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CALIBRATED HOT BOX TEST RESULTS 

DATA MANUAL - VOLUME I1 

by 

M. G. Van Geem and S. C. Larson* 

ABSTRACT 

This manual sumarizes results from six wall assemblies tested under 

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

facllity at Construction Technology Laboratories, a DIvision o f  the Portland 

Cement Associatlon. 

The calibrated hot box provides data on the heat transmisslon character- 

istics of full-size wall assemblies under steady-state and dynamic tempera- 

ture conditions. Total thermal resistance and thermal transmittance are 

measured during steady-state tests. Dynamic tests provide data on thermal 

performance under controlled conditions that slmulate actual temperature 

changes jn buildlng envelopes. Calibrated hot box tests are performed gener- 

ally following procedures described In ASTM Designation: C976, "Thermal Per- 

formance o f  Building Assemblies by Means of a Calibrated Hot Box."  

This manual summarizes test results o f  two reference "standard" walls, 

two masonry cavity walls, a concrete wall with insulation board on the out- 

door surface, and a wood frame wall. One reference standard wall was com- 

prised o f  4-in. (100-m) polystyrene board Insulation and one was 1-3/8 in. 

(35-mn) fiberglass board insulation. A description of wall geometry and 

"Respectively, Research Engineer and Assistant Construction Engineer, Con- 
struction Methods Department, Construction Technology Laboratories, a DivI- 
sion o f  the Portland Cement Association, 5420 Old Orchard Road, Skokie, 
Illinois 60077 
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material properties i s  given for each specimen. The manual presents steady- 

state, transient, and dynamic (periodic) test results in tabular form, tn 

figures, and in summary tables. Heat transfer characteristics o f  different 

wall assemblies can be compared by using figures and summary tables for each 

wall. Data presented In numerical form can be used to validate models or 

further analyze results. 
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- CALIBRATED HOT BOX TEST RESULTS 

DATA MANUAL - VOLUME I1 

by 

Martha 6. Van Geem and Steven C. Larson* 

INTRODUCTION 

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

o f  f u l l - s I z e  w a l l  assemblies under steady-state and dynamic temperature con- 

d i t i o n s .  Heat t ransmlss ion c h a r a c t e r i s t i c s  of w a l l s  must be determined t o  

evaluate thermal performance o f  b u i l d i n g  envelopes. 
,+ 

The ASHRAE Handbook - 1981 Fundamentals ('I** sumnarizes steady-state 

p roper t i es  o f  f i v e  commonly used types o f  w a l l  cons t ruc t ion .  Thermal and 

phys i ca l  p roper t l es  o f  b u i l d i n g  ma te r ia l s  used i n  w a l l  cons t ruc t i on  are  a l s o  

1 1 s t ed  . 
There i s  a need for a document t o  summarlze data from t e s t s  on w a l l  

assemblies under dynamic temperature cond i t ions .  Massive mater ia ls ,  such as 

concrete and masonry, s to re  and re lease heat energy under changing tempera- 

t u r e  cond i t ions .  Only dynamic t e s t s  can be used t o  determine the  e f f e c t  o f  

heat storage c h a r a c t e r l s t i c s  o f  b u i l d l n g  components. 

Laboratory r e s u l t s  o f  b u i l d i n g  envelope components tes ted  under steady- 

s t a t e  and dynamic cond i t ions  I n  p r l n c i p l e  can be used t o  develop methods o f  

accura te ly  p r e d i c t i n g  losses and gains through the  b u l l d i n g  envelope. 

*Respect ively,  Research Engineer and Ass is tan t  Construct ion Engineer, Con- 
s t r u c t i o n  Methods Department, Construct ion Technology Laborator ies,  a 
D i v i s i o n  of the  Por t land Cement Associat ion,  5420 Old Orchard Road, Skokie, 
I l l i n o i s  60077 

**Superscr ip t  numbers i n  parenthes is  r e f e r  t o  references l l s t e d  a t  the  end of 
the  d e s c r i p t i v e  p o r t i o n  of the  manual. 
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I Publ ish lng  t e s t  da ta  i n  a cons is ten t  format w i l l  a i d  researchers developing 

dynamic ana lys i s  a l g o r l  thms. Accurate ly  p r e d i c t i n g  energy consumption w i  11 1 
a l l o w  a r c h i t e c t s  and engineers t o  s i z e  HVAC equipment o p t i m a l l y  and s e l e c t  i 

a l t e r n a t i v e  w a l l  systems on the  bas is  o f  ac tua l  r a t h e r  than s teady-state i 

performance. 

Thts manual summarizes r e s u l t s  o f  s i x  w a l l  assemblies tes ted  under 

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

f a c i l i t y  a t  Const ruc t ion  Technology Laborator ies (CTL), a d i v i s i o n  o f  the  

Por t land Cement Assoclat ion.  Wa l l  desc r ip t i ons  and t e s t  dates a re  l i s t e d  

i n  Table 1. To ta l  thermal res ls tance,  RT, and thermal t ransmj t tance,  U, 

a re  measured du r ing  s teady-state tes ts .  Dynamic t e s t s  p rov ide  data on ther -  

mal performance under c o n t r o l l e d  cond i t i ons  t h a t  s imulate ac tua l  temperature 

changes i n  b u i l d i n g  envelopes. 

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

du r ing  t e s t i n g .  Dynamic temperature cyc les  app l i ed  t o  w a l l s  summarized i n  

t h i s  manual cover a v a r l e t y  o f  temperature cond i t ions .  Test r e s u l t s  i l l u s -  

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

Test r e s u l t s  f o r  15 a d d i t i o n a l  w a l l s  a re  covered i n  a r e p o r t  e n t l t l e d ,  

Descr ip t ions  "Ca l ib ra ted  Hot Box Test Resul ts  Data Manual - Volume I .  'I( 2, 

o f  walls i n  Volume I are  l i s t e d  i n  Table 2. 

CALIBRATED HOT BOX TEST FACILITY 

Tests were conducted i n  t h e  c a l i b r a t e d  ho t  box f a c i l i t y  shown i n  Figs.  1 

and 2. Tests were performed genera l l y  f o l l o w i n g  procedures descr ibed i n  ASTM 

Designat ion:  C976, "Thermal Performance o f  B u i l d i n g  Assemblies by Means o f  

a Ca l i b ra ted  Hot Box, It(') approved i n  1983. Three o f  t he  w a l l s  descr ibed 

i n  t h i s  manual were tes ted  be fore  the  standard was approved. Resul ts f o r  a l l  

-2- 
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Wall 
Des S g- 
n a t i o n  

$1 

s2 

M9 

M I  0 

c4 

F1 

TABLE.1 - CALIBRATED HOT BOX TEST DATES 

Wall Desc r ip t i on  

1-3/8-1n. (35-mn) Fiberg lass  Board 
I n s u l a t l o n  

4-In. (100-mn) Polystyrene Beadboard 

12- in.  (300-m) Block-Br ick Cav i ty  Wall 

12-in. (300-mn) Block-Br ick CavSty Wall 
w l t h  I n s u l a t i o n  i n  C a v i t y  

& in .  (200-m) Normal WeSght Concrete 
w i t h  I n s u l a t i o n  on Outside Surface 

2x4- in.  (50x100-mm) Wood Frame w i t h  R-13 
Fiberg lass Insu la t i on ,  R-5 Board Insu la -  
t i o n ,  and Aluminum S id ing  

Date o f  Ca l ib ra ted  
Hot  Box Tests 

September-October 1981 

J u l  y-November 1982 

January-March 1983 

March-September 1983 

February-May 1984 

March-April 1982 

-3- 
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Wall 

na t ion  
Desig- 

M1 

M2 

M5 

M6 

M7 

M8 

M3 

H4 

c1 

c2 

c3  

F3 

F4 

F5 

v1 

TABLE 2 - DESCRIPTIONS OF WALLS SUMMARIZED I N  THE 
"CALIBRATED HOT BOX TEST RESULTS DATA 
'MANUAL - VOLUME I "  

Wall Desc r ip t i on  

8-111. (200-mn) Medium Weight Concrete Block 

8-111. (200-m) Medium Weight Concrete Block w i t h  I n s u l a t i o n  
i n  Cores 

&In. (200-m) Normal Welght Concrete Block w i t h  
R e f l e c t i v e  I n s u l a t i o n  

8- in .  (200-m) L igh twe lgh t  Concrete Block w i t h  I n s u l a t i k  
on Ins ide  Surface 

6- in.  (150-mm) L ightweight  Concrete Block w i t h  I n s u l a t i o n  
on I n s i d e  Surface 

8- in .  (200-mm) Normal Weight Concrete Block w i t h  I n s u l a t i o n  
on I n s i d e  Surface 

10-in. (250-m) Block-Br ick Cav i ty  Wall 

10-In. (250-mm) Block-Br ick Cav i ty  Wall w i t h  
I n s u l a t i o n  i n  Cavi ty  

8- in.  (200-mm) Normal Welght Concrete 

& i n .  (200-mm) S t r u c t u r a l  L ightweight  Concrete 

8-111. (200-mm) Low Densi ty Concrete 

2x4- in.  (50x100-mm) Wood Frame w i t h  R-11 F 
InsulatSon and Cedar S id ing  

2x4- in.  (50x100-mm) Wood Frame w i t h  R-11 F 
I n s u l a t i o n  and Cedar S id ing  

berg lass 

berg1 as s 

2x4-Sn. (50x100-mm) Wood frame w i t h  R-11 F iberg lass 
I n s u l a t i o n  and Hardboard S id lng  

10- in.  (250-m)  B r i c k  Veneer 

I 

I 
-4 -  
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Fig .  1 Calibrated Hot Box Test  Facility 

Outdoor 
(C1 ima t ic 1 

Heating and 

Cond it m n i  
B a f f l e d  

Insulation 

rTe st Wall 

Chamber 

Conditioning 

Fig. 2 Schematic o f  Calibrated Hot Box 

-5- 
conslructlon technology laboratories 



w a l l s  descr ibed i n  t h i s  manual a r e  comparable because the  same t e s t  proce- 

dures, measurement techniques, and data ana lys is  were used f o r  each specimen. 

Desc r ip t i on  

The f o l l o w i n g  I s  a b r i e f  d e s c r i p t i o n  of t he  c a l i b r a t e d  ho t  box. De ta i l s  

a re  a v a i l a b l e  i n  Reference 4. The f a c i l i t y  cons is ts  o f  two h i g h l y  i nsu la ted  

chambers as shown i n  F ig.  2. Walls, c e i l i n g ,  and f l o o r s  o f  each chamber a re  

i nsu la ted  w i t h  foamed urethane sheets t o  ob ta in  a nominal th ickness o f  12 i n .  

(300 mm). Dur ing tes ts ,  t he  chambers a re  clamped t i g h t l y  aga ins t  an insu- 

l a t e d  frame t h a t  surrounds the  t e s t  w a l l .  A i r  i n  each chamber is,.conditioned 

by heat ing  and coo l i ng  equipment t o  ob ta in  des i red temperatures on each s lde 

o f  t he  t e s t  w a l l .  

The outdoor ( c l i m a t i c )  chamber can be he ld  at a constant  temperature o r  

cyc led between -15 and 130°F (-26 and 54°C). Temperature cyc les can be pro- 

g ramed t o  ob ta in  the  des i red  time-temperature r e l a t i o n s h i p .  The indoor 

(meter ing) chamber, which s imulates an indoor environment, can be maintained 

a t  a constant room temperature between 65 and 80°F (18 and 2 7 O C ) .  

The f a c i l i t y  was designed t o  accomnodate w a l l s  w i t h  thermal res is tance 

values ranging f rom 1.5 t o  20 h r * f t 2 * " F / 8 t u  (0.26 t o  3.52 m2mK/W). 

Basic Ins t rumenta t ion  

Ins t rumenta t ion  was grea ter  on some w a l l s  than on others.  Those Stems 

common t o  a l l  w a l l  t e s t s  a re  r e f e r r e d  t o  as bas ic  inst rumentat ion.  Supple- 

mentary ins t rumenta t ion  was used i n  se lected w a l l  t e s t s .  Generally, w a l l  

t e s t s  done l a t e r  i n  the  program have more supplementary Snstrumentation. 

Ins t rumenta t ion  was designed t o  monl t o r  temperatures i n s i d e  and ou ts ide  

the  indoor  chamber, a i r  and sur face temperatures on both sides o f  the  t e s t  

w a l l ,  and heat ing  energy i n p u t  t o  the  indoor  chamber. Add i t i ona l  measure- 

construction technology laboratorles - 6- 



pa in ted  

couples 

t e s t  wa 

Two 

t o  the  

ments moni tor  indoor  coo l i ng  system performance. Bas ica l l y ,  the  instrumenta- 

t i o n  prov ides a means o f  mon i to r ing  the  energy requ i red  t o  ma in ta in  constant  

temperature i n  the  indoor  chamber w h i l e  temperatures i n  the  outdoor chamber 

a re  var led.  This energy, when cor rec ted  f o r  thermal losses, provides a 

measure o f  heat f l o w  through the  t e s t  w a l l .  

Thermocouples corresponding t o  ASTM Designation: €230, "Standard Temper- 

a ture-Elect romot ive Force (EMF) Tables f o r  Thermocouples, Type T, were 

used t o  measure temperatures. There were 16 thermocouples i n  the  a i r  space 

o f  each chamber and 16 on each face o f  the  t e s t  wa l l .  Thermocouples were  

un i fo rm ly  d i s t r i b u t e d  on a 20-3/5-in. (525 -m)  square g r i d  ovBr the  w a l l  

area. 

Surface thermocouples were securely at tached t o  the  w a l l  over a l eng th  o f  

3 t o  4 i n .  ( 7 5  t o  100 mn). Tape t h a t  covered sensors mounted on surfaces o f  

w a l l s  was pa in ted  the  same c o l o r  as the  t e s t  w a l l  surfaces. Thermo- 

the  i n  a i r  were located approximately 3 i n .  ( 7 5  m) from the face of 

1. 

heat f l o w  meters were mounted on each w a l l  specimen. One was app 

ndoor w a l l  sur face and one t o  the  outdoor w a l l  surface. 

E x t e r i o r  and i n t e r i o r  sur face temperatures o f  the c a l l b r a t e d  ho t  

indoor  chamber wa l l s  were measured. These temperatures provided data 

i ed 

box 

f o r  

Temperature evaluat' lng heat t r a n s f e r  between the  chamber and the  labora tory .  

data were supplemented w i t h  heat f l o w  meter measurements. 

A watt-hour transducer was used t o  measure cumulat lve e l e c t r i c a l  energy 

i n p u t  t o  t he  indoor chamber. 

A d i g i t a l  humid i ty  and temperature measurement system was used t o  measure 

r e l a t i v e  humid i ty  and temperature i n  a i r  streams on each s ide  o f  t e s t  speci-  

mens. Probes were located i n  the a l r  streams approximately a t  the  specimen 

mld-point .  

- I -  
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A i r  f l o w  ra tes  i n  each chamber were measured w i t h  a i r  f l o w  meters located 

approximately a t  the w a l l  geometric center .  Each f l o w  r a t e  meter was mounted 

perpendicu lar  t o  the  a i r  f low.  Data f rom a i r  f l o w  meters were monitored 

p e r i o d i c a l l y  and were no t  p a r t  o f  the  automated data a c q u i s l t l o n  apparatus. 

A i r  f l o w  ra tes  i n  each chamber f o r  a l l  w a l l  t e s t s  were approximately 20 

f t /min.  (0.1 m / s ) ,  

Measurements were monitored w l t h  a p rogramable  d l g l t a l  data a c q u l s l t i o n  

system capable o f  sampling and record ing  up t o  124 independent channels o f  

data i n  l ess  than one minute, The data a c q u l s l t l o n  system i s  i n te r faced  w i t h  

a mlcrocornputer t h a t  I s  programed t o  reduce and s to re  data. 

Thermocouple channels were scanned every two minutes. Average tempera- 

t u r e  and 

The cumu 

SUPP 

supplementary data were obta ined from average readings f a r  one hour. 

a t i v e  watt-hour t ransducer output  was scanned every hour. 

Supplementary Ins t rumenta t ion  

ementary thermocouples were used t o  measure temperatures a t  selected 

l oca t i ons  o f  Walls M9, M I O ,  and C4. 

For the  masonry c a v i t y  wa l ls ,  M9 and M10, 16 thermocouples were placed 

on the  b r i c k  surface fac ing  the  c a v i t y  and 16 were placed on the  b lock sur- 

face fac ing  the  c a v i t y .  These i n t e r n a l  thermocouples were un i fo rmly  d l s t r i b -  

uted over approximately the  same 20-3/5-Sn. (525-m) g r i d  as surface and a i r  

thermocouples. Thermocouples were embedded 1 /4  i n .  ( 6  m) or more i n t o  mor- 

t a r  j o i n t s  o r  taped t o  b r i c k  or block surfaces. Exact thermocouple l o c a t i o n  

and placement technlque a re  g iven i n  the  r e p o r t  f o r  Walls M9 and M10. (5) 

For the  concrete w a l l  w i t h  ou ts ide  I n s u l a t i o n ,  Wall C4, 16 thermocouples 

were embedded approximately a t  mid-thickness o f  t he  concrete. S ix teen addi -  

t i o n a l  thermocouples w e r e  placed between the  concrete and ' Insu lat ion and 8 

thermocouples were  embedded 1/8 i n .  ( 3  m) i n t o  the  indoor  surface o f  the 

i 

I 
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w a l l .  These supplementary thermocouples were un i fo rmly  d i s t r i b u t e d  over 

approximately the  same 20-3/5-in. (525-mn) g r i d  as sur face and a i r  thermo- 

couples. D e t a i l s  of exact thermocouple l o c a t i o n  and placement technique are  

g iven i n  the  r e p o r t  f o r  Wall C4. ( 6 )  

C a l i b r a t i o n  Procedure 

The f o l l o w i n g  i s  a b r i e f  d e s c r i p t i o n  o f  c a l i b r a t i o n  procedures. D e t a i l s  

( 5 , 6 )  a r e  a v a i l a b l e  i n  i n d i v i d u a l  w a l l  repor ts .  

Heat f l o w  through a t e s t  w a l l  i s  determlned from measurements o f  the  

amount of energy i n p u t  t o  t he  indoor  chamber t o  ma in ta in  a constant tempera- 

tu re .  The measured energy i n p u t  must be adjusted f o r  heat losses. F igure 3 

shows sources o f  heat losses and gains by the  Indoor chamber where: 

Q, 

Qc 

Qh 

%an 

Q, 

= heat t r a n s f e r  through t e s t  w a l l  

= heat removed by indoor  chamber coo l i ng  

= heat suppl ied ,by indoor  e l e c t r i c a l  res is tance heaters 

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

= heat loss/gain f rom labora tory  

= heat loss/gain from f l a n k i n g  path around specimen Qf  

Since ne t  energy i n t o  the  c o n t r o l  volume o f  t he  indoor  chamber equals zero, 

heat t r a n s f e r  through the  t e s t  w a l l  can be expressed by the  f o l l o w i n g  energy 

balance equat ion:  

Qw = Qc - Qh - Qfan - Qa - Qf ( 1 )  

The d i r e c t i o n s  o f  arrows i n  F ig .  3 i n d i c a t e  p o s i t i v e  heat f l ow .  

The need f o r  coo l i ng  I n  the  indoor ihamber r e s u l t s  f rom requirements f o r  

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

tures,  coo l i ng  capac i ty  i s  requ i red  t o  ma in ta in  indoor  temperature c o n t r o l .  

Indoor chamber coo l i ng  equipment operates cont inuously  and i s  deslgned 

t o  remove heat a t  a constant  ra te .  Cont ro l  o f  Indoor chamber temperature i s  

construction technology laboratories -9- 
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Fig.  3 Indoor (Metering) Chamber Energy Balance 
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obtained by varying the amount of input heat required to balance the amount 

of heat removed by the refrigeration system, the amount of heat that flows 

through the t e s t  specimen, and the amount o f  heat los t  to 'laboratory space. 

Steady-state calibrated h o t  box tests of two "standard" calibration 

specimens were used to refine calculations of heat removed by indoor chamber 

cooling, Q,, and flanking losses, Qf. The first calibration specimen, 

Wall S1, has a relatively low thermal resistance of 6.8 hr.ft'-OF/Btu (1.2 

rn2.K/W). It conslsts o f  1-3/8-ln, (35-m) thlck fiberglass and was speclally 

fabricated to insure uniformity. 

The second calibration wall, S2, has a relatively hfgh therma-l resistance 

of 16.8 hr*ft2m0F/Btu (3.0 rn2.K/W). Materlal for Wall S2 was selected as 

part of the ASTM Committee C16 Hot Box Round Robin program. It consists of 

expanded polystyrene board that t s  spectally produced and cut to Insure uni- 

formity. Board faces are coated to provide surfaces suitable for attachment 

o f  instrumentation. 

Heat removed by indoor chamber coollng, Qc, was calculated from refrig- 

erant enthalpy and mass flow rate, assuming an ideal basic vapor compressl'on 

refrlgeratlon cycle. Results from steady-state calibrated hot box tests on 

the two "standard" calibration specimens were used to adjust for Inefficien- 

cies in the  actual refrigeration cycle. 

Losses from the indoor chamber to the laboratory, Qk, were calculated 

from thermal properties of component materials making up walls and ceilings 

of  the indoor chamber and temperature conditions on t h e  inner and outer sur- 

faces of the indoor chamber. Heat flow meters mounted on the inside surface 

of the indoor chamber were used to check calculations. Indoor chamber air 

and laboratory air temperatures were generally maintained at the  same nominal 

value, 72°F ( 2 2 O C ) ,  to minimize laboratory losses. Thus, the value o f  Q, is 

small relative to other terms of  the energy balance equation. 

-11- 
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A watt-hour t ransducer was used t o  measure heat suppl ied t o  the  indoor 

chamber by heaters and a fan, Qh + Qfan. 

Heat loss o r  ga in  f rom f l a n k i n g  around the  t e s t  specimen, Q f ,  was 

determined f rom steady-state t e s t s  of the  "standardt1 c a l i b r a t i o n  wa l ls .  

Since thermal conductance o f  each standard c a l i b r a t i o n  w a l l  i s  known, Q, 

for a g iven steady-state t e s t  can be ca l cu la ted  us ing  the  f o l l o w i n g  equation: 

Q, = A * C * ( t 2 - t l )  ( 2 )  

where: 

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

2 2  
Q W 

,+ 
A = area o f  wall sur face normal t o  heat f low,  f t  ( m  ) 

C = average thermal conductance, Btu/hr* f t2*OF ( W/m2*K) 

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

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

Thus, 9, was determined from Eq. (1 )  us ing  ca lcu la ted  values o f  Q,, Qc, and 

Q,, and measured values o f  Qh and Qfan. 

For both  standard c a l i b r a t i o n  wal ls ,  values o f  Qf were observed t o  

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

Q, = 0.802 (t2 - t,) U.S. UnS t s  ( 3 )  

Qf = 0.131 ( t  - tl) ($1 Un i t s )  2 
where: 

Qf  = heat loss or  ga in  f rom f l a n k i n g  around t e s t  speclmen, Btu/hr 

(W.hr/hr) 

t p  = average temperature o f  ou ts ide  w a l l  surface, "F ( " C )  

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

Since Qf I s  the  res idua l  f rom Eq. ( l ) ,  i t  may inc lude o ther  undetermined 

losses f rom the  indoor chamber. 

Heat f lows measured by the  c a l i b r a t e d  ho t  box and l i s t e d  i n  t h l s  manual 

i 

were ca l cu la ted  us ing Eq. (1 )  and the  value o f  Q, found from Eq. ( 3 ) .  1 
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USE OF MANUAL 

I n  the  sec t i on  "Test Data", beglnnlng on page 35 o f  t h i s  manual, r e s u l t s  

f o r  each w a l l  a re  presented I n  tabu la r  fo rm,  i n  f igures ,  and I n  summary 

tab les .  Heat t rans fe r  c h a r a c t e r i s t i c s  o f  d i f f e r e n t  w a l l  assemblies can be 

e a s i l y  compared by us ing  f i g u r e s  and summary tab les  f o r  each w a l l .  Data pre- 

sented I n  numerical form can be used t o  v a l i d a t e  models o r  f u r t h e r  analyze 

r e s u l t s .  

Each t a b l e  o r  f i g u r e  des ignat ion  i n  the  "Test Data" sec t ion  i d e n t i f i e s  

the  w a l l  tes ted  and the  type of data presented. Designat lon formats a re  

x x - Y  ,- 

where 

XX = w a l l  tes ted  

Y = t a b l e  o r  f i g u r e  type as descr ibed I n  Table 3 on the  f o l l o w i n g  page. 

For example, Table M9-4 summarizes steady-state t e s t  r e s u l t s  f o r  Wall M9. 

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

given w a l l  assembly, t h a t  t a b l e  o r  f i g u r e  was omit ted.  However, the number- 

i n g  system app l ied  t o  o ther  tab les  o r  f i g u r e s  f o r  t h a t  w a l l  remains as l i s t e d  

i n  Table 3 .  For example, Table S1-5, Table 51-6, and F i g .  S l - 1  f o r  t r a n s i e n t  

t e s t  data a re  no t  inc luded f o r  Wall S1. 

Data f o r  d i f f e r e n t  w a l l  assemblies a re  e a s i l y  comparable because t a b l e  ' 

formats a re  cons is ten t  throughout the  manual. Table formats were no t  a l t e r e d  

when data were  no t  a v a i l a b l e  o r  headings were  no t  app l i cab le .  In these 

cases, columns and rows were l e f t  blank, no t  de leted.  For example, the  tg 

and t4 columns o f  Table S1-7(a) a re  b lank because i n t e r n a l  w a l l  temperatures 

were n o t  measured f o r  Wall S1. 

