1 
23.1 
23.1 
23.1 
23.1 
23.1 
23-1 
23.1 

23.0 

Measured Heat F1 ux, 

qw 
Calib. 

i o t  Box 

1.55 
-0.04 
-1.20 
-2.81 
-4.12 
-6.92 

-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 
2.50 

-8.83 

I-- 

0.58 
I__.-. 

1.22 
-0.47 
.1.93 
-3.39 
.4.69 
m5.84 
4.70 
.6.9? 
6.58 
4.39 
.3.95 
,2.08 
.0.12 
1.88 
3.85 
6.04 
7.67 
8.81 
9.06 

7.79 
6.14 
4.56 
3.01 

a. 78 

0.86 

*Interna l  thermocouples were not used for  t h i s  wall assembly. 
**Response factor ana lys i s  was n o t  performed f o r  t h i s  wall assembly. 

4h" 
HFM 

Between 
Studs 

0.29 

-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 

-0.97 

1 .14 

Calculated 
Heat Flux,  

W / m  2 

W** 
2es pon se 
Factor 

qS s 
Steady- 
S ta t e  

4 - 1 5  
-6.99 
-7.63 
-8.02 
-8.22 
-6.54 
-3.26 
-0.46 
2.ia 
4.61 
6.69 
8-00  

10.20 
12.26 
12.58 
11.69 
9.82 
6.45 
2.83 
0.38 

-1 .Q9 
-1.71 
-3.19 
-5.15 

1.22 
- 
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TABLE M7-8la) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE 

T i  me 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

t 0  

Outdoor 
Ai 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 
$0.4 
82.9 
82.5 
71.3 
6'1 .0 
57.8 
55.9 
51.9 
50.5 
49.8 
48.6 
47.2 

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 

57.2 1 58.5 

t3* 

Internal 

t 1 

Indoor 
Surf. 

68.3 

68.2 
68.0 
68.0 
67.9 
67.9 
67.8 
67.8 
67.8 

68.1 
68.3 
68.5 
68.6 
68.8 
58.9 
69.0 
68.9 
68.8 
68.7 
68.6 
68.5 

68. 2 

68.0 

68.4 

68.3 

ti 

[ ndoor 
A i  r 
II_ 

68.6 
68.6 
68.6 
68.4 
68.6 

68.5 

68.5 
68.5 
68.5 
68.6 
68.6 
68.6 
68.7 
68.7 
68.8 
68.7 
68.7 
68.8 
68.7 
68.7 
68.7 
68.7 

68.6 

68.5 

68.6 

Measured Heat Flux, 
2 

% t u / h r -  f t  

q W  

Calib. 
l o t  %ox 

--I .25 
-1.61 
-1 e88 
-1 -84 
-2.20 
-2.7 5 
-2.52 
-2.15 
-2.58 
-2.23 
-2.23 
-J .82 
-1.64 
-1.09 
-0.74 
-0.42 
0.04 
0.18 

-0.l5 
-0.15 
-0 39 
-0.85 
-0.75 
-1.24 

-1.32 

11 

qh fm 

HFM B 
Stud 

-1.48 
-1.72 
-1.96 
-2.1 7 
-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.l4 
a. 04 
0.00 
-0.7 7 
-0.45 
-0.67 
-1.02 
-1.26 

-1.57 

*Internal thermocouples were not used f o r  t h i s  wail assembly. 
**Response Factor analysis  was n o t  performed for this wall assembly. 

Cal i brated Hot Box Re1 a t i v e  Htimi d i  ty : 
Indoor Chamber - 26% 
Outdoor Chamber - 24% 

Max. - 74°F (23OCP 
Min. - 71°F (22°C) 

Laboratory Air Tern e r a  ture  : 

skbm 
HFM 

Between 
Studs 

-1 -15 
-1.31 
-1.47 
-1 .61 
-1.72 
-1.88 
-1.92 
-2.04 
-2.07 
-1.99 
-1 -77 
-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 a 96 

-1.01 

Calculated 
Heat F1 ux, 

2 
B t u / h r .  f t  

%f** 

Response 
Factor 

% S  

Steady - 
Sta t e  

-2.29 
-2 a 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 

-1 29- 
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TABLE M7-8(b) - DYN IC TEST RESULTS (PERIODIC), PHOEMIX JANUARY TEST CYCLE, SI UNITS 

1 
2 
3 
4 
5 
5 
7 
8 
9 

1 0  
11 
12  
1 3  
1 4  
15  
16  
17 
1 8  
19 
20 
21 
22 
23 
24 

t 0  

Outdoor 
A i r  

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 
21 "8 
16.1 
14.3 
13.3 
11.1 
10.3 
9.9 
9.2 
8.4 

14.0 

Measured Temperatures, 

t 2  

Outdoor 
Surf.  
111- 

10.2 
9.5 
8.9 
8.4 
8.1 
7.6 
7.5 
9.8 

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 

"C 

t3* 

Internal 

t 1 

Indoor 
S u r f .  

.~ 

20.2 
29.1 
20.1 
20.0 
20.0 
19.9 
19.9 
19.9 
19.9 
19.9 
20.0 
20.1 

20.3 
20.3 
20.4 
20.5 
20.6 
20.5 
20.4 
20.4 
20.3 
20.3 
20.2 

20.2 

20-2 

ti 
Indoor 

A i  r 

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 

20.3 
ll....._ 

M@asu?ed Meat F l u x ,  

qw 
Gal i b .  

tlat Box 

-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 

-4.16 

2 w/m 
--̂ I_ 

II 

q h h 
HFM @ 
Stud 

-4.67 
-5.44 
-6.19 
-5.85 
-7.37 
-8 I OR 
-8.40 
-8.94 
-9.24 
-9.24 
-8.66 
-7.74 
-6,27 
-4.89 
-3.23 
-1.71 
-0 45 

0.11 
0.91 

-0.54 
-1 -42 
-2.1 3 
-3.20 
-3.98 

-4.94 

*In terna l  thermocouples were no t  used f o r  t h i s  wall assembly. 
**Response factor ana lys i s  was n o t  performed for t h i s  wall asseisbly. 

slhll 
HFM 

Between 
Studs 

-3*63 
-4.1 2 
-4.63 
-5.07 
-5 42 
-5.93 
-6.05 
-s .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 
--- 
-3.19 

Calculated 
Heat F l u x ,  

M/m2 

%f** I qss 
Response 
Factor 

Steady - 
State 

-7.22 
-7.69 
-8 I 08 
-8.35 
-8.58 
-8.93 
-8.97 
-7.29 
-5.11 
-2.74 
-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 

I -3.96 
1 

-1 30- 
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TABLE M7-9(a) - DYNAMIC TEST KESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE 

t o  
Outdoor 

A i  r 

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 

76.3 

Measured Temperatures, 

t 2  

Outdoor 
Surf.  

66.5 
63.9 
61.5 
59.5 
57.9 
58.4 
60.7 
66.3 
72.6 
77.5 
87 .2 
84.2 
87.5 
90.7 
93.6 
96.8 
97.6 
94.4 
89.3 
84.7 
79.7 
75.5 
72.4 
69.6 - 
76.8 

OF 

i 3 "  
In te rna l  

t l  

Indoor 
Surf. 

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 
74.2 
74.3 
74.4 
74.4 
74.3 
74.2 
74.1 
74.0 

73.7 

t i  

Kndoor 
A i r  
II 

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 
13.4 
73.4 
73.5 
33.4 
73.5 
73.5 
73.6  
73.5 
73.5 
73.5 

73.4 

- 
- 

Measured Heat F1 ux, 
2 % t u / h r . f  k 

qw 

Cal i b, 
Hot &ox 

1.44 
0.39 
0.47 
0.24 

-0.22 
-0.73 
-1.24 
-1.88 
-2.03 
-1.70 
-1.30 
-a. 51 
0.11 
0,411 
0.82 
1.14 
1 e 6 5  
2.57 
2.82 

2.97 
2.64 
2.18 
2.00 

2.98 

0.66 

,I 

% f m  
HFM 0 
Stud 

1.09 
0.70 
0.29 

-0.11 
-0.50 
-0 e 90 
-1.21 
-1.47 
-1 -56 
-1 -46 
-1.23 
-0.89 
-a -48 
-0.05 
0.40 
0.84 
3 "30 
1.80 
2.16 
2.33 
2.30 
2.17 
1.89 
1.51 

0.37 - 
"Internal thermocouples were n o t  used for t h i s  wall assembly. 

Cal i brated N o t  Box Re1 a t i  we Humid4 ty: 

**Response f a c t o r  analysis was n o t  performed for  t h i s  wal l  a s se  

Indoor Chamber - 27% 
Outdoor Chamber - 25% 

111 

4hfm 
HFM 

Be tween 
Studs 

0.71 
0.41 
0.10 

-0.23 
-0.52 
-0.79 
-0.99 
-1.12 
-1.08 
-0.90 
-Q. 64 
-0.32 
0.03 
0.37 
0.74 
1.08 
1.45 
1 .so 
2.03 
2.02 
1.88 
1.61 
1.39 
1.04 

0 - 4 2  

Calculated 
Heat F1 ux, 

2 
B t u / h r * f t  

qrf** 

Response 
Factor 

%s 
Steady- 
S t a t e  

-0.96 
-1 -28 
-1 -57 
-1.80 
-1.99 
-1.92 
-1.62 
-0.89 
-0.07 
0.59 
1.07 
1.45 
1.89 
2.30 
2.69 
3.11 
3.20 
2.74 
2.02 
7 -39 
0.72 
0.17 

-0 L 23 
-0.58 

0.43 

Laboratory Air Tern erature: 
Max. - 73*F (23QC7 
Min.  - 67*F 119°C) 

-1 33- 
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TABLE M7-9(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX A P R I L  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 

t o  

Outdoor 
A i  r 

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 

24.6 

Measured Temperatures 

O C  

t2 
Outdoor 
Surf. 

19.2 
17.7 
16.4 
15.3 
14.4 
14.7 
15.9 
19.1 
22.6 
25.3 
27.3 
29.0 
39.8 
32.6 
34.2 
36.0 
36.4 
34. a 
31.8 
29.3 
26.5 
24.2 
22.4 
20.9 

24.9 

t3* 
[ nter nal 

I_c_ 

t 1 

Indoor  
Surf. 

23.2 
23.2 
23.1 
22.9 
22.9 
22.9 
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 

22.8 

23.2 
_I- 

ti 
I ndoor  

Air 

23.1 
23.0 
23.0 
23.0 
23,O 
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 

Measured Heat F1 u x ,  

4.53 
2.79 
1.50 
0.77 
-0.70 
-2" 31 
-3,90 
-5.32 
-6 a 39 
-5.37 
-4.10 
-1.61 
0.35 
1.28 
2.58 

5.20 
8.42 
8.89 
9.413 
9.35 
8.32 
5.88 
6.32 

3-58 

2.08 
-1__ 

2 w/m 

I1 

qhfm 
tiFM D 
Stud 

3.44 
2.20 
0.91 

-0 * 3s 
-1.57 
-2.83 
-3.83 
-4.63 
-4 a 91 
-4.61 
-3.89 
-2.79 
-1 .5Q 
-0.20 
1.26 
2.65 
4,ll 
5.68 
6.81 
7.34 
7.26 
6.85 
5.91 
4.76 

1.1i 
-LI 

*Internal ther-mscouples were n o t  used  f o r  t h i s  wall assembly. 
""Response f ac to r  analysi s %as n o t  performed f o r  t h i  s wa! 1 assembly. 

Ill 

qhfm 

HFM 
3etween 
Studs 

2.23 
1.30 
0.31 
-0.72 
-1 -65 
-2.50 
-3.13 
-3.52 
-3.40 
-2.84 
-2.01 
-1 .OO 
0.08 

2.34 
3.41 
4.57 
5.68 
6.39 
6.38 
5.93 
5.26 
4.39 
3.28 

1 . ia  

_I.-I 

1.33 
-_.- 

Calculated 
Heat FS ux,  

W/m2 

qrf** 

Res pon se 
Factor 

qss 
Steady- 
S ta t e  

-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 
-I- 

1.37 
II_- 
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F i q .  - b17-5 Wall M7 Dynamic Test Restilts f o r  Phoenix August Test Cycle 
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TABLE M7-10(a) - DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  PHOENIX AUGUST TEST CYCLE 

t0 

Outdoor 
Air 

82.1 
80.3 
79.0 
77.3 
76.3 
79.4 
87.6 
95.6 

100.2 
103.3 
06.0 
08.1 
10.0 
12.4 
15.3 
16.1 
11.9 
(93.8 
96.9 
90.5 

86.2 
85.1 
83.7 

87.6 

94.8 

Measured Temperatures, 

QF 

t 2  
lutdoor 
Surf.  

85.3 
83.7 
82.2 
80.7 
79.3 

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 

94.6 

80.3 

%* 
In te rna l  

tl 

Indoor 
Surf.  

79.1 
79.0 

78.9 
78.8 

78.7 
78.7 
78.7 
18.8 
78.9 

79.2 
79.3 
79.5 
79.6 
79.7 
79 .a 
79,8 
79.7 
79.7 
79.5 
79.3 
79.2 

78.9 

78.7 

78.8 

79,2 

ti 
Indoor 

A i  r 

78.4 
78.3 
78.3 
78.3 
78.3 

78.4 

78.4 
78.4 
78.4 
78.4 

78.4 
J8.5 

713.4 

78.4 

78.4 
713.4 

78.4 
78.4 
78.4 
78.4 
78-4 
78.4 
78.4 
7'8.4 

78.4 

-- 
.- 

Measured Heat F1 ux, 
2 

Btu/hr-f t  

2.20 
1.98 
1.57 
1.48 

0.11 
-0.34 
-0.49 
-0 31 
0.48 
0.33 
0.83 

1.64 
1-96 
2.55 
3.56 
3.66 
3.71 
3.71 
3.30 
3.25 
3.03 
2 * 6 f  

0.80 

I .4a 

1.$0 

14 

%fo1 

HFM @ 
Stud 

2.47 
2.13 
1.87 
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.m 
3.99 
3*7R 
3*53 
3.17  
2.79 

2.29 
LI_ 

"Internal thermocouples were no t  used for t h i s  wall assembly. 
*Response f a c t o r  a n a l y s i s  was n o t  performed f o r  t h i s  wall  assembly. 

Cal ibra ted  Hot Box R e l a t l v e  Humidity: 
Indoor Chamber - 27% 
Outdoor Chamber - 25% 

Max. - 74OF (23OCY 
Laboratory Air Tern erature: 

Min. - 71°F (22*C) 

111 

% f m  
HFM 

3etween 
Studs 

1 .a7 
1.50 
1.32 
1.07 
0.95 
0.70 
0.61 
0.59 
0.69 
0.91 
1.24 
1.53 
1.80 
2.74 
2.45 
2.69 
3.01 
3.22 
3 * 29 
3.1 3 

2.60 
2.32 
2.00 

2.8s: 

1.85 

Cal cul a t ed  
Heat F1 ux, 

2 
B t u / h r * f t  

W** 
lesponse 
Factor 

%s 
Steady - 
S t a t e  

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 

2.13 
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TABLE M7-10(b) - DYNMIC TEST RESULTS ( P E R I O D I C ) ,  PHQENIX AUGUST TEST CYCLE, SI UNITS 

Time, 
h r  

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 

an 

t o  
Outdoor 

A i  r 

27.8 
26.8 
26.1 
25.2 
24.6 
26.3 
30-9 
35.3 
37.9 
39.6 
41 .I 
42.3 
43.3 
44.7 
46.3 
46.7 
44.4 
39.9 
36.1 
32.5 
30.9 
30,l 
29.5 
28.7 

34.9 

Measured Temperatures, 

"C 

29.6 
28.7 
27.9 
27.0 
26.3 
26.8 
29.4 
32,6 
35.1 
36,8 

39.7 
40.9 
42.0 
43.3 
44.4 
43.5 
40.9 
38.8 
35.2 
33.3 
32.2 
31 -3 
30.6 

34.8 

38.4 

Surf. 

26.1 
26.1 
26.1 
26.0 
25.9 
215.9 
25.9 
25.9 
26.0 
26.1 
216.0 
26.2 
26.2 
26.4 
26.4 
26.5 
26.6 
25.6 
26.5 
26.5 
26.4 
26.3 
26.2 

26.2 
__I 

Neasured Heat F1 ux, 
2 

4!/m 

----T---- 
25.8 6.95 
25.7 5.23 
25.7 4.93 
25.7 4,66 
25.7 2.52 
25.8 0.36 
25.8 -1.08 
25.8 -1.54 
25e8 -0.98 
25.8 1.51 
25.8 1.03 
25.8 2,m 
25.8 4.66 
25.8 5.18 
25. 6.1 7 
25.8 8.04 
25.8 11.23 

7.79 
6.71) 
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 
3.61 
11.06 
12,M 
12.67 
12.59 
11.94 
11.13 
9.99 
8.811 

7.22 

ocouples were not; used for  t h i s  wall assembly. 
*Response factor analysis was no t  performed f o r  thls wall assenbly. 

4hl 
HFM 

Be tween 
Studs 

5.58 
4.75 
4.1 7 
3.36 
3.01 
2.20 
1.93 
1.86 
2.17 
2.87 
3.92 
4.82 
5.68 
6.76 
7.72 
8.47 
9.50 
10.17 
10.37 
9.86 
9.10 

7.30 
6.30 

5.84 

8.21 

-- 

Cal cul ated 
Heat F1 ux, 

M/m2 

9s s 
Steady - 
State 

2.65 
2.00 
1.40 
0.76 
6.21 
0.68 
2.64 
5.16 
7.08 
8.46 
9.66 
10.73 
11.55 
12.46 
13.52 
14.38 
13.57 
11.35 
9.01 
6.79 
5.30 
4.56 
3.94 
3.34 

6.71 
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WALL M8: $-IN. (203-MA) NORMAL WEIGH? C O d C R E T E  
BLOCK WITH Ii4 SULAT’TON o N INSIDL L SUR !-ALL 

DESCRIPTION: Normal w e i g h t  $- in .  (203-mm) hollow core concrete block 
wall with f i  bergl ass b a t t  i nsul a t i  on between furr ing strips 
and gypsurn wall board on i nter i  o r  surf ace. 

REF ERE IJC E : Fiorato,  A. E. and Bravinsky, E , ,  “Heat Transfer 
Characteri s t i c s  o f  Wall s Under Arizona Temperature 
Conditions,“ Construction Technology Laboratories, Port1 and 
Cement Association, Skokie,  1981, 61 pages. 

COMPOSITIOi4: 

1 a 8x4~16-i n. (203x1 02x4O6-mm) Normal 
Weight Hollow Core Concrete Slump 
Block - 2 cores per block 

F u r r i n g  S t r ip s  a t  16-in. 
(406-mm) centzr-to-center 

Insulation 

2. 1-1/2-in.x1-3/4-in. (38x44-mm) 

3. 1 -314-i n . (44-mm 1 R-8 F i  bergl ass 

4. 1 /2-i n. (1 3-mml Gypsum Wall board 

TABLE M8-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

Property 
Measured 

Value j 
Average Thickness i n .  (mm) 9.4 

7 3 - 7 4  
j6.85) 

1 .Q 

*kfeasured on masonry, including mortar j o i n t s ,  
a f t e r  test .  

- 1 43- 
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TABLE F18-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

1 .  Outside Air F i l m  

2. 8 x 4 ~ 1 6 - i  n. (203x1 02x406-mm 
Hollow Core Slump Block 

3. 1 -3 /4~1-1 /2- i  n. (44x38-m) 
Furr ing  S t r i p s  

4. 7 -3/4- i  n. (44-m) F i  bergla,; 

5. 1 /2 - i  n. (1  3-m) Gypsum Wall board 

I n s u l a t i o n  

6. In s ide  Air F i l m  

Total  R 

Tot311 u 

R, Thermal Resi stance 

Between Fur r ing  

h r e  f t2* "F/Btu 

jm2-K/W) 

0.17 
(0,031 

1.11* 
(0.20) 

6.00" 
(1.06) 

a. 45* 
(0.08) 

0% 68 
(0.12) 

8.41 
(1.48) 

0.17 
(0 .03)  

1.11 
(0.20) 

2.19" 
(0.39) 

I 

0.45 
(0.08) 

Q. 68 
(0.12) 

4.60 
(0.81 1 

0.22 
( 1 . 2 3 )  

*Source: BSHRAE Handbook af ~ u n ~ a m @ n ~ ~ 7  s erican Soc ie ty  o f  
R e f r i g e r a t i n g ,  and Air-Conditioning Engineers, Inc. New York, 
1977, Chapter  22. 

Adjust  f o r  Filrri ng { 11 .7%) : 

U = 0.883 (0.119P -t 0.117 (0.2171 

= 0.13 Btu/hr-  f t 2 *  "F (8.74 W/m2- K 9 

= 1/U = 7.67 hr* f t2*  "F/Btu (1.35 K*m2/M) 

-147- 
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- 50 
I 

25 

i 
! 

I 
7 0  

I 1 

8 16 

Time , hour 

24 0 

( a )  Measured Temperatures 

I -30 

a 
1 

IS 24 
-60 

0 

Time , hour  

( b ) Tern pera tu re D i f f e ren t i a 7 s 

F ig ,  M5-2 Wall M8 Dynamic T e s t  Results f o r  NRS T e s t  Cycle 
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i-eat Flux, 
e t u  

h r . f t 2  

-20 - I Q  i 1 

IO 

0 

1 
I 4Q 

20 

Heat Flux, 
0 'N 

2 rn 
-20 

-40 

-60 

1 , -12Q 

Time , hcur 

( c )  lieat F l u x  

F i g .  Ma-2 Wall M8 Dynamic Test Results f o r  NBS T e s t  Cycle 
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TABLE W-7(a) - DYWMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

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 

Mean 

t 0  

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, 

t2 

lu tdoor 
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 - 

O F  

t3* 

In t e r  na 1 
tl 

1 ndoor 
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 
34.3 
74.1 
74.0 

73.8 
__I 

ti 

Indoor 
A i  r 

__I 

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 
73.7 
73.6 
73.5 

73.6 
"ql 

Measured Heat Flux, 
2 Btu/hr*ft 

QW 

Cal i b ,  
j o t  Box 

1 .w 
0*68 

4 . 0 1  
-0.06 
-0.79 
-1 -30 
-a -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 
2.1 9 
2.01 
I *% 

0.57 

m 

qhfm 
HFM (d 

Stud - 
1.03 
0.58 
0.10 

-0.42 
-0 82 
-1 -23 
-1.604 
-1.78 
-1.89 
-1 .68 
-1 939 
-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 
_I_ 

'Internal therlnocoup'tes were not used for  this Mall assewlaly. 
*Response f ac to r  analysis was not performed f o r  this wall ass@ 

Cal i brated W o t  Box Re1 a t i  ve Wud d i ty  : 
Indoor Chamber - 36% 
Outdoor Chamber - 37% 

Laboratory A i r  Tern 
Max.. - 77°F (25% 
Min, - 74°F (23%) 

Ill 

qhfm 
HFM 

3etween 
Studs 

0.39 
0.09 

-0.17 
-0.49 
-0.72 
-0.94 
-1.13 
-1 .Q6 
-1.05 
-0.77 
-0.49 
-0.1 5 
0.23 
0.56 
0.95 
I .38 
1.66 
t .39 
1.91 
1.78 
1.60 
1.29 
1.02 
13.75 

35 

Calculated 
Heat Flux, 

2 
B t u /  h r  ' f t 

qrf * 
Response 
Factor 

qSS 

Steady- 
State 

-1 .a3 
-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 
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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 

t o  
Outdoor 

A i  P 

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 

18.6 
15.5 
12.4 

10.8 

24.4 - 

t 2  

Outdoor 
Surf, 

16.4 
15.2 
14.2 
13.5 
13.1 
14.8 
18.5 
21.8 
24.9 
27.8 
30.3 
32,l 
34.7 
37*2 
37.8 
37.2 
35.4 
32,Q 
28.1 
25.1 
23.3 
22.3 
2Q,4 
17.9 

24-8 

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 
23.1 
23.2 
23.3 
23.4 
23.5 
23.6 
23.6 
23.7 
23.7 
23.6 
23.5 
23.4 
23.3 

23.2 

-- 

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 
23.2 
23.2 
23.2 
23.1 
23.2 
23.2 
23.1 
23.1 

23.1 

%4 

Calib.  
lot Box 

3.44 
2.14 

-0.04 
-0.18 
-2.50 
-4.09 
-4.39 
-5.96 
-4.65 
-4.50 
-3.54 
-1.22 
-0.81 
1.47 
2.91 
5.09 
8.17 

8.98 
9.20 
7.63 
6.91 
6.34 
4.28 

8.88 

1.81 

2 w m  

n 

Qhf 
HFM P 
Stud, 

3.26 
1.82 
0.32 

-1.33 
-2.58 

-5.16 
-5.60 
-5.95 
-5.31 
-4.37 
-3.08 
-1.39 

O * % O  
2.22 
4.19 
5 086 
7.39 
8.23 
8.35 
8.1 3 
7.17 
5.98 
4.75 

1 .a 

-3.88 

cscolap8es were arcat used P 
r analysis Mas not perfa 

difm 
HF 

3etweera 
Studs 

1.23 
0.29 
-Q,55 
-1 -54 
-2.27 
-2 * 95 
-3.56 
-3*35 
-3.32 
-2.44 
-1.55 
-0.45 
Q.72 
1.78 
3.08 
4.37 
5.23 
5,94 
6.84 
5.60 
5.03 
4.07 
3*21 
2.36 

1 . l Z  

Cal cul atEd 
Heat Flux, 

bl/m2 

%f** 

le§ gcen se 
Factor 

q S S  

Steady- 
State 

-5.76 
-6.63 
-7.41 
-7.96 
-8.23 
-6.17 
-3.67 
-0.85 
1.76 
4.26 
5.36 
7.88 

10.Q6 
12.26 
12.67 
12.02 
10.37 

7.30 
3.79 
1.24 

-0.19 
-1.04 
-2.55 
-4.61 

-0 

1.43 
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TABLE M8-8fa) - DYNMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE 

Time, 
h r  

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 

Mean - 

t0 

Outdoor 
A i  r 

46.6 
45.5 
44.7 
43.9 
43.4 
42.4 
43.0 
50.2 

65.5 
72.4 
76.9 

82.1 
82.4 
72.3 
61 -8 
58.1 
56.4 
52.5 
51. .o 
50.3 
49.11 
47.8 

57.3 

58.0 

79.6 

__I 

Measured Temperatures, 

*F 

t2 
Outdoor 
Surf. 