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

f o l l o w i n g  paragraphs. 
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TABLE 3 - TABLE AND FIGURE DESCRIPTIONS 

Table o r  
F igure No. 

Table XX-l* 

Table XX-2 

Table XX-3 

Table XX-4 

FSgure XX-1 

Table XX-5 

Table XX-6 

Figure  XX-2 

Table XX-7 

Figures XX-3 
and XX-4 

Tables XX-8 
and XX-9 

Table XX-10 

Table XX-11 

Table X X - 1 2  

~ 

Desc r lp t l on  

Phys lca l  Proper t ies  o f  Wal l  a t  Time o f  Test 

Mat e r  1 a 1 Proper t 1 es 

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

Steady-State Test Resul ts  

Trans ien t  Test Resul ts  

Trans ient  T e s t  Resul ts 

Summary o f  Trans ien t  Test Resul ts 

Dynamic Test Resul ts  (Pe r iod i c )  for N Tes Cycle 

Dynamic Test Resul ts  (Pe r lod i c )  f o r  NBS Tes t  Cycle 

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

Dynamic Test Resul ts  (Pe r iod i c )  f o r  Test Cycles Other 
Than the  NBS Cycle 

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

Summary o f  Dynamic Test Resul ts (Pe r iod i c )  Reduction 
i n  Amplitude 

Summary o f  Dynamic Test Resul ts (Pe r iod i c ) ,  Energy 
Requirements 

* Characters i n  the  "XX" p o s i t j o n  a re  wall designat ions.  
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Descr ip t ion,  Reference, and Wall Composition 

The f i r s t  sheet o f  data f o r  each w a l l  assembly conta ins a b r i e f  w a l l  des- 

c r l p t i o n ,  the  reference repor t ,  and d e t a i l s  of w a l l  composition. Ca l ib ra ted  

h o t  box t e s t  r e s u l t s  f o r  Wal ls M9, H10, and C4 were o r i g i n g l l y  publ ished i n  

the  r e p o r t  l i s t e d  as a reference. Resul ts f o r  Walls S1, S2, and F1 were no t  

p rev ious l y  publ ished. Related papers f o r  these w a l l s  a re  l i s t e d  as 

references. 

I n  the  sec t ion  labeled llComposition,ll an isomet r ic  sketch i l l u s t r a t e s  

w a l l  cons t ruc t ion ,  and ma te r ia l s  used f o r  cons t ruc t ion .  

/ 

Physical  ProDert ies o f  Wall (Table XX-1) 

Table XX-1 i n  the  "Test Data" sec t i on  l i s t s  phys ica l  p roper t i es  o f  the  

t e s t  specimen a t  the  t ime o f  c a l i b r a t e d  ho t  box tes ts .  Measured u n i t  weight 

of t h e  w a l l  I s  l i s t e d  i n  weight per  u n i t  area. Average thickness and w a l l  

area a re  measured dimensions o f  the c a l i b r a t e d  ho t  box t e s t  specimen. 

Measured w a l l  mois ture content  i s  l i s t e d  f o r  masonry and concrete wa l l s .  

Wa 1 

t i o n  on 

a re  ava 

Ma te r ia l  Proper t ies  (Table XX-2) 

s were const ructed us ing  ma te r ia l s  l i s t e d  i n  the llCompositionll sec- 

the  f i r s t  sheet o f  data f o r  each w a l l  assembly. When a d d i t i o n a l  data 

l a b l e  on the p roper t i es  o f  any cons t ruc t i on  mater ia l ,  the a d d i t i o n a l  

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

case where more than one Ma te r ia l  Proper t ies  Table may e x i s t  f o r  a g iven 

w a l l ,  Tables a re  designated XX-2(a), XX-2(b), e t c .  

Design Heat Transmission C o e f f i c i e n t s  (Table X X - 3 )  

Design values o f  t o t a l  res is tance and t ransmi t tance a re  shown i n  Table 

X X - 3  o f  the  sec t ion  f o r  each w a l l  assembly. These were ca lcu la ted  i n  

construction technology laboratories 
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accordance w i t h  procedures es tab l i shed by the  American Society  o f  Heating, 

Ref r igera t ing ,  and A i r -Cond l t ion lng  Engineers. ( 1  1 

Surface res is tances were taken as 0.68 hr.ft2ooF/Btu (0.12 m2*K/W) f o r  

i n s i d e  and 0.17 hr.ft2."f/Btu (0.03 m2.K/W) f o r  outs ide.  These values are  

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

indoor  w a l l  sur face and an a i r  f low of 15 mph ( 2 4  km/hr) on the  outdoor w a l l  

surface. 

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

l i s t i n g s  o f  thermal proper- Handbook - 1981 Fundamentals") o r  o ther  s i m i l a r  

t i e s .  Reslstances used I n  t h i s  t a b l e  were no t  measured. 
/ 

Steady-State Test Resul ts (Table X X - 4 1  

Steady-state t e s t s  were conducted by main ta in ing  fndoor and outdoor cham- 

ber temperatures constant.  Resul ts were ca l cu la ted  from data c o l l e c t e d  when 

specimen temperatures reached e q u i l i b r i u m  and the  r a t e  o f  heat f l o w  through 

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

Table X X - 4  o f  the  "Test Data" sec t i on  summarizes r e s u l t s  o f  steady-state 

t e s t s  f o r  each w a l l  assembly. Resul ts a re  f a r  an average o f  s ix teen consecu- 

t i v e  hours o f  data accumulated a f t e r  steady-state e q u i l l b r l u m  I s  achieved. 

I 

Data a re  recorded and s tored hour l y  as explained i n  the  "Basic Instrumenta- I 

t i on l l  sec t ion ,  
I 
1 The f i r s t  column o f  Table XX-4 l i s t s  the  mean w a l l  temperature, tm, 

dur ing  each s teady-state t e s t .  Mean w a l l  temperature i s  determined from the 

average of t he  indoor  and outdoor w a l l  sur face temperatures. 

The second column shows w a l l  heat f l u x  determined from each steady-state 

c a l i b r a t e d  h o t  box t e s t .  

The t h i r d  and f o u r t h  columns l i s t  t o t a l  thermal res is tance and transmit- 

tance c o e f f i c i e n t s  ca l cu la ted  us ing  measured values of heat f l u x  and the  ( 
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design sur face  res i s tance  c o e f f i c i e n t s  g iven i n  Table X X - 3 .  Design heat 

t ransmiss ion c o e f f i c i e n t s ,  from Table X X - 3 ,  are  shown i n  the  l a s t  row o f  

Table X X - 4  f o r  comparison. 

Outdoor a i r ,  outdoor surface, indoor  a i r ,  and indoor  sur face temperatures 

a r e  average readings of 16 thermocouples placed i n  the  un i fo rm g r i d  descr ibed 

i n  t h e  ttBasic Ins t rumenta t ion"  sec t i on  o f  t h i s  manual. Add i t i ona l  tempera- 

t u r e  readings as descr ibed i n  t h e  "Supplementary Ins t rumenta t ion"  sec t i on  are  

l i s t e d  f o r  Wal ls M9,'M10, and C 4 .  

Average measured r e l a t i v e  humid i t i es  f o r  t he  indoor  and outdoor chambers 

a re  l i s t e d .  R e l a t i v e  humid i ty  w i t h i n  the  two chambers i s  no t  c'ontrolled by 

Const ruc t ion  Technology Labora tor ies '  (CTL's) c a l i b r a t e d  ho t  box. However, 

r e l a t i v e  humid i ty  has been measured f o r  most t e s t s  performed s ince October 

1979. 

Maximum and minimum labo ra to ry  a i r  temperatures obta ined du r ing  each 

s teady-state t e s t  a re  a l s o  l i s t e d  i n  Table XX-4. The labo ra to ry  ac ts  as a 

guard f o r  t h e  indoor  chamber f o r  t e s t s  conducted i n  CTL's c a l i b r a t e d  ho t  box. 

Therefore,  ma in ta in ing  a smal l  temperature d i f f e r e n t l a l  between t h e  labora-  

t o r y  a i r  temperature and t h e  indoor  chamber a i r  temperature minlmlzes heat 

l oss  t o  and f rom t h e  indoor  chamber. For example, t he  s teady-s ta te  t e s t  per-  

formed on Wall S1 a t  a mean w a l l  temperature o f  3 2 O F  ( O O C ) .  had heat ga in  

f rom the  l abo ra to ry  t o  the  indoor  chamber, Q,, equal t o  1.5% o f  the  t o t a l  

heat f l o w  through the  w a l l ,  9,. 

Trans ien t  Test Resul ts ( F i g .  XX-1. Tables X X - 5  and XX-6)  

Time requ i red  f o r  a w a l l  t o  reach a s teady-state c o n d l t i o n  can be de te r -  

mined from t r a n s i e n t  t es ts .  Th is  t ime i s  a f fec ted  by bo th  thermal res is tance 

and heat storage capacf ty  o f  t h e  t e s t  w a l l .  
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Results o f  a t r a n s l e n t  t e s t  a re  determined from data c o l l e c t e d  i n  the  

pe r iod  o f  t ime between two steady-state tes ts .  A f t e r  a w a l l  i s  i n  a steady- 

s t a t e  cond i t ion ,  denoted t ime 0, the  outdoor chamber temperature s e t t i n g  i s  

changed. The t r a n s i e n t  t e s t  cont inues u n t i l  t he  w a l l  reaches an e q u i l i b r l u m  

for the  new outdoor chamber a i r  temperature. The r a t e  o f  heat f l o w  through 

a t e s t  specimen i s  determined from hour l y  averages o f  data. A t r a n s l e n t  t e s t  

was no t  performed on Wall Sl. 

Figure  XX-1  I l l u s t r a t e s  measured temperatures, temperature d i f f e r e n t i a l s ,  

and heat f l u x  through the  w a l l  f o r  a t r a n s i e n t  t e s t .  Tables XX-S(a )  and 
/ 

XX-S(b), respec t ive ly ,  l i s t  measured temperatures and heat f l u x  i n  U.S.  u n i t s  

and SI u n i t s .  Values a r e  shown as a f u n c t i o n  o f  t ime. 

Table 4 i n  t h i s  sec t i on  l i s t s  b r i e f  desc r ip t i ons  o f  symbols used I n  t e s t  

data f i g u r e s  and tab les ,  Symbols are descr ibed more thoroughly  i n  the 

'lDynamic Test sec t i on  o f  t h i s  repo r t ,  

Table XX-6 l S s t s  t ime requ i red  t o  reach 99.5, 95, and 90% o f  the f i n a l  

steady-state heat f l u x  achieved du r ing  a t r a n s i e n t  t e s t  f o r  each w a l l  assem- 

bly. Results show steady-state p r e d i c t i o n s  underestimate the  amount o f  t ime 

requ i red  f o r  massive w a l l s  t o  reach steady-state cond i t ions .  

Dynamic Test Resul ts 

Dynamic t e s t s  a re  a means o f  eva lua t ing  thermal response under c o n t r o l l e d  

cond i t ions  t h a t  s imulate temperature changes a c t u a l l y  encountered Sn b u l l d i n g  

envelopes. 

thermal res 

Dynaml c 

temperature 

determined 

Response o f  w a l l s  t o  temperature changes i s  a f u n c t l o n  o f  both 

stance and heat storage capaci ty .  

t e s t s  were conducted by main ta in ing  c a l i b r a t e d  ho t  box indoor  a i r  

constant w h i l e  outdoor a i r  temperatures were cyc led over a pre- 

temperature versus t ime r e l a t i o n s h i p .  The r a t e  o f  heat f l o w  

I 

! 

through a t e s t  specimen was determined from hour l y  averages o f  data. 
I 
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TABLE 4 - ABBREVIATIONS 

Heat F l u x  

= heat flux measured by heat flow meter mounted on indoor wall 

= heat flux measured by heat flow meter mounted on outdoor wall 

= heat flux predicted from steady-state analysis 

= heat f l u x  measured by calibrated hot box 

surface 

surface 

q s s  

qw 

Basjc Temperatures 

ti 

t, 

tp 

to 

= indoor chamber air temperature 

= wall surface temperature, indoor side 

= wall surface temperature, outdoor side 

= outdoor chamber air temperature 

tm = average o f  wall surface temperatures on Indoor and outdoor sIdes 

SuDplementary Temperatures 

Walls M9 and M10 

t3 

t4 

= block temperature on surface facing cavity 

= brick temperature on surface facing cavity 

Wall C4 

tj 

t4 

t5 

= internal wall temperature at approximate mldthickness of 

= internal wall temperature at interface of concrete and insulation 

= wall surface temperature on indoor s l d e  measured using embedded 

concrete 

thermocouples 

-1 9- 
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One 24-hour ( d i u r n a l )  temperature cyc le ,  denoted the  NBS t e s t  cyc le ,  was 

app l ied  t o  every w a l l  tes ted  i n  the  c a l i b r a t e d  ho t  box. This cyc le  was based 

on a s imulated s o l - a i r *  cyc le  used by the  Nat iona l  Bureau o f  Standards i n  

t h e i r  eva lua t ion  o f  dynamic thermal performance o f  an experimental masonry 

b u i l d i n g .  ( 7 )  It represents a l a r g e  v a r i a t i o n  i n  outdoor temperature over a 

24-hour per iod.  The mean outdoor temperature o f  t he  cyc le  was approximately 

equal t o  the  mean indoor  temperature. The use o f  t h i s  cyc le  permi ts  the com- 

par ison  o f  dynamic t e s t  r e s u l t s  w i t h  those from o ther  w a l l  assemblles. 

Add i t i ona l  s o l - a i r  d i u r n a l  temperature cycles were performed on m o s t  t e s t  

Descr ip t ions  o f  dynamic temperature cyc les and walls.%ested us ing specimens. 

the  cyc les a re  g iven I n  Table 5. Add i t i ona l  i n fo rma t ion  on t e s t  cyc les i s  

a v a i l a b l e  i n  the references g iven i n  Table 5. 

For a l l  t es ts ,  dynamic temperature cyc les were repeated u n t i l  cond i t ions  

o f  e q u i l i b r i u m  were obtained. E q u l l i b r i u m  cond i t ions  were evaluated by con- 

s is tency  o f  app l i ed  temperatures and measured energy response, A f t e r  

e q u i l i b r i u m  cond i t ions  were reached, t e s t s  were genera l l y  cont inued f o r  a 

per iod  o f  t h ree  days. Resul ts i n  tab les  and f i g u r e s  a re  based on average 

readings f o r  th ree  consecut ive 24-hour cyc les,  unless otherwise noted. Each 

t e s t  requ i red  approximately fou r  t o  s i x  days f o r  completion. 

Hour ly Test Data (F igures XX-2 t h r u  XX-4. Tables XX-7 t h r u  X X - 9 1  

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

NBS temperature cyc le  a re  i l l u s t r a t e d  i n  F ig .  XX-2 and l i s t e d  i n  Table XX-7 

of t he  sec t ion  f o r  each w a l l  assembly. 

and XX-9 g i ve  r e s u l t s  f rom o ther  temperature cycles,  when ava i l ab le .  

Figures XX-3  and XX-4  and Tables XX-8 

*So l -a i r  temperature i s  t h a t  temperature o f  outdoor a i r  t ha t ,  i n  the  absence 
o f  a l l  r a d i a t i o n  exchanges, would g l ve  the  same r a t e  o f  heat e n t r y  i n t o  the  
sur face as would e x i s t  w i t h  the  ac tua l  combination o f  i n c i d e n t  so la r  rad ia -  
t i o n  rad ian t  energy exchange, and convect ive heat exchange w i t h  outdoor 
a i r .  ( 1 )  

I 

I 
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TABLE 5 - CALIBRATED HOT BOX DYNAMIC TEMPERATURE CYCLES 

Test Cycle 
Designat ion 

NBS 

Galthersburg 
A p r l l  

Gai thersburg 
May 

Mod i f ied  Phoenix 
August 

NBS+-10 

NBS-10 

Walls Tested 
Using Cycle 

A l l  Walls 

M9,HlO 

M9,MlO 

$1 

$2 , c4 

52, C 4  

Cycle Descr ip t l on  

Used by NBS i n  eva lua t ion  o f  dynamic 
thermal performance o f  an exper imental  
masonry bu i ld ing . (7 )  See t e x t ,  

Derlved from measured sur face temperatures 
of NBS Test B u i l d i n g  No. 6 I n  Gaithersburg, 
Md., du r ing  A p r i l  1982.(5) 

Derived from measured surface temperatures 
o f  NBS Test B u i l d i n g  No. 6 i n  Gaithersburg, 
Nd., du r ing  May 1982.(5) 

S i m i l a r  t o  Phoenix August cyc le (2)  
bu t  w i t h  coo le r  average temperatures. 

S i m i l a r  t o  NBS Cycle, but outdoor temper- 
a tu res  increased by 10°F (6°C). 

S i m i l a r  t o  NBS Cycle, bu t  outdoor temper- 
a tu res  decreased by 10°F (6°C). 

-21 - 
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B r i e f  desc r ip t i ons  o f  symbols used i n  f i g u r e s  and tab les  a re  l i s t e d  i n  

Table 4. Symbols a r e  descr ibed i n  d e t a i l  i n  the  f o l l o w i n g  paragraphs, 

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

r e  spec t 1 ve 1 y . 

Measured Temperatures 

Outdoor a i r  (to), outdoor sur face ( t z ) ,  indoor  a i r  (ti), and indoor  sur- 

face ( tl), temperatures a r e  average readings o f  16 thermocouples placed I n  

the  un i fo rm g r i d  descr ibed i n  the  "Basic Ins t rumenta t ion"  sec t ion  o f  t h i s  

manual. 
,- 

For Walls H9 and M10, two supplementary temperatures a r e  reported. 

I n t e r n a l  b lock  temperatures (t,) a re  average readings o f  16 thermocouples 

placed on t h e  b lock sur face f a c i n g  the  c a v i t y .  I n t e r n a l  b r i c k  temperatures 

(t,) a r e  average readings of 16 thermocouples placed on the  b r i c k  surface 

fac ing  the  c a v i t y .  

For Wal l  C 4 ,  t h ree  supplementary temperatures a re  repor ted.  I n t e r n a l  

temperatures (t,) a re  average readings o f  16 thermocouples ernbedded a t  

approximately the  mid-thickness o f  t he  concrete.  I n t e r n a l  temperatures 

(t,) are  average readings o f  1 6  thermocouples placed a t  t h e  i n t e r f a c e  o f  

concrete and 

readings o f  8 

o f  Wall C4. 

Values o f  

i n s u l a t i o n .  Indoor sur face temperatures (t,) are  average 

thermocouples embedded 1/8 i n .  ( 3  m) i n t o  the  Indoor surface 

measured temperatures a r e  l i s t e d  I n  Tables XX-7 through XX-9 

and i l l u s t r a t e d  i n  the  p o r t t o n  o f  Figs.  XX-2 through XX-4  denoted (a ) .  

Temperature D i f f e r e n t i a l s  

A i r - t o - a i r  (to-ti), surface-to-surface (t2-tl), and su r face - to -a i r  

(to-t2,tl-ti) temperature d i f  Fe ren t ia l s  a t e  i l l u s t r a t e d  i n  the  p o r t i o n  o f  

Figs.  XX-2 through XX-4  denoted (b ) .  

-22- 
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Heat Flux 

Measured and calculated heat flux values are listed i n  Tables XX-7 

through XX-9 and illustrated I n  the portion of Figs. XX-2  through XX-4  

denoted (c). Heat flux i s  posStive when heat flows from the outdoor chamber 

to the indoor chamber. 

Heat flux determlned from calibrated hot box tests I s  denoted qw. 

Heat flux measurements were also determined using 4x4-in. (100x100-m) 

heat flow meters. Measurements from heat flow meters located on Sndoor and 

outdoor wall surfaces were denoted qhfm and qAfm, respectively. Heat flow 

meter data were calibrated using results o f  steady-state calibrated hot box 

tests f o r  the given wall. 

Heat flux predicted by steady-state analysls I s  denoted q,,. Values 

(4) 

were calculated on an hourly basis from wall surface temperatures using the 

following equation: 

qss = (t2-tl)/R 

where: 

= heat flux through test wall predicted by steady-state 9 5  S 

anal ys 1 s , Btu/hr -f t2 ( W/m2) 

R = average measured thermal resistance, hr.ft2."F/Btu (m2*K/W) 

t2 = average temperature o f  outdoor wall surface, O F  ( " C )  

t, = average temperature o f  indoor wall surface, O F  ( " C )  

Wall resistances are derived from steady-state calibrated hot box test 

results. Measured wall resistance i s  equal to the total resistance, RT,  

listed in Table XX-4 for each wall assembly, minus the sum of the design air 

film resistances, 0.85 hr-ft2."F/Btu (0.15 m2*K/W). 

Tables XX-7 through XX-9 also footnote the cal'lbrated hot box indoor and 

outdoor chamber relative humidities, and maximum and minlmum laboratory air 

temperatures measured during tests. 
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Thermal Lag (Table XX-10)  

Thermal lag is a measure of the response o f  both indoor surface tempera- 

tures and heat flow to fluctuations in outdoor air temperature. Lag i s  

related to the ratio of the wall's ability to store energy to its ability to 

conduct energy. 

For each dynamic test cycle, Table X X - 1 0  llsts measured thermal lag 

determined from calibrated hot box test results and heat flow meter readlngs. 

Calibrated hot box thermal lag is quantlfied by two methods. In one measure, 

denoted to v s  t,? lag was calculated as the time requlred for the maximurn 

or minimurn indoor surface temperature to be reached after the maximum or min- 
/ 

imum outdoor air temperature was attalned. In the second measure, denoted 

vs qw, lag was calculated as the time required for the maximum or minimum 

heat flow rate, qw, to be reached after the maximum or minimum heat flow rate 

based on steady-state predictions, qss, was attained. This is illustrated in 

Fig. 4. Both measures glve similar results. The second measure was also 

q s s  

used to determine thermal lag for heat flaw meter data. 

The calculated time constant for each wall assembly is also listed In 

Table X X - 1 0  for each wall assembly. A time constant i s  a theoretical value 

o f  heat flow delay calculated from the conductivity, specific heat, density, 

and thickness for each layer o f  building material in a wall system. 

If the difference in temperature across a wall i s  changed abruptly from 

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

the wall will theoretically equal 63.2% of the next  steady-state equilibrium 
heat flow after a time period equal to the time constant. (8) 

The following equation was used to calculate tjme constants. . (8 )  

I 

! 

t 

i 
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where: 

= c h a r a c t e r i s t i c  t lme constant  o f  b u i l d i n g  component, h r  (s) 
t C  

= ( a  /a ) l / * ,  convers lon constant  a d j u s t i n g  th ickness o f  l a y e r  t o  make gn n k  
m a t e r i a l  un i fo rm throughout w a l l  

2 2 = r,.,cndn, r e c i p r o c a l  o f  d i f f u s l v l t y  o f  n - th  layer ,  h r / f t  ( s / m  ) 'n 

ak = an a t  l a y e r  k chosen f o r  no rma l l za t l on  

'n = r e s i s t l v l t y  of n-th l aye r ,  o r  r e c i p r o c a l  o f  c o n d u c t l v l t y  o f  n - th  

l aye r ,  h r * f t * * F / B t u  (m=K/W) 

= s p e c l f l c  heat  o f  n - th  l aye r ,  B tu / lb="F  (J/kg*K) 'n 
3 3 / 

dn = d e n s i t y  o f  n - th  l aye r ,  l b / f t  (kg/m ) 

Xn = th ickness o f  n - t h  l aye r ,  f t  (m) 

When ava i l ab le ,  measured thermal p r o p e r t i e s  l i s t e d  i n  Table XX-2 i n  the  

sec t l on  f o r  each w a l l  assembly were used t o  c a l c u l a t e  t lme  constants.  Prop- 

e r t l e s  f rom the  ASHRAE Handbook - 1981 Fundamentals ( ' )  were used when 

measured values were n o t  a v a i l a b l e .  

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

s tan ts  a re  a v a l l a b l e  I n  Reference 0 .  

Reductlon Sn Amplitude (Table XX-11) 

Table XX-11 I n  the  "Test Data" sec t i on  l i s t s  reduc t l on  I n  ampl i tude 

values f o r  each dynamlc temperature c y c l e  f o r  each w a l l  assembly. Percent 

reduc t i on  I n  ampl l tude I s  def ined as the  percent  reduc t i on  I n  peak heat f l o w  

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

f o r  percent  reduc t i on  I n  ampl i tude were ca l cu la ted  us ing  the  f o l l o w i n g  

equat ion : 

I 
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where: 

A = percent reduction In amplitude 

Q' 

q = mean measured heat flux through wall 

= maximum or minimum measured heat flux through wall 
* 

= maximum or minimum heat flux through wall predicted by q; S 

9s s 

s teady-state analysis 
- 

= mean heat flux through wall predicted by steady-state 

analysis 

Reduction in amplitude 1s Illustrated in F i g .  4 o f  this section. Reductjon 

in amplitude values are listed for measurements determined by thk calibrated 

hot box, qw, and by a heat f l o w  meter mounted on the indoor surface, qhfm, 

Amplitudes for heat flow meter data,  qhfm, are generally not the same 

as those for calibrated h o t  box data, qw. Heat flow meter measurements are 

affected by discontinuities in contact between the heat f l u x  transducer and 

wall surface, Heat flux amplitudes also differ because o f  the physical pres- 

ence o f  the instrument mounted on a wall. A wall's thermal properties are 

altered at the location o f  a heat flow meter. In addition, heat flow meter 

calibration uslng steady-state results does not correct for dynamlc effects 

of the instrument location. 

Actual maximum heat flow through a wall is important in de 

peak energy load for a building envelope. If peak heat flows 

peak energy demands will decrease, Storage capacity as we1 

transmittance of each wall i n  a building envelope Influences 

requirements. 

erminlng the 

are reduced, 

as thermal 

peak energy 

Energy Requirements (Table XX-12) 

Results o f  dynamic tests were also compared using measures of energy 

expended in maintaining constant indoor temperature while outdoor tempera- 
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t u res  were var ied .  Energy expended i s  a measure o f  heat flow through t h e  

t e s t  w a l l .  

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

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

Resul ts  a re  for d l u r n a l  t e s t  cyc les  and should n o t  be a r b i t r a r l l y  assumed t o  

represent  annual hea t ing  and c o o l i n g  loads. I n  add i t i on ,  r e s u l t s  a re  for  

i n d i v i d u a l  opaque w a l l  assemblies. As  such, they a re  rep resen ta t i ve  of on ly  

one component o f  t h e  b u i l d l n g  envelope. 

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

through t e s t  wa l l s ,  du r ing  dynamic cyc les.  These a re  I l l u s t r a t e i  i n  F ig .  5. 

The curve marked ''qw'' i s  heat  f l u x  through the  t e s t  w a l l  measured by the  

c a l i b r a t e d  hot box. 

Areas enclosed by a measured heat f l u x  curve and the  h o r i z o n t a l  a x i s  were 

used t o  p rov ide  an i n d i c a t i o n  o f  t o t a l  energy expended. These areas a re  

denoted as q;+ and q i -  i n  F i g .  5. The sum of t h e  abso lu te  values o f  p o s i t l v e  

and negat ive  areas i s  taken t o  represent  t o t a l  energy over a 24-hr per iod .  

This va lue i s  denoted as a q i  i n  Table X X - 1 2  for each w a l l  assembly. 

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

f o r  measured heat f l o w  meter da ta  and p r e d i c t i o n s  based on steady-state 

ana lys i s .  These a r e  a l s o  denoted by the  supersc r ip t  "T "  i n  Table X X - 1 2  f o r  

each w a l l  assembly. 

"To ta l  Energy Comparisons" l i s t  measured energy c a l c u l a t i o n s  as a per-  

centage o f  p red ic ted  energy based on s teady-state ana lys is .  

Net energy f o r  a 24-hr p e r i o d i c  c y c l e  i s  equal t o  the  sum o f  hou r l y  meas- 

ured ra tes  o f  heat f l ow .  "q"  

from columns o f  Tables X X - 7  through X X - 9 .  Net energy values are  denoted by 

the  supersc r ip t  'IN1' i n  Table XX-12. 

These values can be found by t o t a l i n g  values o f  
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"Net Energy Comparisons@' l i s t  measured energy c a l c u l a t i o n s  as a percent-  

age o f  p red ic ted  energy based on s teady-state ana lys is .  Measured c a l i b r a t e d  

h o t  box n e t  energy t h e o r e t i c a l l y  should be equal t o  ne t  energy based on 

s teady-state p red ic t i ons .  Di f ferences between ne t  energy measured us lng  the 

c a l i b r a t e d  h o t  box and ne t  energy based on steady-state p red ic t i ons  may be 

a t t r i b u t e d  t o  inaccurac ies i n  c a l f b r a t l o n  procedures. These procedures a re  

descr ibed i n  the  " C a l i b r a t i o n  Procedures" sec t i on  o f  t he  manual. 

When the  f i r s t  se t  of c a l i b r a t e d  h o t  box t e s t s  were performed i n  1978, 

CTL maintained the  on ly  ho t  box i n  Nor th  America wi th the  c a p a b l l i t y  t o  per-  

form t e s t s  under dynamic temperature cond i t ions .  Since procedures f o r  reduc- 
/ 

i n g  data f rom dynamic c a l i b r a t e d  ho t  boxes w i t h  indoor  chamber coo l i ng  have 

no t  been de f ined i n  i n d u s t r y  standards, CTL has c o n t i n u a l l y  r e f i n e d  ana lys is  

procedures and added equipment t o  increase accuracy o f  t e s t  r e s u l t s .  

Tests Performed on Wal l  Assemblies 

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

b l y  a re  l i s t e d  f n  Table 6. A t r a n s i e n t  t e s t  was n o t  performed on Wall S1. 

SUMMARY 

This manual sumar i zes  r e s u l t s  o f  two reference "standard" wa l ls ,  t w o  

masonry c a v i t y  wa l l s ,  a concrete w a l l  w i t h  insulatq-on board, and a wood frame 

w a l l  tes ted  I n  C T L ' s  c a l i b r a t e d  ho t  box. A d e s c r i p t i o n  o f  w a l l  geometry and 

ma te r ia l  p roper t i es  i s  g iven f o r  each specimen. The manual presents steady- 

s ta te ,  t r a n s i e n t ,  and dynamic ( p e r i o d i c )  t e s t  r e s u l t s  i n  tabu la r  form, I n  

f l gu res ,  and i n  summary tab les .  Heat t r a n s f e r  c h a r a c t e r i s t i c s  o f  d i f f e r e n t  

w a l l  assemblies can be compared by us ing  f i g u r e s  and summary tab les  f o r  each 

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

f u r t h e r  analyze r e s u l t s .  

i 
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Wall 
Des i g- 
n a t l  on 

S1 

52 

M9 

HlO 

c4 

F1 

TABLE 6 - STEADY-STATE, TRANSIENT, AND DYNAMIC TESTS PERFORMED ON EACH WALL ASSEMBLY 

Wall Desc r ip t i on  

7-3/8-in. (35-m) Fiberg lass  Board 
I n s u l a t i o n  

4-In. (100-mm) Polystyrene 
Bead board 

12- in.  (300-mm) Block-Brick 
Cavl t y  Ma1 1 

12- in.  (300-m) Block-Br ick 
Cav i ty  M a l l  With I n s u l a t i o n  
i n  Cavi t y  

8-111. (200-mm) Normal Hefght 
Concrete Wi th I n s u l a t i o n  on 
Outside Surface 

2x4- in.  (50x100-mm) Wood Frame W l t h  
R-13 Fiberg lass Insu la t fon ,  R-5 Board 
Insu la t i on ,  and Aluminum S ld ing  

Steady-State 

Wall Mean 
Temperature 

"F ( " C )  

32 (0) 
703 (40) 

37 ( 3 )  
* 53 ( 1 2 )  

32 (0) 

107 ( 3 8 )  

100 (38)  

32 ( 0)  
100 (38) 

32 (0 )  
101 (38) 

30 ( - 1 )  
107 (39) 

Trans 1 ent  

Temperature , 
O F  ( " C )  

@ Test 
S t a r t  

-- 

88 (31) 

72 (22)  

73 (23) 

72 ( 2 2 )  

73 (23) 

@ Test 
End 

Dynamic 

Test 
Cycle 

Des l gnat1 on 

NBS 
Mod. Phoentx 

August 

N BS 
NBSt.10 
NBS-10 

NBS 
Gaith. Ap r i l  
Gaith. May 

NBS 
Gaith. Apr i l  
Gaith. May 

NBS 
NBS+10 
NBS-10 

MBS 



Laboratory r e s u l t s  o f  b u i l d i n g  envelope components tes ted  under steady-, 

s t a t e  and dynamic cond i t ions  can be used t o  develop methods o f  accura te ly  

p r e d i c t i n g  losses and gains through the  b u i l d i n g  envelope. Pub l jsh ing  t e s t  

data i n  a cons ls ten t  format w i l l  a i d  researchers developing dynamic ana lys is  

a lgor i thms.  Accurate ly  p r e d i c t i n g  energy consumption w i l l  a l l o w  a r c h i t e c t s  

and engineers t o  s i z e  HVAC equipment o p t i m a l l y  and se lec t  a l t e r n a t i v e  w a l l  

systems on the  bas is  o f  ac tua l  r a t h e r  than s teady-state performance. 

Conclusions concerning s torage capac i t j es  o f  masonry and concrete w a l l  

assemblies a r e  jnc luded i n  referenced repor ts .  
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WALL $1: 1-3/8-in. (35 -m)  FIBERGLASS BOARD INSULATION 

~ 1.07 

, 1.46 
~ (37.1) 

73.21 
(6.80) 

( 5 , 2 2 )  

DESCRIPTION: 1-3/8-in. (35-mm) fiberglass board tnsulation with foil facing. 

REFERENCE: Larson, S. C., and Van Geem, M. G., "Heat Transfer Characteris- 
t i c s  o f  Walls with Similar Thermal Resistance Values," Construe- 

' tion Technology Laboratories, a Division of the Portland Cement 
Association, Skokie, 1985, - pages. 
Fiorato, A. E . ,  "Laboratory Tests of Thermal Performance of 
Exterior Wal Is, I' Proceedings of the ASHRAE/DOE-ORNL Conference 
on Thermal Performance o f  the Exterior Envelopes of Buildtngs, 
Orlando, Florida, Dec. 1979, ASHRAE SP28, Atlanta, 1981 , 
pp. 221-236. 

COMPOSITION: 
1. 1-3/8-1n. (35-m) Fiberglass Board"Insulat1on 

TABLE $1-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST* 

I I 
Measured 
Value I Property I 

Uni t weight, psf (kg/rn2) 

Average Thickness, i n .  (mn) 

Area, f t 2  (m2) 

. ... - 

*Wall was tested September through October 
1981. Properties were measured January 1985. 
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TABLE S1-2 - MTERIAL PROPERTIES, FIBERGLASS 

Property 

Thickness*, i n .  (m) 

Un i t  Weight*, pcf (kg/m3) 

Th e m a l  Co nducti  v i ty* , 8 tu* i n. /h r ft2 "F 
(W/m*K)  

Test Method 

ASTM C518 

I 
u 
5* *Properties determined by Owens-Corni ng F i  berg1 as Corporat i  on. 

Specimen 
Condi t ion 

-- 

a i r  dry 

Temperature, 
"F 

Measured 
Val ue 

1-40 
(35.6) 

8.42 
( 1 3 5 )  

0.243 
( 0 0350 1 



TABLE 51-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

1.  Outside Air F i l m  

2. 1-3/8-ln.  (35-mn) Flberglass 
Board I n s u l a t i o n  

3. Ins ide  Air F i l m  

T o t a l  R 

Tota l  U** 

R, 
Thermal Reslstance 

h r f t2 "F/Btu 
(m2=K/W) 

0.17" 
(0.03) 

5.50" 
(0 .97)  ,' 

0.68* 
(0.12) 

6.35 
(1 - 1 2 )  

0.16 
(0.89)  

"Source: ASHRAE Handbook-1981 Fundamentals, American Society o f  
Heat1 ng , Ref r l g e r a t l  ng , and A1 r-Condi ti on! ng Engi neer s , 
I n c . ,  A t lan ta ,  1981, Chapter 23. 

**Units for  thermal transrnlttance a r e  Btu/hr.ft2mbF (W/m2mK) 
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TABLE S1-4 - STEADY-STAT€ TEST ESULTS 

tl 
Indoor 
Surface 

67 
(19) 

76 
(24) 
- 

- I 
P 
0 
I 

1 I 

Indoor Outdoor Max. 
Cfrder, Chamber, O F  

'z 'L ( OC) 

70 ~ 48 22 74 
(21) (231 

72 49 26 69 
(221 (211 

t i  
Indoor 
A i r  

- - - - 

- - - - 

Naninal Test 
Condition 

9.7 
(30.6) 

- 

$,, = 103OF 
t40°C) 

6.50 
(1.141 

6.61 
(1.161 

Design values 
(Predicted)+ 

Design values 
(ASHWE) ++ 

-- 

(1.25) 
-11.1 

(-35.1) 

L (1.12) 

Btu/hr. ft2-OF 
2 

(W/m * K1 

0.14 
(0.801 

0. IS 
(0.87) 

0.15 
(0.86) 

0.16 
(0.891 

Outdoor 
Air 

Heasured Tenperatures , I 1 Laboratory 

t2 
Outdoor 
Surface 

O F  
("C) 

xTotal thermal resistance, R 

+Calculated from properties measured by Wns-Corning Fiberglass Corporation and listed i n  Table S1-2. 

and transmittance, U, for steady-state tests were calculated using the design surface resistance 
coefficients from Table S1-3'and measured values of heat flux. 

*Internal thermocouples yere not used on this wall asrely. 

Table 51-3. 



1 

7 30 
NBS 

Temp., 
O F  

- -30 

90 

60 

30 

25 

Tern p., 
OC 

0 

"0 8 I6 24 

Time, hour 

( a )  Measured Temperatures 
1 

F i g .  S1-2  Wall S1 Dynamic T e s t  Results for NBS Test  Cycle 
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I 

2c 

IC  

Heat F lux ,  

hr . f t2  
Btu 0 

- I0 

- 20 

. Wal l  
NBS 

SI 

t 
\ 

8 16 

Time, hour 

( c )  Heat Flux 

80 

40 

Heat Flux, 
0 - W 

m2 

-40 

24 

Fig. S1-2 Wall S1 Dynamic T e s t  Results f o r  NBS Test  Cycle 
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- 

Tim, 
hr 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Hean 

Measured Tenperatures, Measured Heat F1 ux, 
O F  

Outdoor 
Air 

42.2 
40.4 
39.3 
39.2 
39.5 
49.6 
64.5 
13.9 
81.6 
90.0 
94.0 
96.1 
103.5 
107.9 
104.2 
97.5 
88.2 
74.2 
62.9 
57.1 
55.4 
55.3 
48.7 
43.2 

2 I Btu/hr-ft 

Outdoor 
Surf. 

45.3 
43.7 
42.6 
42.4 
42.7 
51.0 
64.9 
73.8 
81.1 
88.9 
93.0 
95.4 
101.5 
106.1 
103.2 
%.9 
88.5 
75.0 
64.9 
59.2 
57.3 
51.3 
51.8 
46.4 

b I t2 

-4.00 
4.28 
-4.48 
-4.46 
-4.47 
-3.79 
-1.57 
-0.01 
1.16 
2.44 
3.26 
3.64 
4.46 
5.41 
5.23 
4.32 
3.09 
1.31 
-0.67 
-1.74 
-2.20 
-2.28 
-2.71 
-3.74 

-4.33 
4 . 6 6  
4.60' 
4 . 5 1  
-4.32 
4.71 
1.44 
2.08 
2.91 
4.19 
3.86 
4.43 
6.35 
6.07 
3.83 
2.38 
0.33 

. -2.63 
-3.15 
-3.08 
-2.58 
-2.40 
4.82 
-4.52 

68.7 I 69.7 71.3 

f 
Inter- 
nal 

71.1 -0.37 -0.25 4.35 

f 
Inter- 
nal 

I I L 

Indoor Indoor Calib. Indoor Outdoot 
Surf. I Air 1 Hot Box 1 Surf. I Surf. 

69.6 
69.5 
69.5 
69.5 
69.4 
69.8 
70.8 
71.4 
71.9 
72.4 
12.0 
73.0 
73.4 
73.7 
73.7 
73.2 
72.7 
71.9 
71.0 
70.6 
70.4 
70.4 
70.2 
69.6 

70.7 
70.8 
70.8 
70.7 
70.1 
70.8 
71 .O 
71.1 
71.2 
71.3 
71.4 
71.5 
71.5 
71.5 
71.6 
71.5 
71.5 
71.3 
71.1 
71 .O 
70.9 
71.0 
70.9 
70.7 

-3.84 
-4.30 
-4.51 
4.71 
-4.30 
-4.14 
-2.31 
-0.50 
0.61 
2.02 
2.52 
3.09 
4.23 
4.76 
5.29 
4.35 
3.35 
1.65 
-0.10 
-1.53 
-1.93 
-2.22 
-2.67 
-3.63 

*Internal thermocouples were not used on this wall assmbly. 
Calibrated Hot Box Relative Hunidity: 
Indoor Chamber - 445 
Outdoor Chanbr - 202 

Max. - 74OF ( 2 3 v  
Hin. - 70°F (21°C) 

Laboratory Air T rature: 

calculated 
Heat Flux, 

2 Btu/hr* ft 

qss 

State 
Steady- 

-4.03 
4.28 
-4.47 
-4.50 
-4.43 
-3.14 
-1 .oo 
0.41 
1.57 
2.84 
3.41 
3.85 
4.86 
5.64 
5-10 
4.10 
2.72 
0.66 
-1.03 
-1.92 
-2.20 
-2.20 
-3.07 
-3.85 

-0.20 
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- 

Tim, 
h r  

-11.94 
-4.94 
-0.02 
3.67 
7 .68  

10.29 
11.47 

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 

-2.24 
4.54 
6.56 
9.11 

13.21 
12.18 
13.98 

TABLE S1-7(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS 
I 1 

13.62 
9.75 
4.12 

-2.13 
-5.48 
4 . 9 5  
-7.20 
-8.55 

-1 1.80 

Measured Tenperatures, 
*C 

7.51 
1.03 
-8.30 
-9.94 
-9.70 
-8.14 
-7.59 

-15.22 
-14.27 

Calculated 
Masured Heat Flux, 1 Heat Flux, 

2 Wm 

t0 

Outdoor 
A i r  

5.6 
4.7 
4.1 
4.0 
4.2 
9.8 

18.1 
23.3 
27.6 
32.2 
34.5 
35.9 
39.7 
42.1 
40.1 
36.4 
31.2 
23.4 
17.2 
13.9 
13.0 
13.0 
9.3 
6.2 

20.4 

Outdoor Inter- 
Surf. nal I 

~~ 

1.3 
6.4 
5.9 
5.8 
6.1 

11.8 
19.1 
23.9 
27.8 
31.6 
33.9 
35.2 
38.6 
41.2 
39.6 
36.1 
31.4 
24.3 
18.3 
15.1 
14.1 
14.1 
11.0 
8.0 

21.0 

G 
Inter- 
nal 

Indoor 
Surf. - 

20.9 
20.8 
20.8 
20.8 
20.8 
21 .o 
21.6 
21.9 
22.2 
22.5 
22.7 
22.8 
23.0 
23.2 
23.2 
22.9 
22.6 
22.2 
21.7 
21.4 
21.3 
21.3 
21.2 
20.9 

21.5 
21.7 
21.7 
21.8 
21.8 
21.9 
21-9 
21.9 
22.0 
22.0 
22.0 
21 -9  
21.8 
21.7 
21.7 
21.6 
21.7 
21.6 
21.5 

-13.06 
-7.21 
-1.57 

1.92 
6.38 
7.94 
9.76 

13.34 
15.02 
16.69 
13.73 
10.58 
5.21 
4-30 
-4.81 
4 . 0 8  
-7 .00  
-8.43 

-11.46 

*Internal t h e m w p l e s  were not used on t h i s  wall asserrbly. 

I '  I 
qhfm I qhfm I qss 
HFH @ HFH @ 

14.07 20.02 
17.06 19.14 
16.51 1 12.09 I 

-12.71 
-13.50 
-14.10 
-14.20 
-13.97 
-9.91 
-3.15 

1.29 
4.95 
8.96 

10.95 
12.15 
15.33 
17.79 
16.09 
12.93 
8.58 
2.08 

-3.25 
-6.06 
6 . 9 4  
6 . 9 4  
-9.68 

-12.15 

I 
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O F  

1” ‘ 

OC 

3 0 1  

I I 1 
8 16 24 

Time, hour 

( a )  Measured Temperatures 

Wail SI 
Mod i f  ied 1 30 
Phoenix 

Time, hour 

( b )  Temperature Differentials 
Fig.  S1-3 Wall S1 Dynamic Test Resul ts  f o r  Modified Phoenix 

August Test Cycle 
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20 

I0 

Heat Flux, 

h r . f t 2  
Btu C 

-10 

Wal l  SI 
Modified 
Phoenix 
August 

- 20 
0 

BO 

/ 

40 

Heat Flux, 
3 -  W 

m2 

‘40 

0 16 

Time, h o u r  

( c )  Heat F lux  

24 

Fig. 51-3 Wall S1 Dynamic Test Resul ts  fo r  Modif ied Phoenix 
August Test  Cycle 
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TABLE S1-8(a) - DYNAMIC TEST RESULTS (PERIODIC), MODIFIED PHOENIX AUGUST 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  

Outdoor 
A 5 r  

74.3 
72.9 
71.1 
69.8 
68.2 
67.8 
73.2 
83.2 
91.7 
96.3 
99.3 

102 .o 
104.0 
106.0 
108.5 
111.3 
110.8 
103.5 
93.8 

80.0 
77.8 
76.6 
75.7 

86.3 

87.7 

Measured Temperatures, 

OF 

t 2  

Outdoor 
surf .  

74.9 
73.5 
71.9 
70.7 
69.2 
68.7 
73.3 
82.4 
90.5 
95.0 
97.9 

100.4 
102.4 
104.3 
106.6 
109.3 
109.2 
102.7 
93.6 

80.4 
78.2 
77.1 
76.2 

86.5 

87.3 

** 
t 3  

I n t e r -  
n a l  

- 

- 
** 

t 4  

I n t e r -  
n a l  

t 1 
Indoor 
s u r f  I 

71.2 
71 .O 
71.0 
70.9 
70.8 
70.8 
71.0 
71.5 
72.2 
72.5 
72.7 
72.9 
73.0 
73.2 
73.4 
73.6 
73.7 
73.3 
72.7 
72.2 
71.8 
71.5 
71.5 
71.4 

72.1 

t i  

Indoor 
A i r  

70.7 
70.6 
70.6 
70.6 
70.6 
70.6 
70.6 
70.7 
70.9 
71 .O 
71.0 
71 .O 
71.1 
71.1 
71.2 
71.3 
71.3 
71.2 
71.1 
71 .O 
70.9 
70.9 
70.9 
70.8 

70.9 

Measured Heat Flux, 
2 

B t u / h r * f t  

qW 

C a l i  b. 
Hot Box 

0.99 
0.83 
0.38 

-0.10 
-0.16 
-0.16 

0.08 
1.05 
2.12 
3.56 
3.91 
4.15 
4.93 
4.87 
5.48 
6.01 
6.05 
5.61 
4.24 
3.17 
2.14 
1.52 
1.25 
1.10 

2.63 

qhfm 
HFM @ 

Indoor 
s u r f  

0.64 
0.45 
0.18 

-0.05 
-0.25 
-0.44 
0.01 
1.33 
2.67 
3.57 
4.09 
4.49 
4.86 
5.16 
5.50 
5.99 
6.15 
5.40 
3.93 
2.71 
1.66 
1.15 
0.91 
0.79 

2.54 

I 

qhfm 
HFM @ 

Outdoor 
surf. 

0.13 
-0.04 
-0.36 
-0.46 
-0.74, 
-0.45 

1.56 
3.76 
4.56 
4.55 
4.81 
5.12 
5.35 
5.69 
6.23 
6.75 
5.67' 
2.97 
1.38 
0.68 
0.13 
0.58 
0.52 
0.41 

2.45 

:alculated 
teat Flux, 

2 I t u / h r * f  t 

qss 
Steady- 
S ta te  

0.63 
0.43 
0.15 

-0.03 
-0.27 
-0.35 

0.39 
1.86 
3.15 
3.87 
4.36 
4.76 
5.09 
5.41 
5.78 
6.21 
6.18 
5.09 
3.59 
2.45 
1.47 
1.14 
0.95 
0.82 

2.63 

*Average indoor and outdoor a i r  temperatures approximately 7OF (4OC) less  than f o r  Phoenix 

'One day o f  data, no t  average o f  t h ree  days. 

Indoor Chamber - 41% 
Outdoor Chamber - 20% 

Max. - 74OF [23OCp 
Mln. - 70°F 21OC 

August Test Cycle. 
* * In te rna l  thermocouples were not used on t h i s  w a l l  assembly. 

Ca l ib ra ted  Hot Box Re la t i ve  Humidity: 

Laboratory A i r  Tem erature: 

-47- 
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TABLE S1-8(b) - DYNAMIC TEST RESULTS (PERIODIC), WDIFTED PHOENIX AUGUST TEST CYCLE,* SI UNITS 

i - 

Tim, 
hr 

Plculated 
leat Flux, 

W/m 
2 

Pleasured Temperatures, 

*C 

Measured Heat Flux, i 
2 

W/m 

I 

qhfm 
HFM @ 

Outdoor 
Surf. 

~ ~~ 

95s 
Steady- 
State 

tT 
Inter- 
nal 

qhfm 
HFM @ 
Indoor 
Surf. 