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 
75.11 
76.8 
73.0 
66.9 
63.3 
61.3 
58.6 
56.7 
55.5 
54.3 
53.1 

58.7 

t3* 

nternal 

t a  
Indoor 
Surf. 

68.5 
68.4 
68.4 
6% 3 
68.3 
68.1 
68.1 
68.1 

68.0 
68.1 
68.2 
68.4 
68.5 
68.7 

69.0 
69.0 

69.0 
68.9 
68.8 
68.7 
68.6 

68.5 

68.0 

68.8 

69.0 

_I_ 

I__ 

ti 
Indoor 

A i  r 

68.8 
68.9 
68.8 
68.9 
68.8 
68.7 
68.8 
68.7 

6& 7 
68.7 
68.7 
68.8 
68.8 
68.9 

68.9 
68.9 
69.0 

69.0 
68.9 
68.9 
68.9 

6ar7 

68.9 

58.9 

68.8 
-11 

Measured Heat Flux, 
2 

t u / h r *  f t  

qw 
CaB i b ,  
lot Box 

-1.34 
-1.34 
-1.95 
-a .67 
-2.17 
-2.13 
-2.27 
-2.46 
-2 I 5 1  
-2.51 
-2.33 
-2.28 
-1 -69 
-3.78 
-1 .oo 
-0.92 
-0.36 
-0.23 
-0,23 
-0.23 
-0.41 
4-64 
-0.72 
-1.1 

-1 -43 

*Internal thermocouples were not  used for t h i s  wall assembly. 
**Response factor  analysis was n o t  performed for  t h i s  wall assembly. 

Outdoor Chanber - 33% 

Laboratory Ais Temperature : 
&x. - 74'F (23OC) 
Mine - 71°F (22*Cf 

Calculated 
Heat Flux, 

2 
Btu/hr*ft  

qrf* 

lespon se 
Factor 

qss 
Steady- 
State 

-2.41 
-2.55 
-2.71 
-2.82 
-2.92 
-3.03 
-3.08 
-2.64 
-1.95 
-1.2'1 
-0.46 
0.16 
0.60 
0.99 
1.22 
0.63 
-0.31 
-0.84 
-1.14 
-1.53 
-1.79 
-1.95 
-2.11 
-2.27 

-1.42 

-1 55- 
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AMIG TEST RESULTS [PERIODIC), PHOE IX JANUARY TEST CYCLE, SI UMITS 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18  
19 
20 
2'9 
22 
23 
24 

t o  
0UtdQOr 

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  

lu tdoor 
Surf. 

11.1 
10.5 
9.8 
9.4 
9.0 
8.4 

. 3  
10.0 
12.6 
15.4 
18.3 
20.7 
22.4 
23.9 
24.9 
22-8 
19.4 
17.4 
16.3 
14.8 
13.7 
13.1 
12.4 
11.3 

14-9 

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 
2Q.5 
20.4 
20.4 
20.3 

I 20.3 

asured Heat Flux. 

ti 9\11 
Indoor ea1 i b .  

A i r  Hot Sox 

20.5 -3.16 
20.5 I -2.98 
20.5 -1.14 

Stud Studs 

-4.42 -2.81 
-5.34 -3.34 
-5.90 -3*c7 
-6.79 -4.25 
-7.41 -4.56 
-8.08 -4.88 
-8.81 -5.35 
-9.29 -5.58 
-9.80 -5.76 

-10.06 -5.76 
-10.QQ -5.44 
-9.24 -4.35 
-8.41 -3.97 
-7.05 -2.87 
-5.88 -2.08 
-4.30 -0.9% 
-3.00 -8.37 
-2.02 -0.1a 
-1.65 -0.211 
-1.79 -8.58 
-2.13 4 * 9 5  
-2.66 -1.46 
-3.44 -2.02 
-4.15 -2.48 

-5.90 I -3.09 

*Internal t ~ e ~ ~ ~ ~ ~ ~ ~ l ~ ~  were not  used fop this wall assembly, 
**Response factor analysis  was not perfo for t h i s  wall assembly. 

Cal CUI ated 
Meat Flux,  

Y/m2 

Pespsnse Steady- 
Factor State 

m 

-3.60 
-8.05 
-8 * 55 
-8. sa 
-9.22 
-9.57 
-9.70 
-8 31 
-6.14 
-3.81 
-1.45 
0.52 
1.89 
3.1 2 
3.84 
1.98 
-0 * 98 
-2.66 
-3.59 
-4.83 
-5.65 
-6.15 
-6.65 
-3.15 

I -4.48 
1 

-1 56- 
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TABLE M8-9(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE 

Tiwe, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2'1 
22 
23 
24 

Mean 

t o  

Outdoor 
A i  s 

61.4 
58.9 
56.6 
54.8 
53.5 
56.1 
60.5 
69. li 
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 

Measured T a p e r a b r e s ,  

t2 

lutdoor 
Surf. 

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 

76.8 

OF 

t3" 

n te rna l  

tl 

I ndoar 
Surf m 

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 

73.9 
74.1 
14.2 
74.3 
74.4 
74.4 
74.5 
74.4 
74.3 
74.2 

73.9 

73.8 

- 

ti 
hdoor 

Air 
_I 

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 
73.63 
73.7 
73.7 
73.7 

73.7 
nC.7 

73.8 

73.5 - 

Measured Heat Flux, 
2 Btu/hr'ft 

Fa, 
Calib.  
bt Box 

1.20 
0.69 
0.64 
0.32 

-0.24 
-0.51 
-0.79 
-1 e 1 1  
-1.17 
-3.13 
-0.99 
-0.82 
-0.60 

0418 
0.54 
0.82 
1.52 
1.76 
2.18 
2.14, 
i -78 
'D *69 
1.55 

0.39 

n 

qhfm 

MFM 8 
Stud 

1.48 
1.17 
0.78 
0.41 
0.04 

-0.37 
-0.75 
-1.05 
-1.25 
-1.33 
-1.25 
-1 -85 
-0 0 76 
-0 * 41 
-0.03 

.81 
a .f 
1.6% 
B .95 
2.12 
2-16; 
2.w 
1.73 

9,41 

0. 3a 

__. 

II 

"Internal t h e m c o u p l e s  were not used far t h i s  wall assembly. 
*Response factor analysis was not performed fQfr t h i s  wall assembly. 

Calibrated Hot; Box lintive HmB'dlty: 
Indoor Chamber .. 30% 
Outdoor Chamber - 36% 

Laboratory Air Tern 
Ha%. - 73°F (23°C 
Min. - 72°F (22°C) 

9;Ikrn 

HFM 
letween 
Studs 

0.85 
0.64 
0.35 
0.1 1 

-0.09 
-0.37 
-0.57 
-0.71 
-0.78 
-0.74 
-0.56 
-Q.36 
-0.10 
0.16 
0.43 
0.69 
8.99 
1.38 
1.46 
1.54 
1.57 
1.49 
1.29 
1 .Q4 

0.40 
I_- 

Calculated 
Heat Flux, 

2 Btu/hr'f t 

q r f n  

Lesponse 
Factor 

qss 
Steady- 
State 

-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 

3.22 
2.86 
2.21 
1.57 
0.93 
0.35 
-0.08 
-0.45 

3.08 

0.47 

-1 59- 



IC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE, SI UNITS 

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 

t o  
Outdoor 

A i  P 

16.3 
14.9 
13.7 
12.3 
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 

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 .a 
24.8 
23.2 
21 .8 

24.9 

__II 

t l  

Indoor 
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 

I 

ti 
[ndoor 

A i r  
_I_ 

23.2 
23.1 
23.1 
23.1 
23-1 
23.1 
23,l 
23"l 
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 Meat Flux, 

Cel ib .  
bt BOX 

3.78 
2.18 
2.02 
0.99 

-0.76 
-1.6 
-2.4 
-3.50 
-3.69 
-3.56 
-3.14 
-2.58 
-1.88 
-0.58 
Qe56 
1.69 
2.60 
4.79 
5.55 
6>96 
6.75 
5.62 
5.34 
4.89 

1.24 

w/a2 

w 

%fen 
HFM 
Stud 
I____ 

4.68 
3.70 
2.45 
1.24, 
0.12 

-3 .1 
-2.3 
-3.31 
-3.94 
-4.2% 
-3.94 
-3.31 
-2.39 
-1.28 
-0-11 
1.19 
2.55 
4.12 
5.22 
6.1 5 
6.69 
6.81 
6.38 
5.47 

1.28 

nteriial ~ ~ ~ ~ ~ Q ~ ~ u ~ ~ ~ s  were not used for t h i s  wall assembly. 
esponse factor analysis was not perfo d POI" this wall assembly. 

2.69 
2.02 
1.09 
0.36 

-0.29 
-1.16 
-1.81 
-2.23 
-2.45 
-2.32 
-1.77 
-1.12 
-0.30 
0.49 
1.36 
2.17 
3.1 3 
4.10 
4.60 
4.86 
4.94 
4.70 
4.08 
3.28 

1.27 

Cal cul a l d  
Heat Flux ,  

lal/m2 

%f** 
tespon se 
Factor 

%S 

W & Y -  
state 

-2.60 
-3,57 
-4 a 65 
-5.53 
-6.27 
-6.1 3 
-5 e 20 
-3.1 1 
-0.57 

1.48 
3.01 
4.31 
5.69 
7.10 
8-38 
9.72 

10.19 
9.03 
6.96 
4.95 
2.92 
1.10 
-0 24 
-1 -42 

1.48 

-1 60- 
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TABLE M8-10(a) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX AUGUST TEST CYCLE 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2'1 
22 
23 
24 

a 

Hean 

to 
Outdoor 

Air 

83.0 
81.4 
80.0 

77 .I 
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 

92.2 
88.7 

86.0 
84.6 

78.5 

98.8 

87.2 

95.1 

Measured Temperatures. I Measured Heat Flux,  

t 2  
Outdoor 
Surf. 

87.2 

ai .4 
ai .7 

85.6 
84.2 
82.8 

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 

94.9 

*F 

t3* 

tnternal 

t1 
Indoor 
Surf. 

79.4 
79.3 
79.2 
79.1 
79 .o 
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 
79.7 
79.6 
79.5 

79.3 

78.9 

79.8 

__I 

ti Qw 
Indoor Cal i b. 

Air Hot Box 

3.22 
2.93 
2.62 
2.41 
2.10 
1 .a8 
1.59 
'1.43 
1.27 
1.33 
1.50 
1.72 
2.01 
2.34 
2.70 

3.40 
3.79 
4.05 
4.21 
4.23 
4.12 
3.89 
3.60 

3 . a ~  

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 
2.86 
2.77 
2.62 
2.39 
2.16 

*Internal t h e m c o u p l e s  were not used for t h f s  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 - 29% 
Outdoor Chamber - 37% 

Laboratory Air Tem ra ture:  
Max. - 76°F r24%Y 
Min. - 66°F ('19°C) 

Cal CUI ated 
Heat F lux ,  

2 
B t u h r ' f t  

qr f* 

hsponse 
Factor 

qss 
Steady - 
Sta t e  

1.20 
0.97 
0.77 
0.57 
0.37 
0.41 

1.65 
2.31 

3.1% 
3.53 
3.83 
4.14 
4.54 
4.79 
4.71 
4.15 
3.45 
2.74 
2.20 

1.65 
1.45 

0.87 

2-78 

I .a9 

2.42 

- 1  63-  
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Til@, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
23 
22 
23 
24 

h a n  

to 
Outdoor 

A i  T 

28.3 
27.4 
26.7 
25.8 
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 
49.9 
37.1 
33.4 
31 -5 
30.7 
30.0 
29-2 

35-1 

t2 
ktdaor 
Surf. 

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 

34.9 

tl 
Indoor 
Surf. 

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 
26s.s 
26.6 
26.6 
26.5 
26.4 
26.4 

26.3 

ti 
Indoor 

A i  P 

25.8 
25.8 
25.8 
25.8 
25.8 
2523 
25 
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 

25.8 
- 

Gal GU1 a ted  
&aslared Heat Flux, Heat Flux ,  

a, 
Calib. 

i o t  Box 

8.73 
7.90 
8.3 
6.18 
5.62 
3.87 
0.85 
1.14 
0.73 
0.73 
0.44 
2-28 
2 -89 
3.90 
5.08 
6.39 
9.18 
10,813 
11.11 
12.29 
11.30 
10.1 5 
1Q,18 
9.34 

6.23 

Y 

qhf 
HFM @ 
Stud 

10.14 
9.23 
8.27 
7.61 
6.63 
5.93 
5.00 
4.51 
4.00 
4.1 9 
4.44 
5.43 
6.33 
7.3 
8.50 
9.71 
10.92 
11.94 
12-78 
13.28 
13.35 
13-01 
12.25 
1 1  .a5 

8.59 - 

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 

5.45 1 
I 

9% 
Steady- 
State 

3.78 
3.05 
2,42 
1.79 
1 .I6 
1.30 
2.76 
5.20 
7.27 
8.77 
10.02 
11.13 
12.09 
13.06 
14.33 
1 5 * 1 1  
14.536 
13-09 
10.89 
8.63 
6.34 
5.95 
5.21 
4.57 

3.64 
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WALL M3: IO-IN. (254-MMI BLOCK-BRICK CAVITY WALL 

DESCRIPTION: Uninsulated, unreinforced 10-in. (254-mm) cavi ty  wall con- 
s i s t i n g  of 4-in. (102-mm) hollow core concrete block and 
4-in. (102-mrn) c lay brick separated by a 2- in .  (51-mm) a i r  
space. 

REFERENCE: Fiorato,  A. E. and Cruz, C. R. "Thermal Performance of  
Masonry Wall s, 'I Research and Development B u l l  e t i  n RD071 
Portland Cement Association, Skokie, 1980, 17 pages. 

COMPOSITION: 

- 1  
1. 4 x 8 ~ 1  & i n .  (1 02x203~406-m) Medi urn Weight Hol 1 ow 

Core Concrete Block - 3 cores per block 

2. 4x2-1/2x8-in. (102x64x203-mm) Clay Brick - 

3. Type M Mortar: one p a r t  portland cement, one- 

10 cores per b r i c k  

quar te r  p a r t  lime, and three parts masonry 
sand by volume 

o ther  mortar j o i n t  o f  block 
4, Metal f -T ies  Between blythes - four i n  every 3 

TABLE M3-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

Property 

U n i t  u e i g h t ,  p s f  (kg/m2) 

Average Thickness, i n .  Imm) 

Air Space Thickness, i n .  (mm) 

Area, f t 2  (m*) 

Moisture Content of 81 ock ,* 

Moisture Content o f  Brick,* 

% by ovendry w e i g h t  

% by ovendry w e i g h t  

Measured 
Val ue 

6 6 .  a 
I326 1 

9.6 
(244) 

2.0 
(51 1 
73.90 
(6.87) 

1 *5 

1 . I  

*Measured on masonry, i ncl udi ng mortar j oi n t s  
a f t e r  test e 

- 1 69- 
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TABLE M3-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

1. 

2. 

3. 

4. 

5. 

Outside Air F i l m  

4x2-1/2x8-i n. (1 02x64~283-m 
Clay Brick 

2-in. (51-mm) A i r  Space 

4x8~15-i  n. ( 1 ~2~20~~4~~-rnffl~ Hol1 o 
Core Block 

Inside A i r  F i l m  

Total R 

*Source : 

**Sold rc e : 

***source : 

R Y  

Thermal Resi stance 

0.17 
(0.03) 

0.44" 
(0.081 

0.97** 
(0.17) 

1.20*"* 
(0.21 1 
0.68 

(0.12) 

3.46 
(0.61) 

Q. 29 
(1.64) 

Herat Transmi s s i  on Coeffi e i  e n t s  of Bri ck Masonry Mal 1 s, 
Technical Notes on Brick Construction No. 4. Br i ck  ~ - I  ~ 

i t u t t !  o f  America, Mclean, Virginia,  Au ust/Seitember 

ASHRAE Handbook o f  Fundamental s American Soci ety of 
Heati ng , Refri gesati ng , and A i  r-Condi t i  on1 ng En 

York, 1977, Chapter 22. 

Tables O f  U-Yalues for C~flCrete Masonry Walls, NCMA-TEK 
67, Mati anal Concrete Masonry Assoei a t i  on Mclean, 
Virginia,  1975, 
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TABLE H3-4 - STEADY-STATE TEST RESULTS 

1 

v 
w 
I 

d 

I 
cl 

Heat Flux, 

Condition 2 
B t u / h r -  f t  

Naninal Test 

(w/m2i 

= 36OF -20 6 
(2OC) 1 (-64.9) 

I Des i gn Va 1 ues - 

1 

RT * 

hr Bft2-OF/Btu 

(m .K/W) 

3.61 
(0.64) 

3.43 
(0,60) 

3.70 
(0.65) 

3.59 
(0.63) 

3.46 
(0.61) 

2 

u, 

&tu/tw ft2-oF 

2 (W/m -I() 

0.28 
(1.57) 

0.29 
(1.66) 

0.27 
(1.53) 

Q. 28 
(1.58) 

0.29 
(1.64) 

*Internal thermocouples were not used for th is wall assembly. 

*Laboratory a i r  temperature was not measured during th i s  test, 
W e l a t i v e  humidity was not measured for this wall assqbly. 

n 
0 
3 
z z $ 
3 

n 
3 
3 

0 
'p 
Y 

3 

0, 

Beasured Temperatures, 

O F  

Outdoor 
Surface 

116 
(47) 

92 
(33) 

43 
(6) 

7 
(-141 
- - I -  

'i 
Indoor 
A i  r 

73 
(23) 

72 
(22) 

71 
(22) 

70 
(21) 
- 

Relative 
Hwnidi t f l  

Indoor O u t d o o r  

Chamber,  Chamber 
x 2 

Laboratory 
A i r  Temperature 



"O [Wal l  M 3  

-- 

90 

60 

a L- 
30 I 

I I 1 
8 le; 24 0 

0 

Time , hour 

( a )  Measured Temperatures 

I 
-3Q - I 

I 

i 
I 

Q 

-5  

1, -30 
---____I__: 1 

-60 '- 9 16 24 0 

Time haup 
( b )  Temperature Differentials 

F i g ,  ~43-2 Wall M3 Dynamic T e s t  Results for  NBS T e s t  Cycle 
c o n s t ~ u ~ a i ~ ~  technology laboratories 
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40 

- 

- 
- 

- 

30 

20 

-80 

-100 

-120 

-140 

IO 

Heat Flux, 
Btu 0 

hr* f t2  

- 10 

- 20 

-30 

-40 

-5c 

Wall M 3  
NBS 

I20 

100 

80 

60 

i 40 

20 

Heat Flux, 
0 -  W 

2 m 
-20 

-40 

-60 I 

0 8 16 24 

Time , hour 

( c )  Heat Flux 

F i g .  M3-2 Wall M 3  Dynamic Test Results f o r  NBS T e s t  Cycle 
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TABLE M3-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

T i  me , 
h r  

1" 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12* 
1 3" 
14* 
15* 
16* 
17" 
18" 
19" 
204 
21 * 
22" 
23* 
24" 

k a n  

t 0  

Outdoor 
A i  r 

4%,3 
47.3 
46.7 
47.9 
4%. 7 
63.8 
71.4 
79.1 

91.7 
95*2 
99.2 
106.5 
106.6 
102.7 

96-7 

73.7 
66.? 
63.4 
62.0 
58.9 
57 .I 
49.5 

86.0 

86.5 

72.8 

Measured Temperatures, 

t 2  

Outdoor 
Surf. 

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 
94.1 
88.9 
81.4 
75.5 
71.9 
69.4 
66.8 
61.5 
58.9 

73.2 

t 1 
Indoor 
SUPf. 

72.3 
71.4 
71 .I 
70.8 
70.5 
70.2 
70.1 
7Q.1 
70.3 
70.5 
71 .O 
71.5 
72.0 
72.6 
73.0 
73-6 

74.3 
74.4 
74.2 
73.9 
73.5 
73.2 
72.7 

74.0 

72.1 

ti 
Indoor 

A i r  

71.3 
71.4 
71.9 
71.7 
71.1 
71 .O 
71 . I  
71.2 
71.2 
71.4 
71.7 
71.9 
71.8 
79.5 
71.5 
72-0 
72.3 
72.4 
72-2 
72.1 
72.0 
72.2 
72.2 
71.7 

TI .7 

- 
Measured Heat Flux, 

2 
Btu /h r* f t  

qw 
Cal i b. 

-0 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 

4.27 
3.90 
3.37 
2.66 
1.80 
0.69 

3.88 

-0.64 

qhfm** 

HFM 0 
Indoor 
Surf .  

I 

qhfrn** 

HFM 0 
Outdoor 
Surf. 

Cal cul ated 
Heat Flux, 

2 
B t u / h r  e f t 

qrf*** 

Response 
Factor 

*Data are 2-day averagese not 3-day averages, of test results. 
**Internal themacouples  and hea t  f l o w  meters were not used on t h i s  wall assembly. 

Cal i bra ted  Hot Box Re1 a t i  ve Humidity : 

**Response f a c t o r  analysis was not  performed fo r  this wall assembly. 

Indoor Chamber - Not measured f o r  th i s  wall assembly 
Outdoor Chamber - Mot easured f o r  this wall assembly 

Max. - 7 3 " ~  ( 2 3 o ~ P  
Min.  - 66°F (19°C) 

Laboratory Air Tern erature: 

QS s 
Steady- 
S t a t e  

-5.51 
-6.03 
-6.33 
-6.48 
-6,2ti 
-3,50 
-1.63 
0.35 
2.23 
3.91 
5.14 
6.24 
8.06 
0.78 
8.36 
7.37 
5.36 
2.54 

-0e82 
-1.59 
-2.40 
-4.20 
-4.97 

0.37 

0.38 

-- 
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TABLE M3-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS r Time, 

t0 

Outdoor 
Air 

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 
3 7.4 
16.6 
14.9 
10.6 
9.7 

22.7 

Measured Temperatures, 

"C 

t2 
Outdoor 

Surf. 

73.9 
12.6 
12.0 
11.7 
11.7 
15.7 
78.6 
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 

22.9 

t3* 

Internal 

t l  

Indoor 
Surf. 

22.4 
21.9 
21.7 
21.6 
21.4 
21.2 
21.2 
21.2 
21.3 
21.4 
21.7 
2'1.9 
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 

ti 
Indoor 

A i r  

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 

Measured Heat Flux, 

45 
Cal i b. 

Hot Box 

-1 -46 
-6.80 
-8.79 

-11.17 
-1 3.84 
-14.13 
-15.05 
-15.29 
-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 

-2.03 

W/m2 

qhfm" 

HFM @ 
Indoor 
Surf. 

I 

Ihfrn** 

m @  
3utdoor 
Surf. 

Calculated 
Heat F1 ux, 

W/m2 

qrf*+* 

Res pome 
Factor 

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

***Response f ac to r  analysis  was not performed for  t h i s  wall assembly. 

9s s 
Steady- 
State  

-37.38 
-19.00 
-29.96 
-20.21 
-19.75 
-11.35 
-5.15 

1 .Q9 
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 0 56 

-1 3.26 
-15.67 

1 .I8 
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TABLE M3-14 - SUMMARY OF OYNARIC TEST RESULTS (PERIODIC), ENERGY REQUIREfniENT5 

Total Energy, Total Energy I C m a r i s o n s .  Net Energy, 

I -15.4 
(-48.1) (28.3; I 9*0 

%kat flow meters were not used on this wall a s s e l y .  
kkResponse factor analysis was not performed for this wall assembly. 

Net Energy 
Cornpar i SORS , 

x 
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DESCRIPTION: 

REFERENCE : 

COMPOSITION: 

WALL M4: 10-IN. (254-MM) BLQCK-BRICK CAVITY WALL 

Unreinforced 10-in. (254-m) cavi ty  wall consis t ing of G i n .  
(102-mm) hollow core concrete black and 4-in. (102-mm) c lay  
brick separated by a 2-in.  (51-mm) space f i l l e d  w i t h  lsose- 
f i l l  insulat ion.  

Fiorato,  A *  E. and Crm, C. R. 
Mal 1 s ,” Research and Devel opment Bu’ill e t i  n RD071 
Association, Skskie, 1980, 17 pages, 

“Thermal Performance of Masonry 
Port1 and Cement 

1. 4 x 8 ~ 1 6 - i  n; ( 1  02x203x4QS-mm) Nedi urn Wei g h t  Hol 1 ow 
Core Concrete Block - 3 cores per block 

2. 4 x 2 4  i 2 x 8 - i  n. ( I  ~ ~ x ~ ~ x ~ ~ ~ - ~ ~ ~  C1 ay Brick - 
li) cores per brick 

3.  Type M Mortar: one p a r t  po r t l and  cement, one-quarter 
pa r t  lime, an three par t s  masonry sand by volume 

4. S i  7 i cone-Treated Per1 1” t e  Insul a t ion 
Loose u n i t  weight of 6.1 pcf (97.7 kg/m3) 

5. Metal Z-Ties Between blythes - four i n  every other  
mortar j o i n t  of block 

TABLE M4-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

Average Thickness, in .  (mm) 

Cavity Thickness, i n .  (mm) 

Moisture Content of 
’% by ovendry weight 

Moisture Content of Brick,* 
% by ovendry weight  

easured on masonry, fnc l  ud ing  mortar j o i n t s ,  
a f t e r  test. 

-181 - 
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TABLE M4-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

1. Outside A i r  F i l m  Q, 17 
( 8 . 0 3 )  

2. 4x2-1/2x8-i n. (1 02x64x203-mm) 0 D 44” 
Clay B r i c k  

3. 2 - i  n. ( 51 -mm) Per1 i t e  Loose=Fi 11 
I n s u l a t i o n  

4. 4 x 8 ~ 1 6 - i  n. ( 1  02x2Cl3x4Q6-arn) Hol1 od 

5. I n s i d e  A i r  F i l m  

Care Block 

*SOM~CF?:  Heat Transmi s s i  on C o e f f i c i e n t s  o f  Brick ijlasonry Ma l  1 s ,  
Technical Notes-on Brick Canstrustion No. 4 ,  Brick 
I n s t i t u t e  of ,4mmerica, ~ c ~ e a n ,  V i r g i n i a ,  Augist/September 
1974. 

**Source: Per1 i t e  Loose F i  11 Insul a t i  on, Catall og Number 7.14d/Psr, 
Perli te I n s t i t u t e ,  Inc .  New Yark, 1978. 

***SQUPC~: Tab1 es of U-Val, ues for  Concrete Masonry Wall s NCMA-TEK 
K National Concrete Masonry Associ atGYKJ4ELean 
V i r g i n i a ,  1975. 
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\ I  

25 

( a )  Measured Temperatures 

15 

0 

- 15 

AT, 
OC 

- 60 
0 I6 24 
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( b )  Temperature Dif fe ren t ia l s  

F i g .  N4.-2 Wall M4 Dynamic T e s t  Results for NBS T e s t  Cycle 
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Heat Flux, 
3 -  W 

2 m 
-23 

- 40 

-EO 

- 80 

- IC0 

* 120 

' I40 

C 8 16 24 

Time , hour 

( c )  Heat F l u x  

F i g .  M4-2 Wall M4 Dynamic T e s t  Results f o r  NBS Test Cycle 

- 187- construction technology laboratories 



TABLE M4-7(a) - DYN IC TEST RESULTS (PERIODIC), NBS JEST CYCLE 

Time, 
hr  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14  
15* 
16 
17 
1 8  
19 
20 
21 
2 2  
23 
24 

--- 
Mean 

t0 

Outdoor 
A i  r 

4%.5 
46,5 
46.4 
46.6 
53.6 
66.6 
74.0 
81.6 
87.6 
93.0 
96.4 

102.0 
107.8 
106.0 
102.0 

94.3 
82.5 
71 .0 
65.1 
62.8 
61.8 
55.6 
50.1 
48.8 

72.9 

Reasured Temperatures, 

t 2  

Outdoor 
Surf.  

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 

81 .1 
75.8 
72.4 

65.8 
61.1 
58.5 

73.6 

863.4 

70. 1 

-m__ 

t l  

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 

72.3 

ti  

[ndoor 
A i  r 

71.9 
72.0 
71.7 
71.8 
71.7 
71.6 
71.7 

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,o 
7i .5 
71.6 

71 .a 

71.8 

Measured Heat Flux, 
2 

B t u / h r " f t  

9, 

C a l i b .  
-lot Box 

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 

0.18 

9hfna** 

HFM 8 
Indoor 
Surf .  -- 

-..I- 

I 

qhfm** 
HFM @ 

Outdoor 
Surf. 

Calculated 
Heat Flux, 

2 
B t u  /hr * f t  

qrf*** 

Response 
Factor 

* D d t a  are 2-day averages, no t  3-day averages, o f  t e s t  results. 
k*2nkrnal thermocouples and heat f l ow  meters were no t  used on t h i s  wall assembly. 

Calibrated Mot Box Fael a t l v e  Mumddi ty :  

***Response f a c t o r  ana lys i s  was not pei=f~ra& f o r  t h i s  :.mal assembly. 

Indoor Chamber - Mot measured for t h i s  wall assembr"y 
Outdoor Chamber - kt easured f o r  this wall assembly 

Laboratory Air Tern e ra tu re :  
HdX. - 76°F ( 2 4 4  
Mln.  - 69°F ( 2 1 O C )  

9s s 
jteady- 
S ta te  

-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 

0.18 

- 1 88.- 
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TABLE W4-7Eb) - U Y M M I C  TEST RESULTS IPERIODIC), NBS TEST CYCLE, SI UNITS 

t o  
Outdoor 

A i  r 

8.6 
8.1 
8.0 
8.1 

12.0 
19.2 
23.3 
27.6 
30.9 
33.9 

38.9 
42.1 
41 . I  
38.9 
34.6 
28.0 
21.7 

17.1 
16.6 
13.1 
10.0 
9.3 

22.7 

35.8 

18.4 

c__ 

Me a sured Tempera t u  r e  5, 

t 2  

Dutdoor 
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 

t j** 

1 n ternal 
t l  

Indoar 
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 
- 
I__ 

ti 

[ndcor 
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 
1__1 

P 

Measured Heat Flux, 

qw 
Gal i b. 

Hot Box 

2.44 
1.42 -a 52 

-1.69 
-2.66 
-3.24 
-3.87 
-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 

4.53 
3.36 

5.89 

w/m2 

qhfm” 

WM B 
Indoor 
Surf. 

I 

Ihfm** 
HFM B 

lutdoor 
Surf. 

Calculated 
Heat Flux ,  

w/m2 

+f*** 
Response 
Factor 

*Data are %day averages, not 3-day averages, of t ea t  results. 
**Internal themcouples and heat flow meters were nut used on t h i s  wall asfemirly. 

**Response factor analysis YUS n o t  performed for  t h i s  wall assembly. 

4ss 
iteady- 
i ta te  

-6.59 
-7.33 
-7.77 
-8.04 
-7.14 
-4.1 9 
-2.05 

0.27 
2.30 
4.35 
5.95 
7.80 
9.99 

10.62 
10.26 

6.39 
3.37 
1 .IS 

-0.23 
-1 .I7 
-2.88 
-4 * 78 
-5 I )  76 

8.90 

0.56 

... 
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TABLE fl4-74 - SOMMARY OF OYNAMLC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS 

I 

Total Energy, 

-- 

“Heat flow nrters were not used on t h i s  wall a s s e l y .  
xkaesponse factor analysis was not performed for this wall assembly. 
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WALL C l  : N O W A L  NEIGHT COIKRETE 

DESCRIPTION: Norma7 wei g n t  s t ructural  concrete wall w i  t h  
rei  nforcqment a t  approximate m i  dtriickness 

REFERENCE: Van &em, 14. G.,  Fiorato,  A. E.,  and Ju l ien ,  J .  T. ,  
"Heat Transfer Character is t ics  of a Normal Weight 
Concrete Mal 1 ," Construction Technology Laboratories, 
P o r t l a n d  Cement Association, Skokie,  1983, 89 pages. 

COMPOS ITION : 

,- 1 
1 .  Normal W e i g h t  Concrete 

P o r t 1  and Cement 
E l g i n  Gravel and Sand 
Measured Air Content: 5.9% 

2. Reinforcement 
Single layer o f  Grade 60 No. 5 bars 

Spaced 12 i n .  (305 min) 
center-to-center 

TABLE C1-7 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 
I I 

Me a s u red 
Property 

I 1 

U n i t  w e i g h t ,  psf (/cg/rnZ) 100 
488 I 

j yi;; Average Thickness, i n .  (mm) 

Area, ft* (m2) 73 .5  

Est imated Moisture Content, 2. '9 

(5.84) 

'2 by ovendry weight 

-1 93- 
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TABLE C1-3 - DESIGid HEAT TRANSMISSIOA COEFFICIENTS 

Component 

t 
1.  Outside Air Film 

2. 8-in, (203-mm) Norma 

3. Inside Air Film 

We Concrete 

Total R c--- 
Total U 

R, 
Thermal Resi stance 

0.17 
(0.03) 

0.69" 
(0.12) 

0.68 
(0.1 2) 

1.54 
(0.27) 

0.65 
(3.70) 

"Source: ASHRAE Handbook o f  Fundamentals, American Society o f  
Ffeat i  ng ,  R e r r i  gerati on, and A i  r-Condi ti oni  ng Engineers, 
Inc. A t 1  an ta ,  1981 , Chapter 23. 

... . 

-i  95- 
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150 

I20 

90 
Temp., 
O F  

60 

30 

0 

- 30 
0 

'JVall C I  
t m = 3 7 " F  

(3°C 

I -  ti 

"\"-..,.* - - t, 
'I..- ..-..-.. 2 ..-.. -..- --. 

i '\ 

I I 

24 

Time, hour 

( a )  Measured Temperatures 

--j--t, 
I i  

t -t -%--------- ppc----- 

-..-..-..-I .-.. O F !  I..__... 

' .... t2"-t! 

- 8 0  c 
I 

48 

40 

Temp., 
20 O C  

0 

- 20 

60 

40 

20 

- 20 

- 40 

0 24 48 

Tinie, hour 

( 5 )  Temperature Differentials 

F i g .  C 1 - 7  llla11 C 1  Transient Test Results 



Heat Fiux, 
E3 tu 

h r .  ft‘ 

I tm=370F 
( 3 ° C )  

I 
I 

1 5o 

I Heat f l u x ,  
W - 
in2 

-. 
I ime , hour 

( c )  Heat F l u x  

F i g .  C1-1 Wall C 1  T r a n s i e n t  Test Results 
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TABLE C1-5(a) - TRANSIENT TEST RESULTS 

t 0  

Outdoor 
Air 

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 .5 
-1 .6 
-1.7 

-1.9 
-1.9 
-2.1 
-2.1 
-2.2 
-2,2 
-2.3 
-2.3 
-2.3 
-2.4 
-2.9 
-2.4 
-2.5 
-2.4 

-I .a 

Measured Temperatures, 

t 2  

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 

18.7 
18.7 
18.7 
16.6 
18.5 
18.5 
18.5 

18.8 

"F 

t 3  

I n t e r n a l  

72.4 
71.9 
69.3 
65.7 
62.2 
59.1 
56.2 
53.6 
51.4 
49.4 
47.6 
46.1 

43.6 
42.6 
41.7 
41 .o 
40.3 
39.7 
39.3 
38.8 

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 

44.8 

38.5 

t l  

Indoor 
Surf .  

72.9 
72.9 
72.6 
71.3 
69.7 

66.5 
65.1 
63.9 
62.8 
61.8 
61 .O 
60.3 
59.6 
59.1 
58.6 

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 

68.0 

58.2 
57 .a 

ti 

Indoor  
Air 

72.5 
72.5 
12.4 
72.0 
71 .8 
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 
63.2 
69.2 
69.1 
69 .O 
69.1 
69.1 
69.2 
69.1 
69.1 

69 .o 
69 .o 
69.3 
68.9 

69.a 

Measured Heat F1 U X ,  
2 

%tu /h r *  f t 

clw 

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 
-37.0 
-39.4 
-40.7 
-42.5 
-43.5 
-44.8 
-45.5 
-46.2 
-47. O 
-47.5 
-48.1 
-48.5 
-49.1 
-49.7 
-50.4 
-510.6 
-51.1 
-51.2 
-51.3 
-51.3 
-51.3 
-51.3 
-51.3 
-57.3 
-51 - 4  

clhfm 

HFM @ 
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 
-39.8 
-40.4 
-42 L. 3 
-43.3 
-44.5 
-45.6 
-46.4 
-46.8 
-47.9 
-48.4 
-48.5 
-49 * 7 
-50.3 

-51.4 

-51.8 
-51 " 8  
-51.8 
-51.8 
-51 .6 
-52.0 
-52.1 

-5o.a 

-51 .a 

I 

qhfm 

HFM @ 
Outdoor 

Surf .  

-0.6 
-47 * 7 
-76.2 
-78.6 
-78.9 
-75.3 
-73.9 
-71.5 
-70.0 
-68.2 

-65.7 
-63.6 
-61.9 
-61.1 
-60.1 
-59.3 
-58.5 
-57 -9 
-56 e 5 
-56.2 
-55.5 
-55.5 
-55 I 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 

-66.8 

Cal cul  a t e d  
Heat F1 ux, 

2 
M u / h r * f t  

W** 

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 
-47.0 
-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 .ti 
-57.6 
-51.5 

q s s  
Steady- 
S t a t e  

0.3 
-1 7.3 
-33.9 
-40.0 
-43.3 
-44.8 
-46.0 
-47 .0 
-47.8 

-49 .Q 
-49.4 
-49 -8 
-50.1 
-50.3 
-50.5 
-50.7 
-50.9 
-50.9 
-51 "0  
-51 .o 
-51 . I  
-51 .1 
-51 . I  
-51 -2 
-51.3 
-51.9 
-51 .4 
-51.5 
-51 -5  
-51.5 
-51 - 5  
-51.5 
-5% .5 
-51.5 
-51 .5 
-51.5 

-48.5 

*Data f o r  these hours  de r ived  from l i n e a r  i n t e r p o l a t i o n  of data f r o m  hours  36 t o  45. 
**Response Fac tor  va lues  supp l i ed  by Ken Childs, ORNL. Values c a l c u l a t e d  us ing  NBS Response 

Factor Program by Peavy. 
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TABLE C1-5(b) - TRANSIEWT TEST RESULTS, S I  UNITS 

T i n e  
h r  

0 
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 
26 
28 
30 
32 
34 
36 
38" 
40" 
42" 
44f 
46 
48 

t o 
Outdoor 

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 
-17.8 
-18.0 
-18.2 
-18.3 
-18.4 
-18.5 
-18.6 
-18.7 
-18.7 
-18.8 
-1 8.8 
-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 

t 2  I t3 

Surf .  

22.9 
15.9 
9.2 
5.9 
3.7 
2.2 

22.4 
22.2 
20.2 
18.7 
16.8 
15.0 

0.9 13.4 
-0.3 12.0 
-1.3 10.8 I 
-2.2 
-2.9 
-3.6 
-4.1 
-4.6 
-5.0 
-5.3 
-5.7 
-6.0 
-6.1 
-6.3 
-5.5 
-6.6 
-6.8 
-6.8 
-6.9 
-7.1 

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 

-7.2 2.8 
-7.3 2.7 
-7.3 2.6 
-7.4 2.6 
-7.4 
-7.4 
-7.4 
-7.5 
-7.5 
-7.5 
-7.5 

2.4 
2.4 
2.3 
2".3 

t l  

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 
A i r  

22.5 
22.5 
22.4 
22.2 
22.1 
22 .o 
21 .8 
21 .6 
21.4 
21.4 
21.3 
21.2 
21 -1  
21 .o 
21 "0  
2Q.9 
20.9 

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 

20.8 

Measured Heat Flux, 

2 
3 
1 

-9 
-25 
-39 
-56 
-68 
-82 
-91 

-1 01 
-1 10 
-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 5.2 
-1 62 
-1 52 
-1 62 
-1 62 
-1 62 
-1 62 

2 
W/m 

qhfm 

HFM @ 
Indoor 
S w f .  

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 5 3  
-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 @ 
Iutdoor 
Surf .  

-2 
-1 50 
-240 
-248 
-249 
-238 
-233 
-226 
-221 
-21 5 
-21 1 
-207 
-201 
-1 95 
-1 93 
-1 89 

-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 

-1 a7 

-I 78 

_I___I_ 

Calcula ted  
Heat F1 ux,  

2 
W/m 

q r P  

Response 
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 
-162 
-162 
-1 62 
-1 62 
-1 63 
-1 63 
-1 62 

455 
S t2a  dy - 
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 58 
-1 59 
-1 59 
-1 60 
-1 61 
-1 61 
-1 61 
-1 61 
-1 61 
-1 61 
-1 61 
-1 51 
-1 62 
-1 62 
-1 62 
-1 63  
-1 63  
-1 62 
-1 62 
-1 52 
-1 62 
-1 62 
-1 63 
-1 63 

*Data for these hours der ived  from l i n e a r  i n t e rpo la t ion  o f  data  f r o m  hours 36 t o  45. 
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'! I 

99.5% af t ina l  fieeat Flux 

95% of Final  Heat Flux  

90% of Final iteat Flux 

TABLE C1-6 - SUMMARY OF IRANSlENT TEST RESULTS 

Measured Cal cu 1 ated 

Cslib. tlot Box 
I 

-_r--l_t I 

Btu/hr*ft 

-_I_ 

-51.3 -52.1 -51.3 
(-162) (-164) (-162) 

-46.4 
(-147)  

- - -l_l_.- 

32 -51.3 
(-162) 

21 -49.0 
(-154) 

1 7  -46.4 
(- 146) 
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TABLE C1-7(a) - DYNAYIC PEST RESULTS !PERIODIC) ,  NBS TEST CYCLE 

Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14  
15 
16 
17 
1 8  
19 
20 
27 
22 
23 
24 

Mean 

t 0  

Outdoor 
A i  r 

47,a 
45.1 
44.0 
43.5 
43.5 
51.7 
63.1 
70.5 
76.7 
82.6 
87.2 
89.8 
95.2 
99.2 
97.3 
92.8 
86.5 
75.6 
66.3 
61 .1 
59.2 
58.8 
53.2 
48 -3  
Io- 

68.3 

Heasured Temperatures, 

"F 

t 2  

Outdoor 
S u r f .  

59.8 
58.2 
56.9 
56.0 
55 .3  

62.9 
66.8 
70.5 
74.1 
77.6 
79.9 
83.% 
86.4 
86.8 
85.6 
83.3 
78.6 
73.7 
70.3 
68.4 
67.3 
64.5 
61.4 

57 .a 

70.2 

t 3  

I n t e  r na 1 

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 

77.5 
77.6 
77 .O 
75.7 
74.4 
73.1 
7: .9 
70.5 

76.8 

70.9 
ll__l 

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 

ti 

Indoor 
A i  r 

72.2 
72.1 
72.0 
71.9 
71 .7 
71.6 
71.6 
71.6 
71.7 
71.8 
72.8 
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 

1 2 - 3  

Measured Heat Flux,  
2 

Btu /h r ' f t  
,-._I- 

% 
Cal ib .  

H o t  Box 

-1.7 
-3.9 
-6.0 
-7.7 
-9.8 

-11.4 
-12.4 
-13.0 
-11.9 
-10.6 

-7.9 
-5.6 
-3.4 
-0.7 
1.7 
4.4 
6 .a 
8.0 
8 - 3  
7.6 
6.0 
4.1 
2.3 
0.4 

-2.4 

qhfm 

HFM 0 
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 

I 

qhfin 

HFM 0 
Outdoor 
Surf .  

-32.5 
-33.0 
-32.0 
-31.7 
-30.2 
-17.7 
-1.3 
8.2 

15.7 
22.7 
27.1 
28*5 
35.1 
38.8 
32.3 
23.1 
12.7 
-3.2 

-15.9 
-21.5 
-22.4 
-21.2 
-27.8 
-33,l 

*Response f a c t o r  a n a l y s i s  was no t  performed For this dynamic tes t  cyc le .  

Ca l ib ra t ed  Hot Box Rela t ive  Humidity: 
Indoor Chamber  - 30% 
Outdoor Chamber - 23% 

Labora twy Air Temperature: 
Max. - 73°F ( 2 3 O C )  
Min .  - 70°F (21OC) 

-3.3 

Cal C U I  a ted  
Heat Flux, 

2 Btu/ h r  f t 

9r-f * 
Response 
Fac tor  

qss 
Steady- 
S t a t e  

-17.2 
-18.4 
-19.3 
-19.7 
-19.8 
-15.6 

-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 

-1 2.5 
-15.9 

-2.5 
-- 
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TABLE C1-7(b) - DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  MBS TEST CYCLE, SI UNITS 

Measured Heat F1 ux, 
Cal CUI a t e d  
Heat Flux,  

u / m 2  

Measured Temperatures, 

"C 
2 N/m 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
i7 
12 
13 
14 
15 
I6 
17 
18 
19 
20 
21 
22 
23  
24 

I 

q h f m  

HFM B 
Outdoor 
Surf .  

9hfm 
HFM Ca 

Indoor 
Surf .  

t3 

In t e rna l  

t 2  

Outdoor 
Surf 

4w 
C a l i b .  

Hot Box 

%f* 

Lesponse 
Fac tor  

ti 

.ndoor 
A i  r 

t l  

Indoor 
Surf .  

tQ 

Outdoor 
A i  r 

8.3 
7.3 
6 . 6  
6.4 
6,4 

17.3 
21 "4 

28.1 
30.7 
32.1 
35.1 
37.4 
36.3 
33.8 
30.3 
24.2 
19.0 
16.2 
15.1 
14.9 
11 .H 

9.0 

ia.9 

24.a 

qss  
Steady- 
S t a t e  

15.5 
14.6 

13.3 
13.0 
14.4 
17 , l  
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 

I 3.8 

20.5 
19.8 
19.1 
18.4 
17.9 
17.4 
17.4 
17.8 

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 

18.5 

22.2 
2? .8 
21.4 
21 .I 
20.8 
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 

23.7 
23.3 
23*0 
22.6 

24.0 

22.4 
22.3 
22.2 
22.2 
22.1 
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 .a 
22.7 
22.7 
22.6 
22.5 
22.4 

22.0 

I_ 

22.4 
II 

-1.7 
-7.6 
-13.4 
-19.2 
-24.4 
-29 .. 1 
-32.9 
-33-9 
-32 7 
-29.2 
-23 e 7 
-1 7.6 
-11.3 
-4.7 

2.7 
9.6 
15.3 
19.5 
21 .I 
20.2 
17.1 
13.0 
8.4 
3.7 

-54.2 
-58.0 
-60.8 
-62 a i 
-62.4 
-49.1 
-25.3 
-7 -7  
7 .o 

20.8 
32.7 
39.0 
50.3 
60.5 
58.8 
49.7 
36.4 
13.3 
-8.0 

-21.5 
-27.8 
-29.7 
-39.3 
-50.3 

-5.5 
-12.3 
-19.0 
-24,2 
-30.9 
-36.0 
-39.3 
-41 "0 
-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 .I 

-7.4 

-102.4 
-104.2 
-103.9 
-99.9 
-95.2 
-55.8 

25.1) 
49.6 
71.5 
85.4 
90.0 
110.6 
122.4 
101.9 

73.0 
40.2 
10.0 
50.0 

-67.9 

-66.7 
-87.7 
-104.4 

-10.5 

-4.a 

-70.8 

20.1 22-2 -7.7 21 - 3  2'1.2 

*Response f a c t o r  analysis was n o t  performed f o r  t h i s  dynamic test: cycle. 
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TABLE C1-8(a) - DYNAVIC TEST RESULTS (PERIODIC), NBS+IQ TEST CYCLE 

Times 
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 

t o  

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*9 

76.8 

Measured Temperatures .  

t 2  

Outdoor 
S u r f  . 
66.0 
64.2 
62.9 
61 .3 
61.6 

69.1 
73.2 
76.7 

83.4 
85.7 
88.8 
92.0 
92.8 
91.9 
90 .o 
85.6 
80.2 
76.7 
74.8 
73.6 
71.1 
68.0 

63.8 

a0.2 

76.4 

O F  

t:3 

I n t e r n a l  

73.2 
71.8 
70.5 
69.3 
68.3 
67.5 
67.5 
68.2 
69.4 
70.8 
72.4 
74.1 
75.8 
77.5 
79.2 

81 .4 
81.1 
81.2 
80.0 
78.6 
77.3 
76.2 

80.6 

74.8 

74.5 

t 1 
Indoor  
Surf. 

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 

73.9 

t i  

Indoor 
A i  T 

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 
13.4 
73.3 
73.1 
73.0 
72.9 

72.5 
.... 

Measured Heat Flux, 
2 

Btu /hr  e f t  

9w 
C a l i b .  

t lo t  Box 

4.1 
2.2 
0.1 

-2.2 
-3.8 
-5.4 
-6.9 
-7 .o 
-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 

3.4 

qhfm 

HFM 8 
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 
1 2 * 4  
11.4 
10.2 
8.8 
7.3 

3.9 

I 

q h f m  

HFM @ 
Outdoor 
S u r f .  