2.01 
1.41 
0.51 
-0.16 
4.19 
-1 .?a 
0.03 
4.19 
8.43 
11.26 
12.90 
14.16 
15.35 
16.27 
17.36 
18.91 
19.41 
17.03 
12.40 
8.55 
5.24 
3.63 
2.88 
2.49 

t0 

Outdoor 
Air 

t2 
Outdoor 
Surf. 

t 1 
Indoor 
Surf. - 
21.8 
21.7 
21.6 
21.6 
21.6 
21.5 
21.6 
21.9 
22.3 
22.5 
22.6 
22.7 
22.8 
22.9 
23.0 
23.1 
23.2 
23.0 
22.6 
22.3 
22.1 
22.0 
21.9 
21.9 

9w 
Cal ib. 
Hot Box 

ti 
Indoor 
Air 

21.5 
21.4 
21.4 
21.5 
21.5 
21.5 
21.5 
21 .s 
21.6 
21.6 
21.7 
21.7 
21.7 
21.7 
21 -8 
21.8 
21.8 
21.8 
21.7 
21.7 
21.6 
21.6 
21.6 
21.6 

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 

23.5 
22.1 
21.1 
21 .o 
20.1 
19.9 
22.9 
28.5 
33.2 
35.7 
37.4 
38.9 
40.0 
41.1 
42.5 
44.1 
43.8 
39.7 
34.3 
30.2 
26.6 
25.5 
24.8 
24.3 

23.8 
23.1 
22.2 
21.5 
20.1 
20.4 
22.9 
28.0 
32.5 
35.0 
36.6 
38.0 
39.1 
40.2 
41.5 
42.9 
42.9 
39.3 
34.2 
30.3 
26.9 
25.1 
25.0 
24.5 

3.13 
2.63 
1.20 
-0.30 
4.49 
4.52 
0.26 
3.30 
6.70 
11.25 
12.32 
13.09 
15.56 
15.36 
17.28 
18.96 
19.08 
17.10 
13.31 
10.01 
6.74 
4.79 
3.% 
3.47 

0.40 
-0.13 
-1 * 12 
-1.45 
-2.34 -' 
-1.40 
4.91 

11 -87 
14.39 
14.35 
15.17 
16.17 
16.89 
17.96 
19.66 
21 -29 
17.88+ 
9.37 
4.34 
2.15 
0.40 
1.81 
1.64 
1.30 

1.99 
1.36 
0.47 
4.09 
-0.85 
-1 * 10 
1.23 
5.81 
9.94 
12.21 
13.75 
15.02 
16.06 
17.07 
18.23 
19.59 
19.50 
16.06 
11.32 
7.13 
4.64 
3.60 
3.00 
2.59 

30.9 30.1 22.3 21.6 8.29 7.73 8.30 8.01 

*Average indoor and outdoor a i r  temperatures approximately 7OF (4OC) less than for Phoenix 
August fes t Cyc 1 e . 

+One day of data, not average of three days. 
*Internal themcwples were not used on this wall asset'hly. 
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TABLE 51-10 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), THEWL LAG 

Thermal Lag, hrs 

Measured 

Ca l i b ra ted  Hot Box 

qss v s  qw 

Heat Flow Meter 

‘ss v s  ‘hfm 
. Avg. Avg . 

t vs t 0 1  

@ Max. 0 Min. @ Max. @ Min. @ Max. @ Mln. 

0 1 1 0 0.5 0 0 0  

1 0 0 0 0.5 0.5 0 0.5 

Test 
cyc 1 e 

N BS 
Mod i f i ed 
Phoenix 
August 

Calc. 
Time 

Constant, 
h rs  

0.13 

0.13 

Test  
Cycle 

NBS 

Mod i f ied  
Phoenix 
August 

*Calculated from proper t i es  measured by Owens-Corning F iberg las  Corporat ion ahd 
l i s t e d  I n  Table S1-2. 

Measured, % 

Ca l ib ra ted  Hot Box Heat Flow Meter 

1 Max. @ Min. Avg. 0 Max. @ Min. Avg. 

3 -1 1 3 2 3 

4 6 5  -1 0 0 

TABLE S1-11 - SUMMARY OF DYNAMIC TEST RESULTS ( P E R I O D I C ) ,  
REDUCTION I N  AWLITUDE 
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Test 
Cycl e 

T 

Cal cul ated 

9,s 

NBS 

Modi f i ed 
Phoenix 
August 

T Measured Calculated 
Qhfm . 

7 - 7  N N N 
-4 

qss 9s s 9 W  qhfm 9,s 

rABtE S1-'I 2 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREWTS 

75.3 
(237.71 

64.4 
(203.3) 

Tota l  Energy, 
B t u / f t 2  (W*hr/m2) 

96 99 -8.8 -6.1 -4.9 
(-27.8) (-19.2) (-15.5) 

99 97 63.0 60.9 63.1 
(198.8) (192.1 ) (199.1 ) 

Total  
Energy 

Compari SORS, 
% 

Net Energy, 
B t u /  f t2 1 W h r/m2 1 

72.6 
(228.9 1 

63.9 
(201.5) 

! T  
qhfm 

74.7 
(235.7 1 

62.4 
( 1  96.81 

t I I 1 I 

Net Energy 
Comparisons, 

I 



WALL S2: 4-in. (100-mn) POLYSTYRENE BEADBOARD 

DESCRIPTION: Expanded polystyrene beadboard w a l l  w i t h  carpet adhesive 
appl led t o  each face. 

REFERENCES: Bales, E.L., "Plan f o r  a Round Robln o f  Hot Boxes," NBSIR 
81-2443, Nat ional  Bureau of Standards, Washlngton, DC, 
1982, 35 pages. 

Orlandl, R. and others. "Hot Box Round Robin P a r t i c i p a n t ' s  
Hanual,' W. R. Grace, Cambridge, HA, 1983, 10 pages. 

COMPOSITION: 
1. 4-ln. (100-"I) Expanded Polystyrene Beadboard 

2. Carpet Adhesive (each face), palnted d u l l  
,, 

ye1 low 

3 .  V e t t l c a l  J o l n t s  ( 2  t o t a l )  containing 3M 
Scotch-Grip Hastic Adheslve No. 4289 -3 

TABLE S2-1 - PHYSICAL PROPERTIES OF WALL AT TIME OF TEST 

Property 

Unl t Welght, psf  ( kg/m2) 

Average Thlckness, in. ("I) 

Area, f t 2  (m2) 

Wea s w e d  
Value 

0.55 
(2.70) 

3.97 
(101 1 

73.67 
(6.84) 

conrtructlon technology laboratories -51- 



TABLE S2-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

3. InsSde Air F i l m  I 

R ,  Thermal Resistance I I 

0.68* ,- 
(0.12) 

I t 

Tota l  R 

Tota l  U** 

Component 

17.52 
(3.09)  

0.057 
(0.32)  

hrof  t2*OF/Btu 
( m2 - K/W) 

I m 
a 

1. Outside ASr Film 

2 *  4- in.  (100 -m)  Expanded 
Polystyrene Beadboard 

0.17* I (0 .03)  

16.67* 
(2 .94)  

I 

*Source: ASHRAE Handbook - 1981 Fundamentals, American Society 
o f  Heating, R e f r i g e r a t i n g ,  and Air-Condit ioning 
Engineers, I n c . ,  A t lan ta ,  1981, Chapter 23. 

**Units for  thermal transmlttance a r e  Btu /hr * f t2 -"F  (W/m2=K) 
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r 

Nominal Test 
Condit ion 

t, 3 7 O F  
( 3 O C )  

t, = 53'F 
( 1 2 ° C )  

t, = 101°F 
(38OC) 

Design Values 

Q 
Heat Flux, 

2 B tu/h r f t 

I W m 5  

Outdoor 
Chamber, 

x 
22  

20 

15 

- 

-4.86 
(-1 5.5) 

-2.33 

3.45 

(-7.37) 

(10.9) 

- 

Max. 

O F  

("C) 

72 
(22) 

73 
(23) 

72 
(22)  

- 

19.8 

77.5 
(3.08) 

16.5 

(3.49) 

(2 .90)  

(3.09) 
17.5 

TARE 52-4 - STEADY-STATE TEST RESULTS 

0.051 
(0.29) 

0.057 
(0.32) 

0.061 

0.057 
(0.32) 

(0.35) 

t 
0 

Outdoor 

A.lr 

Measured Tpperatures, 
F 

("GI 

Outdoor 
Surface 

ty 
Inter- 

na l  

Indoor 
S u r f  ace 

A i r  Temperature 

Indoor 
Chamber, 

x 
33 

39 

41 

- 

Min. 

O F  

("a 

*Total thermal resistance, RT, and transmittance, U, f o r  steady-state tests  were calculated using the design surface resistance coef f ic ients  
from Table 9 - 3  and measured values o f  heat f lux. 

** Internal thermocouples were not used on this wall  assembly. 



1 

I50 

I20 

90 

Temp., 
O F  

60 

30 

- Wall S2 
tm = 53°F 

(12°C) 

0 
0 12 24 36 

Time, hour 

( a )  Measured Temperatures 

80 

40 

Wall S2 
tm = 53°F 

(12°C) 

I 
60 

40 

Temp., 
20 "C 

0 

40 

20 1 
"F 

-20 

36 12 24 
-80 

0 

Time, hour 
Temperature D i f feren t i a J s ( b ) 

F ig .  S2-1 Wall S2 Transient Test Results 
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40 

20 

Heat Flux, 
Btu 0 

hr - f t  

- 20 

- 40 

Wall  S2 
tm = 53°F 

(12°C) 

r q h f r n  

I00 

50 

Heat Flux, 
W 
m* 
- 0 

-50 

-100 

0 12 24 36 

Time, hour 

( c )  Heat Flux 

F ig .  S2-1 Wall S2 Transient Test Results 
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TABLE S2-5(a) - TRANSIENT TEST RESULTS 

Time, 
hr 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11  
12 
13 
14 1s 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
28 
30 
32 
34 
36 

t0 

Outdoor 
A i r  

102.2 
66.7 
33.2 
32.2 
32.0 
31.9 
31.8 
31.7 
31.8 
31.8 
31.8 
31.7 
31.8 
31.7 
31.7 
31.7 
31.8 
31.7 
31.8 
31.9 
31.9 
31.9 
31.9 
31.9 
31.8 
31.7 
31 -8 
31.7 
31.8 
31.7 
31.8 

Measured Tenperatures, 

t2 
Outdoor 
Surf. 

102.5 
71.1 
36.0 
34.3 
34.1 
34.0 
33.9 
33.9 
33.9 
33.8 
33.8 
33.8 
33.8 
33.8 
33.8 
33.8 
33.8 
33.8 
33.8 
33.8 
33.7 
33.7 
33.7 
33.8 
33.8 
33.8 
33.9 
33.8 
33.8 
33.8 
33.8 

O F  

t3* 
Inter- 
nal 

t4* 
Inter- 
nal 

t 1 
Indoor 
Surf. 

74.3 
73.9 
72.7 
72.4 
12.3 
72.3 
72.3 
72.3 
72.3 
72.3 
72.3 
72.3 
12.3 
12.3 
12.3 
72.3 
72.3 
72.2 
72.2 
72.2 
72.2 
72.3 
72.2 
72.3 
72.3 
12.3 
12.3 
72.3 
72.3 
72.3 
72.2 

ti 
t ndwr 

A i r  

73.3 
13.2 
72.8 
72.8 
72.6 
72.0 
72.8 
72.0 
12.8 
12.8 
12.8 
72.8 
72.8 
72.7 
72.7 
72.7 
72.7 
72.1 
72.8 
12.7 
72.6 
72.7 
12.1 
72.7 
72.7 
12.8 
72.8 
72.8 
72.8 
12.0 
12.1 

Pleasured Heat Flux, 
2 Btu/hr * f t 

9cr 
Calib. 
Hot Box 

1.3 
1.2 

-0.7 
-1 -6 
-1.8 
-2.1 
-2.1 
-2.1 
-2.1 
-2.2 
-2.1 
-2.0 
-1.9 
-2.3 
-1.8 
-2.1 
-1 .S 
-2.3 
-1.8 
-2.3 
-2.1 
-2.3 
-2.6 
-2.5 

-2.5 
-2.4 
-2.4 
-2.4 
-2.3 
-2.2 

-2.6 

qhfm 
HFH B 
Indoor 
Surf. 

1.7 
1.3 

-1.1 
-2.0 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.2 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.2 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.0 

I 

qhfm 
HFR @ 

Surf. 
Outd+r 

1.7 
-14.4 
-6.3 
-2.4 
-2.2 
-2.1 
-2.1 
-2.2 
-2.1 
-2.2 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 
-2.1 

Calculated 
Heat Flux, 

2 Btu/hr.ft 

45r 
Steady- 
State 

1.8 
-0.2 
-2.2 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 
-2.3 

*Internal thermocouples were not used for this wall assmbly. 
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TABLE S2-5(b) - TRANSIENT TEST RESULTS, Sf UNITS 

Tim, 
hr 

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 - 

t0 

Outdoor 
Air 

39.0 
19.3 
0.1 
0.1 
0.0 

-0.1 
-0.1 
-0.2 
-0.1 
-0.1 
-0.1 
4 . 2  
4.1  
-0.2 
-0.2 
4 . 2  
4 . 1  
-0.2 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.2 
-0.1 
-0.2 
-0.1 
-0.2 
4 . 1  

Measured T q e r a t u r e s ,  

*C 

t 2  
Outdoor 

Surf. 

39.2 
21.7 
2.2 
1.3 
1,2 
1.1 
1.1 
1.1 
1.1 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1.0 
1 .o 
1 .o 
0.9 
0.9 
0.9 
1 .o 
1 .o 
1 .o 
1.1 
1 .o 
1 .o 
1 .o 
1 .o 

t3* 
Inter- 
nal 

t4* 
Inter- 
nal 

t 1 
Indoor 
Surf. 

23.5 
23.3 
22.6 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.3 
22.3 
22.3 
22.3 
22.4 
22.3 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.3 

ti 

Indoor 
A i  r 

22.9 
22.9 
22.7 
22.7 
22.6 
22.7 
22.7 
22.7 
22.7 
22.7 
22.7 
22.7 
22.7 
22.6 
22.6 
22.6 
22.6 
22.6 
22.1 
22.6 
22.6 
22.6 
22.6 
22.6 
22.6 
22.7 
22.7 
22.7 
22.7 
22.7 
22.6 

Masured Heat Flux,  
2 

W/m 

9w 
Cal ib. 

Hat Box 

4.1 
3.9 

-2.3 
-4.9 
-5.6 
-6.6 
-6.6 
- 6 . 7  
-6.5 
-6.9 
-6.5 
-6.3 
-6.0 
-7.1 
-5.6 
-6.8 
-4.7 
-7.2 
-5.7 
-7.2 
-8.4 
-7 -3 
-8.2 
-8.0 
-8.3 
4.0 
-7.4 
-7.7 
-7.5 
-7.2 
-6 -8 

kInternal thermocouples were not used for t h i s  wall assenhly. 

qhfm 
HFM @ 

Indoor 
Surf. 

5.4 
4.1 

-3.5 
-6.3 
-6.7 
-6 .7  
-6.7 
- 6 . 7  
-6.6 
-6.6 
-6.8 
-6 .7  
-6.6 
-6.7 
-6 .7  
-6.5 
-6.7 
-6.7 
-6.8 
-6.6 
-6.7 
-6.5 
-6.7 
4 . 6  
-6.6 
-6.6 
6 . 6  
4 . 7  
-6.6 
-6.7 
-6.4 

a 

qhfm 
HFM @ 

Dutbr 
Surf. 

5.3 
-45.3 
-20.0 
-7.5 
-6.8 
-6 .7  
4 .8  
-6.8 
-6.6 
-6 -8 
-6.7 
-6.7 
-6.6 
6 . 7  
-6.7 
-6.7 
4 . 7  
-6.6 
-6.7 
-6.7 
-6 .7  
-6.7 
- 6 . 7  
-6.6 
-6.7 
4 . 8  
4 . 7  
6 . 6  
-6 .7 
-6.7 
-6 .7  

Calculated 
Heat F 1 ux , 

W/m 
2 

qss 
Steady- 
State 

5.6 
-0.5 
-7 .o 
-7.3 
-7,3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
-1.3 
-7.3 
-7.3 
-7.3 
-7.3 
-7.3 
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TABLE S2-6 - SU!IIMARY OF TRANSIENT TEST RESULTS 

99.5% o f  Final  Heat Flux 

95% o f  Final Heat Flux 

90% of Final  Heat Flux 

... 

qw, 
B t u  /hr ft2 

( W/m2 I 

-2.3 
(-7.3) 

-2.2 
(-7.0) 

-2.1 
(-6.6) 

I Measured I Cal cul ated 1 

qss* 2 
Btu/hr*ft 

(W/m21 

-2.3 
(-7.3) 

-2.2 
(-7.0) 

-2.1 
(-6.6) 

I Heat Flux 1 Calib, Hot Box I HFM Q Indoor Surf. I Steady-State 

Time t o  
Reach q s s ,  

hr 

3 

2 

2 

Time t o  
Reach qw, 

hr 

13 

9 

5 

-2.1 
(-6.6) 

-2.0 
(-6.31 

-1.9 
(-5.9) 



120 

90 

Temp., 
"F 60 

3c 

C 

60 

30 

0 

-30 

0 I6 24 

Time, hour 

(a) Measured Temperatures 

50 

25 

Temp., 
O C  

0 

to- ti 

- 60 
0 a I6 24 

Time, hour 
(b )  Temperature Differentials 

30 

15 

3 AT, 
"C 

-15 

- 30 

F ig .  S2-2 Wall S2 Dynamic Test Results f o r  NBS Test  Cycle 
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20 

10 

Heat Flux, 
0 Btu 

hr * f t 2  

- 10 

- 20 

’ Wall S2 
NBS 

1 40 

-j -20 

0 8 16 24 

Time, hour 

( c )  Heat F lux  

Fig. S2-2 Wall S2 Dynamic T e s t  Resu l ts  f o r  NBS T e s t  Cycle 
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TAtlLt s2-7(a) - DYNAMIC 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 - 

Measured Heat F1 ux,  
2 Btu/hr - f t 

~ ~~ 

CalculatEd 
Heat Flux. 
Btu/hr.  f t 2 

Measured Tenperatures, 

OF 

t3* 
Inter- 
na 1 

.~ 

9cr 
Calib. 

Hat Box 

qhfm 
HFH @ 

Indoor 
Surf. 

qhfm 
HFM 8 
krtdoor 
5urf4 

-2.33 
-1.87 
-2.19 
-1 -89 
-1.74 
-1 -60 

1.97 
3.13 
2.55 
2.61 
3.08 
2.08 
2.34 
4.02 
2.92 
0.55 

-0.42 
-1.75 
-3.88 
-3.10 
-2.17 
-1.22 
-0.99 
-3.36 

t 2  
Outdoor 

Surf. 

t 1 
Indoor 
Surf. 

455 
steady- 
State 

t0 

Outdoor 
A! r 

43.7 
42.6 
40.6 
39.6 
39.5 
39.6 
49.1 
64.4 
74.2 
82.1 
90.7 
94.9 
97.6 

104.5 
109.1 
105.6 
98.1 
89.4 
75.3 
63.7 
57.0 
55.9 
55.7 
49.2 

t4* 
Inter- 
nal 

t i  
Indoor 

Ai r 

45.5 
44.4 
42.5 
41 - 4  
41.2 
41.3 
49.8 
64.8 
74.3 
82.1 
90.6 
95.1 
97.5 

104.0 
108.9 
106.0 
99.3 
90.5 
76.8 
65.3 
59.3 
57.2 
57.0 
51.2 

72.4 
72.4 
72.3 
72.2 
72.2 
72.2 
72.2 
72.6 
72.8 
73.0 
73.3 
73.5 
73.6 
73.7 
73.9 
73.9 
73.8 
73.6 
73.4 
73.1 
72.9 
72.7 
72.1 
72.7 

-0.90 
-1.17 
-1.31 
-1.45 
-1.28 
-1.45 
-1.57 
-1.17 
-0.61 
-0.02 
0.36 
0.48 
0.96 
0.90 
1-88 
1.95 
1 .SO 
1.49 
0.88 
0.32 

-0.17 
-0.42 
-0.63 
-0.63 

-1.33 
-1.49 
-1.58 
-1.65 
-1.69 
-1.71 
-1.56 
-0.90 
-0.20 
0.29 
0.79 
1.16 
1.32 
1.57 
1.99 
2.10 
1.77 
1.35 
0.74 

-0.04 
4.53  
-0.76 
-0.84 
-0.94 

-1.63 
-1 a 6 9  
-1 -80 
-1.86 
-1.83 
-1.87 
-1 -3s 
4 .47  
0.09 
0.57 
1 .m 
1 *36 
1 .Sl  
1.91 
2.21 
2.02 
1.62 
1.06 
0.22 

-0.47 
-0.82 
-0.94 
-0.95 
-1.30 

72.1 
72.7 
72.7 
72.6 
72.6 
72.6 
72.6 
72.7 
72.8 
72.8 
72.0 
72.9 
72.9 
12.9 
73.0 
73.0 
73.0 
13.0 
73.0 
72.9 
72.9 
72.0 
72.8 
72.8 

72.8 70.3 73.0 -0.09 -0.09 4 . 1 4  -0.14 *an I 69.3 

*Internal themcouples  were not used on th is  wall a s s d l y .  

Calibrated Hot Box Relative Humid; ty: 
Indoor Chanhcr - 40% 
Outdoor Chamber - 19% 

Laborator Air T rature: 
Haax. - 7 5 F  ( 2 2 V  
Min. - 68'F (20°C) 
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TABLE S2-7(b) - DYNAHIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, 51 UNITS 

3 1 cul a ted 
4eat F l u x ,  

W/m 
2 

Pleasured Temperatures, 

*C 

Measured Heat F l u x ,  
2 

W/m 
Time, 
hr 

1 
2 
3 
4 
5 
6 
1 
8 
9 

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

Mean 

- 

t i  
Indoor 

A i  r - 
22.6 
22.6 
22.6 
22.6 
22.6 
22.5 
22.6 
22.6 
22.6 
22.6 
22.7 
22.7 
22.7 
22.7 
22.8 
22.8 
22.8 
22.8 
22.8 
22.7 
22.1 
22.7 
22.1 
22.6 

1 
qhfm 
HFfl @ 
Indoor 
Surf. 

a 

qhfm 
HTM @ 
utdoor 
Surf,i 

t P 
Inter- 
na 1 - 

t 1 
Indoor 
Surf. 

t o  
Outdoor 

Air 

9w 
Cal ib. 
Hot Box 

qss  

Steady- 
State 

t3* 
Inter- 
nal 

t2 
Wtdoor 
Surf. 

-4.19 
-4.69 
-4.97 
-5.21 
-5.32 
-5.40 
-4.94 
-2.84 
-0.62 
0.90 
2.50 
3.65. 
4.17 
4.96 
6.28 
6.61 
5.60 
4.26 
2.33 

-0.12 
-1 -69 
-2.40 
-2.65 
-2.95 

-2.83 
-3.70 
-4.12 
-4.59 
-4.05 
-4.56 
-4.95 
-3.69 
-1.93 
-0.06 

1.12 
1.51 
3.04 
2.85 
5.94 
6.17 
4.73 
4.69 
2.78 
1 .Ol 

-0.54 
-1.34 
-1 -98 
-1.99 

-7.34 
-5.91 
-6.91 
-5.96 
-5.49 
-5.04 
6.21 
9.89 
8.04 
8.22 
9.12 
6.55 
1.39 

12.69 
9.20 
1.72 

-1.33 
-5.53 

-12.23 
-9.77 
-6.84 
-3.83 
-3.12 

-10.59 

-5.13 
-5 * 34 
-5.68 
-5.87 
-5.91 
-5.89 
-4.27 
-1.49 
0.29 
1.81 
3.44 
4.29 
4.15 
6.02 
6.% 
6.38 
5.07 
3.36 
0.65 

-1.49 
-2.59 
-2.96 
-2.99 
-4.10 

6.5 
5.9 
4.8 
4.2 
4.1 
4.2 
9.5 

18.0 
23.4 
27.8 
32.6 
35.0 
36.4 
40.3 
42.8 
40.9 
37.0 
31.9 
24.0 
17.6 
14.3 
13.3 
13.2 
9.5 

7.5 
6.9 
5.8 
5.2 
5.1 
5.2 
9.9 

18.2 
23.5 
27.8 
32.6 
35.0 
36.4 
40.0 
42.1 
41.1 
37.4 
32.5 
24.9 
18.5 
15.2 
14.0 
13.9 
10.7 

22.5 
22.4 
22.4 
22.4 
22.3 
22.3 
22.3 
72.5 
22.7 
22.0 
23.0 
23.1 
23.1 
23.2 
23.3 
23.3 
23.2 
23.1 
23.0 
22.8 
22.7 
22.6 
22.6 
22.6 

~ 

-0.28 -0.43 20.7 21.3 22.8 22.7 
7 

-0.27 -0.45 

*Internal thermocouples were not used on t h i s  wall a s s d l y .  
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TABLE S2-8(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS+10 TEST CYCLE 

qhfm 
HFH Q 
Indoor 
Surf. 

-1.06 
-1.18 
-1.25 
-1.30 
-1.27 
-1.15 
-0.48 
0.25 
0.78 
1.18 
1.60 
1.84 
2.04 
2.42 
2.59 
2.37 
1.95 
1.40 
0.55 

-0.08 
-0.34 
4-40 
-0.47 
-0.83 

0.38 

- 

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 

kan 

qhfm 
HFH @ 

Outdoor 
Surf: 

-1.78 
- 1 . 7 7  
-1.59 
-1.10 
-1.18 

1.89 
4.23 
3.16 
2.87 
3.50 
2.96 
2.86 
4.17 
3.61 
1.53 
0.30 

-0.84 
-3.15 
-3.40 
-1.87 
-0.74 
-0.56 
-2.54 
-2.18 

0.35 

t0 
Outdoor 

Air 

50.6 
48.1 
47.1 
47.4 
48.5 
55.4 
72.1 
82.9 
90.3 
97.6 

103.3 
106.0 
111.3 
116.5 
114.4 
108.4 
100.8 
87.1 
72.0 
65.8 
64.0 
63.7 
59.1 
52.4 

~ 

17.8 

Measured Temperatures, 

O F  

t 2  
Outdoor 

Surf. 

52.2 
49.8 
48.7 
49 .O 
50.0 
56.0 
72.5 
83.1 
90.4 
97.5 

103.2 
105.9 
110.9 
116.1 
114.6 
108.7 
101.5 
88.5 
14.1 
67.1 
65.2 
64.8 
60.1 
54.0 

10.5 

t3* 
Inter- 
nal - 

- 

t4* 
Inter- 
nal - 

t 1 
Indoor 
Surf. 