-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 
-2Q.4 
-25 -8 

3.5 

Cal cul  ated 
Heat Flux ,  

2 
a t u / h r '  f t  

qrf 

Response 
Factor - 

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 
3.2 
6.9 
4.6 

2.9 
..-- 

955 

State 
S tea dy - 

-1 1.4 
-12.8 

-14.1 

-9.9 
-2.Q 
3.8 
8.2 

1 2 , 3  
15.9 
17.9 
21.2 
24.7 
24 .O 
22.2 
18.5 
11.7 
4.0 
-0.6 
-2.5 
-3.3 
-6.0 
-9.5 

-1 3.8 

-1 3.8 

lll_- 

3.6 

*Response f a c t o r  Val ues suppl i e d  by Ken Chi 1 ds, CIRNL. 

Calibrated Hot Box Relative Humidity: 

Values calculated us ing  NBS Response 
F a c t o r  Prograin by Peavy. 

Indoor Chamber - 26% 
Outdoor Chamber - 22% 

Laboratory A i r  Temperature: 
Max. - 72°F (22°C) 
Wn. - 71°F (22°C) 
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TABLE C1-8(b) - DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  NBS+10 TEST CYCLE, SI UNITS 

Cal cul a t e d  
Heat F1 ux, Measured Temperatures, Measured Heat F l u x ,  

"C i , l lm2 
2 

W/m Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
1 3  
14 
15  
16 
1 7  
18  
19 
20 
21 
22 
23 
24 

I 

4hfm 

HFM @ 
Outdoor 
Surf  a 

qhfm 

HFM @ 
Indoor 
Surf .  

'17.3 
11.7 

5.9 
0.3 

-5.1 
-10.0 
-1 3.9 
-14.9 
-1 3.6 
-10.3 
-5.7 

0.0 
6.3 

12.9 
28.3 
27.7 
33.6 
37-9 
39.8 
39.2 
36.0 
32-1 
27.8 
23.  f 

t o  

Outdaor 
Air 

ti 

Indoor 
A i  r 

q W  

not  BOX 

Cal i b .  

qr f 
le s ponse 
Fac tor  

t l  

Indoor 
Surf .  

qss  
Steady- 
S t a t e  

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 
38.5 
35.7 
29.9 
24.0 
21 .I 
20.1 
19.7 
17.1 
14.4 

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 

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 

22.7 
22.a 

12.8 
6.9 
13.3 

-6.8 
-1 2.0 
-17.1 
-21.7 
-22.7 
-20.0 
-14.5 
-7.9 
-1 - 2  
6.7 

14.3 
22.8 
30.9 
37.4 
42.4 
44.4 
42.7 
38.8 
31 " 6  
25.5 
19.9 

-84.6 
-87 "5 
-87.2 
-82.4 
-74.8 
-39.2 

16.3 
46.3 
67.6 
88.9 

104.6 
108.0 
129 -2 
'145.9 
124.6 

56 .O 
16.1 

-30.0 
-49 .O 
-50.6 

-64.3 
-81.5 

94.8 

-48.1 

7 .a 
0.3 

-7.2 
-1 3.5 
-19.5 
-24.4 
-27.4 
-26.7 
-22.3 
-15.3 

-7.3 
1 .6 

10.5 
19.4 
28.1 
36.3 
42.7 
46.5 
46.7 
43.1 
36.7 
29.1 
21 .8 
14.6 

-35.8 
-40.5 
-43.4 
-44.6 
-43.6 
-31 - 3  

-6.4 
11.8 
25.7 
35.7 
50.1 
56.6 
66.9 
77.8 
77.6 
69.9 
58.5 
37.0 
12.6 
-1.9 
-7.3 

-10.4 

-29.8 
-18.9 

18.9 22.9 
17.9 22.1 
17.8 21 -4  
16.6 20.7 
16.4 20.2 
17.7 19.7 
20.6 19.7 
22.9 20.1 
24.8 20.5 
26.8 21.6 
28.6 22.4 
29.8 23.4 
31.5 24.3 
33.4 25.3 
33 .a 26,2 
33.3 27.0 
32.2 27.5 
29.8 27.5 
26.8 27,3 
24.8 26.7 
23.8 25.9 
23.1 25.2 
21.7 24.5 
20.0 23.8 

Mean 24.9 24.7 I 23.6 23.3 22.6 10.6 12.4 11 . I  11 - 2  9.2 
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TABLE C1-9(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS-10 TEST CYCLE 

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 

i a  

Outdoor 
Air 

37.5 
35.5 
34.7 
34.4 
35.4 
45.7 
56.7 
64.3 
70.0 
75.7 
79 .O 
81.9 
88.3 
90.7 
88.1 
84.3 
77.4 
65.2 
56.7 
51 .6 
50.1 
49.2 
42.1 
39.6 

.- 
59.8 

Measiired Temperatures, 

O F  

t 2  

Outdoor 
Surf.  

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 
53.5 

60.6 
57.4 
55.0 

61 .a 

64.0 

t 3  

I n t e  m a  1 

64.6 
63.2 
61 .9 
60.8 
53*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 

71.6 
70.1 
65,8 
67 - 5  
66 .Q 

72.8 

66.3 

Ca l ib ra t ed  Hot Box Rela t ive  Humidity: 
Indoor Chamber - 26% 
Outdoor ChambeF- - 23% 

Labaratmy A i  P Temperature: 
Max. - 7 2 0 ~  (zzoc )  
filin. - 70°F (21°C) 

t 1 

Indoor 
Surf .  

69 .R 
69.0 
68.4 
67.7 
67.2 
66.7 
66.5 
66.6 
67.0 
57.6 
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 

t i  

Indoor 
A i  r 

71.8 
71.6 
/ I  .5 
71 .4 
71.3 
71.2 
71.2 
71.2 
71.3 
71.4 
79.5 
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 

-.I 

71.8 

-̂- 

Measured Heat F l u x ,  
2 

Btu/hr 'f  t 

4w 

Cal i b .  
Hot Box 

-8.1 
-10.3 
-12.4 
-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 .a 
0.9 
2.2 
2.3 
1.5 

-0.2 
-2.2 
-4.1 
-6.1 

-8.4 

qhfm 

HFM Ca 
Indoor 
Surf .  

-7.0 

-10.7 
-1 2.6 
-14.2 
-1 5.8 
-16.8 
-16.9 
-16.2 
-14.9 
-13.3 
-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 

-8.8 

-8.0 

I 

qhfm 

HFM Q 
Outdoor 
Surf * -- 
-39 e 1 
-40.0 
-39 m 1 
-37.7 
-34 P 9 
-1 9.5 
-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 

-9.3 

Calcu la ted  
Heat F1 ux, 

2 
B t u / h r * f t  

9 r f  

Response 
Fac tor  

-10.1 
-12.5 
-14.8 
-16.8 
-18.6 
-20.2 
-2o.e 
-20.3 
-18.5 
-16.1 
-13.3 
-19.4 

-7.5 
-4.5 
-1 .7 
1 .o 
2.9 
3.8 
3.4 
1.9 

-0.4 
-2.9 
-5.3 
-7.6 

-8.7 

qss 

Steady- 
S t a t e  

-23.4 
-24.8 
-25.6 
-25.9 
-25.5 
-19.9 
-12.5 

-6.8 
-2.3 

1.8 
4.6 
6.7 

13.1 
12.0 

9.5 
5.1 

-2.8 
-9.4 

-13.4 
-15.0 
-15.8 
-19.3 
-21.9 

10.8 

-8.4 
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TABLE C1-9(b) - DYNAMIC TEST RESULTS (PERXODIC), NBS-10 TEST CYCLE, S i  UNITS 

Calculated 
Heat Flux, Measured Heat Flux, Measured Temperatures, 

08- */m2 

qhfrn 

HFM P 
Indoor 
Surf. 

-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 .Ea 
-2.0 
-6.3 

-11 .o 
-16.1 

I 

qhfm 
HFM @ 

Outdoor 
Surf. 

I S S  

Steady- 
State 

t i  

Indoor 
A i r  

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 

q W  

C a l i b .  
not BOX 

qrf  

Response 
Factor 

-32.0 
-39.3 
-46.6 
-53.1 
-58.8 
-63.8 
-55.7 
-64.1 
-58.4 
-50.9 
-41.9 
-32.7 
-23.5 
-14.2 

-5.2 
3.1 
9.0 

10.7 
6.0 

-1.3 
-9.2 
-16.7 
-24.1 

11 .a 

1 
2 
3 
4 
5 
6 
7 

9 
10 

a 

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 .o 
20.6 
20.2 
19.8 
19.5 
19.3 
19.1 
19.2 
19.4 
19.8 
20.2 
20.6 
21 . I  

-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 
2.8 
6.8 
7.2 
4.7 
-0.7 
-6.8 

-1 3.0 
-19.2 

-123.3 
-1 26-1 
-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 
-73.8 
-91.2 
-91.2 

-1 13.1 
-120.7 

-89.3 

-73.8 
-78.4 
-80.7 

-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 .O 

-81 . 7  

3.1 11.8 

1.5 10.1 
1.3 9.7 
1.9 9.5 

I 7.6 11.4 
13.7 14.2 
17.9 16.5 
27.2 18.5 
24.3 20.5 

1.9 10.8 

11 26.1 22.0 
12 1 27.7 I 23.3 
13 31.3 25.4 

21 .I 21 -6  
22.0 22.1 
22.7 22.5 
23.1 22.8 

14 32.6 26.8 
15 31 .I 26.8 
16 29.0 26.3 
17 25.2 24.8 
18 18.5 21.9 
19 13.7 19.3 
20 10.9 17.5 
21 10.1 16.6 

23.1 
22.7 
22.0 
21.2 

22.4 
23 -0 

22.5 
22.8 

22 15.9 
23 
24 1 $!: 1 12.8 14.1 

20.4 22.1 

18.9 21.4 j 19.7 I 21.7 

22.1 -26.5 -29.4 -27.5 -26.4 

-21 3- 



cn 
z 
B

 

VI 
>

 
W
 2

1
 

VI 
VI 

cr 

ln
 

6
 

a
m

 

m
 

l
e
 

m
 

P
 

.r4: 

I
.

 
U

7 

m
 

m
*

 

m
 

'V
I 

VI 

CT 
6
3
 

M
 

M
 

'
r

n
 

e
 

a
m

 
m

m
 

.
@

-
J

 
3
 

B
 

VI 
>

 VI 
VI 

IT 

m
m

m
 

c
 

u
 

VI 
>

 sr 
6

,
 

ln
 

-s- 
L
n
 

u7 

W
O

 
-

-
 

-21 4- 
G

o
n

s
a

ru
c

tis
n

 te
c
h

n
o

lo
g

y
 la

b
a

l-a
fsfies 



TABLE C1-14 - SUHHARY OF DYNAMIC TEST RESULTS (PERIOBIC), ENERGY REQUIREmNTS 

Total Energy, 

Btu/ft  (!d*hr/m 1 2 2 

Total Energy Net Energy, 
Canpar i sons, 

2 2 x Btu/ f t  [W- hr/m 1 

I 

2 
m 

I 

*Response factor dnalysis uas not p e r f o m d  for th is  dynamic tes t  cycle. 

Net Energy 
Cornpar i sons 

% 
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WALL C2: STRUCTURAL LIGHTWEIGHT CONCRETE 

P r o p e r t y  

DESCRIPTION: S t r u c t u r a l  l i g h t w e i g h t  conc re te  w a l l  w t t h  re ln forcernent  a t  
approximate mfd th i ckness .  

Measured 
Value 

REFERENCE: Van Geem, M. G. and F i o r a t o ,  A .  E . ,  "Heat T r a n s f e r  
C h a r a c t e r i s t i c s  of  a S t r u c t u r a l  L i g h t w e i g h t  Concrete M a l l , "  
C o n s t r u c t i o n  Technology t a b o r a t o r l e s ,  P o r t l a n d  Cement 
Assoc ta t i on ,  Skokle,  1983, 88 pages. 

COMPOSIT ION:  
1.  S t r u c t u r a l  Lightwelght Concrete 

P o r t l a n d  Cement 
F i n e  and Coarse Expanded Shale 

Measured Air Content:  6.3% 
Aggregate 

2. Relnforcernent 
S'lngle l a y e r  o f  Grade 60 No. 5 ba rs  

Spaced 1 2  I n .  (305 m) 
c e n t e r - t o - c e n t e r  

TABLE C2-1 - PHYSICAL PROPERTIES OF WALL A? T I M E  O f  TEST 

I I I 

Unit Weight, psf (kg/m2) 

Average Thickness, in. (mm) 

Area, f t 2  (m2) , 

Estlmmated Nolsture Content,  
% by ovendry w e i g h t  

70 .4  
( 3 4 4 )  

8.28  
21 Q) 

73 67 
(6 .84 )  

8 . 5  

-21 7 -  
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TABLE C2-3 - DESIGrl HEAT TMNSi4ISSION COEFFICIEflTS 

f 
Component 

1. Outside Air Film 

2, 8-i n. (203-mm) Structural  L i  ghtwei g n t  

3. Inside Air Film 

Concrete 

Total K 

Total U 

R, 
Themal Resi stance 

h r - f t 2 *  "F/Btu  
(m%*K/W 1 

0.17 
(0 .03)  

2.20" 
(0 .39 )  

0.68 
(0.121 

3.05 
(0.54.) 

0.33 
( 1  .a51 

*Source: ASHRAE Handbook o f  Fundamentals, American Society o f  
Heat4 ng, Refri geratr' on, and A i  r-Condi t i  ani ng Engi  neem 
Inc., Atlanta,  1981 Chapter 23. 
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Heat Flux, 
8tu 

hr. fi2 

Wall C 2  
tm=34'F ( I'C) 

I 
0 

- 20 

- 40 

- 60 

50 
I 
1 Heat Flux, 

W - 
m2 

i --IS0 i v  -j -200 

I I I I I -80 ' -250 a 24 48 

Time, hour 

( c )  Heat F l u x  

F i g .  C2-1 Ida11 C 2  T r a n s i e n t  T e s t  Results 
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TABLE C2-5(a) - TRANSIENT TEST RESULTS 

Measured Temperatures, 

OF 

Outdoor Outdoor 
A i r  1 Surf. 

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. 

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 

72.2 
72.0 
70.8 

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 

68.0 

Internal Indoor 
Surf. 

72.8 
72.8 
72.7 
72.5 
72.0 
71 - 3  
70.4 
69.5 
68.6 
67.8 
67.1 
66.5 
65.9 
65.4 
65.0 
64.4 
63.9 
63.5 
63.3 
63.2 
62.8 
62.8 
62.6 
62.4 
62.3 
62.2 
62.1 
62.0 
61 .8 

61.7 
61.7 
61.7 
61.5 
61 -5 
61 a 5  
61.4 

61 .a 

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 
70.7 
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 

70.6 

Measured Heat Flux, 
2 

B t u / h r *  f t 

qw 
Calib. 

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 
-1 8.6 
-20.0 
-21 -6 
-23.1 
-24.6 
-25.2 
-26.1 
-26.8 
-27.2 
-27.8 
-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 . I  
-31 .a 
-3'1 " I  

qhfnl 

HFM 0 
Indoor 
Surf. 

-0.1 
-0.1 
-0.1 
-0.5 
-1.8 
-3.6 
-5.8 
-8.0 

-10.3 
-1 2.3 
-1 4.3 
-1 6.1 
-17.7 
-19.3 
-20.5 
-22 e 1 
-23.7 
-24.7 
-25.3 
-26.1 
-26.7 
-27 e 1 
-27.5 
-28.0 
-28.3 
-29.0 
-29.5 
-30.0 
-30.1 
-30.4 
-30*7 

-30.8 
-30.8 
-31 .o 
-31 .O 
-3% .I 

- 3 0 ~ 8  

1 

%fm 
HFM (3 

3utdoor 
Surf .. 

-0.3 
-40.9 
-64.5 
-62.4 
-58.8 
-54.8 
-52.1 
-50.0 
-48.0 
-46 I) 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 .Is 
-31 . I  
-31 .o 

Cal CUI ated 
bleat F?ux,  

R t u / h s  - f t2  

%f"* 

Ke s po n s e 
Factor 

*Data for this hour derived from linear interpolat ion of data from hours 14 t o  16. 
**Response f a c t o r  analysis  was not performed f o r  t h i s  wall assembly. 

%s 
Steady- 
S ta t e  

-0.0 
-9.9 

-20.8 
-25.1 
-27.2 
-28.2 
-29.0 
-2'3.5 
-29.7 
-30.0 
-30. 2 
-30.3 
-30-5 
-30.6 
-130.7 
-30.8 
-30.9 
-30.9 
-30.9 
-31 .Q 
-30.9 
-31 - 0  
-31 . I  
-311 "1 
-31.1 
-31 - 2  
-3% .2 
-31 ' 7  
-31 .a 
-31 .? 
-31 " 1  
-31 . I  
-31 . I  
-31 . I  
-31 .I 
-31 . I  
-31 .0 
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TABLE C2-5(b) - TRANSIENT TEST RESULTS, SI UNITS 

Time, 
hr 

0 
1 
2 
3 
4 
5 
6 
7 

9 
10 
1 1  
12 
13 
14 
15* 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 

a 

48 

t o  
Outdaor 

A i  r 

22.2 
2.5 

-12.1 
-15.7 
-1 7.2 

-18.6 
-1 9.1 
-1 9.6 
-19.9 
-20.2 
-20.4 
-20.6 
-20.8 
-20.9 
-21.1 
-21 -3 
-21 -4 
-21.5 
-21.5 
-21 .6 
-21.7 
-21.8 
-21.8 
-21.8 
-21.8 
-21.8 
-21.7 
-21.7 
-211.7 
-21.7 
-21 " 8  

-21.8 
-21.8 
-21.8 

-17.8 

-21 .a 
-21 .a 

Measured Temperatures, 

t2 
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 
-14.2 
-14.2 
-14.3 
-14.3 
-14.3 
-14.3 
-14.3 

O C  

t3 
Internal 

22.3 
22.2 
21 "6 
20.0 

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 
1.8 
1 .? 
1.7 
1.6 
1.6 
1.5 
1.4 
1.4 
1.4 

18.2 

tl 
Indoor 
Surf. 

22.1 
22.7 
22.6 
22.5 
22.2 
21.8 
21.3 
20.8 
20.3 
19.9 
19.5 
19.1 

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 

18.8 

ti 

Indoor 
Ai 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 
25 -2 
21 . I  
21 "1 
21.1 
21.1 

Measured Heat F l u x ,  

w/m2 

qhfm 
9w NFM @ 

Cal i b. Indoor 
Mot Box Surf. 

-0.4 -0.2 
0.9 -0.3 
1 .o -0.5 
0.1 -1.7 
-4.1 -5.7 
-11.8 -11.4 
-17.7 -18.3 
-27.3 -25.2 
-33.2 -32.5 
-41.9 -38.9 
-47.2 -45.1 
-53.6 -50.6 

-63.0 -60.8 
-68.2 -64.6 
-72.8 -69.7 
-77.4 -74.8 

-82.3 -79.8 
-84.6 -82.2 

-87.7 -85.6 
-87.7 -86.8 
-90,O -88.3 
-90.2 -89.4 
-92.3 -31 - 5  
-94.2 -93.0 
-95.6 -94.2 
-96.1 -95.0 
-96.4 -96.0 
-96.3 -96.8 
-97.3 -97.1 
-96.6 -97.1 

-98.0 -97.7 

-98.1 -98.0 

-58.7 -55.8 

-79.5 -77.a 

-85.7 -84.1 

-98.0 -97.3 

-97.9 -97.8 

HFM D 
Ou tdoo 1- 

Surf .  

-0.9 
-1 29.1 
-203.4 
-196.8 
-185.4 
-172.9 
-164.2 

-1 51.5 
-145.9 
-141.1 
-1 36.4 
-1 31.1 
-128.9 
-126.7 
-1 22.1 
-117.4 
-114.5 
-1 13.3 
-110.9 
-1 10.6 
-1 08.3 
-107.8 
-1 os. 9 
-1Q5.2 
-1 Q3.7 
-103.0 
-1 00.9 
-99.9 

-99.7 
-98.6 
-97.9 
-98.6 
-97.8 
-98.1 
-97.7 

-1 57.8 

-99.8 

Cal cul ated 
Neat F lux ,  

!urn2 

Qrf ** 
Response 
Factor 

*Data for t h i s  hour derived from linear interpolation of data from hours 1 4  to 1 1 5 ~  
.**Response factor ana lys is  was n o t  performed for t h i s  wall assembly. 

qss 
Steddy- 
State 

-a. 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 
-95.3 
-97.5 
-97.6 
-97.8 
-97.6 
-97.9 
-98.0 
-98.2 
-98.3 

-98.2 

-98.2 
-98.2 
-98.2 
-98.2 
-98.2 
-98.2 
-98.2 
-98.2 
-97.9 

-98.3 

-98.2 
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TABLE C2-6 - SUBMARY OF TRANSIENT TEST RESULTS 

99.5% of  Final Heal Flux 

95% of  Final Heat Flux 

90% o f  Final Heat Flux 

Wesponse factor analysis was not performed for  t h i s  dynamic test cycle. 

Response Factor* 
I 

I 

-30 * 9 
(-97 * 7 )  



120 L 
l Wall C2 

90 

Temp, 
O F  

60 

25 

30 1- -0 
I 
i 
I 

i 1- 
8 16 24 

0 
0 

Time hour 

( a )  Measured Temperatures 

I 
60 - 

Wall c2 I NBS 
i ~ 

I t,-ti - 
\ 

30 

AT, 
O F  

0 

- 30 

0 

-60 
I 

0 8 i6 24 

Time , hour 

( b )  Temperature Different ia ls  

F i g .  C2-2 Wall C2 Dynamic Test R e s u l t s  f o r  NBS Test Cycle 
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TABLE C2-7Ia) - DYNAMIC TEST RESULTS (PERIODIC), MlBS TEST CYCLE 

Time, 
h r  

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 

4ean 

t0 

Outdoor 
A i r  

44.2 
42.1 
41.2 
4Q.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 

57.0 
56.5 
50.1 
45.5 

58.8 

67.3 
-- 

Measured Temperatures, 

t2 
Outdoor 

Surf  * 

54.1 
52.2 
50-9 
50.1 
49.7 
53.6 
60.8 
66.4 
71.5 
76.3 
80.3 
83.2 
87.4 
91.1 
91.1 
89.2 
85.1 

71.2 
66.7 
64.4 
63.3 
59.5 
55.8 

78.0 

68.8 

O F  

t3 
[ntevnali 

69.7 
65.4 
67.1 
65.9 
64-8 
63.9 
63.4 
63.6 
64.3 
55.4 
66-7 
68.3 
69.9 
71 .S 
73.2 
74.7 
75.9 
76.4 
76.3 
75.6 
74.5 
73.4 
72.3 
71.1 

69.8 

ti 
Indoor 
Surf .  

72.5 
72.1 
71 .7 
71.3 
71 .O 
70.6 
70.3 
70.1 
70.0 
70.1 
70.3 
70.7 
71.1 
71.5 
72.0 
72.4 
72.9 
73.3 
73.6 
73.7 
73.7 
73.4 
73.2 
72.8 
P 

71.8 - 

ti 

Indoor 
A i  r - 
72.1 
72.0 
71.9 
71 .9 
71 .R 
71.7 
71.7 
71.7 
71.6 
71.6 
71 .1 
71.8 
71.9 
72.0 
72.0 
72.2 
72.2 
72.3 
72.4 
72.4 
72.4 
72.3 
72.3 
72.2 

-I___ 

72.0 
--g 

Measured Heat F1 ux, 
2 B t u / h r ' f  t 

qw 

C a l i b .  
Hot Box 

0.5 
-0.5 
-1.8 
-2.7 
-3.7 
-5.3 
-5.9 
-7.0 
-7.2 
-7.0 
-6.6 
-5.9 
-4.5 
-3.5 
-2.3 
4.4 
1 .o 
2.3 
3.3 
3.3 
3.6 
3.1 
2.5 
1.3 

-1.8 

Qtifm 

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 .o 
0.3 
1.3 
2.2 
2.1 
2.7 
2.4 
1.8 
1.1 

-1.9 

*Response f a c t o r  a n a l y s i s  was not  perfopmed for t h i s  wall assembly. 

Cal i b r a t e d  Hot Box Re1 at.i ve Hurnd d i  ty : 
Indoor Chamber - 18% 
Outdoor Chamber - 24% 

Laboratory A i r  'Tern e r a t u r e  : 
ax. - 71°F ( 2 2 O C P  

Min. - 66°F (190C)  

I 

%fm 
HFM @ 

Outdoor 
Sur f .  

-23.9 
-24.1 
-23.4 
-22.1 
-20.5 
-9.5 
3.5 

10.3 
15.5 
20-2 
22.4 
22.9 
27.4 
29.2 
23.3 
16.4 
6.1 
-7.0 
-16.0 
-19.0 
-18.1 
-16.6 
-22.3 
-24.9 

-2.1 

Cal cu l  a t e d  
Heat Flux,  

2 Btu /hr - f t 
l_l__l 

q r f *  
Response 

Factor 

--- 

-I- 

qss 
Steady- 
S t a t e  

-10.5 
-11.3 
-11.8 
-1 2.0 
-1 2*1 
-9.7 
-5.4 
-2.1 
0.8 
3.6 
5.7 
7.2 
9.4 
11.3 
1 1  .o 
9.6 
7.0 
2.1 
-1.3 
-4.0 
-5.3 
-5.8 
-7.8 
-9.7 

-1.7 
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Time. 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
'93 
a4 
15 
16 
1 7  
18 
'19 
20 
21 
22 
23 
24 

%an 

TMLE C2-7(b) - D Y N M I C  TEST RESULTS (PERIODIC), NBS TEST CYCLE, 51. UNITS 

to 
Outdoor 

Air 

6.8 
5.6 
5.1 
4.9 
5.0 

10.0 
16.8 
21.3 
25.1 

31.1 
32.8 
36.1 
38.3 
37.0 
34.5 
30.2 
23.3 
17.9 
14.9 
'1 3.9 
13.6 
10.0 
7.5 

28.6 

19.6 

Measured Temperatures, 

OC 

t 2  

butdoor 
Surf. 

12.3 
11.2 
10.5 
10.1 

?2.0 
16.0 
19.1 
21.9 
24.6 
26.8 

9.8 

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 

20.9 22.5 
20.2 22.3 
39.5 22.1 
18.8 21 .a 
18.2 21.6 
17.7 21.5 

21.3 

17.9 21 .I 
;E j 21.1 

18.5 21 . I  
19.3 21.3 
20.2 21 - 5  
21.1 21.7 
22.0 21.9 
22.9 22.2 
23.7 22.5 
24.4 22.7 
24.7 23.0 
24.6 23.1 
24.2 23.2 
23.6 23.1 
23.0 23.0 
22.4 22.9 
21.7 22.7 

21 .o 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,  

-5.7 1 -5.8 

*Response factor analysis was n o t  performed for t h i s  wall assembly. 

8 

qhfm 

Outdoor 
Surf. 

nm P 

-75.5 
-75.9 
-73.7 
-69 m 6 
-64.6 
-30.0 
11.2 
32.6 
48.9 
63.6 
70.8 
72.2 
86.5 
92.2 
73.5 
51 .? 
21.3 
-22.2 
-50*3 
-59.9 
-57.1 
-52.3 
-70.4 
-78 6 

-6.5 

Calculated 
Heat F1 UX, 

-33.0 
-35.7 
-37.3 
-38.0 
-38.1 
-30.5 
-1 7.1 
-6.6 
2.6 

11.3 
18.0 
22.6 
29.5 
35.5 
34.8 
30.4 
22.1 
9.5 
-4.2 

-1 2.6 
-16.7 
-18.3 
-24.5 
-3Q. 7 

1 
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TABLE C2-8(a) - DY MSIIIC TEST RESULTS (PERIODIC), NBS+lO TEST CYCLE 

T h e  
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 

rlean 

e0 

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 
106.0 
101.8 
94.0 
80. 9 
71.5 
67.5 
66.4 
65.1 
58.0 
55.3 

76.5 

Measured Temperatures, 

O F  

t 2  
Outdoor 
Surf. 

61.3 
59.5 
58.2 

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 

57.8 

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 

t 1 
Indoor 
Surf. 

73.9 
73.6 
73.2 
72.8 
72.4 
72.1 
71.8 
71 .6 
71.4 
71.5 
79 .8 
72.1 
72.5 
73.0 
73.5 
74.6 
74.4 
74.8 
75.1 
75.2 
75.1 
74.9 
74.6 
74.3 

73.3 

t i  

Indoor 
Ai 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. 
72.9 
72.9 
72.9 
72.8 
72.8 
72.7 

72.5 

Measured Heat F1 ux, 

q, 

Calib. 
Hot %ox 

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 

-I_̂  

1.9 - 

qhfm 

HFM @ 
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  performed for t h i s  wall  assembly. 

Cal i brated H o t  Box Re1 ative Humidity : 
Indoor Chamber - 21% 
Outdoor Chamber - 25% 

Laboratory Air Tern 
Max. - 73°F (23oc 
M i n .  - 70°F (21°C) 

I 

qhfm 

HFM @ 
Outdoor 
Surf. 

-21.1 
-20.9 
-2Q.1 
-18.0 
-1 5.6 
-2.0 
10.0 
15.1 
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 
-13.2 
-20.1 
-20.5 

1.6 

Cal CUI ated 
Heat  F l u x ,  

q,f* 
Response 

F a c t o r  

qss 

Steady- 
State 

-7.2 
-8.1 
-8.5 
-8.6 
-8.2 
-5.1 
-0.8 

2.4 
5.0 
7.5 
9.5 

11.0 
13.3 
14.8 
14,3 
12.7 
10.1 

5.5 
1.5 

-1 .$ 
-2.4 
-4-8 
-6.2 

-0.8 

1.9 
~. I I_ 
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TABLE C2-8(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS+lO TEST CYCLE, SI UNITS 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
13 
14 
15 
16 
17 

119 
20 
21 
22 
23 
24 

la 

Mean 

Heasured Temperatures, 

"C 

ti 

Indoor 
A i  r 

19.9 22.1 
20.1 22.0 
20.5 21.9 
21 . I  22.0 
21.9 22.1 
22.8 22.3 
23.6 22.5 
24.6 22.8 
25.4 23.0 
26.3 23.3 
26.9 23.6 
27.1 23.8 

127.0 22.3 
26.6 24.0 
25,9 23.9 

24.7 23.7 
24.0 23.5 

25.3 23.8 

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,  

q, 

Gal i b. 
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 5.3 I 5.0 

*Response factor analysis was not performed f o r  t h i s  wall assembly. 

Cal C U I  ated 
Heat F l u x ,  

2 w m  

-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 
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TABLE C2-9(a) - D Y N M I C  TEST RESULTS (PERIODIC), MBS-IO TEST CYCLE 

lime, 
h r  

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 

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 

59.0 

Measured Temperatures, 

OF 

t 2  

Outdoor 
Surf. 

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 
83.7 
81.7 
77.6 
69.9 
63.4 
59.1 
57.1 
55.8 
51.7 
48.7 

61.9 

t 3  

n term 1 

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 

t 1 

Indoor 
Surf. 

71.4 
71 .O 
70.6 
70.2 
69.9 
69.5 
69.2 
69.1 
69.0 
69.2 
69.4 
69.7 
70.1 
70.6 
71.1 
71.5 
72.0 
72.4 
72.6 
72.7 
72.6 
72.4 
72.1 
71.8 

70.8 

ti 

Indoor 
A l  P 

12.9 
72.0 
72.0 
71.8 
71.8 
71.8 
71.7 
71.7 
71 .I 
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 

Measured Heat Flux, 
2 

B t u / h r -  f t 

qw 
Cal ib .  

Hot Box 

-2.7 
-3.8 
-4.9 
-6.0 
-7.1 
-8.4 
-9.3 

-10.1 
-10.3 
-10,o 
-9.4 
-8.5 
-7.4 
-6.2 
-5.0 
-3.2 
-1.8 
-0.6 
0.1 
0.6 
0.3  

-0.1 
-0.7 
-1.7 

-4.9 

9hfm 
HFM @ 

Indoor 
Surf.  

_I 

-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 .0 
-0.6 
-0.6 
-1 .o 
-1.6 
-2.4 

-5.1 

*Response f a c t o r  ana lys i s  was not performed f o r  this wall assembly. 

Cnl i brated H o t  Box Re1 a t i  ve Humidity : 
Indoor Chamber - 20% 
Outdoor Chamber - 25% 

Laboratory A i r  Tern erature: 
Max. - 73°F (23OCY 
Min. - 68OF (20'C) 

I 

qhfm 
HFM 8 

Outdoor 
Surf.  

-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 

-5.3 

Cal CUI a ted  
Heat F l u x ,  

2 
B t u / h r '  f t 

qrf* 

Response 
Factor 

qss 

Steady- 
S t a t e  

-14.2 
-1 5.1 
-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 
-13.2 

-5.1 
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TABLE C2-91b) - DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  NBS-10 TEST CYCLE, S I  UNITS 

t0  

Outdoor 
Air 

1.7 
0.6 
0.1 
0.0 

7.0 
7 3.5 

21.4 
24.9 
26.8 
28.6 
32.2 
33.7 
31.9 
29.4 
25.1 
17.7 
12.6 
9.8 

8.4 
4.6 
2.9 

0.8 

18.0 

8.9 

15.0 

Measured Tempera tures, 

t2 
Outdoor 
Surf. 

8.1 
7.0 
6.3 
5.9 
6.0 
9.0 
13.0 
16.2 
18.8 
21.5 
23.3 

27.4 
29.0 
28.7 
27.6 
25.4 
21 . I  
17.4 
15.1 
7 3.9 
13.2 
10.9 
9.3 

24.8 

16.6 

QC 

t3 
Internal 

18.7 
'I 7.9 
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 

18.9 

t l  

Indoor 
Surf . 
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 

2% .fi 

t i  

Indoor 
A i  r 

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 

Measured Heat F lux ,  

qw 

Cal i b. 
Hot BOX 

-8.6 
-1 2.1 
-15.3 
-19.0 
-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 

-1 5.3 

W/m2 

qhfm 

HFM B 
Indoor 
Surf. 

-10.1 
-13.1 
-16.2 
-19.4 
-22.3 
-25.5 
-28.0 
-30.0 
-30.7 
-29.8 

-26.2 
-23.3 
-20.0 
-16.5 
-12.6 
-9.0 

-3.2 
-1.9 
-2.0 
-3*2 
-5.2 
-7.5 

-16.2 

-28.5 

-5.8 

*Response factor analysis was not performed for  this wall assembly. 

1 

qhfm 
HFM @ 

Outdoor 
Surf. 

-85.8 
-86.2 
-83.0 
-79.1 
-70.6 
-29.2 
6.6 
27.9 
41 .O 
54.1 
57.1 
61 .o 
77.4 
77.4 
57.6 

6.7 
-39.7 
-63.5 
-71.4 
-67.4 
-63.6 
-82.9 
-85.4 

36.8 

-16.8 

Gal cul ated 
Heat F1 ux, 

qrf * 
Response 
Factor 

qss 
Steady- 
State 

-44.7 
-47.6 
-49.1 
-49.7 

-38.3 
-25.0 
-14.3 
-5.7 

8.2 
12.6 
20.2 
24.8 
22.9 
18.6 
10.2 
-4.5 
-16.8 
-24.5 
-28.1 
-30.0 
-36.8 
-41 "5 

-48.8 

2.8 

-1 6.0 
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gALL C3: LOiil DENSITY CONCRETE 

Weight, psf ( k g l m 2 )  

..:. 

... 

... 

.... 

I 

.... 

i 
.... 

32.7 
(160) 

DESCRI PT IOii : Low density concrete wall with reinforcement a t  approximate 
m i  dtni ckness. 

Average Thickness, i n. (mm) 

REFERENCE: Van Ceem, 64. G. and Fiorato, A. E. ,  "Heat Transfer 
Characterist ics o f  Low Density Concrete LIall ," Construction 
Techno1 ogy Laboratories, Port1 and Cement Associ a t i  on, 
Skokie, 1983, 89 pages. 

8.52 
(216)  

COMPOS IT ION: 
1. Low Density Concrete 

Port1 and Cement 
Per1 i t e  Aggregate* 

Loose unit  weight o f  7.3 p c f  (126 kg/m3) 
2 Measured Ai r Content: n o t  ava i  1 ab1 e 

2. Reinforcement 
Single layer of 6-mm diarntlter bars 

Spaced 1 2  in .  (305 mm) 
center-to-center 

TABLE C3-1 - PHYSICAL PROPERTIES OF WALL A4 TIME OF TEST 

Me as u red 
Value P r o pe r t y  

Area, f t *  (m2) 73.79 
(6,861 

Estimated Moisture Content, 
% by ovendry weight 

*Perl i te  only,  no sand was used as aggregate. 
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TABLE C3-3 - DESIGN HEAT TRAdSPIISSIOM COEFFICIENTS 

Component 

1.  Outside Air F i l m  

2. %in. (203-mm) Low Density Concrete 

3. Inside A i r  F i l m  

Tota l  U 

Tota l  U 

R, 
Thermal Resistance 

0.17 
(0 .03 )  

t3.02* 
(1.41 1 

0.68 
(0.1 2) 

8.87 
(1.56) 

*Source: ASHRAE Handbook o f  Fundamentals, American Soc ie ty  o f  
Heat i  ng 
Inc,, A t lan ta ,  19;31, Chapter 23. 

R e f r i  gerati on,  and A i  r-Cofidi ti on1 ng Engi neers 
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0 
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Wall c3 
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! 
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1-10 /- t2 
- -20 

b 1 

4 -30 I 1  I I I I I 
I 

0 24 48 

Time , hour 

( a )  Measured Temperatures 

72 

50 

40 

3 0  

20  

IO 
AT, 
"C 

-10 

- 20 

-30 

-40 

-50 -100 
43 72 

Time I hour  

( b )  Temperature Differentials 

F i g .  C3-1 Wall C3 'Transient Test Results 

-245- construction technology laboratories 



- 246 - 
c

o
n

s
tru

c
tio

n
 tech

n
ology laboratories 



TABLE C3-5(aI - TRANSIENT TEST RESULTS 

... . . . 

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 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 

t0 

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 
-10.9 
-11 .O 
-11 -0 
-11.2 
-11 . I  
-11 -2  
-11.2 
-11.3 
-11.2 
-11.3 
-11.3 
-11.2 
-11.3 
-11.3 
-11.4 
-11.5 
-11.5 
- I t  -5  
-11.5 
-11.5 
-11.5 
-11.5 
-11.5 
-11.5 
-11,5 

Measured Temperatures, 

t2 

3utdoor 
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 . I  
-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 

*Calibrated hat  box data 
hours 44 t o  47. 

"F 

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 
52.8 
51.5 
50.3 
49.1 

46.9 
46.3 
45.5 
44.9 
44.1 
43.6 
43.Q 
42.0 
41.2 
40*4 
39-9 
39.3 
35.7 
38.6 
38.3 
38.0 
37.8 
37.6 
37.5 
37.3 
37.2 
37.1 
57 -0 
37-0 
36.9 
36.8 
36.8 
36.8 
36.7 
36.6 
36.6 

$7 .a 

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 
59.8 
69.6 
69.4 
69.1 
69.8 
68.9 
68.8 
68.7 
68.6 
68.4 
68.3 
68.1 
68.0 
67.9 

67.8 
67.7 
67.5 
67.5 
53.4 
69.5 
67.4 
67.4 
67.4 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 

53.8 

ti 
Indoor 

A i r  

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 
77 .4 
71.5 
71.6 
71 .S 
71.6 
71.5 
71.6 
71.6 
71.6 
71.6 
71.4 
71 .s 
71.5 
71.5 
71 " 5  
ar .5 
71 04 
71.4 
71.4 
71.4 
71 -4 
71 - 4  
71 84 
71 "4 
TI -5 
71.3 
a1 .!i 
71.4 
71.5 
71.3 
71.4 
71 -4 
I_ 

Measured Heat Flux,  

B t u  /hr * f t 

Qw 
Calib.  

Hot Box 

-0.1 
0.6 
0.6 
0.6 
0.9 
0.3 

-0.3 
-0.5 
-1 . I  
-2.2 
-3.0 
-3.4 
-4.5 
-4.9 
-5.5 
-5.8 
-6.7 
-7.2 
-7.7 
-7.5 
-7 -8 
-8-5 
-8.8 
-8.8 
-9.1 
-9.7 

-10.0 
-10.3 
-10.5 
-10.8 
-11 -0  
-11 " 2  
-11.3 
-11.0 
-11 "1 
-11.3* 
-11 - 3  
-1 1.6 
-11 .o 
-11.5 
-11 - 5  
-11.6 
-1 2.1 
-11.7 
-12.0 

-11.9 
-1 2.0 
-11 - 9  

-11 .a 

qhfm 
MFM @ 

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 .I 
-11 42 
-11.3 
-11.4 
-11*7 
- ? I  -6 
-11.7 
"11.7 
-11.1 
-11.8 
-11.8 
-81.8 
-1 1.8 
-11 a 8  
-11.9 
-11.9 
-11.9 
-1 2.0 

1 i near i nterpol a 

**Response f ac to r  analysis was no t  perfarmed for t h i s  wall assembly. 
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1_1 

I 

9hfm 
HFM B 

Sutdoor 
Surf. 

-0.0 
-26.9 
-41.7 
-34.3 
-29.0 
-25.6 
-23.9 
-22.4 
-20.9 
-20.3 
-19.3 
-18.6 
-17.5 
-17.3 
-1 7.1 
-16.4 
-76.0 
-1 5.8 
-1 5.3 
-1 5.1 
-1 4.8 
-14.6 
-14.4 
-14.2 
-13.7 
-13.6 
- 7  3.0 
-1 2.9 
-1 2.7 
-12.5 
-12.6 
-12.2 
-12.2 
-12.0 
-11.7 
-52.1 
-11.9 
-11*7 
-1 2.0 
-71.7 
-?1.6 
-11.7 
-11.7 
-11 - 7  
-11.6 
-11.5 
-11 .ti 
-13 - 7  
-11 .a 

Calculated 
Heat F1 ux, 

2 
Btu/hr  ' f t 

qrP* 

Response 
Factor 

on of da ta  from 

95 s 
Steady- 
Sta t e  

0.0 
-3.4 
-8.4 

-1 0.0 
-1 0.5 
-10.7 
-10.9 
-11 .o 
-11 -1  
-11.1 
-11 . I  
-11 . I  
- 1 3 . 1  
-11.1 
-11.2 
-11 -2 
-11 - 2  
-11.2 
-11.2 
-11.2 
-11 -2 
-11.2 
-11 .I 
-11.2 
-111.2 
-1 1 .2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-11 . I  
-11.2 
-11.2 
-11.2 
-11.2 
-11.2 
-31.2 
-11.2 
-11.2 
-11.2 
-11.2 
-17.2 
-11.2 
-11.2 
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TABLE C3-5(b) - 'TRANSIENT TEST RESULTS, SI UNITS 

I 

Time, 
hr 

0 
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 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 

SO 
62 
64 
66 
68 
70 
72 

58 

t0 
Outdoor 

A i  r 

22.3 
4.4 

-16.0 
-20.4 
-21.3 
-21 .8 
-22.2 
-22.4 
-22.7 
-22.9 
-23.0 
-23,l 
-23.2 
-23.3 
-23.4 
-23.4 
-23.5 
-23 e 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,O 
-24.1 
-24.0 
-24.0 
-24.1 
-24.0 
-24.1 
-24-1 
-24*11 
-24.1 
-24.2 
-24,2 
-24.1 
-24.2 
-24.2 
-24.2 
-24- 2 
-24.2 
-24.2 

Measured Temperatures, 

t2 
Outdoor 
Surf. 

22.6 
11.4 
-6.7 

-1 2.6 
-1 4.4 
-1 5.5 
-16,3 
-16.8 
-1 7.3 
-1 7.6 
-1 7.9 
-18.2 
-1 8.4 
-18.6 
-18.8 
-19.0 
-19.1 
-19.2 
-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 
-2o.i 
-20.7 
-20.7 
-20.8 
-20.7 
-20.8 
-20.8 
-261 "8 
-20.8 
-20.8 
-20.8 
-*-_I 

"C 

t3 
I n t e  m a l  

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 
11.6 
19.9 
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 
a. 1 
3.7 
3.6 
3.5 
3.3 
3.2 
3.1 
3.0 
2.9 
2.9 
2.8 

2.8 
2.7 
2.7 
2.6 
2.6 
2.6 
2.6 
2.6 

2.8 

t 1 
Indoar 
Surf. 

.___ 

22.6 
22.6 
22.6 
22.5 
22.6 
22.5 
22.4 
22.3 
22,l 
22.0 
21 .8 
21.7 
21. .5 
21 -3 
21 "2 
21.1 
21 .o 
20.9 
20.8 
20.6 
29.6 
2Q. 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 
13.7 
19.7 
19.7 
19.7 

19.7 
19.7 
13.7 
19.7 
19.7 
19*7 
19.7 
19.7 
19.7 

i9.r 

---- 

ti 
Indoor 

Ai 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 -91 
21 - 9  
21.9 
21.9 
21 .B 
21 -9 
21.9 
21.9 
21 -9 
21 - 9  
22.0 
21.9 
21 .I) 
21 - 9  
22.0 
21.9 
21.9 
21.9 
--- 

4w 
Calib. 

Hot  Box 

-0.5 
1.9 
1.7 
1.9 
2.7 
0*9 
-0.9 
-1.5 
-3.5 
-6.9 
-9.6 
-10.8 
-1 4.3 
-15.5 
-17.2 
-18.3 
-21 $9 
-22 I8 
-24.,2 
-23.8 
-24-5 
-26 * a 
-27.8 
-27.7 
-28.7 
-30.5 
-31.5 
-32.5 
-33 e 0 
-34,2 
-34. 7 
-35.2 
-35.6 
-34.7 
-35.0 
-35.7* 
-35 e 6 
-36.5 
-34.8 
-35 % 1 
-36.3 
-36.5 
-38.3 
-37.0 
-37.9 
-37.1 
-37.7 

- 3 i .  4 

q h h  
HFN @ 
Indoor 
Surf .  

-0.3 
-8.2 
-0.1 
-a. 1 
4.4 
-1 .o 
-2.1 
-3.9 
-5.8 
-?.e 
-9.9 

-1 2.0 
-1 3.8 
-1 5.5 
-19.3 
-18.9 
-20.5 
-21.8 
-23.1 
-24 > 1 
-25,3 
-26" 1 
-27 I 2 
-28" 0 
-28.9 
-30,s 
-31.4 
-32.3 
-33.4 
-34.1 
-34.3 
-35.0 
-35.5 
-35.6 
-36.0 
-36.9 
-36 c 6 
-30,8 
-36.9 
-37.6 
-37.3 
-37.3 
-37.3 
-37 c 3 
-37.4 
-37.5 
-37.4 
-37.5 
-39 s 8 

I 

%fin 
HFW @ 

Outdoor 
Surf. 

-0.1 
-84 " 8 
-?31.5 
-108.1 
-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 

-38.4 
-38 e 4 
-37.8 
-37.0 
-38.0 
-37.6 
-37.0 
-37.7 
-36.9 
-36.7 
-37.0 
-36.8 
-36.9 
-36.6 
-36*4 
-36.6 
-36.9 
-36.8 

-33. r 

Cal cu 1 ated 
Heat F1 ux, 

!urn2 

%f** 
Responsc 
Factor 

qss 
Steady- 
State 

0.0 
-1 0.6 
-26. ti 
-31.4 
-33.0 
-33.7 
-34.3 
-34.7 
-34.9 
-35.1 
-35.0 
-35.0 
-35.1 
-3591 
-35.2 
-35 c 2 
-35.3 
-35.3 
-35.4 
-35.4 
-35*4 
- % e 4  
-35 .'I 
-35,Z 
-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 

"Calibrated bot box da ta  for  this hour derived from linear interpolation of data from 
hours 44 to 47. 

**Response factor analysis was not performed for t h i s  wail assembly, 
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TABLE C3-6 - SUMMARY OF TRANSIENT TEST RESULTS 

I 
N 
P 
'9 
I 

Heat Flux 

99.5% o f  Final Heat Flux 

95% of Final Heat Flux 

90% o f  Final Heat Flux 

'%?Response factor analysis was not performed for th is  dynamic test cycle. 
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TABLE C3-7(a) - DY#MB/IIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

lime, 
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 

t0 
OUtdQOP" 

A i  r 

41.6 
40.2 
39.8 
39.7 
44.1 

68.0 
77.7 
84.5 
90.0 
92.8 
97.3 
103.4 
103.2 
98.3 
91 .o 
79.1 
66.5 
59.5 
56.7 
56*2 
52.2 

43.3 

58.1 

44.8 

67.8 

Measured Temperatures, 

t2 
3u tdoor 
Surf. 

46.9 
45.2 
44.6 
44.2 
46.7 
57.0 
65.7 
74.4 
80.6 
85.9 
88.5 
92.8 

99.5 
96.5 
91 .0 

71.2 
64.4 
61 .O 
59.9 
57.0 
50,8 
48.7 

82.0 

68.9 

O F  

t3 

Internal 

70.9 
70.0 
69.1 
68.2 
67.4 
66.6 
66.1 
66.0 
66.1 
66.6 
67.4 

69.3 
70.4 
71.5 
72.7 
73.6 
74.2 
74,4 
74.2 
73.7 
73.2 
72.5 
71.7 

68.3 

70.2 

ti 
Indoor 

SU rf . 
72.8 
72.7 
72.6 
72.4 
72.3 
72.2 
72.1 
72.0 
71.9 
71.8 
71.8 
71.8 
71.9 
72.0 
72.1 
72.3 
72.4 
72.6 
72.8 
72.9 
72.9 
72.3 
72.9 
72.9 

72.4 

ti 
Indoor 

A i r  

72.4 
72.4 
72.4 
72.3 
72.3 
72.3 
72.3 
72.3 
72.3 
72.2 
72.2 
72.2 
72.2 
72.3 
72.2 
72.3 
72.4 
72.4 
72.4 
72-5 
72.5 
72.5 
72.5 
72.4 

72.3 
I_Y_._ 

Medsured Heat F l u x ,  
2 BtU/hV"ft 

0,93 I Q.43 
0.51 0.23 
0.32 -0.03 
0.19 -0.29 
-0.28 -0.58 
-0.93 -0.88 
-1.39 -1.13 
-1.90 -1.46 
-1.80 -1.64 
-2.08 -1.78 
-2.08 -1.75 
-2.27 -1.73 
-2.08 -1.58 
-1.62 -1.36 
-1.25 -1.09 
-0.93 -B*?7 
-8.32 -0.39 

0.83 0.22 
1.06 a. 49 
1.02 a. 58 
1.06 0.72 
1.34 0.57 
1.25 0.57 

0.37 - o m  

-0-42 I -0.52 
"Response factor analysis was net performed f o r  this  wall assembly. 