72.3 
72.2 
72.2 
72.1 
72.2 
72.2 
72.6 
73.0 
73.2 
73.4 
73.6 
73.7 
73.8 
74.0 
74.0 
73.9 
73.7 
73.4 
73.0 
72.8 
72.7 
12.7 
72.6 
12.4 

73.0 

ti 
Indoor 

Air 

72.5 
72.5 
72.4 
72.4 
72.5 
72.5 
72.6 
72.6 
72.6 
72.8 
72.0 
12.0 
72.9 
72.9 
72.9 
72.9 
72.0 
72.8 
72.7 
72.6 
72.6 
72.6 
72.6 
72.5 

12.1 

- 

- 

*Internal themcwptes were not used on this wall a s s d l y .  

Calibrated Hot Box Relative Hunidity: 
Indoor Chamber - 31% 
Outdoor Chamber - 1ft% 

Laboratory A i r  T rature: 
Max. - 72'F ( 2 2 T  
Mini - 65OF ( l8*Cj  

Measured Heat F1 ux , 
2 Btu/hr.ft 

Sn 
Calib. 

Hot Box 

-0.45 
4.70 
-0.95 
-0.76 
-0.68 
-0.86 
-0.61 
0.18 
0.70 
1.14 
1.38 
1.84 
2.04 
2.38 
2.64 
2.71 
2.33 
1.98 
1.30 
0.48 
0.39 
0.08 
0.33 

-0.16 

0.70 

I *  

alculated 
Heat F1 ux , 

2 Btu/hf - f t 

955 
Steady- 
State 

-1.22 
-1.35 
-1.42 
-1 -40 
-1.34 
-0.98 
-0.01 
0.64 
1.08 
1.52 
1.86 
2.03 
2.34 
2.65 
2.56 
2.19 
1.75 
0.95 
0.07 

-0.34 
-0.45 
-0.48 
-0.72 
-1.11 

0.37 
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TABLE S2-8(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS+10 TEST CYCLE, SI UNITS 

- 

Tim, 
hr 

Calculated 
Heat Flux, 

W/m 
2 

qss 
steady- 
State 

Measured Temperatures, 

OC 

Measured Heat Flux ,  
2 W/m 

a 

qhfm 
WH @ 
lutdoor 
Surf ./ - 
-5.61 
-5 * 59 
-5.00 
-3.45 
-3.72 
5.96 

13.36 
9.96 
9.06 

11.03 
9.33 
9.01 

13.15 
11.40 
4.84 
0.95 

-2.66 
-9.94 

-10.73 
-5.91 
-2 0 32 
-1.77 
-8.02 
-6 -89 

qhfrn 
HFH 0 
[ndoor 
Surf. 

t0 
Outdoor 

A i r  

t2  
Dutdoor 
Surf. 

t3* 
tnter- 
nal 

t 1 
Indoor 
Surf. 

9w 
Calib. 

Hot Box 

t4* 
Inter- 
na 1 

ti 
Indoor 

A i r  

22.5 
22.5 
22.5 
22.4 
22.5 
22.5 
22.5 
22.6 
22.6 
22.7 
22.7 
22.7 
22.7 
22.7 
22.7 
22.7 
22.7 
22.7 
22 -6 
22.6 
22.6 
22.6 
22.6 
22.5 

22.6 

1 
2 
3 
4 
5 
6 
7 
8 
9 

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

Wan 

- 
-. .- 

10.3 
8.9 
8.4 
8.6 
9.1 

13.0 
22.6 
28.3 
32.4 
36.5 
39.6 
41.1 
44.1 
46.9 
45.8 
42.4 
38.2 
30.6 
22.6 
18.8 
17.8 
17.6 
15.1 
11.3 

11.2 
9.9 
9.3 
9.4 

10.0 
13.4 
22.5 
28.4 
32.4 
36.4 
39.6 
41.1 
43.8 
46.7 
45.9 
42.6 
38.6 
31.4 
23.4 
19.5 
18.4 
18.2 
16 .O 
12.2 

22.4 
22.3 
22.3 
22.3 
22.3 
22.3 
22.6 
22,8 
22.9 
23.0 
23.1 
23.2 
23.2 
23.3 
23.3 
23.3 
23.2 
23.0 
22.8 
22.7 
22.6 
22.6 
22.6 
22.4 

-1.42 
-2 * 22 
-2.99 
-2.38 
-2.14 
-2.71 
-1.92 
0.57 
2.21 
3.61 
4.34 
5.80 
6.42 
7.50 
8.31 
8.56 
7.34 
6.24 
4.09 
1 S O  
1.23 
0.24 
1.03 

4 . 5 1  

-3.34 
-3.73 
-3.96 
-4.11 
-3.99 
-3.63 
-1 -53 
0.79 
2.46 
3.74 
5.04 
5.80 
6.42 
7.63 
8.18 
7.49 
6.17 
4.41 
1.74 

-0.24 
-1.06 
-1 -25 
-1 -40 
-2.63 

-3.83 
-4.27 
-4.40 
4 . 4 1  
-4.23 
-3.09 
-0.02 
2.01 
3.42 
4.79 
5.88 
6.40 
7.37 
8.36 
8.07 
6.91 
5.52 
3.00 
0.21 

-1.09 
-1.43 
-1.51 
-2.27 
-3.51 

25.4 25.8 2.20 1.20 1.10 1.16 22.8 

*Internal t h e m o u p l e s  were not used on t h i s  wall asswbly. 
I 

1 
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TABLE S2-9(a) - DYNAHIC TEST RESULTS (PERIODIC), NBS-10 TEST CYCLE 