Calibrated Hot Box Relative Hu 
Indoor Chamber - 24% 
Outdoor Chamber - 24% 

Max, - T2OF (22OCY Laboratory A i r  Tern epnturc: 

Hin. - 58°F (20°C) 

--- 
I 

qhfm 

)utdoar 
Surf. 

-11.16 
-1 0.81 
-9.91 
-9.1 7 
-5.06 
4.47 
8.07 

12.58 
13.23 
11.84 
14.19 
16.25 
12.65 
7.39 
1.98 
-5.62 
-11.28 
-11.80 
-1 0.03 

-10-25 
-1 3.30 
-11.52 

10.85 

-8.1 2 

-a .m 

Calculated 
Heat F1 ux, 

2 BtM/hP'ft 

qrf* 

iesponse 
Factor 

qss 
Steady- 
State 

-4.26 
-4.49 
-4.58 
-4.63 
-4.21 
-2.50 
-1 .Q6 
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 
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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 
79 
20 
21 
22 
23 
24 

Mean 

TABLE C3-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS 

t0 

Outdoor 
A i  r 

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 

19.9 

Measured Temperatures 

t 2  

3u tdoor 
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 
32.6 
27.8 
21.8 
18.0 
16.1 
15.5 
13.9 
10.4 
9.3 

20.5 

"C 

t 3  

Internal 

21.6 
21 . I  
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 

21.2 

t l 
Indoor 
Surf .  

22.7 
22.6 
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 

22.5 

22.4 

ti 
Indoor 

Air 
I__ 

22.5 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.3 
22.3 
22.3 
22.3 
22.3 
22.4 
22.3 
22.4 
22.4 
22.5 
22.5 
22.5 
22.5 
22.5 
22.5 
22.5 

22.4 

Measured Heat Flux, 

2.92 
1.60 
1.02 
0.58 

-0.88 
-2.92 
-4.38 
-5.98 
-5.69 
-6.56 
-6.56 
-7.15 
-6.56 
-5.1 1 
-3.94 
-2.92 
-1 -02 
1.17 
2.63 
3.36 
3.21 
3.36 
4.23 
3.94 

-1 -32 

w/m2 

qhfm 

HFM a 
Indoor 
Surf .  

1.35 
0.72 

-0.10 
-0.92 
-1 -83 
-2.77 
-3.57 
-4.61 
-5.17 
-5.60 
-5.57 
-5.44 
-4.97 
-4.28 
-3.43 
-2.42 
-1.24 
-0.25 
Q. 71 
1.55 
2.13 
2.28 
2.1 2 
P -80 

-1.65 - 
*Response f a c t o r  analysis was not performed for t h i s  wall assembly. 

1 

qhfm 

HFM B 
3utdoor 
Surf. 

-35.21 
-34.1 1 
-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 

-1 7.73 
-35.60 
-37.1 7 
-31 -66 
-25.61 
-32.28 
-41 -97 
-36.35 

-1.90 - 

--I C a l c u l a t e d  

q r f *  

ksponse 
F a c t o r  
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TABLE C3-8(a?l - DYNAMIC TEST RESULTS (PERIODIC), WBS+10 TEST CYCLE 

T i  me, 
hr 

1 
2 
3* 
4 
5 
6 
7 
8 
9 

10 
11" 
12 
13  
14 
15 
16 
17 
1 84 
19 
20 
21 
22 
23 
24 

Mean 

~- _ _  - . -  

Heasured Temperatures, 

Outdoor 
A i  r 

52.1 
50.2 
49.1 
49.3 
50.3 
59.3 
72.9 
81.9 
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 
55.0 
58.1 
54.6 

Outdoor 
Surf. 

56-8 
54.8 
53-5 
53.2 
53.7 
59.4 
70.3 
78.5 
84.6 
90.7 
95.3 
98.2 
03.3 
07.2 
06.6 
03.7 
97.4 

76.4 
71.4 
69.0 
58.0 
63.0 
59.1 

86.1 

--- 
77.1 1 77.5 

O F  

t 3  

I n k r n a l  

75.3 
74.4 
73.5 
72.7 
71.8 
71 .O 
70,3 
69.3 
69.4 
69.9 
70.2 
71.3 
72.2 
73.3 
74.5 
75.6 
76.7 
77.5 
78.0 

77.9 
77.3 
76.7 
76.0 

78.2 

__I.- 

73.9 
--- 

t l  

Surd. 

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 
P 

t i  

Indoor 
A i  r 

__II 

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,s 

Measured Heat F l u x ,  
2 

Btujilr- f t 

qw 
Calib. 

H Q t  BOX 

2.41 
2.17 
1.71 
1.39 
1.06 
0,65 
0.09 

-0.46 
-0.74 
-0.99 
-1 . l l  
-3.11 
-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 
P 

Qhfm 
HFM Q 

IildOO?- 
Surf. 

--__. 

1.82 
1 .C7 
1.41 
1.18 
0.83 
0.59 
0.31 

-0.20 
-0.43 
-0.56 
-0.71 
-0.60 
4.49 
-Q,33 
-0.09 
0.25 
0.59 
0.93 
1-22 
1.62 
1.81 
1.94 
2.04 
1.92 

9.70 
-----.---. 

I 

9hfm 
HFM @ 

3utdoor 
Surf. 

-10.46 
-10.06 
-9.43 

-5.81 
0.87 
8.68 

11.31 
12.58 
14.76 
14.43 
14.10 
17.11 
16.59 
12.24 

7.99 
1.49 

-7.49 
-10.91 
-9.84 
-7.86 
-6.59 

-1 1.01 
-114.66 

-8.05 

0.96 

*Data f o r  these hours a r e  2-day averages, n o t  3-day averages, a5 test  results. 
*Response f ac to r  analysis  was n o t  prrformed f a r  thr's wall assembly, 

Calibrated kt Box Relative Wumld?:ty: 
Indoor Chamber - 25% 
Outdoor Chamber - 24% 

Calcul ated 
Heat F1 ux, 

2 Btu/hr'ft 

%f** 

aesponse 
Factor 

9 S S  

Steady- 
S t a b  

-2.78 
-3.10 
-3.28 
-3 * 33 
-3.1 9 
-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 

_II_ 
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TABLE C3-81b) - DYNAMIC TEST RESULTS IPERIODIC), WBS+10 TEST CYCLE, SI UNITS 

1 
2 
3* 
4 
5 
6 
7 
8 
9 

IO 
l l *  
12 
13 
14 
15 
16 
17 
18* 
19 
20 
21 
22 
23 
24 

t0 

Outdoor 
A i r  

1'1 - 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 .0 
36.3 
28.2 
22.2 
19.6 
18.7 
18.3 
14.5 
12.5 

25.1 

Measured Temperatures, 

t 2  
Ou tdoo r 
Surf. 

13.8 
12.7 
12.0 

12.0 
15.2 
21.3 
25.8 
29.2 
32.6 
35.2 
36.8 
39.6 

41.4 
39.8 
36.4 
30.1 
24.7 
21.9 
20.6 
20.0 
17.2 
15.1 

1 1  .a 

41 .n 

25.3 

"C 

t 3  

Internal 

24.0 
23.6 
23.1 
22.6 
22.1 
21.7 
21.3 
20.7 
20.8 
21 .0 
21.2 

22.3 
22.9 
23.6 
24.2 
24.8 
25.3 
25.5 
25.7 
25.5 
25.2 
24.8 
24,s 

21 .a 

23.3 

Indoor 
Surf. 

23.0 
23.0 
23.0 
22.9 
22.6 
22.7 
22.7 
22.5 
21.5 
21.4 
22.4 
22.4 
22.5 
22.5 
22.6 
22.6 
22.7 

22.9 
23.0 

22.8 

23.1 
23.1 
23.11 
23.1 

22-23 

ti 
[ndoor 

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 

- 
__1 

Measured Heat Flux, 

QW 

Calib. 
Hot Box 

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 

2.33 

u/m2 

Qhfm 
N W  Q 

[ndoor 
Surf. 

5.73 
5.26 
4.45 
3.73 
2.80 

0.99 
-0.62 
-1 -36 
-1.78 
-2.23 
-1.90 
-1.54 
-a "04 
-0.30 
0.80 
1.85 
2-92 

5.11 
5.72 
6.1 1 
6.43 
6.05 

2.20 

1 .n6 

3.85 

8 

qhfm 
HFM B 

Iutdoor 
Surf. 

-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 

3.01 

"Data for these hours are 2-day avera es, not 3-day averagess o f  t e s t  results. 
*Response factor analysis was not  per B ormd for this wall assembly- 

Cal CUI ated 
Heat Flux, 

W /m 
2 

qrf** 

ksponse 
Factor 

QSS 

Steady- 
State 

-8.75 
-9.77 

-10.36 
-1 0.50 
-10.07 

-7.1 5 
-1.46 

3.06 
6.56 
9.92 

12.69 
14.15 
13.07 
19.26 

17.21 
13.42 

7.1 5 
1.75 

-1.17 
-2.48 
-2.92 
-5.69 
-7.59 

18.82 

2.63 
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TABLE C3-9(a) - DYMMJFaIC TEST RESULTS (PERIODIC), MBS-IO TEST CYCLE 

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 

--- 

Measured Temperatures 

"F 

63.2 60.9 
70.1 67.3 
77.5 74.0 
81.1 78.0 
84.3 80.9 

86.2 ?;:: 1 8Q.3 
64.7 69.3 
54.5 60.Q 
48.5 54.1 
46.8 51.7 
46.2 50.7 
39.2 45.6 
35.7 41.6 

t3 

[nternal 

67.5 
66-7 
65.8 
64.9 
64.0 
63.2 
62.5 
62.1 
62.1 
62.5 
63.2 
64.0 
64-8 
65.9 
66.9 

69.2 
70.0 
70.4 
70.5 
70.2 
69.6 
68.9 
68.3 

68.1 

65.3 

t 1 
Indoor 
Surf .  

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 .i 
71.9 
72.. 1 
72.2 
12.3 
72.3 
72.3 
72.3 

71.8 
_I___ 

ti 
Indoor 

A i  r - 
32.2 
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 
-- 

B tu /hr - f t ' -____ 

%4 

Calib. 
j o t  Box 
I_p 

-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 
-1.38 
-8.88 
-0.51 
-0.28 
-0.09 
-0.05 
-0.1 9 

-1.75 

4hfm 

HFM B 
[ndoor 
Surf. - 
-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 0 96 
-0.76 
-0.63 
4.59 
-0" 63 

-1.83 

"Response f ac to r  ana lys is  was not  pWfQPIflf?d for this wall assembly. 

Cal i brated Hot Box Re1 a t i  ve H~mi d i  ty : 

Outdoor Chamber - 254 

Max. - 7 3 0 ~  (23ocP 
Min. - 69°F (21°C) 

laboratary Air Tern er-attire: 

I 

qhfm 

tlFM 0 
Iutdoar 
Surf. 

-1 2.68 
-1 2.59 
-11.81) 
-10.85 
-9.35 
-1.82 
5.12 
3.07 
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 

-9.32 
-1 3.37 
-1 3.03 

-1.90 

-1a.67 

Calculated 
Heat F1 ux, 

2 Btu /h r ' f t  

9,f* 

7esponse 
Factor 

._I__ 

955 

Steady- 
State 

-5.37 
-5.69 
-5,83 
-5.87 
-5.75 
-4.81 
-3.10 
-1.16 
4-69 
0.46 
1.11 
1.67 
2.64 
3.25 
3.19 
2.58 
1.48 

-0.46 
-2.94 
-3.01 
-3.42 
-3.61 
-4.39 
-5.QQ 

-1.85 
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... 

rime, 
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 C3-9(b) - DYNAMIC TEST RESULTS (PERIODICI, NBS-I0 TEST CYCLE, SI UNITS 

to 
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 

7.9 
4.0 
2.0 

a.2 

14.8 

Measured Temperatures, 

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 
110.4 

7.5 
5.3 

15.7 - 

"C 

8.3 

7.3 
7.0 
6.7 
6.7 
7.0 
7.3 

7 .a 

7.8 
8. 2 

18.8 
19.4 
20.0 
20.6 
21.1 
21.3 
21.4 
21.2 
20.9 
20.5 
20.2 

22.3 
22.3 
22.2 
22.2 
22.1 
22.0 
22.0 
21 -9 
21.8 
21 -8 
21 -8 
21.8 
27 .8 
21.9 
2'1.9 
22.0 
22.1 
22.2 
22.3 
22.3 
22.4 
22.4 
22.4 
22.4 

19.1 22.1 

__1 

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 
I__ 

Measured l i e a t  Flux ,  

9n 
Cal ib.  

Hot Box - 
-0.88 
-1.75 
"2.19 
-3.21 
-4.67 
-6.42 
-7.44 
-8 46 
-9.92 

-1 0.36 
-1 0.94 
-11 .Q9 
-11.23 

-8.9Q 
-7.73 
-5.90 

-2.77 
-1 -60 
-0.88 
-0.29 
4 . 1  5 
-0.58 

-10.80 

-1.38 

-5.53 

w/m2 
II 

qhfm 
HFM 0 

Indoor 
Surf. - 
-2.47 
-3.04 
-3.75 
-4.55 
-5.33 
-6.28 
-7.25 
-8.1 3 

-9.33 
-9.66 
-9.63 
-9.33 
-8.80 

-7.22 
-6.17 
-5.1 3 
-3.95 
-3.02 
-2.39 
-1.98 
-1.86 
-2.1 2 

-5.77 

-a. 92 

- a m  

"Response factor analysis was n o t  performed for t h i s  wall assembly. 

I 

qhfm 

Outdoor 
Surf I 

n m  o 

II_ 

-40 "01 
-39.72 
-37.23 
-34.23 
-29.49 

-5.75 
16.1 4 
25.47 
29.88 
36.12 
33.59 
34.10 
45.43 
42 - 00 
29.48 

-3.78 
-32.1 3 
-40.75 
-40.50 
-33.67 
-29.39 
-42.19 
-41 . I  2 

13.78 

-6.00 

Calculated 
Meat F l u x ,  

bl /n 2 

%f* 

Re spon sf 
Factor 

%is 
Steady- 
Sta te  

-16.92 
-17.94 

-18.53 
-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 

-10.80 
-11.38 
-1 3.85 
-1 5.75 

-5 * 85 

-1 8-38 

-9.48 
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WALL F3: 2x4-IN- (51~102-MM) WOOD FRAME WITH 
R-11 FIBERGLASS INSULATION AND CtD AR SIDING 

DESCRIPTION: Woad frame wall wi t h  R-1 1 f i  bergl ass blanket i nsul a t i  on 
between studs, gypsum wallboard on i n t e r i o r  surface, and 
plywood cedar s i  d i  ng an ex te r io r  surface. 

REFERENCE: Fiorato,  A. E. and Cruz, C. R.,  "Thermal Performance of 
Masonry Mal 1 s ," Research and Qevel opment B u l l  e t i  n RD071, 
Port1 and Cement Associ a t i  on Skoki e 1 980, 1 7 pages. 

COMPOSITIQN: 

1. 5/$-in. (16-m) Plywood Cedar Siding 

2. 2x4-in. (51x102-mm) Wood Studs 

3. 3-1/2-in. (89-mm) R-11 Fiberglass Blanket 

4, I /Z- in .  (13-mm) Gypsum Wallboard 

spaced 16 i n .  (406 mm) on centers  

Insulation faced with k r a f t  paper 

TABLE F3-1 - PHYSICAL P OPERTIES OF WALL AT TIME QF TEST 

Estimated Moisture Content, 
% by ovendry weight 

-265- 

easlared 
Val ue 

5.2 
( 2 5 )  

4.6 

73.48 
96-82] 

-..3 

construclion technology laborafories 



TABLE F3-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

1. Outside A i r  Film 

2. 5/8-in. (16- rn) Plywood Siding 

3. 2x4-in. (5lx102-mm) w 

4. 3-3 /2 - i  n. (89-mm) F i  berg1 ass Ell m k e t  
Insul  a t i  on 

6. Ins ide A i r  Fi ln  

T o t a l  U 

R, Thermal Resistance 

0.17 
(0.03) 

0 0 78" 
(0.141 

-- 

11 .0Q* 
(1.944 

0 0 45" 
(0.081 

0.68 
(0.121 

13.08 
(2.301 

0.08 
(0.431 

A t  Framing 

0.17 
(0.03) 

0.1d 
(0.14) 

4.35* 
(0.77) 

-- 

0.45 
(0.08) 

0.68 
(8.12) 

6.43 
(1.14) 

0.16 
(0 .38)  

Adjust f o r  Framing (15%): 

-266- 
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( c )  Heat F lux  

F i g .  F3-2 Wall F3 Dynamic T e s t  Results for NBS Test Cycle 
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TABLE F3-7(a)  - DYNAMIC TEST RESULTS (PERIODIC), MBS TEST CYCLE 

hr 

..______. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17 
1 8  
19  
20 
21 * 
22” 
23” 
24” 

.-.I_L_ 

Mean 

t 0  

OUtd0Q.P 
Air 

46.5 
45.8 
45.1 
45.4 
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 

Measured Temperatures ,  

O F  

t 2  

Outdoor 
S u r f .  

48.5 
47.6 
47.7 
48.0 
53.3 
67.5 
76.5 
84.5 
91.7 
97.2 

lOO”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 

t3f* 

I n t e r n a l  

t 1 

Ineloar 
Surf  . 

71 .6 
71 - 4  
71.4 
71 .3 
71.4 
71.5 
71.8 
72.1 

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 

72.4 

72.2 

t i  

Indoor  
A i  r 

72.1 
71.6 
71.6 
71 .4 
71.1 
71.7 
71 .7 
71.8 
71 .7 
72.0 
79.9 
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 / h r ’ f t  

q, 

Cal ib .  
d o t  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 I 74 
-1.07 
-1.35 
-1.58 

-0.46 

‘Ih f ii\** 
HFH 8 

Indoor 
S u r f .  

I 

9hfrn*” 
HFM B 

Outdoor 
Surf .  

_I -.._- 
Cal cul  a t e d  
Heat  Flux ,  

2 
a t u / h r ‘ f  t 

%-f*** 

Response 
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 
%”30 
1.17 
0.33 
0.01 

-0.58 
-0.54 
-1.19 
-1.56 

0.24 

q S S  

Steady-  
S t a t e  

-1 .66 
-1.71 
-1.70 
-1 - 6 8  

-0.26 
-1.30 

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 
-1.5Q 
-1.53 

0.21 

kData are 2-day averages ,  n o t  3-day averages ,  o f  t e s t  r e s u l t s .  

F a c t o r  Program by Peavy. 

““In terna l  thermocouples and h e a t  f low meters were n o t  used on t h i s  wall assembly. 
***Respanse Factor  v a l u e s  s u p p l i e d  by Ken Ghilds, ORNL. Values c a l c u l a t e d  using NBS Response 

C a l i b r a t e d  Hot Box R e l a t i v e  Humidity: 
Indoor Chanber - Not measured f o r  this wal l  assembly 
Outdoor Chamber - Not measured f o r  t h i s  wall assembly 

Max. - 14°F (23°C) 
idin.  - 66°F (19OC) 

La bora t.a ry A i  r T m  p e  r a t  u re : 
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TABLE F3-7(b) - DYNAMIC TEST RESULTS (PERIODIC), MBS TEST CYCLE, SI UNITS 

Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
94 
15 
16 
17  
18 
19 
20 
2'8 * 
22" 
2:3* 
24* 

Irlean 

Measured Temperatures, 

8.1 
7.7 
7-8 
8.0 

'12.2 
20.8 
25.4 
30.0 
34.1 
37.0 

41.7 
45,l 
44.1 
40,s 
36.2 
28.4 

38.7 

9.1 
8.6 
a. 7 
8.3 

11.8 
19.9 
24.7 
29.2 
33.2 
36.2 
38.1 
40.7 
44.1 

40.9 
37.1 
30.2 

43.8 

2'6.2 23.0 
17.4 18.7 
16.2 17.2 
15.8 16.5 
12.6 14*1 
9.1 l0.4 
8.8 9.7 -+ 

23.6 1 24.0 
I 

O C  

t3** 

internal 

t 1 

Indoor 
Surf. 

22,o 
21.9 
23.9 
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 

22.8 

Measured Heat Flux, 

q W  

Calib. 
lot  Box 
1_1 

-Gaol 
-7.77 
"7.62 

-7.62 
- B e 0 6  
-5.87 
-4.25 
-2.20 

0.29 
1 .03 
3.23 
3.81 
5.28 
5.87 
6.50 
5.87 

1.47 
4-44 
-2.35 
-3 * 37 
-4.25 
-4.99 

-1.45 

-8.21 

4.84 

burn2 

qhfm** 

HFM 0 
Indoor 
Sur f .  

I 

lhfm** 
HFM @ 

jutdoor 
Surf. 

2 
W / m  

4Pf*** 

Response 
Factor 

-6 * 88 
-5.46 
-6,63 
-6.44 
-6.75 
-4.48 
-1.64 
0.16 
2.65 
3.88 
6.18 
7.45 
8.20 
9.97 
9-18 
9.18 
7.26 
3*63 
1 .#4 
0.03 

-1.83 
- 1  .?U 
-3.75 
-4.92 

Q,77 

- 

%s 
Steady- 
State 

-5.25 
-5.41 
-5.3% 
-5.23 
-4.1 1 
-0.82 
1.06 
2.52 
4*40 
5.59 
6.31 
7.33 

8.52 
7.32 
5-73  
3,02 
0.15 

-1.51 
-2-10 
-2.32 
-3.27 
-4.74 
"5.01 

8-69  

0.66 

*Data are .?-day averages, n o t  3-day averages, o f  tes t  resul ts .  
**Internal thermocouples and heat f l o w  meters were n o t  used an t h i s  wa:l assembly. 

***Response factor  values supplied by Ken Childs, OKNL. Values calculated using NBS Response 
Factor Program by Peavy. 
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MALL F4: 2x4-IN. (51x102-MM) WQOD FRAME WITH 
R-17 FIBERGLASS INSULATION AHD HARDBOARD SIDlfG 

DESCRIPTION: Wood frame wall wi t h  R-11 f i  berg1 a s s  b l  anket i nsul at-e" on 
between s t u d s ,  gypsum wall board an i n te r i  o r  surface and 
plywood cedar siding on exteri or surface. 

REFERENCE: Fiorato,  A. E. ,  "Heat Transfer Charac te r i s t ics  o f  Wal 1 s 
Under Dynamic Temperature Condi ti ons , 'I Research and 
Devel opment B u l l  e t i  n RD07.5, Port1 and Cement Associ a t i  on 
Skakie, 1981 20 pages. 

COMPOSITION: 

1. 5/8-in. (16-m) Plywood Cedar S i d i n g  wi th  
rough sawn surface and v e r t i c a l  gooves a t  
8-in. (203-mm) on centers  

2. 2x4-in. (51x102-mm) Wood S t u d s  a t  
16 i n .  (406 mm) center-to-center 

3. 3-1/2-in. (89-mm) R-11 Kraf t  Paper Faced 
F i  berg1 a s s  Insul a t i  on 

4. 1 /2 - i  n. (1 3-mrn) Gypsum Mal 7 board 

TABLE F4-1 - PHYSICAL, PROPERTIES OF WALL AT TIME 

P r 0 pe r ty 
Measured 

Val ue 

73.67 
16,841 

-- Estimated bsoi sture Content, 1 x $9" ovendry weight 
I 
I I 

- 27 5- 
CQ n s Iru c lion fec h no Io g y la bo rata rigs 



v
) 

Q
, 

I- 
--- 

I 
I 

I 
I 

I I 
I I 

-276- 
c

o
n

s
trw

c
th

n
 te

c
h

n
o

lo
g

y
 la

b
o

ra
to

rie
s

 



TABLE F4-3 DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

1. Outside A i r  F i l m  

2. 5/8-in. (16-mm) Plywood Cedar S i d i n g  

3. 3-1/2-in. (89-am) Mood Stud 

4. 3-1 /2- i  n. (89-mm) F i  berg1 ass 

5+  1 /2 - in .  (13-mm) Gypsum Wallboard 

Insul a t i  on 

6, Ins ide Air Film 

Total R 

R, Thermal Res3 stance 

Between Frami ng ! 