- 

Tim, 
hr 

~~~ ~~ 

Measured Heat Flux, 
2 Btu /h r  - f t 

~ 

Calculated 
Heat Flux, 

2 Btu/hr.f t 

Measured Twweratures, 

OF 

t3* 
Inter- 
nal 

- 

t i  
fndoor 

A i r  
I__ 

73.3 
73.3 
73.3 
73.3 
73.3 
73.3 
73.4 
73.5 
73.6 
73.7 
73.7 
13.8 
73.8 
73.9 
73.9 
73.8 
73.8 
73.7 
73.5 
73.5 
73.5 
73.4 
73.4 
73.3 

- 

t4* 
Inter- 
na 1 

- 

t 1 
Indoor 
Surf * 

72.9 
72.9 
72.1 
72.8 
72.8 
72.9 
73.3 
73.6 
73.9 
74.0 
14.2 
74.3 
74.4 
74.7 
74.1 
74.6 
74.4 
74.1 
13.7 
73.5 
73.4 
73.3 
13.2 
73.0 

73.6 

- 

- 
- 

i 

qhfm 
HFM @ 
u tdoor 
Surf ./ 

qhfm 
HFM @ 

Indoor 
Surf. 

t0 

Outdoor 
A i r  

t2  
00 tdoor 
Surf. 

% 
cal ib .  

Hot Box 

%S 

Steady- 
State 

32.5 
29.9 
28.9 
28.9 
30.2 
37.8 
54.4 
65.0 
73.2 
80.0 
84.8 
87.4 
93.3 
99.3 
96.5 
89.9 
82.6 
68.8 
55.4 
47.. 9 
45.6 
45.4 
40.6 
33.3 

-1.92 
-2.02 
-1.79 
-2.20 
-2.11 
-2.33 
-2.09 
-1.47 
-1.03 
-0.55 
0.15 
0.37 
0.51 
0.82 
1.48 
1-40 
1.12 
0.80 

4 . 1 2  
-0.71 
-1 * 10 
-1.09 
-1.15 
-1.58 

-2.04 
-2.14 
-2 a 26 
-2.28 
-2.24 
-2.11 
-1.51 
-0.74 
-0.22 
0.17 
0.51 
0.72 
0.94 
1.34 
1.48 
1.24 
0.85 
0.33 

-0.45 
-1.04 
-1.35 
-1.40 
-1.46 
-1 -86 

~ 

-2.49 
-2.79 
-2.39 
-2.33 
-1.83 
Q.97 
2.93 
2.22 
2.12 
2.27 
1.61 
1.72 
3.21 
2.53 
0.17 

-0 85 
-1 -65 
-4.45 
-4.00 
-3.04 
-1 - 72 
-1.54 
-3.58 
-3.27 

~ ~ 

-2.32 
-2.41 
-2.53 
-2.53 
-2.45 
-2.N 
-1.11 
4 . 4 9  
-0.02 
0.38 
0.68 
0.84 
1.18 
1-55 
1.40 
1 .o\ 
0.57 

4 . 2 1  
-0.99 
-1.43 
-1.58 
-1.B 
-1 .&l 
-2.27 

4.76 

34.6 
32.0 
30.9 
31 .O 
32.2 
38.9 
54.9 
65.5 
73.5 
80 .O 
85.0 
87.7 
93.2 
99.3 
97 .O 
90.7 
83.5 
70.1 
57.4 
49.9 
47.3 
47.1 
42.8 
35.4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
I7 
18 
19 
20 
21 
22 
23 
24 

*an 
. -- - 

59.6 

~ 

60.9 
~ 

-0.69 

~ 

-0.65 -0.67 73.5 

*Internal themcouples  were not used on t h i s  wall assmbly. 

Calibrated Hot Box Relative Hunidity: 
Indoor Ch-r - 27% 
Outdoor Charher - 192 

Laboratory Air T rature: 
Haax. - 74*F ( 2 4 v  
Min. - 7l0F (22OC) 
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TABLE S2-9(b) - DYNANIC TEST RESULTS (PERIODIC), NBS-10 TEST CYCLE, SI UNITS 

~~ ~~~ 

Measured Heat Flux, 
Calculated 
Heat Flux, 

W/m 
2 

Measured Tenperatures, 
2 W/m *C 

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 

Hean 

- 
qhfm 
HFR @ 

Indoor 
Surf. 

- 

t4* 
[nter- 
nal - 

1 

qhfm 
HFH @ 
)utdoor 
Surf. 

t3* 
Inter- 
nal 

to 
Outdoor 

A i r  

t2 
3u tdoor 
Surf. 

4w 
Calib. 

Hot Box 

qss 

Steady- 
State 
7 

t 1 
tndoor 
Surf. 

ti 
Indoor 

A i  r 
/ 

-7.84 
-8.81 
-7.54 
-7.35 
-5.77 
3.06 
9.25 
7.00 
6.68 
7.16 
5.28 
5.44 

10.14 
7.99 
0.54 

-2.67 
-5.21 

-14.04 
-12.61 
-9.59 
-5.43 
-4.07 

-11.30 
-10.32 

1.4 
0.0 

-0.6 
-0.6 
0.1 
3.8 

12.7 
18.6 
23.0 
26.7 
29.4 
30.9 
34.0 
37.4 
36.1 
32.6 
28.6 
21.5 
14.1 
9.9 
8.5 
8.4 
6.0 
1.9 

-6.07 
-6.36 
-5.64 
-6.94 
-6.67 
-7.34 
-6.58 
-4.63 
-3.26 
-1.74 
0.47 
1.17 
1.59 
2.51 
4.66 
4.43 
3.52 
2.51 

-0.37 
-2.43 
-3.46 
-3.45 
-3.63 
-4.99 

-6.42 
-6.75 
-7.13 
-7.18 
-7 -07 
-6.67 
-4.76 
-2.34 
-0.70 
0.54 
1.62 
2.21 
2.96 
4.25 
4.68 
3.92 
2.69 
1.04 

-1 -43 

-4.25 
-4.42 
-4.61 
-5.m 

-3.28 

-7.30 
-7 -80 
-7.91 
-7.97 
-1.74 
-6.48 
-3.51 
-1.54 
-0.08 

1.19 
2.15 
2.66 
3.13 
4.89 
4.43 
3.20 
1.81 

-0.65 
-3.11 
-4.50 
-4.98 
-5.00 
-5.80 
-7.17 

0.3 
-1.2 
-1.0 
-1 .7  
-1 .o 

3.2 
12.5 
18.3 
22.9 
26,6 
29.3 
30.8 
34.1 
37.4 
35.8 
32.2 
28.1 
20.5 
13.0 
8.8 
7.5 
7.4 
4.8 
0.7 

22.1 
22.7 
22.6 
22.1 
22.7 
22.7 
22.9 
23.1 
23.3 
23.3 
23.4 
23.5 
23.6 
23.7 
23.7 
23.7 
23.6 
23.4 
23.2 
23.0 
23.0 
22.9 
22.9 
22.0 

23.1 

22.9 
22.9 
22.9 
22.9 
22.9 
22.9 
23.0 
23.0 
23.1 
23.1 
23.2 
23.2 
23.2 
23.3 
23.3 
23,2 
23.2 
23.2 
23.1 
23.0 
23.0 
23.0 
23.0 
23.0 

23.1 -2.40 15.4 16.0 -2.19 -2.04 -2.12 

*Internal thermocouples were not used on t h i s  wall a s s h l y .  
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TABLE S2-10 - SUMM9RY OF DYNAMIC TE!3 RESULTS (PERIODIC), 
THERML LAG 

Q Max. @ Min. 

0.5 0.5 

0.5 1 

0.5 0 

Test 
Cycle 

Avg . Avg . @ Max. @ Min. @ Max. @ Min. 

1 1.5 1 1 0.5 1 0.27 

2 0 1 1 1 1 0.27 

1 2.5 1 1 0.5 1 0.27 

Measured 

Calibrated Hot Box Heat Flow Meter 

NBS 

NBP10 

NBS-10 

Calc. 
Time 

Constant, 
h r s  

@ Max. 0 Min. Avg. @ Max. @ Min. Avg. 

13 14 14 7 6 7 

12 8 10 3 6 5 

6 7 7 8 8 8 

N BS 
NBS+10 

NBS-10 

TABLE 2 - 1 1  - SUMWRY OF DYNAMIC TEST RESULTS (PERIODIC), 
REDUCTION I N  AWLITUDE 

Cyc 1 e I Test 

Measured 

Calibrated Hot Box Heat Flow Meter 
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TABLE 9-1 2 - S U W R Y  OF DYNAMIC TEST RESULTS (PER1 O D I C  1, ENERGY REQUTREMENTS 

-2.1 
(-6.8) 

9.2 

Test 
Cycl e 

-3.4 
( -1  0.7) 

8.8 

Total Energy 
Comparisons, 

% 

-1 5 .5  
(-48.9) 

Net Energy, 

S t u / f  t2 ( W -  hr/m2) 

-18.2 
(-57.5) 

Net Energy 
Comparisons, 

% 

Total Energy, 

B tu/ft2 ( W -  h r/m2 1 

Measured Calculated Cal cul ated  I Me as u re d N 
9, 

N 
qhfm 

T 
QW 

T 
Qhfm 

T 
Qs s 

N 
% 

N N 
qhfm 1 qss 

N 
Qss 

H 
9s s 
I 

NBS 

NBS+lO 

NBS-10 

23.5 
(74.1 
27.0 

(85.3) 
30.0 

(94.5 1 

30.7 
(96.7) 
30.5 

( 9 6 . 1 )  
33.5 

(105.7) 

92 

95 

92 

-2.1 
( -6 .5)  

16.7 
(52.7) 
-16.7 
(-52.6 1 

61 

190 

97 

63 

104 

85 

28.3 
(89.3) 
28.8 
(90.8) 
30.7 

(96.9) 

77 

89 

89 



WALL M9: 12- ln.  (300-m) BLOCK-BRICK C A V I T Y  WALL 

DESCRIPTION: Unlnsulated, un re ln fo rced  12-117. (300-mn) c a v l t y  w a l l  con- 
s i s t i n g  o f  6-in. (150-m) h o l l o w  core concrete b lock  and 
4-111. (100-mn) c l a y  b r i c k  separated by a 2-3/4-ln. (70-mn) 
a1 r space. 

REFERENCE: Van Geem, M. 6. and Larson, S. C., 'Heat Transfer  
C h a r a c t e r l s t l c s  of a Masonry Cav i t y  Wall With and Wi thout  
Expanded P e r l l t e  Const ruc t ion  Technology 
Laborator ies,  Por t land Cement Associat ion,  Skokle, 1985, 
142 pages. 

COMPOSITION: 1, 1/8- in.  ( 3 - m )  P las te r :  one p a r t  Type S 
masonry cement t o  2-1/2 p a r t s  masonry sand by 
volume, pa in ted  o f f - w h l t e  

Hol low Core Concrete Block - 2 cores per  b lock  

3 cores per  b r l c k  

i n  every o the r  mor ta r  j o l n t  between b lock  

2. 6 x 8 ~ 1 6 - I n .  (1 50x200~400-m) Norma9 Welght 

3.  4x2-1/2x8-ln. (100x60x200-mn) Clay B r i c k  - 

4. Metal  Rectangular T i e s  Between Wythes - one 

TABLE M9-1 - PHYSICAL PROPERTIES OF WALL AT T I M E  OF TEST 

Proper ty  

Uni t Weight, psf (kg/m*) 

Average Thickness, i n .  (mn) 

Air Space Thickness, i n .  (mn) 

Area, f t *  (rn2) 

Estimated Mois tu re  Content o f  
Block,* X by ovendry welght  

Estlrnated Mois tu re  Content o f  
Brick,* X by ovendry we igh t  

~~ 

Mea s ured 
Va 1 ue 

80.96 
(395.2) 

12.0 
(305) 

2.75 
(70) 

73.65 
(6.84) 

1.2 

0.3 

* Measured on masonry, I n c l u d i n g  mortar  
j o i n t s ,  a f t e r  t e s t .  

- 7 3 -  
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TABLE M9-2(a) - MATERIAL PROPERTIES, NORMAL WEIGHT CONCRETE BLOCK 

Property 

Standard Dimenslons, i n .  (mn) 

Measured Dlmensions, i n .  (mm) 

Percent Solid Volume 

Ovendry Unl t Weight, pcf  ( kg/m3) 

Moisture Content, X ovendry weight 

Absorpt ion,  % ovendry weight 

Test Method 

-- 

ASTM C140 

-- 

-- 

ASTM C140 

ASTH Ct40 

~~ ~ 

Spec 1 men 
Conditfon 

I 

~ 

Mean 

O F  

( " C )  

Temperature, Measured 
Value 

5-5/8X7-5/8X15-5/8 
(1 43x1 94x397) 

5 . 6 4 ~ 7 . 6 5 ~ 1 5 . 6 1  
( 1  43x1 94x396) 

56 

124 
( 1  984) 

1.75 

8 .1  



TABLE b19-2(b) - MATERIAL PROPERTIES, CLAY 8 R I C K  

Property  

Standard Dirnensfons, i n .  (mm) 

Measured Dimensions, i n .  (m) 

Percent Solid Volume 

Ovendry Unt t Weight, pc f  ( kg/m3) 

Moisture  Content, % ovendry welght 

Absorption, X ovendry weight 

Test  Method 

-- 

ASTM C67 

-- 

-- 

ASTM C67 

ASTH C 6 7  

Spec 1 men 
Condttton 

Mean 

O F  

( " C )  

Temperature, Measured 
Value 

3 . 3 9 ~ 2 . 2 7 ~ 7 . 8 0  
( 8 6 x 5 8 ~ 1 9 8 )  

82 

135 
(21 60) 

0 .1  

5 . 3  



TABLE M 9 - 2 ( ~ )  - M A T E R I A L  P R O P E R T I E S ,  MORTAR* 

Property  

Average Mortar  Bed Jolnt  Spaclng f o r  
B l o c k ,  I n .  (rm) 

Average Mor tar  Bed Jolnt Spacing f o r  
Br lck ,  in. (mn) 

Cornpres s 1 ve S t rength* * ,  p s i  { HPa) 

Compress7 ve Strength**,  PSI (HPa) 

T e s t  Method 

-- 

Spec imen 
Conditfon 

*One p a r t  Type S masonry cement t o  t h r e e  par ts  masonry sand by volume. 
**Measured on 2-in. (50-mn) cubes cured f o r  28 4 3  days. 

Mean 

O F  

Temperature, 

( " C )  

Meas ur ed 
Value 

0.28 
( 7 )  

0.37 
( 9 )  

2270 
(15.6) 

1850 
(12.8) 



TABLE M9-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 
Thermal Resistance 

hr f t2- "F/Btu 
R 

( m2 K/W) 
~ ~ _ _ _ _ _ _ _ _ _ _  

1. Outside A S r  F i l m  

2. 4x2-1/2x8-5n. (100x60x200-mn) 

3 .  2-3/4-in. (70-mn) N o n r e f l e c t i v e  

4. 6x8x16-in. (150x200~400-m) 

5* 1/8- in.  (3-m) P l a s t e r  

6. I n s i d e  A i r  F i l m  

Clay B r i c k  

A 1  r Space 

Hol low Core Concrete Block 

To ta l  R 

0.17' 
(0.03) 

0.44" 
(0.08) / 

0.97* 
(0.17) 

1.18** 
(0.21) 

0.03* 
(0.01) 

0.68" 
(0.12) 

3.47 
(0.61) 

0.29 
T o t a l  U+ 

With Metal  T ies 
RT = 3.46 h r - f t * - " F / B t u  (0.61 rn 2 *K/W) 

U = 0.29 6tu/hr . f t2 . "F (1.64 W/m2.K) 

'Source: ASHRAE Handbook - 1981 Fundamentals, American Soc ie ty  o f  
Heating, Re f r i ge ra t i ng ,  and A i r -Cond i t ion ing  Engineers, 
Znc,, A t lan ta ,  1981. 

**Source: Randall, F. A., Jr., and Panarese, W. C., Concrete 
Masonry Handbook, Por t land Cement Associat ion,  B u l l e t i n  
E6008.04M, Skokie, 1980. 

'Units f o r  thermal t ransmi t tance a re  B t u / h r * f t 2 * " F  (W/m2=K) 
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I 
-4 
03 
t 

b 
Outdoor 

A i r  

Nominal Test 
mdi t ion t 2  

Outdoor 

Surface 

h= 100°F 
(38°C) 

= 32OF 
(OOC) 

esign Values 

3.64 
(0.64) 

9 

Heat Flux 

Btu 

hr- f t  2 
- 

( H / 2 )  

0.27 
(1.56) 

15.9 
(50.0) 

-21.4 
(-67.4) 

I 

3.37 1 0.30 
(0.59) ( 1  -58) 

3.47 0.29 
(0.61) I (1.64) 

TA8LE M9-4 - STEADY-STATE TEST RESULTS 

&aswed Temperatures, 

Relative Humidity I 
t 4  

Internal 
Brick 

Surface 

1 1 1  
(441 

13 
(-11) 

-- 

Laboratory 
A i r  Temperature 

Rax. Bin. 
OF O F  

("C) ("Cl 

qotal thermal resistance, RT, and transmittance, U, for steady-state tests were calculated using the design surface resistance coefficients from 
Table H9-3 and measured values of heat flux. 



= 32 O F  (OOC) 
I5O F Y '  M9 

I2O t 

t -. 
8 . .  ......... r . 2  ..... ................ * . *  =. 

t 
-30 I I 1 I I I I I 

0 24 48 

Time, hour 

( a )  Measured Temperatures 

'00 Walt  ~9 
=32"F ( O O C )  

40 

20 

0 

- 20 
-40 

-60 

60 

40 

Temp., 
O C  20 

0 

/ 

-20 

72 

60 

40 

20 

I r t .  - t! I 
0 

- 20 

-80 I - L  -40 
L t o - t i  

-100 I I I I 1 I 

0 24 48 72 

Time , hour 
( b )  Temperature Differentials 

Fig. M9-1 Wall M9 Transient Test Results 
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20 

0 

Heat Flux, -20 

Btu 
hr ft2 

-40 

-60 

-80 
0 

Wall  M9 
t, = 32°F (0 "C) 

1 5 0  
0'. 

- 50 

- 100 

- 150 

24 48 

Time , hour 

( c )  Heat F l u x  

72 

Heat Flux, 
W 
m2 
- 

Fig .  M9-1 Nall M9 T r a n s i e n t  T e s t  R e s u l t s  
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TABLE H9-5(a) - TRANSIENT TEST RESULTS 

Tim, 
hr 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1s 
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 

t0 

Outdoor 
A i r  

72.6 
36.2 
11.9 
4.4 
0.8 

-1.2 
-2.5 
-3.6 
-4.6 
-5.1 
-5.5 
-5.9 
-6.2 
-6.6 
-6.8 
-7.0 
- 7 . 1  
-7.2 
-7.3 
-7.3 
-7.3 
-7.5 
-7.5 
-7.6 
-7.6 
-7.9 
4.0 
-7.9 
-7.8 
-7.8 
-7.8 
-7.8 
-7.8 
-7.8 
-7.8 
-8.0 
-7.9 
-8.0 
-7.9 
-7.9 
-8.0 
-8.0 
-0.0 
4.0 
-8.0 
-8.0 
-8.0 
-8.0 

t 2  
Outdoor 
Surf. 

12.0 
57.2 
39.6 
30.5 
24.4 
20.1 
16.9 
14.4 
12.2 
10.6 
9.4 
8.3 
7.4 
6.7 
6.0 
5.4 
5.0 
4.7 
4.4 
4.1 
3.9 
3.7 
3.5 
3.4 
3.3 
3.0 
2.8 
2.8 
2.8 
2.7 
2.1 
2.7 
2.7 
2.7 
2.7 
2.6 
2.6 
2.6 
2.5 
2.6 
2.5 
2.6 
2.5 
2.5 
2.6 
2.5 
2.5 
2.5 

Masured Tenrperatures, 

O F  

t 4  
Internal 
Brick 
Surf. 

72.2 
70.1 
63.0 
54.2 
46.6 
40.5 
35.6 
31.8 
28.4 
26.0 
23.9 
22.2 
20.8 
19.5 
18.5 
17.7  
17.0 
16.4 
15.9 
15.5 
15.1 
14.9 
14.6 
14.3 
14.2 
13.9 
13.6 
13.5 
13.4 
13.3 
13.3 
13.2 
13.2 
13.3 
13.2 
13.1 
13.0 
13.0 
12.9 
13.0 
13.0 
13.0 
13.0 
13.1 
13.0 
13.0 
13.0 
13.0 

. .. ~~ 

t 3  
I n  terna 1 
Block 
Surf. 

72.4 
72.3 
70.8 
67.7 
64.2 
60.7 
57.5 
54.6 
52.0 
49.8 
47.8 
46.1 
44.7 
43.5 
42.5 
41.6 
40.8 
40.2 
39.7 
39.2 
38.8 
38.5 
38.2 
31.9 
37.4 
37.4 
37.2 
37.0 
36.9 
36.8 
36.7 
36.7 
36.7 
36.7 
36.7 
36.7 
36.6 
36.6 
36.6 
36.6 
36.6 
36.3 
36.6 
36.5 
36.2 
36.5 
36.5 
36.5 

t 1 
I n b r  
Surf. 

72.2 
72.2 
72.2 
71.9 
71.4 
70.1 
69.8 
69.0 
68.1 
67.4 
66.5 
65.9 
65.3 
64.9 
64.5 
64.1 
63.8 
63.5 
63.3 
63.1 
62.9 
62.8 
62.7 
62.5 
62.5 
62.3 
62.2 
62.2 
62.2 
62.1 
62.1 
62.1 
62.1 
62.1 
62.1 
62.1 
62.1 
62.0 
61.9 
62.0 
62.0 
61.9 
62.0 
62.0 
62.0 
62.0 
62.0 
62.0 

__I 

ti 
Indoor 

A i r  

71.9 
71.9 
71.7 
71.8 
71.7  
71.6 
71.4 
71.2 
7 1  .O 
70.1 
70.6 
70.5 
70.4 
70.2 
10.1 
70.1 
10.0 
69.9 
69.9 
69.6 
69.8 
69.8 
69.8 
69.7 
69.1 
69.7 
69.7 
69.1 
69.7 
69.7 
69.7 
69.1 
69.7 
69.6 
69.7 
69.6 
69.6 
69.6 
69.1 
69.6 
69.1 
69.2 
69.6 
69.7 
69.6 
69.7 
69.7 
69.1 
__I 

Measured Heat F 1 ux , 
2 Btu/hr* ft 

9u 
Cal ib. 

Hot Box 

-0.1 
-0.2 
-0.6 
-0.5 
-1.2 
-2.5 
-4.0 
6 . 6  
-8.6 

-10.4 
-11.5 
-13.0 
-14.5 
-15.6 
-16.3 
-16.8 
-17.5 
-18.2 
-18.7 
-19.1 
-19.4 
-20.1 
-20.5 
-20.5* 
-20.5 
-20 * 9 
-21.1 
-21.3 
-20.7 
-21.3 
-21.4 
-21.1 
-21.6 
-21.3 
-21.1 
-21 -5 
-21.3 
-22.0 
-21 .o 
-21 .S 
-21.3 
-21.1 
-21.7 
-21.1 
-21.7 
-21 * 1 
-21.3 
-21 -4  

qhfm 
HFtl @ 

Indoor 
Surf. 

0.2 
0.2 
0.1 

-0.2 
-1 -2 
-2.6 
-4.3 
4 . 1  
-7.9 
-9.6 

-11.2 
-12.6 
-13.8 
-14.9 
-16.0 
-16.8 
-17.5 
-18.0 
-18.5 
-18.9 
-19.4 
-19.7 
-19.9 
-20.2 
-20.3 
-20.6 
-20 - 9 
-21.1 
-21.2 
-21 a 3  
-21.3 
-21.5 
-21.4 
-21.4 
-21.5 
-21.4 
-21.5 
-21.4 
-21.4 
-21.4 
-21.6 
-21.4 
-21 a 5  
-21.6 
-21.5 
-21.5 
-21.7 
-21.4 

L 

qhfm 
HFM @ 

htdoor 
Surf * 

-0.6 
-41.9 
6 3 . 3  
-62.2 
-57.4 
-51.7 
-47.3 
-43.2 
-40.1 
-37.5 
-34.9 
-32.9 
-31.2 
-29.8 
-28.8 
-27.6 
-26.8 
-26.1 
-25.5 
-25.2 
-24.5 
-24.3 
-24.0 
-23.6 
-23.5 
-23.0 
-23.1 
-22.5 
-22.5 
-22 6 
-22.2 
-21.9 
-22.2 
-22.2 
-22.4 
-22.2 
-22.2 
-22.2 
-22.3 
-22.1 
-22.2 
-22 * 2 
-22.2 
-22.2 
-22.0 
-22 * 2 
-22 3 
-22.2 

cal cul ated 
Heat Flux, 

2 
Btu/hr * ft 

g.-. .; 
Steady- 
State 

0.2 
-5.7 

-12.1 
-15.3 
-17.3 
-18.5 
-19.3 
-19.9 
-20.3 
-20 6 
-20.7 
-20 - 8 
-20-9 
-21.0 
-21.1 
-21.2 
-21.2 
-21.2 
-21.2 
-21.2 
-21.2 
-21.3 
-21.3 
-21 - 2  
-21 - 3  
-21 -3  
-21.3 
-21.3 
-21.3 
-21.3 
-21.3 
-21.3 

-21.3 
-21.3 
-21.4 
-21.4 

-21.3 
-21.4 
-21.3 

-21.3 

-21.3 
-21.3 

-21.4 
-21.4 
-21.3 
-21.4 
-21.4 
-21 - 4  

*Calibrated hot box heat flux for hour 23 was derived frm linear interpolation of data fran hours 22 
t o  24. 
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TABLE M9-5(b) - TRANSIENT TEST RESULTS, SI UNITS 

Tim, 
hr 

0 
1 
2 
3 
4 
5 
6 
1 
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 
58 
60 
62 
64 
66 
68 
70 

tQ 
Outdoor 

A i r  

22.6 
2.3 

-11.2 
-15.3 
-17.3 
-18.4 
-19.2 
-19.8 
-20.3 
-20.6 
-20.8 
-21.1 
-21.2 
-21.4 
-21.6 
-21.1 
-21.1 
-21.8 
-21.8 
-21.8 
-21.8 
-21.9 
-21 -9 
-22.0 
-22.0 
-22.2 
-22.2 
-22 * 2 
-22.1 
-22.1 
-22.1 
-22.1 
-22.1 
-22.1 
-22.1 
-22.2 
-22.2 
-22.2 
-22.2 
-22.2 
-22.2 
-22.2 
-22.2 
-22.2 
-22.2 
-22.2 
-22.2 
-22.2 

t2 
Outdoor 
Surf. 

22.1 
14.0 
4.2 
-0.8 
-4.2 
-6.6 
-8.4 
-9.8 

-1 1 .o 
-11.9 
-12.6 
-13.2 
-13.7 
-14.1 
-14.4 
-14.8 
-15.0 
-15.2 
-15.3 
-15.5 
-15.6 
-15.1 
-15.8 
-15.9 
-15.9 
-16.1 
-16.2 
-16.2 
-16.2 
-16.3 
-16.3 
-16.3 
-16.3 
-16.3 
-16.3 
-16.3 
-16.3 
-16.3 
-16.4 
-16.3 
-16.4 
-16.3 
-16.4 
-16.4 
-16.3 
-16.4 
-16.4 
-16.4 

Measured Temperatures, 

O C  
~ 

t 4  
Internal 
Brick 
Surf. 

22.3 
21.5 
17.2 
12.3 
8.1 
4.1 
2.0 
-0.1 
-2.0 
-3.3 
4.5 
-5.4 
-6.2 
-6.9 
-7.5 
-7.9 
-8.3 
4. 1  
8.9 
-9.2 
-9.4 
-9.5 
-9.1 
-9.8 
-9.9 
-10.1 
-10.2 
-10.3 
-10.3 
-10.4 

-10.4 

-10.4 
-10.4 
-10.5 
-10.6 
-10.6 
-10.6 
-10.6 
-10.6 
-10.6 
-10.6 
-10.5 
-10.6 
-10.6 
-10.6 
-10.6 

-10.4 

-10.4 

t3 
Internal 
Block 
Surf. 

22.4 
22.4 
21.6 
19.8 
17.9 
15.9 
14.2 
12.6 
11.1 
9.9 
8.8 
1.8 
1.1 
6.4 
5.8 
5.3 
4.9 
4.6 
4.3 
4.0 
3.0 
3.6 
3.4 
3.3 
3.0 
3.0 
2.9 
2.8 
2.7 
2.1 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.4 
2.6 
2.5 
2.3 
2.5 
2.5 
2.5 

t 1 
Indoor 
Surf. 

22.3 
22.3 
22.3 
22.2 
21.9 
21.5 
21 .o 
20.6 
20.1 
19.7 
19.2 
18.8 
18.5 
18.3 
18.1 
11.8 
17.7 
17.5 
17.4 
11.3 
17.2 
17.1 
17.1 
16.9 
16.9 
16.8 
16.8 
16.8 
16.8 
16.1 
16.7 
16.1 
16.1 
16.7 
16.7 
16.1 
16.1 
16.7 
16.6 
16.1 
16.7 
16.6 
16.7 
16.1 
16.1 
16.7 
16.7 
16.7 

ti 
Indoor 

A i r  

22.2 
22.2 
22.1 
22.1 
22.1 
22.0 
21.9 
21.8 
21.1 
21 -5 
21.4 
21.4 
21.3 
21.2 
21.2 
21.2 
21.1 
21.1 
21.1 
20.9 
21 .o 
21.0 
21.0 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.1 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 

kasured Heat Flux, 

9, 
Cal ib. 
Hot Box 

4.4 
4.6 
-1.7 
-1.5 
-3.7 
-0.0 
-12.5 
-20.8 
-21.2 
-32.8 
-36.4 
-41 .O 
-45.1 
-49.3 
-51.3 
-53.0 
-55.3 
-57.3 
-58.9 
-60.4 
dl .2 
-63.3 
-64.7 
-64.7* 
-64.8 
-66.1 
-66.6 
-67.2 
65.4 
67.1 
-67.6 
-66.7 
-68.2 
-67.1 
66.6 
-67.9 
-67.1 
-69.4 
-66.4 
4 7 . 9  
-61.2 
-66.5 
-68.5 
-66.6 
48.5 
66.8 
-67.2 
-67.5 

-- 

2 
W/m 

qhfm 
HFH @ 
Indoor 
Surf. 

0.5 
0.6 
0.4 
-0.8 
-3.7 
-8.3 
-13.6 
-19.1 
-25.0 
-30.3 
-35.4 
-39.8 
-43.7 
-47.1 
-50.3 
-52.9 
-55.3 
-56.8 
-58.4 
-59.5 - 

-61.1 
-62.3 
-62.9 
-63.7 
-64.1 
65.0 
-66.0 
-66.5 
-66.9 
-61.2 
-67.3 
-67.8 
67.5 
47.5 
-67.9 
-67.6 

67.5 
-67.5 
-67.5 
48.0 
61.7 
-67.7 
-68.0 
41.8 
67.9 
-68.3 
-67.5 

4 7 . 8  

I 

qhfm 
HFH @ 

Outdoor 
Surf. 

-1.8 
-132.1 
-199.6 
-196.1 
-181,O 
-163.2 
-149.4 
-136.2 
-126.6 
-118.4 
-1 10.0 
-103.9 
-98.6 
-94.0 
-90.9 
-87.1 
-84.5 
-82.3 
-80.6 
-19.6 
-17.4 
-16.1 
-75.6 
-74.6 
-14.3 
-12.6 
-72.8 
-70.9 
-70.8 
-11.2 
-69.9 
49.2 
-10.1 
-70.0 
-70.5 
-69.9 
-70.1 
-70.0 
-10.4 
69.8 
-70.1 
-70.2 
-70.1 
-70.0 
-69.4 
-70.1 
-70.2 
-70.0 

Calculated 
Heat Flux, 

W/m 
2 

qss 

Steady- 
State 

0.1 
-17.9 
-38.3 
-48.3 
-54 * 5 
-58.5 
-60.9 
-62.1 
-64.1 
-65.0 
-65.2 
-65.7 
-66.0 
-66.3 
-66.5 
-66.7 
-66.8 
-66.8 
-66.9 
-66.9 
-66.9 
-67.0 
-67.1 
-67.0 
-67.1 
-67.2 
-61.3 
-67.3 
67.3 
-67.3 
-67.3 
-67.3 
67.3 
-61.3 
-67.3 
-61,4 
-67.4 
47.3 
-67.2 
-61.3 
47.4 
67.1 
-67.4 
-67.4 
-61.3 
-61.4 
-67,4 
-67.4 

%librated hot box heat flux for hour 23 was derived frm linear interpolation of data from hours 22 
tQ 24. 
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l A B L t  M9-b - SUlutHAKY Uk IKAN31tNI It31 K t 3 U L I S  

Heat Flux 

99 .53  of Final Heat F l u x  

95% o f  Flnal Heat Flux 

90% o f  Flnal Heat Flux 

Measured 

q W *  
Btu/hr.f t2 

(Wlrn2) 

-21  - 3  
( -67 .7)  

-20.3 
( -64.0) 

-14.2 
(-60.7) 

Time t o  
Reach qw, 

hr 

30 

22 

20 

HFM @ Indoor S u r f .  

-21.4 
( -67 .5 )  

-20.4 
( -64 .4 )  

-19.3 
(-61 .O) 

37 

25 

20 

Ca lcu la ted  

Stead y-Sta t e  

q s s *  
B t u / h r - f t 2  

(U/m2) 

-21.2 
( -67.0) 

-20.3 
(-64.0) 

-79.2 
(-60.6) 

21 

8 

6 
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F i g .  M9-2 Wall M9 Dynamic Test Results for  NBS Test Cycle 
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TABLE f@-7(a) - DYNAMIC 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 
I 

b 
3utdoor 

A i r  

45.2 
43.7 
41.6 
40.6 
40.3 
40.8 
50.2 
62.9 
72.4 
79.2 
85.7 
89.8 
93.0 
99.2 

103.4 
100.3 
95.1 
87.2 
74.9 
64.8 
59.1 
57.4 
56.8 
50.0 

68.1 - 

t2  
Outdoor 
Surf. 

56.4 
54.1 
51.8 
50.0 
48.9 
48.3 
51.8 
58.6 
65.2 
70.3 
75.6 
79.9 
83.3 
87.9 
92.2 
92.7 
91 .o 
87.4 
80.9 
74.1 
69.1 
66.3 
64.5 
60.5 

69.2 

Heasured Temperatures, 

O F  

t 4  
Internal 
Brick 
Surf. 

65.2 
62.4 
60.0 
57.9 
56.1 
54.4 
54.1 
55.5 
58.8 
62.3 
66.1 
70.0 
73.5 
76.7 
80.2 
83.2 
84.6 
84.9 
83.5 
80.6 
76.8 
73.4 
70.6 
68.2 

69.1 

Calibrated Hot Box Relative Hunidity: 
Indoor Charher - 24'2 
Outdoor Chamber - 21% 

Laboratory A i r  T erature: 
Uax. - 74'F (23% 
Hin. - 71°F (220Cj 

t 3  
Internal 
Block 
Surf. 

71.5 
69.9 
68.4 
67.0 
65.7 
64.5 
63.6 
63.1 
63.6 
64.6 
66.0 
67.6 
69.4 
71.2 
73.3 
75.3 
77.0 
70.1 
78.6 
78.2 
77.2 
75.8 
74.4 
73.0 

70.1 

t 1 
I n b r  
Surf. 

72.0 
72.4 
72.0 
71.5 
71.1 
7 1 . 7  
70.3 
70.0 
69.8 
69.1 
69.8 
70.0 
70.3 
70.7 
71.2 
71.8 
72.3 
12.1 
73.3 
73.6 
73.7 
73.6 
73.4 
73.1 

7 1 . 7  

ti 
Indoor 

Air 

- 
72.0 
71.9 
71.8 
7 1 . 7  
71.6 
71.5 
71.4 
71.3 
71.2 
71.2 
71.2 
71.3 
71.4 
71.5 
71.6 
7 1 . 7  
71.9 
72.0 
72.1 
72.2 
72.2 
72.2 
72.1 
72.1 

7 1 . 7  
_L_ 

Measured Heat Flux, 

Btu/hr* ft2 

9w 
Cal ib. 

Hot Box 

~~ 

1.47 
0.79 
0.31 

4 . 8 1  
-1.73 
-2.56 
-3.36 
-4.32 
-5.17 
-5.87 
-5.50 
-5.21 
-4.78 
-3.88 
-2.80 
-1.13 
4 . 3 5  

1.16 
2.35 
3.23 
3.43 
3.18 
2.95 
2.50 

- 1 . 1 1  

_I 

qhfm 
HFH @ 

Indoor 
Surf, 

1 .71  
0.94 
0.13 

- 0 . 7 1  
-1.58 
-2.45 
-3.23 
-3 * 94 
-4.55 
-4.70 
-4.71 
-4.34 
-3.69 
-2.91 
-1.99 
4 . 9 2  
0.19 
1-30 
2.22 
2.88 
3.22 
3.22 
2.88 
2.35 

-0.78 
_I 

I 

qhfm 
HFH @ 
Outdoor 
Surf. 

-25.88 
-24.00 
-23.30 
-21.82 
-19.75 
-1T.34 
-5.84 
7.89 

15.67 
20.18 
24.06 
24.69 
24.20 
28.00 
28.88 
21.30 
12.51 
2.31 

-11.49 
-20.93 
-23 * 66 
-21.57 
-18.91 
-23.94 

-2.03 

Calculated 
Heat Flux, 

2 Btu/hr. ft 

qss 
Steady - 
State 

- 
6 , 1 8  
6.90 
-7.59 
-8.07 
4 . 3 4  
-8.40 
-6.95 
-4.28 
-1.74 
0.25 
2.23 
3.19 
4.99 
6.63 
8.11 
8.10 
7.24 
5.67 
2.94 
0.20 

-1.72 
-2.79 
-3.37 
-4.78 

-0.87 

1 

I 
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TABLE m-7 (b) - DYNAHIC TEST RESULTS (PERIODIC) , NBS TEST CYCLE, SI UNITS 

T i m ,  
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 

Hean 

t0 

Outdoor 
Air 

7.3 
6.5 
5.3 
4.8 
4.6 
4.9 

10.1 
17.2 
22.4 
26.2 
29.6 
32.1 
33.9 
37.3 
39.7 
37.9 
35.1 
30.7 
23.8 
18.2 
15.1 
14.1 
13.8 
10.0 

20.1 

t 2  
lutdoor 
Surf. 

neasured Tenperatures, 
*C 

13.6 
12.3 
11.0 
10.0 
9.4 
9.1 

11.0 
14.8 
18.4 
21.3 
24.2 
26.6 
28.5 
31.1 
33.4 
33.8 
32.8 
30.7 
21.2 
23.4 
20.7 
19.1 
18.1 
15.8 

20.7 

t 4  
Internal 
Brick 
Surf. 

18.5 
16.9 
15.6 
14.4 
13.4 
12.6 
12.3 
13.1 
14.9 
16.8 
18.9 
21.1 
23.1 
24.8 
26.8 
28.4 
29.2 
29.4 
28.6 
27.0 
24.9 
23.0 
21.4 
20.1 

20.6 
-- 

t3 
Internal 
Block 
Surf. 

21.9 
21.1 
20.2 
19.4 
18.1 
18.1 
17.6 
17.3 
17.6 
18.1 
18.9 
19.8 
20.8 
21.8 
22.9 
24.1 
25.0 
25.6 
25.9 
25.7 
25.1 
24.3 
23.6 
22.8 

21.5 -- 

t 1 
Indoor 
Surf. 

22.7 
22.4 
22.2 
21 -9 
21.7 
21.5 
21.3 
21.1 
21.0 
20.9 
21.0 
21.1 
21.3 
21.5 
21.8 
22.1 
22.4 
22.6 
22.4 
23.1 
23.2 
23.1 
23.0 
22.8 

22.1 

I__ 

ti 
Indoor 

A i r  

1_ 

22.2 
21.2 
22.1 
22.1 
22.0 
21.9 
21.9 
21.9 
21.8 
21.8 
21.8 
21.8 
21.9 
21.9 
22.0 
22.1 
22.2 
22.2 
22.3 
22.3 
22.3 
22.3 
22.3 
22.3 

22.1 

Measured Heat Flux, 

9w 
Cal ib.  

Hot Box 

4.65 
2.49 
0.97 

-2.56 
-5.45 
-8.08 

-10.59 
-13.62 
-16.32 
-18.52 
-11.36 
-16.45 
-15.08 
-12.24 
-8.85 
-5.46 
-1.12 
3.66 
7.41 

10.18 
10.83 
10.03 
9.32 
7.88 

-3.51 

2 W/m 

qhfm 
HFH @ 
Indoor 
Surf 

5.41 
2.97 
0.42 

-2.25 
-4.97 
-7,72 

-10.19 
-12.43 
-14.37 
-15.07 
-14.86 
-13.68 
-11.64 
-9.17 
4 . 2 9  
-2.90 
0.61 
4.10 
6.99 
9.08 

10. 1.6 
10.14 
9.08 
7.41 

-2.47 

1 

qhfm 
HFH @ 

Outdoor 
Surf. 

-81.66 
-75.73 
-73.50 
48.84 
-62.33 
-54.10 
-18.44 
24.91 
49.45 
63.68 
75.92 
77.91 
76.36 
88.33 
91.11 
61.19 
39.46 

7.27 
-36.27 
-66.03 
-74.66 
68.05 
-59.65 
-75.52 

4 . 4 1  

ca 1 cu 1 ated 
Heat Flux, 

W/m 2 

qss 

State 
Steady- 

-19.50 
-21.75 
-23.93 

-26.29 
-25.44 

-26.49 
-21.93 
-13.50 
-5.48 
0.79 
1.03 

11.96 
15.75 
20.92 
25 + 57 
25.55 
22.84 
17.89 
9.28 
0.63 

-5 * 43 
-8.79 

-10.62 
-15.07 

-2.75 

-87- 
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Fig .  M9-3 Wall M9 Dynamic Test Results for  Gaithersburg April Test Cycle 
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TABLE H9-8(a) - DYNAMIC TEST RESULTS (PERIODIC), GAITHERSBURG APRIL TEST CYCLE 

r 
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 

?lean 

t0 

Outdoor 
A i r  

42.6 
42.4 
42.0 
39.6 
38.1 
43.6 
51.9 
56.2 
58.5 
60.1 
61.6 
69.4 
SB. 7 

107.2 
113.6 
105.2 
75.1 
59.4 
55.8 
53.0 
49.0 
45.4 
43.8 
42.8 

60.2 

Measured Tqeratures.  

O F  
__ 

t 2  
Outdoor 
Surf. 

50.4 
49.6 
4 8 . 7  
47.1 
45.5 
47.2 
51.5 
54.6 
56.7 
58.3 
59.8 
63.9 
74.2 
87.1 
95.0 
95.0 
81.9 
70.8 
66.3 
62.8 
59.2 
55.8 
53.4 
51.6 

61.9 

t4  
Internal 
Brick 
Surf. 

56.9 
55.4 
54.2 
53.2 
51.8 
50.9 
51.4 
52.9 
54.6 
56.1 
57.5 
59.0 
62.2 
68.2 
15.5 
81.3 
82.8 
78.1 
74.0 
70.2 
66.9 
63.9 
61.1 
58.8 

62.4 

Calibrated Hot Box Relative Hunidity: 
Indoor Chamber - 26% 
Outdoor Chmber - 212 

Laboratory Air T rature: 

Hin. - 71°F (22OC) 
WX. - 74OF ( 2 3 7  

t 3  
Internal 
Block 
Surf. 

64.8 
63.6 
62.5 
61.6 
60.7 
59.9 
59.4 
59.4 
59.8 
60.3 
60.9 
61.5 
62.5 
64.5 
67.5 
70.8 
73.4 
74.1 
13.3 
72.1 
70.6 
69.1 
67.6 
66.1 

65.3 

t 1 
Indoor 
Surf. 

68.2 
67.9 
67.5 
67.1 
66.8 
66.6 
66.3 
66.1 
66.0 
65.9 
66.0 
66.1 
66.3 
66.5 
66.9 
67.4 
68.1 
68.9 
69.4 
69.6 
69.5 
69.3 
69.0 
68.6 

67.5 

- 90- 

ti 

Indoor 
A i r  

68.0 
67.9 
67.7 
67.1 
67.6 
67.6 
67.5 
67.4 
67.4 
67.4 
61.4 
67.4 
67.5 
67.5 
67.5 
67.7 
67.9 
68.2 
68.3 
68.3 
68.3 
68.2 
6B. 1 
68.0 

67.8 

Measured Heat Flux, 
2 Btu/hr a ft 

qu 
Cal ib. 

Hot Box 

-0.38 
-1.39 
-2.35 
-2.85 
-3.83 
-3.92 
-5.13 
-5.41 
-5.78 
6 . 0 4  
-5.60 
-6.15 
-5.53 
-5.20 
-4.70 
-3.23 
-1.83 
0.54 
1.61 
2.1s 
2.12 
1.53 
1.16 
0.00 

-2.51 

qhfm 

HFM @ 
Indoor 
Surf. 

-0.03 
- 0 . 7 7  
-1.55 
-2.29 
-2.90 
-3.57 
-4.08 
-4.58 
-4.86 
-4.95 
-4.95 
-4.75 
-4.52 
-4.10 
-3.40 
-2.24 
-0.74 
0.83 
1.89 
2.34 
2.32 
2.00 
1.45 
0.17 

-1.78 

I 

qhfm 
HFM @ 

Outdoor 
Surf. 

-18.14 
-16.39 
-15.26 
-16.53 
-16.64 
-9: 38 
-0.34 
3.11 
4.19 
4.37 
4.69 

11.97 
33.45 
53.19 
52.33 
29.% 
-8.97 

-24.62 
-24.06 
-23.01 
-23.64 
-23.93 
-22.26 
-20.45 

-2.77 

Calculated 
Heat Flux, 

2 Btu/hr- ft 

qr., 
5 teddy- 
State 

-6.66 
-6.83 
-7.00 
-7.49 
-7.94 
-7.21 
-5.53 
-4.32 
-3.48 
-2.87 
-2.34 
4 . 8 4  
3.03 
7.90 

10.87 
10.65 
5.29 
0.12 

-1.18 
-2,57 
-3.89 
-5.07 
-5.83 
-6.36 

-2-04 
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TmLt M-Q(b) - DYWIC TEST RESULTS (PERIODIC), GAITHERSBURG APRIL TEST CYCLE, SI UNITS 

Tim, 
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  

5.9 
5.8 
5.6 
4.2 
3.4 
6.4 

11.1 
13.4 
14.7 
15.6 
16.4 
20.8 
31.5 
41.8 
45.3 
40.1 
23.9 
15.2 
13.2 
11.7 
9.4 
7.4 
6.6 
6.0 

15.7 

t2 
Outdoor 

Surf. 

10.2 
9.8 
9.3 
8.4 
7.5 
8.4 
10.8 
12.6 
13.7 
14.6 
15.4 
17.7 
23.4 
30.6 
35.0 
35.0 
27.7 
21.6 
19.1 
17.1 
15.1 
13.2 
11.9 
10.9 

16.6 

Measured Temperatures, 

*C 

t4 
Internal 
Brick 
Surf. 

13.8 
13.0 
12.3 
11.8 
11.0 
10.5 
10.8 
11.6 
12.6 
13.4 
14.2 
15.0 
16.8 
20.1 
24.2 
27.4 
28.2 
25.9 
23.3 
21.2 
19.4 
17.7 
16.2 
14.9 

16.9 

t3 
Internal 
Block 
Surf. 

18.2 
17.6 
16.9 
16.4 
15.9 
15.5 
15.2 
15.2 
15.4 
15.7 
16.1 
16.4 
16.9 
18.1 
19.7 
21.6 
23.0 
23.4 
23.0 
22.3 
21.4 
20.6 
19.8 
18.9 

18.5 

t 1 
Indoor 
Surf. 

20.1 
19.9 
19.7 
19.5 
19.3 
19.2 
19.1 
18.9 
18.9 
18.8 
18.9 
18.9 
19.1 
19.2 
19.4 
19.1 
20.1 
20.5 
20.8 
20.9 
20.8 
20.7 
20.6 
20.3 

19.7 

-91- 

ti 
Indoor 

A i r  

20.0 
19.9 
19.8 
19.8 
19.8 
19.8 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.7 
19.8 
19.9 
20.1 
20.2 
20.2 
20.2 
20.1 
20.1 
20.0 

19.9 

Measured Heat F1 ux, 

9, 
Cat ib.  

Hot Box 

-1.19 
-4.39 
-7.41 
-8.99 
-12.07 
-12.35 
-16.17 
-17.08 
-18.23 
-19.07 
-17.66 
-19.41 
-17.45 
-16.40 
-14.84 
-10.20 
-5.77 
1.72 
5.07 
6.78 
6.68 
4.81 
3.67 
0.00 

-7 3 2  

2 W/m 

qhfm 
HFM @ 

Indoor 
Surf. 

-0.08 
-2.42 
-4.89 
-1.22 
-9.15 
-11.25 
-12.86 
-14.46 
-15.34 
-15.60 
-15.62 
-14.98 
-14.26 
-12.93 
-10.73 
-7.08 
-2.34 
2.63 
5.96 
7.39 
7.31 
6.31 
4.56 
2.44 

-5.61 

I 

qhfm 
HFM @ 

Outdoor 
Surf. 

-57.23 
-51.72 

-52.17 

-29.59 
-1.07 

-48.14 

-52.51 

9.82 
13.21 
13.79 
14.80 
37.71 
105.54 
167.82 
165.09 
94.52 
-28.31 
-77.68 
-75.91 
-72.60 
-74.59 
-75,48 
-70.23 
-64.53 

-0.73 

Cal cu 1 ated 
Heat Flux, 

W/m 
2 

9SS 

Steady- 
State 

-21 .oo 
-21.55 
-22 * 08 
-23.62 
-25.03 
-22.75 
-17.43 
-13.63 
-10.99 
-9.05 
-7 * 37 
-2.64 
9.56 
24.90 
34.27 
33.57 
16.10 
2.27 
-3.11 
-8.10 
-12.26 
-16,OO 
-18.38 
-20 I 0 6  

-6.43 
-- 

-- 
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TABLE H9-9(a) - DYNAMIC TEST RESULTS (PERIODIC), GAITHERSBURG MY TEST CYCLE 

Tim, 
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  

to 
Outdoor 

Air 

~~ 

70.8 
69.3 
68.6 
68.3 
66.9 
69.1 
74.4 
76.0 
77.8 
80.1 
81.8 
84.5 
92.8 

105.9 
115.8 
119.1 
107.4 
90.1 
86.5 
81.2 
78.8 
15.1 
73.4 
72.1 

82.8 

t 2  
3uthr 
Surf. 

76.4 
14.9 
73.9 
73.1 
71.9 
12.2 
14.7 
75.9 
77.0 
78.6 
80.0 
81.8 
86.3 
94.2 

101.9 
107.0 
103.8 
95.1 
91.4 
87.3 
84.6 
81.9 
79.6 
77.9 

93.4 

Measured Tenperatures, 

O F  

t 4  
Internal 
Brick 
Surf. 

80.8 
79.3 
77.9 
76.8 
75.8 
74.9 
74.9 
75.5 
76.2 
77.0 
78.0 
79.1 
80.5 
83.4 
07.7 
92.6 
96.1 
95.8 
93.5 
91 .o 
88.5 
86.4 
84.3 
82.5 

82.9 

t 3  
tnternal 
Block 
Surf. 

~~ 

84.1 
83.1 
82.2 
81.1 
80.5 
79.8 
79.3 
79.1 
79.0 
79.2 
79.5 
79.9 
80.4 
81.3 
83.0 
85.2 
87.6 
89.1 
89.3 
88.9 
88.1 
87.2 
86.2 
85.1 

~~ 

83.3 

t 1 
Indoor 
Surf. 

84.0 
83. I 
83.5 
83.2 
82.9 
82.1 
82.4 
82.2 
82.1 
82.0 
82.0 
82.0 
82.1 
82.2 
82.4 
82.1 
83.2 
83.8 
84.2 
84.5 
84.6 
84.6 
84.4 
84.3 

83.2 

ti 

Indoor 
Air 

- 
83.1 
83.1 
83.0 
83.0 
82.9 
82.8 
82.8 
82.1 
82.1 
82.6 
82.1 
02.7 
02.7 
82.7 
82.1 
82.8 
82.9 
83.1 
83.2 
83.3 
83.3 
83.3 
83.2 
83.2 

82.9 

Measured Heat F 1 ux , 
2 Btu/hr * ft 

9w 
Cal ib. 

Hot Box 

2.34 
1.11 
1.13 
0.31 

-0.06 
4 . 8 7  
-1 .17  
-1.83 
-1.91 
-2.48 
-2.50 
-2.47 
-2.65 
-2.44 
-2.14 
-1 -53 
4*80 
0.76 
2.21 
2.96 
3.64 
3.82 
3.35 
2.84 

0. to 

qhfm 

HFM @ 
Indoor 
Surf. 

2.07 
1.53 
0.97 
0.45 

-0.09 
-0.58 
-1 .oB 
-1.49 
-1.79 
-1 -98 
-2.05 
-2.09 
-2.00 
-1 -83 
-1.52 
4 . 9 6  
-0.07 
0.97 
1-98 
2.68 
3.00 
3.03 
2.85 
2.49 

0.19 

I 

qhfm 

HFM @ 
Mtdoor 
Surf. 

I_ 

-13.67 
-13.48 
-12.58 
-11.46 
-1 1.88 
-8:12 
-1: 53 
-0.25 

1.12 
2.92 
3.95 
6.08 

14.28 
27 -33 
36.97 
35.64 
14.44 
-6.53 
-9.46 

-13.59 
-13.72 
-14.90 
-15.08 
-14.25 

-0.74 
cII_ 

Cal cu 1 ated 
Heat Flux, 

2 Btu/hr* ft 

4ss 
Steady- 
State 

. ~~~ 

-2.94 
-3.41 
-3.69 
-3.87 
-4.21 
-4.01 
-3.00 
-2.46 
-1.96 
-1.32 
-0.71 
4 . 1 1  

1.62 
4.68 
7.66 
9.58 
8.12 
4.44 
2.80 
1.07 

4 . 0 2  
-1.04 
-1.89 
-2.45 

0.12 
- 

Calibrated Hot WX Relative Hunidity: 
Indoor Chamber - 24% 
Outdoor Ch*r - 19% 

Max. - d 0 F  ( 2 4 q  
Min. - 7l0F (22OC) 

Laborator A i r  T erature: 
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TABLE H9-9(b) - DYNAMIC TEST RESULTS (PERIMIIC), GAITHERSBURG MAY TEST CYCLE, 51 UNITS 

~~ 

Time, 
hr 

"- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1 7  
18 
19 
20 
21 
22 
23 
24 

?leean 

-- 

Cal cu 1 ated 
Heat F 1 ux, 

W/m 
2 

Measured Heat F1 ux, Measured Tenrperatures, 

O C  
2 W/m 

qhfm 

HFH @ 
[ndoor 
Surf. 

6.53 
4.83 
3.05 
1.43 

-0.27 
-1 -82 
-3.41 
-4 + 69 
-5.65 
6 . 2 3  
4.48 
6 . 5 9  
-6.30 
-5.77 
-4.79 
-3.02 
-0.23 
3.05 
6.26 
8.44 
9.45 
9.55 
8.98 
7.86 

I 

qhfm 

HFR @ 
Outdoor 
Surf a 

t4  
Internal 
Brick 
Surf. 

t 3  
[nternal 
Block 
Surf. 

t 1 
Indoor 
Surf. 

28.9 
28.7 
28.6 
28.4 
28.3 
28.2 
28.0 
27.9 
27.8 
27.8 
27.8 
27.8 
27.8 
27.9 
28.0 
28.2 
28.4 
28.8 
29.0 
29.2 
29.2 
29.2 
29.1 
29.1 

ti 
Indoor 

Air 

28.4 
28.4 
20.3 
28.3 
28.3 
28.2 
28.2 
28.2 
28.2 
28.1 
28.2 
28.2 
28.2 
28.2 
28.2 
28.2 
28.3 
28.4 
28.4 
28.5 
28.5 
28.5 
28.4 
28.4 

t2  
Outdoor 
Surf. 

t0 

Dutdoor 
Air 

%I 

Cal ib .  
Hot wx 

7.39 
5.40 
3.57 
1.18 

-0.20 
-2.76 
-3.70 
-5.76 
4 . 0 2  
-7.83 
-7.89 
-7.81 
-8.36 
-7.70 
-6.76 
-4 82 
-2.54 
2.40 
6.98 
9.33 

11 -49 
12.06 
10.58 
8.97 

qS?. 

Steady- 
State 

-9.28 
-10.75 
-1 1.64 
-12.21 
-13.29 
-12.65 
-9.46 
-7.15 
-6.19 
4 . 1 6  
-2.44 
4 . 3 4  
5.12 

14.77 
24.17 
30.20 
25.61 
14.02 
8.84 
3.38 

-0.06 
-3.26 
-5 * 97 
-7.73 

21.6 
20.7 
20.3 
20.2 
19.4 
20.6 
23.6 
24.4 
25.4 
26.7 
27.1 
29.2 
33.8 
41 .O 
46.6 
4 8 . 7  
41.9 
32.6 
30.3 
27.3 
26.0 
24.3 
23.0 
22.3 

24.7 
23.8 
23.3 
22.8 
22.2 
22.3 
23.7 
24.4 
25.0 
25.9 
26.7 
27.7 
30.2 
34.6 
38.8 
41.7 
39.9 
35.1 
33.0 
30.7 
29.2 
27.7 
26.4 
25.5 

27.1 
26.3 
25.5 
24.9 
24.3 
23.8 
23.8 
24.2 
25.6 
25.0 
25.6 
26.2 
26.9 
28.6 
30.9 
33.7 
35.6 
35.4 
34.2 
32.8 
31.4 
30.2 
29.1 
28.1 

28.9 
28.4 
27.9 
27.3 
26.9 
26.6 
26.3 
26.2 
26.1 
26.2 
26.4 
26.6 
26.9 
27.4 
20.3 
29.6 
30.9 
31.7 
31.8 
31.6 
31 -2  
30.7 
30.1 
29.5 

-43.13 
-42.53 
-39.70 
-36.15 
-37.48 
-25.63 
-4.83 
- 0 . 7 7  
3.53 
9.21 

12.46 
19.19 
45.04 
86.22 

116.64 
112.45 
45.55 

-20.60 
-29.83 
-42.88 
-43.29 
-46.99 
-47.58 
-44.97 

28.2 28.6 28.3 28.5 28.4 20.3 0.59 -2.34 0.37 
I 

0.30 

constructlon technology laboratories 
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TABLE fl9-10 - SUMMARY OF DYNAMIC T E S T  RESULTS ( P E R I O D I C ) ,  THERMAL LAG 

Heat F l o w  Meter 

I 

Calc. 
T i  me 

Constant, Test 
Cyc 1 e 

q s s  vs  qw 

@ Max. @ Hin. 

6 4 

5 5 

6 8 

NBS 

Ga4 t h .  
Aprll 

Galth.  
May 

Avg . 

5.5 

5 

6 . 5  

Thermal Lag, hrs 

9,s vs  %fin 
Avg . 

7 4 5 

8 5 . 5  5 . 5  

6 7 6 .5  

Measured 

hrs 

1.4  

1 .4  

1 . 4  

Ca l ib ra ted  Hot Box 

Ca l ibra ted  Hot Box 

@ Max. @ Min. Avg. 

49 37 43 

64 38 51 

61 37 49 

to vs tl 

Heat F low Meter 

@ Max. @ M n :  Avg. 

55 47 51 

68 46 5 7  

70 41 59 

5 

5 . 5  

TABLE M9-11 - SUMMARY OF DYNAMIC TEST R E S U L T S  
( P E R I O D I C ) ,  REDUCTlON I N  ANPLITUDE 

Test 
Cycle 

NBS 

Gal  t h .  
A p r i l  

Gajth.  
May 



TABLE M9-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS 

~~ 

Net  Energy 
Comparisons, 

'A 

T o t a l  Energy 
Comparisons, 

x 
T o t a l  Energy, 

B t u / f t 2  (W-hr/m2) 
Net  Energy, 

B W f  t2 ( W -  hr/m2) 

T e s t  
Cyc 1 e 

~ 

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

N 
9, - 

9,s 

128 

123 

01 

:a 1 c u 1 ated T 

T 
9hfm 
9s 5 

T 

T 
9, - 

Qss 
T 
9,s 

N 
%m 

N 
qs s 

N 
4, 

NBS 

Gal t h .  
Apr 4 1 

Gal t h .  
Hay 

69.5 
(219 .1 )  

78.4 
( 2 4 7 . 4 )  

48.0 
( 7 5 1 . 5 )  

60.8 
(191.9)  

65.9 
(207.8) 

39.5 
(1 24 .7)  

121 .2  
(382.4) 

125 .8  
(396.9) 

77 . I  
(243.3) 

57 

62 

62 

50 

52 

51 

-26.7 
(-84.3) 

-60.2 
[ -190 .O) 

(7.2) 
2 .3  

-18.8 
( -59 .2 )  

-42.7 
(-134.6) 

4.5 
(14 .2)  

-20.9 
( -66.0) 

-48.9 
( -154 .4 )  

2 .8 
(8 .9 )  

1 

4 
t 

89 

37 

160 



! 

j 

t 
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WALL M l O :  12-in. (300-mn) BLOCK-BRICK C A V I T Y  WALL WITH INSULATION I N  C A V I T Y  

DESCRIPTION: Unrelnforeed 12- in .  (300-m) c a v i t y  w a l l  cons l s t i ng  of  6-In. 
(150-m) hol low core concrete block and 4-ln. (100-mn) c l a y  
b r i c k  separated by a 2-3/4-in. (70-mn) c a v i t y  conta ln ing 
expanded p e r l i t e  loose f i l l  i nsu la t l on .  

REFERENCE: Van Geem, H.G. and Larson, S.C., *Heat Transfer Character ls-  
t i c s  o f  a Masonry Cavi ty Wall Wlth and Without Expanded 
P e r l i t e  Insulat ion,"  Construction Technology Laboratories, 
Port land Cement Assoclation, Skokle, 1985, 142 pages. 

COMPOSITION: 1. 1/8-ln. (3-m) Plaster :  one p a r t  Type S masonry 
cement t o  2-1/2 pa r t s  masonry sand by volume, 
painted o f f -wh i te  

2. Bx8xl6-in. (15Ox2OOx4OO-mn) Normal Weight 
Hollow Core Concrete Block - 2 cares per b lock  

3.  Sil icone-Treated Expanded P e r l i t e  Loose 
Masonry I n s u l a t i o n  

4. 4x2-1/2x8-in. (100x60x200-mn) Clay B r i ck  - 
3 cores per b r i c k  

5. Metal Rectangular Ties Between Wythes - one 
I n  every other mortar j o i n t  between block 

3 

TABLE H1O-1 - PHYSICAL PROPERTIES OF WALL AT T I M E  OF TEST 

Property 

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

Average Thickness, I n .  (mn) 

Area, f t2  (m2) 

Estimated Molsture Content o f  
Block,* X by ovendry weight 

Estimated Moisture Content o f  
Brick,* X by ovendry weight 

Measured 
Value 

81 - 9 6  
(400.2) 

12.0 
(305) 

73.65 
(6.84) 

1.2 

0 . 3  

*Measured on masonry, i nc lud ing  mortar j o i n t s ,  
a f t e r  t e s t .  

construcilon technology laboratories -913- 



TABLE M10-2(a) - MATERIAL PROPERTIES, NORHAL HEIGHT CONCRETE BLOCK 

Property  

Standard Dimenslons,  I n .  (mn) 

Measured Dimensions, i n .  (mm) 

Percent  Solid Volume 

Ovendry U n l t  Weight ,  pcf (kg/rn3) 

Mois ture  Content ,  X ovendry weight  

Absorption, % ovendry weight  

T e s t  Method 

ASTM. C140 

ASTM C140 

ASTM C140 

Speclinen 
Condition 

Mean 

O F  

( " C )  

Temperature,  

-- 

Measured 
Value 