8.17 
(0.03) 

1 i .OO* 

a 3.07 
(2.31 1 

0.08 
(0.43) 

0*17 

0.77 
(0.141 

4.38" 
10.77% 

-- 

0.45 

0.68 
(0.121 

6.45 
( 1  .I41 

*Source: ASHRAE Handbook o f  Fundamentals, .American Soc ie t  
R e f r i  g e r a t i  ng, and A i  r-Ccsndi ti oni ng Engi news, I 
1977, Chapter 22. 

d j u s t  for Framing (17 .3%);  
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Temp I 

OF 

123 

90 

6C 

' * '  ' 1  F4 I 

\.. 

50 

25 

Time , hour 

( a )  Measured Temperatures 

Wall F4 
NBS I 

I 1 

-60 
Q 8 16 24 

Time hour 

( b )  Temperature Differentials 

I 

F i g .  F4-2 Wall F4 Oynamic T e s t  Results f o r  NBS T e s t  Cycle 

~ 5 ~ ~ ~ r w c ~ ~ ~ ~  technology ~ ~ ~ ~ ~ a ~ o r ~ ~ ~  

- 27 9- 



40 

30 

2Q 
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- 20 

- 30 

-50 

Wall F4 
NBS 

1 I 

120 

100 

20 

Heat Flux, 
0 -  W 

2 
IT1 

-29 

- 40 

-6Q 

-BO 

-100 

- 120 

- 140 

0 8 16 24 

Time hour 

( c )  Heat Flux  

F i g .  F4-2 Wall F4 Dynamic Test R e s u l t s  f o r  NBS T e s t  Cycle 
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TABLE F4-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

T i  me, 
h r  

l* 
2" 
3" 
4" 
5* 
6* 
7* 
8" 
9" 

10 
11 
1 2" 
13" 
14* 
1 5" 
1 6" 
17* 
18* 
19" 
20* 
21 * 
22* 
23" 
24" 

Measured Tempera t u  re s , 
O F  

112.7 
110.6 
104.8 
95.4 
81.6 
69.6 
63.9 
61.8 
60.7 
53.8 
49.3 
48.0 
47.3 
46.5 
46.8 

11 .0 
10.3 
05.5 
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 

t 1  
Indoor 
Surf. 

72.2 
72.2 
72.5 
72.9 
73,2 
73.5 
73.8 
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 
LII 

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 - 

fleasured Heat Flux, 
2 %tu/ h r  f t 

qw 
Cal i b. 

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. 

I 

qhfm** 

HFM @ 
Outdoor 
Surf. 

Calculated 
Meat Flux,  

2 
B W h r  * f t 

clrf**" 

Response 
Factor 

*Data are  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 this wall assembly. 

Calibrated Hot Box Relative Humidity: 

**Response f ac to r  analysis was not performed for t h i s  wall assembly, 

Indoor Chamber - Bot measured f o r  this wall assembly 
Outdoor Chamber - Not measured f o r  t h i s  wall assembly 

Max. - 75°F (24OCP 
Min. - 7l0F (22°C) 

Laboratory Air fern erature:  

- 

9s S 

Steady- 
S ta 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 
I .oa 

-0.04 
-0.65 
-0.87 
-0.97 
-1.44 

-2.01 
-2.09 
-2.14 
-2,13 

-1 .a8 

0.29 
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TABLE F4-7(b) - DYM IC TEST RESULTS ( P E R I O D I C ) ,  MBS TEST CYCLE, SI UNITS 

T i  me, 
hr 

1" 
24 
3" 
4" 
5* 
6" 
7" 
8* 
9" 

10  
11 
12* 
13" 
1 44 
15" 
1 6" 
17" 
18" 
19" 

21 * 
2 2* 
23f 
24* 

m* 

Mean 

t0 

Outdoor 
A i  r 

8.4 
14.0 
21.4 
26.1 
30.6 
34.6 
37.3 
39.1 
42.6 

43.7 
40.4 
35.2 
27.5 
20.9 
17.7 
16.6 
15.9 
12.1 

9.6 
8.9 

8.0 
8.2 

44.8 

8.4 

23.8 

Measured Temperatures, 

"C 

t2 
Outdoor 
Surfs 

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 
19.0 
17.5 

13.9 
10.9 
10.0 

9.4 
9.0 
9.1 

16.8 

24.2 

t3* 

Internal 

t l  

Indoor 
Surf. 

22.3 
22.3 
22.5 
22.7 
22.9 
23,O 
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 

m__._l 

22.9 

ti 
Indoor 

A i r  

22.5 
22.6 
22.6 
22.6 
22.7 
22.7 
22.7 
22.8 
22.8 
22.8 
22.9 
22.9 
22.8 

22.7 
22.7 
22.7 
22.7 
22.7 
22.6 
22.6 
22.6 
22.6 
22.6 

22. 7 

22.8 

Measured Heat Flux ,  

% 
Cal i b. 

Hot Box 

-6.01 
-6.67 
-4.69 
-3,30 
-0.75 
1.30 
4.15 
4.37 
7.95 
8.54 
9.95 

9.42 
7.59 
4.30 
2.76 
0.13 

-1 -62 
-2.28 
-4.33 
-4.40 
-5.20 
-5.57 
-6.23 

9.78 

0.80 

k1/m2 

%fin** 
HFM 0 

Indoor 
Surf. 

I 

qhfm"* 

HfM 
Outdoor 
Surf . 

Calclnl ated 
Heat F l u x ,  

qrff** 

Response 
Factor 

*Data are 2-day averages, not  3-day averages, o f  t e s t  results. 
**Internal thermocowples.and heat  f l o w  meters were ?ot used on t h i s  wall assembly. 

*MResponse factor analysis was not  performed for this wall assersrbly. 

qss 
Steady- 
State 

-6.65 
-4.72 
-1.14 

1.31 
3.64 
5.74 
7.32 
8.32 

10.03 
11.45 
11.15 

9.62 
7.11 
3.40 

-0.1 2 
-2.04 
-2.76 
-3.07 
-4.54 
-5.92 
-6.33 
-6.60 
-5.76 
-6.73 

0.30 
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TMLE F4-8(a) - DYNAMIC TEST RESULTS (PERIODIC) ,  ORLANDO JANUARY TEST CYCLE 

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 

t 0  

OU tdoor 
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, 

t 2  

Iu tdoor 
Surf. 

58.7 
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 - 

OF 

t3'* 

[nternal 

t l 
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 

73.5 
73.2 
73.0 
72.8 
72.7 
72.7 
72.6 

72.9 

73.8 

t i  

Indoor 
A i r  

72.8 
72.7 
72.7 
72.7 
72.7 
72.7 
72.7 
72.7 
72.7 
72.7 
a2.7 
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 F1 ux, 
2 

Btu/hr 'f t  

qw 
Calib. 
lot Box 
I_c 

-1.25 
-1.44 
-1.39 
-1.53 
-1.62 
-1.73 
-1.79 
-1.91 
-1.84 
-1 -48 
-1.06 

-0.41 
0.26 
0.82 
1.13 
1.24 
0.71 
0.11 

-0.32 
-0.54 

-0.85 
-1.03 

-0. 6a 

-0.83 

4 . 7 3  

qhfm** 

HFM Q 
Indoor 
Surf. 

I 

Jhfm** 

HFM Q 
h t d o o r  
Surf. 

Calculated 
Heat Flux, 

2 
B t u / h r * f  t 

q r P *  

bsponse 
Factor 

*Data a re  2-day averages, no t  3-day averages, of test results. 
*Internal thermocouples and heat  f low wters were not used on t h i s  wall assembly. 

Calibrated Hot  Box Relat ive  Humidity: 

*MResponse Factor analysis  was not performed f o r  t h i s  wal? assembly. 

Indoor Chamber - Not measured for t h l s  wall assewbly 
Outdoor Chamber - N o t  measured fo r  t h i s  we17 assembly 

Max. - 75°F (24'67 
Laboratory A i r  Tern erature: 

Win. - 72°F (22°C) 

9s s 
Steady- 
S ta t e  

-1.27 
-1.35 
-1.43 
-1.54 
-1 -67 
-1 -79 
-1.72 
-1.53 
-1 .I8 
-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 
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TABLE F4-8(b) - DYN IC TEST RESULTS (PERIODIC), ORLANDO JANUARY TEST CYCLE, SI UNITS 

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 

t 0  

Outdoor 
A i  r 

13.9 
13.6 
12.7 
12.3 
10.9 
10.7 
11.0 
12.8 
15.2 
18.4 
21.8 
27.4 
30.4 
32.5 
33.9 
33.5 
28.4 
21.5 
17.7 
17.0 
15.9 
15.6 
14.7 
14.8 

19.0 

k a s u r e d  Temperatures, 

t 2  

Outdoor 
Surf. 

14.8 
14.3 
13.8 
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 
13.2 
17.7 
16.9 
16.2 
15.6 
15.3 

19.5 

"C 

t3* 

In te rna 1 
tl 

Indoor 
Surf. 

22.6 
22.5 
22.5 
22.5 
2205 
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. a 
22.6 
22.6 
22.6 

22.7 

t i  

[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 
22.8 
22-7 
22.7 
22.7 
22.7 
22.7 
22.6 

22.7 
-- 

_II 

Measured Heat Flux, 

qw 
Calib. 
Hot Box -- 

-3.94 
-4.53 
-4 35 
-6.82 
-5.11 
-5 * 45 
-5.65 
-6.04 
-5.79 
-4.57 
-3.36 
-2.14 
-1.29 
0.83 
2.53 
3.56 
3.90 
2.25 
0.35 

-1.02 
-1 .a0 
-2.63 
-2.68 
-3 a 26 

-2.29 
_I__.. 

w/m2 
P 

qhfm** 

HFM 0 
Indoor 
Surf. 

-- 

I 

%hi** 
HFW @ 

Outdoor 
Surf. 
-__I 

-- 

Calculated 
Heat F1 ux, 

w/m2 

*Data a r e  2-day averages, n o t  3-dqy averages, of test  results. 
**Internal thermocouples and hea t  flow meters were not  used on t h i s  wall assembly. 

**Response f a c t o r  ana lys i s  %a$ not performed for  this wall assembly. 

--- 

95 s 
Steady- 
Sta te  

-4.00 
-4.25 
-4.51 

-5.28 
-5.64 
-5.42 
-4.84 
-3.12 
-2.38 
-0.65 

1.81 
3.16 
4.72 
5.75 
5.59 
3,64 
0e15 

-1.95 
-2.64 
-2.98 
-3.32 
-3,61 
-3.75 

-1.60 

-4.87 

*- 
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....... 

~ 

. . 

.. :. TABLE F4-9(a) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO JANUARY MODIFIED TEST CYCLE 

Measured Temperatures, 

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 

93.0 
91.9 
87.1 
76.6 
70.1 
67.6 
66.5 
65.3 
64.6 
63.7 
63.2 

86.9 
89.8 

70.2 

t 2  

Dutdoor 
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 

OF 

t3* 

I n  terna 1 

I 

I_ 

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 - 

t i  

Indoor 
Air - 

72.7 
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 
72.8 
52.8 
72.7 
72.7 

72.8 

fleasured Heat Flux, 
B t u / h r *  f t 2 

qw 
Cal i b. 

Hot Box - 
-1 .Q8 
-1 .00 
-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 
-a. 54 
-0.68 
-0 % 99 
I__ 

-0.44 - 

%fm* 
H r n  @ 

Indoor 
Surf. 

- 
I 

%I f-m* 

HFM @ 
Ou tdoclr 
Surf. 

- 

Calculated 
Heat Flux, 

2 
B t u / h r '  f t  

+f** 

Responsc 
Factor 

*Internal t h e m c o u p l e s  and heat flow meters were n o t  used on this wall assembly. 
*Response f ac to r  analysis  was not performed for this wall assembly. 

Gal ibrated Hot Box Relative Humidity: 
Indoor Chamber - Mot measured fo r  t h i s ,  wall assembly 
Outdoor Chamber - blot measured fo r  this wall assembly 

Laboratory Air Temperature: 
&x. - 76OF (24°C) 
Mine - 67°F (19OCI 

9s 5 

Steady- 
S ta t e  

-0.91 
-0.96 
-1.12 
-1.16 
-1.28 
-1.19 
-1.09 
-0.81 
-0.56 
-0. oa 
0.44 
1.17 
1.46 
1.81 
1.72 
1.44 
0.52 

-0.08 
4.40 
-0.46 
-0.62 
-0.64 
-0.76 
-0.76 

-0.18 
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TABLE F4-9(b) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO JANUARY MODIFIED TEST CYCLE, SI UNITS 

I_ Ti me, 

Measured Tempera t u  res , 
"C 

t o  
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 

17.6 
17.3 

21.2 

18.1 

t 2  

Outdoor 
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* 

Internal 

t l  

Indoor 
Surf.  

t l  

Indoor 
A I  r 

22.7 22.6 
22.6 22.6 
22.6 22.6 
22.6 22.6 
22.5 22.6 
22.5 22.6 
22.5 22.6 
22.6 22.6 
22.6 22.6 
22.7 22.6 
22.8 22.6 
22.9 22.7 
23.0 22.7 
23.2 
23.2 
23.2 
23.1 
23.0 
22.9 
22.8 

22.7 
22.8 
22.8 
22.8 
22.7 
22.7 
22.7 

22.7 I 22.6 

22.8 1 22.7 

Measured Heat F l u x ,  

4 W  
Cal i b. 

Hot Box 

-3.40 
-3.16 
-3 e 89 
-4.38 
-4,13 
-4.23 
-3.99 
-3.74 
-3,26 
-2.23 
-7.84 
-0,82 
1.86 
2.25 
3.76 
3.76 
2.45 
1.76 

-0.87 
-2.28 
-1.70 
-2.1 3 
-3.11 

-a .40 

-8.28 

I 

w m *  
HFH @ 

lutdoor 
Surf. 

Calculated 
Heat Flux, 

9Pf** 

Response 
Factor 

__- 
* * I n k m a ?  thermocouples and heat f l o w  meters w e ~  not  used on th i s  wall assembly. 

**RC?S~QIIS~ f a c t o r  analysis was n Q t  performed f o r  this wall assembly. 

9s s 
Steady- 
S t a t e  

-2.87 
-3.04 
-3.52 
-3.66 
-4.03 
-3.75 
-3.44 
-2.55 
-1.78 
-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 

-- 

I- 
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Time. 
hr 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Can 

a 

TABLE F4-10(a) - DYNAMIC TEST RESULTS (PERIODIC) ,  ORLANDO APRIL TEST CYCLE* 

t0 

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 

101.2 
105.1 
98.2 
91 *l  
80.7 
76.1 
71.8 
72.3 
70.5 
71.3 

98.2 

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 

83.6 
77.6 
73.7 
73.1 
71.9 
72.0 

92.8 

78.1 

t3** 

Internal 

t 1 
Indoor 
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 

78.0 
77.6 
77.2 

78.5 

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 
78.1 
77.7 
77.4 
77.1 

78.4 
78.6 

76.2 

Measured Heat Flux, 
2 

Btu /h r - f t  

%* 

not BOX 

Calib. 

qhfm** 

HfPI @ 
Indoor 

SMrf .  

# 

qhfm** 

HFM @ 
3utdoor 
Surf. 

Calculated 
Heat F1 ux,  

2 
B t u j h r '  f t  

Response 
Factor 

qs s 
Steady- 
S ta t e  

-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 loa t ing  conditions.  Indoor surface and a i r  temperatures were 
permitted t o  respond t o  outdoor temperature changes w i t h o u t  heating, cooling, o r  forced a i r  
c i r cu la t ion  on the indoor side.  No heat flow through wall was measured. 

**Internal t hemcoup1es  and heat  f low meters were not used on this  wall assembly. 

Calibrated Hot Box Relative Humidity: 

**Response fac to r  analysis  was not perfarmed f o r  this wall assembly. 

Indoor Chamber - Not measured f o r  t h i s .  wall assembly 
Outdoor Chamber - Not measured for  t h i s  wall assembly 

Max. - 76°F (24OC1 
Min. - 69°F ( 2 1 O C )  

Laboratory A i r  Temperature: 
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TABLE F4-10(b) - DYHAMIC TEST RESULTS (PERIODIC), ORLANDO APRIL TEST CYCLE, SI UNITS* 

T i  me, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

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

Mean 

t 0  

Dutdoor 
A i  r 

20.1 
20.1 
18.3 

17.4 
17.7 
19.8 
21.4 
23.7 
25.5 
30.3 
32.7 
36.8 

40.6 
36.8 
32.8 
27.1 
24.5 
22.1 
22.4 
21.4 
21 - 8  

18.2 
16.8 

38.5 

25.3 

Measured Temperatures, 

t 2  

h tdoor  
Surf. 

21.1 

19.3 

17.8 
17.9 

19.8 
21.5 
23.4 
25.8 
29.3 
32.3 
35.7 
38.0 
39.9 
37.7 
33.8 
28.7 
25.3 
23.2 
22.8 
22.2 
22.2 

20.6 

18.8 

18.3 

I 

"C 

t3** 

:nternal 

tl 

:ndoor 
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,l 
25.8 
25.5 
25.3 
25.1 

24.8 

ti  

Lndoor 
A i  r 

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 
24.5 
25.1 
25.5 
25.8 
25.9 
25.8 
25.6 
25.4 
25.2 
25.0 

24.6 I 

Measured Heat Flux, 

qw* 
Cal i b. 

Hot Box 

2 
w/m 

wan** 
HFM @ 

Indoor 
Surf. 

I 

!hf ik* 

HFM (3 
3utdoor 
Surf . 

Calculated 
Heat F1 MX, 

2 
/m 

9rf*** 

Lsponse 
Factor 

9s s 
Steady- 
S ta t e  

-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  condltions. Indoor surface and a i r  temperatures were 
permitted t o  respond t o  outdoor temperature changes W i t h O M t  heating, cooling, o r  forced a i r  
c i r cu la t ion  on the indoor side.  No heat flow t h r o u g h  wal l  was measured. 

**Internal t h e m c o u p l e s  and heat flow e t e n  wer"e n o t  used oP.0 this wall assembly, 
**Response f ac to r  analysis  was n o t  performed f o r  t h i s  wall assembly. 
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TMLE F4-11(a) - DYNAMIC TEST RESULTS (PERIODIC), ORLANDO AUGUST TEST CYCLE 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12f 
13* 
1 4* 
1 5* 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

10 

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, 

t 2  
Outdoor 
Surf.  

80.7 
79.4 
79.6 
77.4 
76.8 
74.9 
76.3 
78.3 
82.6 
83.7 

89.6 
94.7 

104.0 
106.9 
109.1 
102.3 
96.1 
90.6 
87.8 
84.5 
$3.6 
81 . l  

a7 .I 

98.2 

87.7 

OF 

t3fi 
nterna l  

74.0 73.1 
73.9 I 73.1 
73,7 73.0 

Measured Meat Flux, 

qw 

{Qt BOX 
Gal i b .  

1.22 
0.85 
0.92 
0.69 
0.69 
0.52 
0.41 
0.52 
0.77 
1.18 

I .27 
1.55 
1.76 
2.31 
2,48 
3.04 
2.8% 
2.82 
2.28 
2.03 
1.56 
1.45 
1.09 

0.98 

1.47 

Shfrn** 

HFM @ 
IridQor 
Surf. 
I_ 

*Data a r e  2-dqy averages, not 3-day averages, of tes t  results. 
**Internal thermocouples and hea t  f low meters were no t  used on t h i s  wall assembly. 

Cal ibra ted  Hot Box Relative Humidity: 

**Response f a c t o r  ana lys i s  was not  performed f o r  t h i s  wall assembly. 

Indoor Chamber - Mot Awailable 
Outdoor Chamber - Not Available 

Max. - 78°F /26OC? 
Min. - 75OF (24°C) 

Laboratory Air Tem e ra tu re :  

9s s 
Steady- 
S ta te  

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 .ti0 
1.33 
1.03 
Q.95 
0.72 

1.36 

..... . 
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TABLE F4- l l (b )  - DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  ORLANDO AUGUST TEST CYCLE, SI UNITS* 

Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12* 
13* 
1 4* 
15* 
16 
17 
1 8  
19  
20 
21 
22 
23 
24 

Man 

t0 

Outdoor 
A f  r 

26.6 
26,l 
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 

Mea su red Temperature s 

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 
31 .O 
29.2 
28.3 
27.3 

34.8 

31 - 0  

t3** 

Internal 

t l  

Indoor 
Surf. 

23.0 
23 .0 
23.0 
23.0 
22.9 
22.9 
22.9 
22.9 
23.0 
23.0 
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 

t i  

Indoor 
A i  r 

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 
I 

Measured Heat Flux, 

9 W  
Cal i 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 
7.2Q 
6.42 
5.25 
4.57 
3*45 

4.65 
I__- 

w/m2 
-.-- 

qhfm** 
HFM 0 

Indoor 
Surf. 

__-- 

I 

qhfm** 
HFM @ 

Outdoor 
Surf. 

Calculated 
Heat F1 ux, 

W / 2  --- 

qrf*** 

Response 
Factor 

*Data are 2-day averages, n o t  3-day avemges, of  tes t  results. 
**Internal themucouples and heat flow e ters  were not used on this wall assembly. 

**Response factor analysis was nut pecforrned for  this  nall  assembly. 

___I 

qs s 

State 
Steady- 

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 
6-67 
5.03 
4.20 
3.24 
3.00 
2.27 

4.28 
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WALL F5: 2~4-1N. (51~102-MM) WOOD FRWME WITH 
R-11 t m  S t ARD BOARD SIDTXG 

DESCRIPTION: Wood frame wall w i t h  f iberg lass  insu la t ion  between s t u d s ,  
gypsum wal I board on i nter i  o r  surface* and hardboard s i d i n g  
on e x t e r i o r  surface. 

REFERENCE: F ia ra to ,  A. E. and dravinsky, E , ,  "Heat Transfer 
Charac te r i s t ics  o f  Walls Under Arizona Temperature 
Condi ti ons, " Construction Techno1 ogy Laboratories, Port1 and 
Cement Association, Skokie, 1981 63 pages. 

COMPOSITION: 

I 711 6-i n. ( 1  1 -mm) Medium Density Hard- 
board S i  d i  ng w i t h  ver t ica l  grooves 
spaced 8 i n .  (203 mm) on centers  

2 2. 2x4-in. (51x102-mm) Wood Studs a t  
16- i  n. (406-mm) center-to-center 

3. 3-1/2-in.  (S9-mm) R-11 Kraft Paper 

4. 1 / 2 - i  n. (1 3-mm) Gypsum Wall board 

Faced F i  berg1 ass Insul a t i  on 

TABLE F5-1 - PHYSICAL PROPERTIES OF MALL AT TIME OF TEST 

Average Thickness, 4 n .  (mm) 

Estimated Moi sture Content, 
% by ovendry weight 

Measured 
Value 

-303- 
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TASLE 65-3 - DESIGN HEAT TRWblSMH%SIObI COEFFICIENTS 

1 .  Outs-ide A i r  f i - i  

2. 7/16-in. ( 1 1 - m m )  
Ha irdbaard 

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  

6. Ins ide  A i r  Film 

-.- 
Btttweesl Framing 
k r - f t 2 -  "F/Btu 

2 (rn -K /W)  

0.17 
(0.031 

0.60* 
(0.11) 

- 

11 .OOk 

(1.94) 

0. 45" 
(O,U8) 

0.68 
(0.121 

0.17 
(0.83) 

0.60 
(0.11) 

4.38" 
(0.77) 

0.45 
(0.08) 

0.68 
(0.12) 

is. 28 
( 1 . 1 1  1 

0.16 
(0.38) 

Source : ASHRAE Handbook of Fundamental s kiwi can Soc ie ty  of Hea t i  wg 
Ri;t"rigcrating, Engineers, Inc. New York, 
1977, Chapter  22. 
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Temp, 
O C  

0 8 16 24 

Time , hour 

( a )  Measured Temperatures 

AT, 
O @  

Time , hour 
( b )  Temperature D i f f e r e n t i a l s  

F i g .  F5-2 Wall FFP Gynamic Test Results f o r  NBS T e s t  Cycle 
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40 

30 

20 

10 

Heat Flux, 
%tu 0 

h r f t 2  

- 10 

- 20 

- 30 

-43 

-56 
c) 

Wall F5 
NBS 

4s57, 

I I 

Y I6 

Time , hour 

( c )  Heat F l u x  

120 

ao 

60 

20 

Heat Flux, 
3 -  W 

2 m 
-20 

- 40 

-60 

-80 

-!OO 

- 120 

- 140 

24” 

F i g .  F5-2 Wall F5 Dynamic Test Results f o r  NBS T e s t  Cycle 
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LE FS-7(aB - DYNAMIC TEST RESULTS (PERIODIC), MBS TEST CYCLE 

t 0  

Outdoor 
A i  r 

49.8 
47.7 
46,8 
46.7 
47.4 
56.7 
70.7 
80.0 
87.6 
94.9 
99.4 
102.1 
108.3 
113.4 
111.6 

97.6 
84-5 
72.0 
64.6 
62.6 
62.6 
56.7 
50.9 

75.9 

105.8 

Measured Temperatures, 

O F  

t2 
Outdoov 

Surf. 

51.7 
49.8 
48.5 
48.4 
48.8 
55.3 
68.6 
78.1 
85.7 
92.8 
98.8 
100.6 
105.8 
111.4 
111.1 
106.3 
99.3 
87.9 
75.3 
66.9 
64.1 
63.3 
59.6 
53.3 

76.3 I 
---- 

t 1 
Indoor 
Surf. 

72.9 
72.9 
72.8 
72.7 
72*7 
72-8 
73.1 
73,s 
73.8 
74,1 
74,4 
74.6 
74.8 
75,l 
75,2 
75,l 
75,o 
74.6 
74.3 
73.8 
73.6 
73.4 
13.3 
73.1 

73*8 
- 

73.1 
73.1 
73.1 
73.1 
73.11 
73.1 
73.1 
73.3 
73.3 
73.4 
73.4 
73.5 
73.6 
7395 
73.6 
73.5 
73.5 
73.5 
73.4 
73.4 
73.3 
73.3 
7J*2 
73.2 

73-3  

-- 
1-.- 

-__ 

Measured Heat Flux,  
2 Btu/hr* f t 

qw 
Caldb. 
Hat Box 

-1.44 

-a .72 
-1.95 
-1.72 
-2.46 
-1.53 
-1.31 
-0.14 
0.74 
1.16 
2-00 
2.69 
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 .%a 

I 

Qhfffl 

HFH Q 
Stud -- 

-I .26 
-1.40 
-1.45 
-1.51 
-1 "53 
-1.38 
-0.80 
-0 e 06 
0,443 
0%97 
1.48 
1.68 
1.96 
2.42 
2.63 
2.43 
2,04 
1.47 
0.64 
-0.09 
-0.45 
-0.58 
-8.66 
-1.06 

9.25 
--. 

couples were not used for t h l s  wall assembly. 
+*Response factor analysis was n o t  performed for t h i s  wall assembly, 

Calibrated Hot Box Relative ~~~~~~~~~ 

Indoor Chamber - 30% 
Outdoor Chamber - Not measupex! for t h i s  wall assembly 

Max. .. 74°F (23%) 
Min. - 71*F 6 2 2 O C )  

Laboratory A i r  Temperature: 

q ' k n  
MF 

SeZ;ween 
Studs 

-1.46 
-1.73 
-1.91 
-21.07 
-2.15 
-2.1 6 
-1.90 
-1.20 
-0.37 
0.42 
1.19 
1.79 
2.28 
2-80 
3.30 
3.43 
3.21 
2.68 
1.85 
0.83 
0.05 

-0.76 
-1.86 

9*28 

... 

Cal cul a t e d  
b a t  Flux, 

2 Btujhr * P t  

qrf ** 
Response 
Factor 

Qss 

Steady - 
State 

-2.86 
-2.2 
-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 
-0.69 
-0.94 
-0.96 
-1.35 
-1.93 

8-32 

-31 0- 
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TABLE F5-7(b) - DYNAMIC TEST RESULTS (PERIODIC), HBS TEST CYCLE, SI UNITS 

Measured Heat Flux, 
Cal CUI ated 
Heat F1 ux, Measured Temperatures, 

M/m2 "C 

t3* 

hternal 

'lime, 
h r  

t 2  

Outdoor 
Surf. 

t l  

Indoor 
Surf. 

Q* 

Cal i b. 
Hot Box 

qrf** 
Response 
Factor 

ti 
Indoor 

A i  r 

22.8 
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 
-_I 

t0 

Outdoor 
A i  r 

4ss 
Steady- 
State 

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 

9.9 
8.7 
8.2 
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 

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 . I  
24.1 
19.4 
17.8 
17.6 
15.3 
11.8 

22.7 
22.7 
22.7 
22.6 
22.6 
22.7 
22.8 
23.1 
23.2 
23.4 
23.6 
23.7 
23.8 
23.9 
24.0 
23.9 
23.9 
23.7 
23.5 
23.2 
23.1 
23.0 
22.9 
22.8 

-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 
9.36 
7.1 7 
3.37 
0.73 
0.88 

-1.32 
-1 -32 

-6.50 
-7.06 

-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 

"2.1 7 
-2.97 
-3.93 
-4 LI 25 
-6.W 

-7 e 3a 

Mean 24.4 24.6 23.2 - 1.79 1.02 0.78 I 0.84 
.c 

*Internal themcouples  were not used f a r  this wall assembly. 
**Response factor  analysis  was not performed For t h i s  wall assembly. 
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TABLE F5-Na l  - DYN IC TEST RESULTS (PERIODIC), PHDEHIX JASdU 

Time * 
hr  

1 
2 
3 
4 
5 
6 
7 
3 
9 

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

Mean 

I___ 

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. 
80.9 
80.8 
72.7 
63.7 
59.9 
57.5 
54.2 
52.1 
50.4 
49.3 
48.2 

57.3 

t2 
Outdoor 
Surf, 

49.2 
48.4 
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 
61.7 
59.2 
56.2 
53.8 
52.1 
50.9 
49.8 

58.3 

-I 
Indoor t1 I Indsal. ti 
Surf. 1 A i r  

68.4 1 68.4 

-L_. 

asured Meat Flux,  
2 

Btti/For-ft 

% 
Calib.  
Hot Box 

-1.73 
-1.71 
-1.82 
-2 00 
-2.04 
-2 " 04 
-2.26 
-2.30 
-1.89 
-1.76 
-1.17 
-0 -62 
-0.87 
0.95, 
0.52 
0.70 
0.51 

-0.14 
-0 D 40 
-0.59 
-1.08 
-1 -31 
-1.26 
-1.35 

9hf% 

HF 
Stud 

-1.14 
-1.1 9 
-1.25 
-1 -32 
-1.35 
-1.49 
-1.42 
-1.36 
-1.07 
-0.72 
-0.25 
0.21 
0.52 
0-70 
0.82 
6-70 
0.22 

-0 * 23 
-4.45 
dl .65 
-62.81 
-0.93 
-1 .oa 
-1.11 

-0.60 
-.-+"--- 

-a .5 
-1.68 
-1.67 
-1.75 
-1.83 
-1.91 
-1.96 
-1.98; 
-1.86 

-0.48 
0.11 
0.55 
0.87 
1.01 
Q.80 
0.34 

-0.1 3 
-0 * 49 
-0. $0 
-1.05 
-1.25 
-a .4Q 

-0.86 

- 
Call CUI ated 
Heat F1 MX, 

2 Btu/hr-ft 

%fa* 
Response 
Factor 

qss 
Steady- 
State -- 
-1.82 
-1.89 
-2 IO0 
-2.10 
-2.14 
-2.1 9 
-2.21 
-1.86 
-1.34 
-0 a 68 
0.1Q 
0.65 
8.93 
1.14 
1.19 
0.58 

-0.25 
-0 ?O 
-0 92 
-1.20 
-1.40 
-1 -55 
-1 -67 
-1.76 

-3.96 
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TABLE F5-8(b) - DYNAMIC TEST RESULTS (PERIODIC), PHOENIX JANUARY TEST CYCLE, SI UNITS 

I 
Measured Tempera tures, 

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 

OC 

t3* 
Internal 

t 1 
Indoor 
Surf. 

20.1 
20.1 
20.0 
20.0 
19.9 
19.9 
19.9 
a 9.9 
20.0 
20.1 
20.3 
20.4 
20.6 
20.7 
20.7 
20.7 
20.6 
20.4 
20.3 
20.3 
20.2 
20.1 
20.1 
20.1 

20.2 

ti 
Indoor 

Air 

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 
213.2 
20.2 

20.2 - 

Measured Heat Flux. 

QW 
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 
2.1 9 
1"62 

-0.43 
-1 -28 
-I .85 
-3.41 
-4.1 4 
-3.98 
-4,26 

-3.35 

*Internal thermocouples were not used far t h i s  Wall assmbly. 
**Response f ac to r  analysis  was not performed f o r  this wall asse 

Cal cul ated 
Heat Flux, 

U/m2 

%f* 

Response 
Factor 

qs s 
Steady- 
State 

-5.73 
-5" 96 
-6.31 
-6.63 
-6.75 
-6.89 
-6.98 
-5.87 
-4.21 
-2.1 3 
0.31 
2.05 
2.95 
3.59 
3.76 
I .83 

-0.81 
-2.1 9 

-3.77 
-4.43 
-4.90 
-5.26 
-5.55 

-3.03 

-2.89 
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TABLE F5-9(a) - DYN IC TEST RESULTS (PERIOQIC), PMQEUIX APRIL TEST CYCLE: 

Time, 
hP 

1 
2 
3 
4 
5 
6 
7 
8 
9 

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

#em 

t o  
Outdoor 

A3 r 

59.7 
57.6 
56.3 
55.2 
53.6 
56.3 
60.7 
69.7 

84.4 
87.8 
90.9 
94.5 
97.2 
99.8 
02.8 
00.5 
91.8 
82.8 
77.0 
72.2 
68.6 
65.8 
62*9 

78.6 

t 2  
Outdoor 

Surf. 
sl__- 

61 .R 
59.3 
57.8 
56.8 
55.2 
56.8 
61 .O 
65.2 
77.1 
83.3 
86.9 
89.9 
93.3 
96.2 
98.4 

101.5 
10Q.8 
93.6 
85.1 
78.8 
74.0 
TO. 2 
67.4 
64.5 

OF 

t3" 

Internal 

76.1 76.5 1 I - 

93.3 73-4 :::: I :::: 
73.3 

--- 

14easurcd Neat Flux, 
2 Btu/hr-ft 

9w 
Calib. 
Mot: Bow 
__l_ll 

-0.1 9 
-0.34 
-0 * 85 
-0.81 
-1 "32 
-1.27 
-1 .c4 
-1.08 
4 , 3 1  
-0 " 06 
0.63 
1 .OQ 
1.45 
1.82 
2.23 
2.59 
3.M 
2-83 
2.59 
1.75 
1.39 

0.46 
0.09 

0.60 

0.78 

-l__l 

n 

9hfm 
HFN P 
Stud 

__c 

-0 rn 62 
-0.76 
-8.90 
-e 0 99 
-a -06 
-1 .I1 
-0.92 
-0.63 
-0.13 
0*38 
0.73 
0.96 
1.16 
1.39 
1.56 
1.76 
1 .RB 
1.64 
1.12 
0.62 
0-7.5 
-0.03 
-0.25 
-0.43 
I__- 

0.24 
___I 

co~ples  were no t  used f o r  t h i s  wall asaeably. 
analysis was n o t  performed f o r  t h i s  eel1 assezb'y. 

l a t i v e  Humidity: 

asured for t h i s  @al l  a s s ~ n b i y  

Laboratory A i r  Temperature: 
Max. - 74°F (23°C) 
Nin. - 72°F (22°C) 

-0.63 
-0.87 
-1.09 
-1.28 
-1.41 
-1 .%3 
-1.53 
-1.34 
-8.30 
4 . 3 1  
0.31 
0.81 
1.19 
1.55 
1.85 
2.13 
2.39 
2.39 
2.05 
1.44 
0.91 
0,42 
0.00 

-a. 33 

0.26 

--..-.-- 

CaI cul ated 
Heat Flux,  

2 Btu/hr.ft 

___I_ 

- 

(%S s 
Steady- 
State 
_____I 

-1 .I5 
-a .38 
-1 "51 
-1.61 
-a .75 
-1.68 
-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 

-8.01 
-0.37 
-0.63 
-0.90 

0.30 
______. 
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TABLE F5-9(b) DYNAMIC TEST RESULTS (PERIODIC), PHOENIX APRIL TEST CYCLE, SI UNITS 

to 
Outdoor 

At  r 

15.4 
14.2 
13.5 
12.9 
12.0 
83.5 
15.9 
20.9 
25*9  
29.1 
3'1 e 0  
32.7 
34.7 
36.2 
37,7 
39.3 
38.1 
33.2 
28.2 
25.0 
22.3 
20.3 
18.8 
1 7 - 2  

24.5 

Wasured Temperatures, 

t 2  

Ou fdoor 
Surf. 

16.6 
15.2 
14.3 
13.8 
12.9 
13.8 
16.1 
20.8 
25-1 
28.5 

34.1 
35.7 
36.9 
48.6 
38.2 
34*2 
29.5 
26.0 
23.3 

'18.1 

24.8 

"C 

t3* 

[nternal 

t 1  

Surf. 

23.0 
22.9 
22.9 
22.9 
22.8 
22.8 
22.9 
23.5 
23.1 
23.3 
23.4 
23.5 
23.6 
23.7 
23.7 
23.8 
23.B 
23.8 
23-6 
23.5 
23-4 
23.3 
23.2 
23.1 

23.3 

ti 
Indoor 

Ai r 

23*0 
23.0 
22.9 
22.9 
22.9 
22.9 
22.9 
23.0 
23.0 
23.8 
23.1 
23.1 
23.1 
23.1 
23.8 
23.2 
23.2 
23.1 
23.9 
23.1 
23.1 
23.0 
23.0 
23.0 

Measured Meat Flux,  

t a l i b .  HM 6b 
kt &ox I Stud 

1.89 1 8.74 

*Internal themcouples were not used for t h i s  wall assembly. 
**Response factor  analysis was not performed for  t h i s  wall assembly. 

S"ifnl 
HFM 

Between 
Studs 

-1.99 
-2.74 
-3*45 
-4.03 
-4.45 
-4.83 
-4.81 
-4 e 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 
Q.00 

-1.06 

0.82 

Ca'l CUI ated 
Heat F1 ux, 

Wjm 
2 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

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

%an 

t o  

Outdoor 
A i  r 

80.9 
79.4 
78.0 
37.0 
75.8 
78.3 
85.9 
93.7 
99.0 
02.1 
04.5 
06.5 
08.6 
10.4 
13.2 

115.5 
11 2.0 
104.0 
96.5 
91.1 

86.7 
84.4 
82.6 

88.4 

93.9 

Measured Temperatures, 

O F  

t 2  
OUtdiXW 

Surf. 

81.9 
80.4 
99.0 
77.9 
76.8 
78el 
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 

t l  

Indoor 
Surf. 

78.6 
78.6 
38.5 
98.5 
78.4 
78.4 
78,6 

79.1 
79.2 
79.3 
79.5 
19.6 
79.7 
79.8 
79.9 
80.0 
39.9 
79.5 
79.3 
79.1 
78.9 

78.8 
78.9 

79.1 

ti 
Indoor 

Air --- 
78.1 
78.1 
78.1 
78.1 
78.1 
7%. 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 

78.2 

-.-- 

Measured k a t  Flux, 

qw 
Calib. 
bot Box 

0.38 
0.34 
-0.02 
-Q 0 25 
-0.48 
-0,66 
-8.56 
-0.28 
0,27 
1 .Q5 
1.37 
1.55 
1.92 
2.41 
2.49 
2.58 
3.61 
3.33 
2.97 
1.93 
1.38 
1 .0a 
0.88 
0.42 

1.14 

I( 

qhfm 
HFW la 
Stud 

___c 

0.29 
0.20 
0.09 
0.02 

-0.05 
-0 * 08 
0.12 
0.57 
1 .Q3 
1.32 
1.54 
1.71 
1.86 
1.99 
2.15 
2.36 
2.43 
2.09 
1 .e'% 
1.16 

0.68 
9.53 
0.41 

0.84 

1.04 

9"fn 
HFN 

Bet,ween 
Studs 

0.48 
0032 
0.1 8 
0.85 
-0.06 
-0.1 7 
-0.1 2 
Q*21 
0,35 
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 

Calculated 
Heat Flux, 

2 B t u l k r  - f t 

q p p *  

Response 
Factor 

905 
Steady- 
S ta te  

0.34 
0.18 
0.05 

-Q,05 
-0.1 6 

0.59 
1.36 
1.94 
2.29 
2.55; 
2.75 
2.97 
3.1 5 
3.40 
3.69 
3.45 
2.73 
1.95 
1.35 
1.05 
0.89 
0.56 
0.48 

1.57 

-0.03 
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TABLE F5-l0(b) - DYNAMIC TEST RESULTS (PERIQDIC) ,  PHOENIX AUGUST TEST CYCLE. SI UYITS 

Time, 
hr  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
I &  
17 
18 
1 
20 
21 
22 
23 
24 

s;, 
Outdoor 

Air 

27.2 
26.3 
25.6 
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 
31.3 
3Q.4 
29.1 
28.1 

34.4 

Measured Temperatures, 

t2 
Outdoor 
Surf. 

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 

@C 

t3* 

Internal 

t 1 
Indoor 
Surf. - 
25.9 
25.9 
25.8 
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 
25.2 
26 .I 
26,l 
26.0 

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 
25.7 
25.8 
25.7 
25.7 
25.7 
25.7 
25.7 
25.7 
25.7 
25.7 

25.7 

Cal CUI ated 
Heat FIMx, Measured Heat F1 MX. 

% 
Calib. 

Hot Box 

1.21 
1.08 
-0.07 
-0.78 
-1 -52 
-2.09 
-2e07 
-0.89 
0.86 
3.32 
4.31 
4.88 
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 

2 
w/s 

I( 

9hfw 
HFM @ 
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 
3.67 
2.66 
2.1 5 
1.66 
1.30 

3 e 2 7  

- 
I_ 

"Internal themcouples were not used for  this wall assembly. 
*Response factor analysis was not perdbrmed for t h f s  uall assembly. 

2 
W/m 

%s 
Steady- 
State 

1.07 

0.16 
-0.19 
-0.51 
-3.1 0 
1.85 
4.38 
6.12 
7.21 
8.07 
8-67 
9.36 
9.93 

10.74 
11.62 a 0*88 
8.60 
6,86 
4.27 
3.30 
2.80 
2-88 
1.52 

4.94 

0.58 
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DESCRIPTION: 

REFERENCE: 

COMPOSITION: 

I-- 5 

4. 

5. 2x4-in. I51x102-mm) Wood Studs spaced 16 i n .  (406 mm) 

6. 3-1/2-in. (89-mm) R-11 Fiberglass Blanket Insulation 

7 e 1 /2 - i  n, (1 3-mm3 Gypsum Mal '1 board pai  nted 

5/8-in, (16-mm) Plywood Cedar Siding 

on centers 

faced with kraft paper 

WALL V I :  IO-IN. (254-MM) BRICK VENEER 

Woad frame w i  t h  i nsul a t i  on between studs, gypsum wall board 
on i n t e r i o r  surface, and plywood cedar s i d i n g  on e x t e r i o r  
surface;  w i t h  a c l  ay brick veneer appl  i e d  1 -i n. (25-mml from 
the cedar s i  d i  ng . 
Fiorato, A. E. and Crus 6. R . ,  "Thermal Performance of 
Masonry Wall s ,Ii Research and Devel opmernt B u l l  e t i  n ROO71 
Portland Cement Association, Skokie, 1980, 97 pages. 

I .  4x2-1/2x8-in. ~ l ~ 2 x ~ 4 x 2 Q ~ - ~ ~  Clay Brick - 10 cores 
per brick 

quarter  par t  l ime,  and three parts masonry sand by 
vo l  ume 

2, Type M Mortar: one p a r t  portland cement, one- 

3,  Corrugated Metal Ties 

TABLE V I - 1  - P ~ ~ ~ S ~ ~ ~  PROPERTIES OF WALL AT TIME OF TEST 

*Area i s  average of  brick and wood frame surface areas.  
~ ~ e a s ~ r ~ d  on masonry, i ncl udj ng mortar j o i n t s ,  a f t e r  test .  

-327-  
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TABLE Vl-3 - DESIGN HEAT TRAtiSMISSION COEFFICIENTS 

Component 

1. 

2, 

3.  

4. 

5. 

Outside Air Fi lm 

4x2-1/2x8-i n. ( 1  02x64x203-mm) 
Clay Brick 

l - i n .  (25-mm) Air Space 

Wood Stud Wall F3, adjusted for 
f rami ng 

Inside A i r  Film 

Total U 

0.17 
(0.03) 

0.44" 
(0.08) 

0.97'k" 
(0.171 

10.51 
(1.85) 

0.68 
(0.12) 

12,77 
92.25) 

0.08 
(0.441 

"Source: Heat Transmi s s i  on Coeff ic ients  o f  Brick Masonry Mal 1 s 
Technical Notes on Brick Construction No, 4,  Brick 
I n s t i t u t e  o f  America, McLean, Vi rg in ia ,  AugustISeptember 
1974. 

**Source: ASHRAE ~ a n d ~ o ~ k  o f  Fundamentals, American Society o f  
Heati ng Refri  gerati ng, and A i  r-Condi ti oni  ng Engi neers a 

Inc. Ned York, 1977, Chapter 22. 
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7 50 
! 

Temp, 
OF 

25 

- i o  
I 
I 

0 
8 16 24 0 

Time , hour 

( a )  Measured Temperatures 

-38 c 
I 
I 
I 

I -*- 
-60 1 ! 

0 8 16 24 

Time I hour 

( b )  Temperature D i  fferent i a 1 s 

3 3  

15 

0 

-1s 

-30 

F i g .  VI-2  Wall VI Dynamic Test Results f o r  FIRS Test Cycle 
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Time, 
hr 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19  
20 
21 
22 
23 
24 

a 

%an 

TABLE V1-7(a) - DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  NBS TEST CYCLE 

t0 

Outdoor 
Air 

48.6 
47.4 
47.3 
47.5 
52.1 
64.6 
71.7 
79.3 
85.2 
91 .I 
94.6 

105.9 
106.2 
102.6 

97.0 

73.9 
66.6 
64.6 
62.6 
58.9 
52.1 
49.1 

98.9 

86.5 

73.1 

Measured Temperatures, 

O F  

t 2  

Outdoor 
Surf. 

58.3 
56.4 
55.1 
54.1 
54.3 
61 -0  
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 
75 .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 
_I_ 

72.1 
-I_ 

t i  

I ndoor 
Air 

7'1.6 
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 .a 
71 .a 
71.7 
71.5 
71.5 
71.7 
71.6 
72.0 
71.9 
71.8 
71 " 5  

71 .6 

Measured Heat Flux, 
2 

Btu/hr*ft 

qw 
Calib* 

Hot Bo, 

-0.37 
-0.56 
-0.74 
-1 -06 
-1.48 
-1.34 
-1.48 
-1.48 
-2.1 7 
-2.04 
-1.53 
-1 "25 
-0.69 
-0.46 

0.09 
0.18 
0.56 
0.69 
0.51 
0.51 
0.51 
0.00 

-0.14 

-0 .a9 

w i n "  
HFM @ 

Indoor 
Surf. 

-0 58 I 

I 

qhfrn" 

HFM @ 
Outdoor 
Surf. 

Gal cul ated 
Heat Flux,  

2 
Btu/ hr e f t 

W** 

le  s po n se 
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 
I .29 
1.27 
1.27 
0.76 
0.86 
0.63 
0.58 

0.12 

*Internal thermocouples and hea t  flow meters were not used on t h i s  wall assembly. 
**Response factor values supplied by Ken Chi'lds, ORNL. Values calculated using NBS Reponse 

Factor Program by Peavy . 
Indoor Chamber - Not measured f o r  t h i s  wall assembly 
Outdoor Chamber - Not measured for t h i s  wall assembly 

Max. - 81°F (27"CY 
Min. - 63°F (17°C) 

Calibrated H o t  Box Relative ~~~~~~~y~ 

Laboratory Air Tem erature:  

955 
Steady- 
State 

-0.92 
-1.04 
-1 . l l  
-1.18 
-1 -17 
-0.71 
-0.41 
-0.08 
0.20 
0.53 

1.03 
1.40 
1.56 
1.55 
1.44 
1 .I1 
0.65 
0.29 
0.07 

-0.1 3 
-0.27 
-0.62 
-0.78 

0.78 

0.09 
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TABLE V1-7(b) - DYNAMIC TEST RESULTS (PERIODIC), MBS TEST CYCLE, SI UNITS 

Time, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14  
15  
1 6  
17 
1 8  
19 
20 
21 
22 
23 
24 

Mean 

t0 

Outdoor 
Air 

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 .I 
41.2 
39.2 
36.1 
30.3 
23.3 
19.2 
18.1 
17.0 
15.0 
11.2 
9.5 

22.8 

Measured Temperatures, 

t 2  
Outdoop 

$ut-f. 

14.6 
13.6 
12.8 
12.3 
12.4 
16.1 
18.6 
21.4 
23.7 
26.4 
28.5 
30.7 

35.3 
35.3 
34.4 
31.8 
27.9 
24.9 
23.1 
21.5 
20.3 
17.3 
15.8 

33.8 

23.0 
-lip 

_I- 

t 1 

Indoor 
Surf e 

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 

22.3 

ti  

Indoor 
A i  r 

22.0 
21.9 
22.0 
21.9 
21.8 
21.9 
21 e9 
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  

22.0 

Measured Heat F1 M X ,  

q W  
Calib.  

i o t  Box 

-1.17 
-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 

-4.44 

-1 -82 
- 

W/m2 

%fm" 

HFPI @ 
Indoor 
Slurf. 

-- 

I 

qhfm* 

WFM @ 
3u tdaor 
Surf. 

Calculated 
Heat F l u x ,  

w /m 
2 

%f** 

tesponse 
Factor 

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 
4.81 
4.01 
2.40 
2.71 
1.99 
1.83 

0.38 
-- 

qss 
Steady- 
S t a t e  

-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 

0.29 

*Internal thermacou l e s  and heat f l o w  inetess were not used on t h i s  wall assembly. 
**Response Factar vaiues supplied by Ken Ch~lds, ORNL, Values ca l cu la t ed  u s i n g  MBS Response 

Factor Program by Peavy. 
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