~~ 

5-5 /8~7-5 /8~15-5 /8  
( 143x7 94x397 1 

5 . 6 4 ~ 7 . 6 5 ~ 1 5 . 6 1  
( I  43x1 94x336) 

56 

24 
984) 

1 . 7 5  

8.1 



TABLE M10-2(b) - M A T E R I A L  PROPERTIES, CLAY BRICK 

Property 

Measured Dimensions, I n .  (m) 

Percent Solld Volume 

Ovendry U n i t  Welght, pcf (kg/m3) 

Moisture Content, % ovendry weight 

Absorpt ion,  f l  ovendry uefght  

Test  Hethod 

ASTM C67 

ASTM C67 

ASTM C67 

Specimen 
Condit ion 

M e a n  

O F  

( " C )  

Temperature, Measured 
Value 

3 - 3 / 8 ~ 2 - 1 / 4 ~ 8  
( 86x57 x2O3) 

3 . 3 9 ~ 2 . 2 7 ~ 7 . 8 0  
( 86x58~198)  

82 

135 
( 2 1  60) 

0.1 

5.3 



T A W €  M10-2(C) - MATERIAL PROPERTIES. MORTAR* 

Property  

Average Mortar  3ed J o l n t  Spacing f o r  
Block,  I n .  (mn) 

Average Mortar  Bed J o l n t  Spacjng for 
B r l c k ,  In. (mn) 

Compress1 ve S t rength* * ,  PSI (HPa) 

Compressive S t rength* * ,  p s i  (#Pa)  

Test  Method 

-- 

Spec 1 men 
Condi t ion  

-- 

-- 

a i r  d r y  

m o i s t  

*One p a r t  Type S masonry cement t o  t h r e e  p a r t s  masonry sand by volume. 
**Measured on 2 - i n .  (50-m) cubes cured for  28 3 days. 

., 

Mean 

O F  

( " C )  

Temperature, Meas tl red  
Value 

0.28 
(7) 

0.37 
(9) 

2270 
(15.6) 

1850 
(12.8) 



I + 
0 
W 
I 

TABLE MlO-Z(d )  - MATERIAL PROPERTIES, EXPANDED PERLITE LOOSE FILL MASONRY INSULATION 

Property Test  Method 

Met Welght i n  Wall, l b  (kg) 

-- Denslty, as r e c e l v e d ,  pc f  (kg/m3) I 

Spec 1 men 
Condition 

-- 

-- 

Mean 

O F  

( " C )  

Temperature, 

-- 

-- 

Measured 
Va 1 ue 

73.4 
(33.4) 

4 . 3  
(69)  



TABLE M10-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

1. Outside A i r  F i l m  

2. 4x2-1/2x€J-in. (100x60~200-m)  
Clay B r i c k  

3 .  2-3/4-in. (70 -m)  Expanded P e r l i t e  
Loose F i l l  Hasonry I n s u l a t i o n  

4. 6x8x16-in. (150x200~400-m) 
Hol low Core Concrete B lock  

5, 1/8- in .  (3-m) Plas te r  

6. I n s i d e  A i r  Film 

To ta l  R 

To ta l  U+ 

With Metal  T ies 
2 RT = 10.30 hr . f t2 . "F/Btu (1.81 m *K/W) 

U = 0.10 B tu /h r - f t * . "F  (0.55 W/m2*K) 

Wi th Metal  T ies and I n s u l a t i o n  Set t lement  

= 8.83 hr . f t2a0F/Btu  (1.56 m2.K/W) 

= 0.11 Btu/hr. f t ' *"F (0.64 W/m2-K) 
RT 
U 

R ,  
Thermal Resistance 

h r  * f  t2- "F/Btu 
( m2. K/W) 

0.17" 
(0.03) 

0 . 4 4 *  
(0.08) 

8.59* 
(1.51) 

(0.21) 

(0.01) 

O f  68* 
(0.12) 

1.18** 

0.03* 

11.09 
(1.95) 

0.09 
(0 .51 )  

*Source: ASHRAE Handbook - 1981 Fundamentals, American Soc ie ty  o f  
Heating, Re f r j ge ra t i ng ,  and A i r -Cond i t i on ing  Engineers, 
Inc., A t lan ta ,  1981. 

**Source: Randal l ,  F .  A., Jr., and Panarese, W .  C . ,  Concrete 
Masonry Handbook, Por t land Cement Associat ion,  Bulletfn 
EB008.04M, Skokie, 1980. 

'Units f o r  thermal t ransmi t t ance  a r e  B t u / h r = f  t2.0F (W/m2*K) 

I construction technology laboratories -104- 



I 
c.r 

Heasured Terrperatures, 

OF 

("C) 
Relative timidity 

0 
VI 
I 

Laboratory 
Air Tenperatwe 

Elanindl Test 
Condition to 

Outdoor 
A i r  

128 
(53) 

-12 
(-24) 

-- 

$,, = 32°F 
(0°C) 

t 2  
Outdoor 
Surface 

126 
(521 

-8 
(-22) 

-- Design Val ues 

9 
Heat Flux, 

Btu 
h r * f t  
- 

2 

(U/ll12) 

5.9 
t 18.7) 

-9.0 
(-28.4) 

.. - 

* 
RT s 

hr f t2 -OF 

Btu 

(,2*K/W) 

9.47 
(1.67) 

9.32 
(1.64) 

8.83 
(1.56) 

* 
u s  

Btu 
hr * f t2 * OF 

2 W m  *K) 

0.11 
(0.60) 

0.11 
(0.61) 

0.11 
(0.64) 

t4  
Internal 
'Brick 
Surface 

XTotal thermal resistance, R and transmittance, U, for steady-state tests were calculated using the design surface resistance coefficients from 
Table H I 0 3  and measured vaT&?s of heat f lux .  



Wall M I 0  

t, 3OoF (-I O C  
I20 I5O E i 

c 
Temp., t 
O F  

60 

30 

0 

-30 

p f 2  
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' 9 . .  .. . ....... .... , . . . * *  ... ...... ... . 

t, 
1 I I I 1 U I  I I I 

0 24 48 

Time, hour 

(a )  Measured Temperatures 

60 

40 

20 

0 

- 20 
-40 

- 60 

-80 

72 

60 

40 

Temp., 
*C 20 

0 

-20 

24 48 

Time , hour 
(b )  Temperature Differentials 

F i g .  M10-1 Wall M10 Trans ien t  T e s t  Resul ts 

72 
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20 

0 

- 20 
Heat Flux, 

Btu 

- 40 hr - ft2 

-60 

- 80 

- 100 
0 

Wall MI0  
t,= 30 O F  ( - I  "C) 

I I I I 1 I I 1 

24 48 

Time ) hour 

( c )  Heat F l u x  

F i g .  M10-1 Wall M10 Transient Test Resu l ts  

50 

D 

-50 

Heat Flux, 
-100 - W 

m2 

- I50 

- 200 

-250 

- 300 

72 
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TABLE Ml0-5(a> - TRANSIENT TEST RESULTS 

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 
30 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 

t0 
Outdoor 

Air 

73.2 
42.8 
14.1 
3.2 
-1.8 
-4.8 
-6.6 
-7.8 
-8.7 
-9.3 
-9.8 
-10.1 
-10.4 
-10.6 
-10.8 
-11.0 
-11.1 
-11.2 
-11.3 
-11.3 
-11.4 
-11.4 
-11.5 
-11.6 
-11.6 
-11.6 
-11.7 
-11.6 
-11.6 
-11.5 
-11.7 
-11.7 
-11.7 
-11.7 
-11.7 
-11.6 
-11.6 
-1 1.6 
-11.7 
-11.6 
-1 1.6 
-11.6 
-11.6 
-11.6 
-1 1.6 
-11.7 
-1 1.6 
-1 1.6 
-11.7 

Measured Temperatures, 

O F  

t2 
Outdoor 
Surf. 

73.5 
60.3 
41.9 
30.0 
22.2 
16.3 
11.8 
8.1 
5.3 
3.0 
1.1 
-0.4 
-1.7 
-2.7 
-3.5 
-4.2 
-4.7 
-5.2 
-5.6 
-5.9 
6.2 
-6.5 
-6.7 
-6.8 
-7.0 
-1.2 
-7.3 
-7.4 
-7.4 
-7.4 
-7.5 
-7.6 
-7.6 
-7.6 

-7.6 
-7.6 

-7.7 

-7.6 
-7.6 
-7.6 
-7.6 
-7.5 
-7.5 
-7.6 
-7.6 
-7.6 
-7.6 
-7.6 
-7.6 

t 4  
Internal 
Brick 
Surf. 

73.0 
71.8 
64.6 
54.2 
43.8 
34.8 
27.5 
21.5 
16.9 
13.2 
10.2 
7.6 
5.6 
3.8 
2.4 
1.3 
0.4 
-0.4 
-1 .o 
-1.4 
-1.8 
-2.3 
-2.5 
-2.8 
-2.9 
-3.2 
-3.5 
-3.5 
-3.7 
-3.7 
-3.8 
-3.8 
-3.9 
-3.9 
-4.1 
-3.9 
-3.9 
-3.9 
-3.9 
-3.9 
-3.9 
-3.8 
-3.9 
-3.9 
-3.9 
-3.9 
-3.9 
-3.9 
-3.9 

t3  
Internal 
Block 
Surf. 

72.5 
72.4 
72.2 
71.6 
70.1 
69.6 
68.5 
67.4 
66.4 
65.5 
64.1 
63.9 
63.2 
62.6 
62.1 
61.7 
61.2 
60.8 
60.5 
60.2 
59.5 
59.7 
59.4 
59.3 
59.1 
58.9 
58.7 
58.6 
58.6 
58.5 
58.4 
58.4 
58.4 
58.4 
58.3 
58.3 
58.3 
58.4 
58.3 
58.4 
58.3 
58.4 
58.3 
58.4 
58.4 
58.4 
58.4 
58.3 
58.3 

t 1 
Indoor 
Surf. 

72.3 
72.3 
72.3 
12.3 
72.2 
71.9 
71.8 
71.6 
71.4 
71.1 
70.9 
70.7 
70.4 
70.2 
70.1 
69.9 
69.7 
69.5 
69.5 
69.4 
69.2 
69.1 
69.0 
69.0 
68.9 
68.7 
68.7 
68.7 
68.5 
68.7 
68.6 
68.6 
68.6 
68.6 
68.5 
68.4 
68.5 
68.4 
68.4 
68.6 
68.6 
68.6 
68.6 
68.6 
68.6 
68.6 
68.6 
68.5 
68.6 

I__ 

t i  
Indoor 

Air 

71.9 
72.0 
72.0 
72.0 
71.9 
71.8 
71.8 
71.6 
71.6 
71.7 
71.6 
71.5 
71.4 
71 - 3  
71.2 
71.2 
71.2 
71.1 
71.1 
71.1 
71.1 
71.0 
71 .o 
71.0 
71.1 
71 .O 
71 .O 
71.1 
71.1 
71.1 
71.0 
71.1 
71.1 
71.1 
71.0 
71.1 
71.1 
71.1 
71.1 
71.1 
71.1 
71.2 
71.1 
71.2 
71.2 
71.2 
71.1 
71.1 
71.1 
_II 

Measured Heat F 1 ux , 
2 Btu/hr- f t  

Clw 
Cal ib .  

Hot Box 

0.7 
1 .o 
1.2 
1.0 
0.5 
-0.1 
4.6 
-1.3 
-1.7 
-2.3 
-2.6 
-2.3 
-3.9 
-4.6 
-5.4 
-5.4 
-6.0 
-7.2 
-6.8 
4.9 
-6.8 
-7.2 
-7.3 
-7.2 
-7.7 
-7.9 
-8.3 
-8.3 
-8.5 
-8.6 
-8.7 
-8.4 
-8.6 
-8.6 
-8.7 
-8.1 
-8.0 
-7.3 
-8.6 
4.8 
-8.6 
-9.4 
-8.7 
-8*8 
-8.6 
-9.6 
-8.6 
-8.2 
-8.5 

qhfm 
HFM @ 
Indoor 
Surf. 

~ 

0.1 
0.0 
0.0 
0.0 
-0.1 
-0.3 a. 7 
-1.1 
-1.5 
-2.1 
-2.6 
-3.2 
-3.7 
-4.2 
-4.7 
-5.1 
-5.5 
-5.9 
-6.2 
-6.5 
4 . 8  
-7.0 
-7.3 
-7.4 
-7.6 
-7.8 
-8.0 
-8.2 
-8.3 

-8.4 
8.4 
8.6 
-8.6 
8.6 
-8.6 
4.5 
-8.6 
-8.6 
-0.6 
-8.6 
-8.6 
8.6 
-8.6 
4.6 
-8.5 
-8.6 
-8.5 
-8.6 

4. a 

L 

qhfm 
HFM @ 

Dutdoor 
Surf. 

0.1 
-41.2 
-76.2 
-80.7 
-74.2 
6 6  9 
-57%6 
-49.6 
-43.3 
-37.8 
-32.8 
-28.6 
-25 - 3 
-22.5 
-19.9 
-18.3 
-16.5 
-15.3 
-14.0 
-13.2 
-12.5 
-1 1.6 
-11.2 
-10.7 
-10.5 
-9.8 
-9.3 
-9.1 
-9.0 
-8.8 
8.8 
-8.6 
-8.6 
-8.5 
-8.6 
-8.5 
-8.5 
-8.4 
-8.4 
43.5 
-8.4 
-8.4 
-8.4 
-8.5 
-8.4 
-8.4 
-8.3 
-8.4 
-8.4 

Calculated 
Heat Flux, 

2 Btu/hr* f t  

qss 
Steady- 
5 tate 

0.1 
-1.4 
-3.6 
-5.0 
-5.9 
-6.5 
-7.0 
-7.4 
-7.7 
-8.0 
-8.2 
-8.3 
-8.4 
-8.5 
-8.6 
-8.7 
-8.7 
-8.7 
-8.8 
-8.8 
-8.8 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
4.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 
-8.9 

i 

1 

-108- 1 constructlon technology laboratorles 



TABLE H10-5(b) - TRANSIENT TEST RESULTS, SI U N I T S  

Time, 
hr 

0 
1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
12 
13 
14 
1s 
16 
1 7  
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 

to 
Dutbr 

Air 

22.9 
6.0 

-9.6 
-16.0 
-18.8 
-20.4 
-21.4 
-22.1 
-22.6 
-22.9 
-23.2 
-23.4 

-23.1 
-23.8 

-23.9 

-23.6 

-23.9 

-24.0 
-24.1 
-24.1 

-24.1 

-24.2 

-24.3 
-24.2 
-24.2 

-24.3 
-24.3 
-24 3 
-24.3 
24.3 

-24.2 
-24.2 
-24.2 
-24.3 

-24.1 

-24.2 
-24.2 

-24.2 

-24.2 

-24.2 
-24.2 
-24.2 

-24.2 
-24.2 
-24.3 

-24.2 
-24.3 

-24.2 

-24.2 

Heasured Tmperatures, 

OC 

t 2  
Outdoor 
Surf. 

23.1 
15.7 
5.5 

-1.1 
-5.4 
-8.7 

-1 1.2 
-13.3 
-14.8 
-16.1 
-17.2 
-18.0 
-18.7 
-19.3 
-19.7 
-20.1 
-20.4 
-20.7 
-20.9 
-21.1 
-21.2 
-21.4 
-21.5 
-21 -6  
-21.7 
-21.8 
-21.8 
-21.9 
-21.9 
-21.9 
-21.9 
-22.0 
-22.0 
-22.0 
-22.1 
-22.0 
-22.0 
-22.0 
-22 * 0 
-22 * 0 
-22.0 
-21.9 
-21.9 
-22.0 
-22.0 
-22.0 
-22 * 0 
-22.0 
-22.0 

t 4  
[nternal 
Brick 
Surf. 

22.8 
22.1 
18.1 
12.3 
6.6 
1.6 

-2.5 
-5.8 
-8.4 

-10.4 
-12.1 
-13.6 
-14.7 
-15.7 
-16.4 
-17.1 
-11.6 
-18.0 
-18.3 
-18.6 
-18.8 
-19.1 
-19.2 
-19.3 
-19.4 
-19.6 
-19.7 
-19.7 
-19.8 
-19.8 
-19.9 
-19.9 
-19.9 
-19.9 
-20.0 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 
-19.9 

t3 
[ n te r na 1 
Block 
Surf. 

22.5 
22.4 
22.3 
22.0 
21.5 
20.9 
20.3 
19.1 
19.1 
18.6 
18.2 
17.1 
17.3 
17.0 
16.1 
16.5 
16.2 
16.0 
15.8 
15.7 
15.3 
15.7 
15.2 
15.2 
15.1 
14.9 
14.8 
14.8 
14.8 
14.7 
14.7 
14.1 
14.1 
14.7 
14.6 
14.6 
14.6 
14.7 
14.6 
14.7 
14.6 
14.1 
14.6 
14.7 
14.1 
14.7 
14.1 
14.6 
14.6 

t 1 
Indoor 
Surf. 

22.4 
22.4 
22.4 
22.4 
22.3 
22.2 
22.1 
22.0 
21.9 
21.7 
21.6 
21.5 
21.3 
21.2 
21.2 
21.1 
20.9 
20.8 
.20.8 
20.8 
20.7 
20.6 
20.6 
20.6 
20.5 
20.4 
20.4 
20.4 
20.3 
20.4 
20.3 
20.3 
20.3 
20.3 
20.3 
20.2 
20.3 
20.2 
20.2 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 
20.3 

ti 
Indoor 

A i  r 

- 
22.2 
22.2 
22.2 
22.2 
22.2 
22.1 
22.1 
22.0 
22.0 
22.1 
22.0 
21.9 
21.9 
21.8 
21.8 
21.8 
21.8 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.8 
21.7 
21.8 
21.8 
21.8 
21.7 
21.7 
21.7 
I_ 

Measured Heat F 1 ux , 
2 W/m 

Clw 
Calib. 
tbt Box 

2.1 
3.3 
3.9 
3.2 
1.6 

-0.3 
-1.8 
-4.0 
-5.3 
-7.2 
-8.2 
-7.3 

-12.3 
-14.6 
-16.9 
-17.0 
-18.9 
-22.8 
-21.4 
-21.7 
-21 - 6  
-22.7 
-23.0 
-22.8 
-24.2 
-25.1 
-26.1 
-26.1 
-26.9 
-27 * 1 
-27.4 
-26.4 
-27.1 
-27.0 
-27.4 
-25 - 6 
-25.1 
-23.1 
-27.1 
-27.1 
-21.1 
-29.5 
-27.6 
-27.1 
-27.1 
-30.2 
-27.0 
-25.9 
-26.1 

qhfm 
HFH @ 

Indoor 
Surf. 

0.3 
0.0 
0.1 
0.1 

-0.4 
-1 .o 
-2.1 
-3.4 
-4.8 
6 . 6  
-8.2 

-10.0 
-11.7 
-13.4 
-14.9 
-16.1 
-17.5 
-18.1 
-19.7 
-20.5 
-21.3 
-22 .o 
-23.0 
-23.2 
-23.9 
-24.1 
-25.2 
-25.8 
-26.2 
-26.5 
-26.5 
-26.6 
-27.0 
-27.0 
-27.0 
-27.1 
-26.9 
-27.1 
-27.0 
-27 -0 
-27.0 
-27.1 
-21.1 
-27.0 
-21 2 
-26.9 
-27.1 
-26.9 
-21.1 

I 

qhfm 
HFM @ 

Xltdaor 
Surf. 

0.4 
-129.8 
-240.4 
-254.7 
-234.1 
-208.7 
-181.9 
-156.5 
-136.7 
-1 19.3 
-103.5 
-90.2 
-19.8 
-11.0 
-62.8 
-57.7 
-52.1 
-40.3 
-44.2 
-41.6 
-39.5 
-36.6 
-35.2 
-33 * 9 
-33.0 
-30.9 
-29.5 
-28.8 
-28.4 
-27.9 
-27 -8 
-27.2 
-27.1 
-26.9 
-27.1 
-26.7 
-26.7 
-26.6 
-26.6 
-26.7 
-26.6 
-26 * 6 
-26.6 
-26.9 
-26.6 
-26.5 
-26.2 
-26.4 
-26.5 

hlculated 
{eat Flux, 

W/m 
2 

qss 
Steady- 
State 

0.4 
-4.4 

-11.2 
-15.6 
-18.5 
-20.5 
-22.1 
-23.4 
-24.4 
-25.1 
-25.8 
-26.2 
-26.6 
-26.9 
-27.2 
-27.3 
-27.5 
-27.6 
-27.7 
-27 -8 
-27.8 
-27.9 
-27.9 
-28.0 
-28.0 
-28.0 
-20.0 
-28.1 
-28.0 
-28.1 
-28.1 
-28.1 
-28.1 
-28.1 
-28.1 
-28 a 0 
-28.1 
-28.0 
-28.0 
-28.1 
-28.1 
-28.1 
-28.1 
-28.1 
-28.1 
-28.1 
-28.1 
-28.1 
-28.1 
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TABLE #lo-6 - SUflMARY OF TRANSIENT TEST RESULTS 

Heat Flux 

I + + 
0 
I 

Neas u red Ca 1 c u 1 a ted  

Cal ib .  H o t  Box HFH @ Indoor Surf .  Steady-State  

99.5% of  F i n a l  Heat F l u x  

9531 o f  F i n a l  Heat F l u x  

9091 o f  Final Heat Flux 

qw* 
B t u / h r - f  t2 

(W/rn2) 

-9.0 
(-28.3) 

-6.6 
(-27 .O)  

-8.1 
( -25 .6)  

I I 

I I I I 
Time t o  
Reach q,, 

hr 

qhfm* Time t o  qss 1 T h e  t o  
Btu /hr . f t  Reach qhfm, Btu /hr . f tZ  Reach Qss, 

(DJ/m2) hr (W/rn2) h r  

58 ' 

33 

28 

I 

-8.5 40 -8.9 23 
(-26.8) (-28.0) 

-8.1 29 -8 .5 13 
( -25  -6 )  (-26 - 7 )  

-7.7 26 -8.0 10 
( -24 .3 )  ( -25.3) 



Temp I 

O F  

30 t 

25 

0 
0 8 16 24 

Time , hour 

(a) Measured Temperatures 

i wa:BsM'o 

15 

0 

- I5 

- 60 , -30 
0 8 16 24 

Time , hour 
(b )  Temperature Differentials 

F i g .  M10-2 Wall M10 Dynamic Test Results f o r  NBS Test Cycle 
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50 r WakSM'o 1 I4O 

24 8 16 
-40 

0 

Time , hour 

( c )  Heat F lux  

F i g .  M10-2 Wall M10 Dynamic Test R e s u l t s  for NBS Test  Cycle f 
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TABLE M10-7(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS 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 

Hean 

tQ 
3utdoor 
Air 

44.3 
42.4 
40.2 
39.6 
39.4 
42.0 
54.4 
64.5 
71.9 
79.4 
85.5 
88.6 
92.9 
99.5 
101.1 
97.4 
91.7 
82.4 
70.1 
62.2 
57.9 
57.1 
54.9 
46.8 

66.9 

Measured Terperatures, 

O F  

t 2  
Outdoor 
Surf. 

54.8 
52.1 
49.4 
47.5 
46.2 
46.3 
51.8 
58.0 
63.4 
69.6 
74.9 
78.8 
83.0 
88.3 
91.8 
92.0 
90.1 
85.9 
18.9 
73.0 
68.6 
66.1 
63.6 
58.2 

t4 
Internal 
Brick 
Surf. 

63.0 
59.6 
56.5 
53.8 
51.5 
49.8 
49.5 
51.6 
55.2 
60.1 
64.6 
69.2 
73.3 
77.6 
81.9 
85.3 
87.1 
07.2 
85.2 
81.6 
17.3 
73.3 
70.1 
66.7 

68.0 

Calibrated Hot Box Relative Hunidity: 
Indoor C h d e r  - 33% 
Outdoor Chamber - 24% 
Laboratory Air T erature: 
Max. - 74'F ( 2 3 3  
Min. - ll*F (22OC) 

t3 
nternal 
61 ock 
Surf. 

72.5 
72.0 
71.5 
71.0 
70.5 
70.1 
69.1 
69.4 
69.4 
69.6 
69.9 
70.3 
70.8 
71.3 
71 -9 
72.5 
73.1 
73.5 
73.8 
13.9 
73.7 
73.6 
13.3 
72.9 

71.7 

t 1 
tndoor 
Surf. 

72.6 
72.6 
72.5 
72.3 
72.2 
72.1 
72.0 
71.9 
71.8 
71.7 
71.7 
71.7 
71.8 
71.9 
72.0 
72.1 
72.3 
72.4 
72.6 
72.7 
12.1 
72.8 
72.8 
72.7 

72.2 

ti 
tndoor 

A i r  

72.3 
72.2 
72.2 
72.1 
72.1 
72.1 
72.1 
72.0 
11.9 
71.9 
72.0 
72.0 
72.0 
72.0 
72.1 
72.1 
72.2 
72.2 
72.3 
12.3 
72.3 
72.2 
72.3 
72.3 

72.1 

kasured Heat F1 ux, 
2 Btu/hr* ft 

(IW 

Cal ib. 
Hot Box 

0.62 
' 0.48 
0.11 
-0.11 
-0.31 
-0.76 
4.75 
-1.42 
-1.69 
-1.80 
-1 -90 
-2.02 
-1 -91 
-1.78 
-1.41 
-1.14 
-0.93 
4.44 
0.02 
0.46 
0.60 
0.31 
0.63 
0.56 

-0).61 

qhfm 
HFR @ 
Indoor 
Surf 

0.51 
0.37 
0.25 
0.04 
-0.21 
-0.40 
-0.67 
-0.88 
-1 16 
-1.31 
-1.41 
-1.45 
-1.40 
-1.30 
-1.12 
-0.89 
-0.64 
4.38 
-0.09 
0.18 
0.37 
0.51 
0.58 
0.56 

-0.41 

1 

qhfm 
HFH @ 
)u tdoor 
Surf. 

-30.82 
-28.43 
-26.79 
-23.59 
-20.14 
-13.90 
4.03 
17.95 
27.23 
34.64 
38.85 
36.73 
37.36 
41.89 
36.74 
22.77 
9.53 
-4.96 
-21.62 
-29 52 
-30.12 
-26.96 
-25.53 
-32.74 

4.33 

Calculated 
Heat Flux, 

2 Btu/hr ft 

qss 
Steady- 
State 

-2.09 
-2.40 
-2.70 
-2 * 90 
-3.04 
-3.02 
-2.36 
-1.62 
-0.99 
-0.25 
-0.37 
0.83 
1.31 
1.92 
2.31 
2.32 
2.09 
1.57 
0.74 
0.04 
-0.48 
-0.78 
-1.08 
-1.70 

-0.50 
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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 

Wean 
-- - 

TAELE HlO-l(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS TEST CYCLE, SI UNITS 

to  

Outdoor 
Air 

6.8 
5.8 
4.6 
4.2 
4.1 
5.6 
12.4 
18.1 
22.2 
26.3 
29.7 
31.4 
33.8 
37.5 
39.4 
36.3 
33.2 
28.0 
21.2 
16.8 
14.4 
13.9 
12.7 
8.2 

19.4 

t2 
Outdoor 
Surf. 

12.7 
11.2 
9.7 
8.6 
7.9 
7.9 
11.0 
14.4 
17.4 
20.9 
23.8 
26.0 
28.3 
31.3 
33.2 
33.3 
32.3 
29.9 
26.1 
22.8 
20.3 
18.9 
17.6 
14.6 

20.0 

Measured Tqxratures, 

OC 

t 4  
Internal 
Brick 
Surf. 

17.2 
15.3 
13.6 
12.1 
10.8 
9.9 
9.7 
10.9 
12.9 
15.6 
18.1 
20.7 
22.9 
25.3 
27.1 
29.6 
30.6 
30.1 
29.6 
27.6 
25.2 
22.9 
21.2 
19.3 

20.0 

t3 
Internal 
Block 
Surf. 

22.5 
22.2 
21.9 
21.7 
21.4 
21.2 
20.9 
20.8 
20.8 
20.9 
21.1 
21.3 
21.6 
21.8 
22.2 
22.5 
22.8 
23.1 
23.2 
23.3 
23.2 
23.1 
22.9 
22.7 

22.1 

- 

t 1 
Indoor 
Surf. 

22.6 
22.6 
22.5 
22.4 
22.3 
22.3 
22.2 
22.2 
22.1 
22.1 
22.1 
22.1 
22.1 
22.2 
22.2 
22.3 
22.4 
22.4 
22.6 
22.6 
22.6 
22.7 
22.7 
22.6 

22.3 

- 

ti 
Indoor 

Air 

22.4 
22.3 
22.3 
22.3 
22.3 
22.3 
22.3 
22.2 
22.2 
22.2 
22.2 
22.2 
22.2 
22.2 
22.3 
22.3 
22.3 
22.3 
22.4 
22.4 
22.4 
22.3 
22.4 
22.4 

22.3 

Measured Heat F1 ux, 

9w 
Cal ib. 
Hot Box 

1.95 
1.52 
0.36 
6.36 
-0.B 
-2.41 
-2.37 
-4.49 
-5.34 
-5.69 
-5.99 
-6.38 
-6.03 
-5.62 
-4.45 
-3.60 
-2.92 
-1 -40 
0.06 
1.45 
1-90 
0.99 
2.00 
1.77 

-1 -92 

2 W/m - 
qhfm 
HFtl @ 
Indoor 
Surf. 

1.60 
1.17 
0.80 
0.12 
-0.67 
-1.27 
-2.10 
-2.77 
-3.66 
-4.13 
-4.46 
-4.59 
-4.42 
-4.11 
-3.53 
-2.82 
-2.00 
-1.20 
-0.29 
0.55 
1.17 
1.61 
1.82 
1.75 

-1.31 

I 

qhfm 

Outdoor 
Surf. 

llFM g 

-91.24 
-89.70 
-84.52 
-14.41 
-63: 54 
-43.86 
12.72 
56.64 
85.92 
109.28 
122.57 
115.89 
117.87 
132.17 
115.92 
71.84 
30.07 
-15.66 
-68.20 
-93.15 
-96.94 
-85.06 
-80.56 
-103.29 

-1.05 

Calculated 
Heat Flux, 

W/m 2 

qS5 

Steady- 
State 

4.59 
-7.56 
-8.52 
-9.16 
-9.58 
-9.52 
-7.45 
-5.12 
-3.11 
-0.80 
1.16 
2.62 
4.12 
6.07 
7.30 
7.32 
6.59 
4.97 
2.32 
0.11 
-1.51 
-2.41 
-3.41 
-5.37 

.-1.57 
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to-ti 

50 

25 
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I5 
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- I5 

-30 
- 60 

0 0 16 24 
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(b )  Temperature D i f f e r e n t i a l s  
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TABLE MlO-E(d) - DYNAMIC TEST RESULTS (PERIODIC), GAITHEHSBURG APRIL TEST CYCLE 

T i m ,  
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 

Hean 

.. 

Cal cu 1 ated 
Heat Flux, 

2 Btu/hr * ft 

Measured Heat Flux, 
2 Btu/hr* f t  

beasured Temperatures, 

O F  

I 

qhfm 

Outdoor 
Surf. 

HFM @ t 3  
Internal 
Block 
Surf. 

~~ 

4.1 
Cal ib. 

Hot Ron 

0.20 
-0.04 
-0.23 
-0.44 
-0.75 
-1 *06 
-1.10 
-1.41 
-1.73 
-2.08 
-2.16 
-2.14 
-2.47 
-2.09 
-2.46 
-1.89 
-1.18 
-1.11 
4 . 5 4  
0.03 
0.40 
0.28 
0.42 
0.25 

-0.97 

qhfm 

HFH @ 
Indoor 
Surf. 

t0 

Outdoor 
A i r  

t 2  
Outdoor 
Surf. 

t4  
Internal 
Brick 
Surf. 

t 1 
Indoor 
Surf. 

ti 

Indoor 
A i r  

455 
Steady- 
State 

-2.39 
-2.53 
-2.66 
-2.90 
-3.05 
-2.15 
-2 29 
-1 -95 
-1.69 
-1.50 
-1 -31 
6 . 7 3  
0.55 
1.84 
2.82 
2.68 
1.12 
0.14 
4.38 
-0.81 
-1.27 
-1.69 
-1.99 
-2.23 

-1.04 

40.9 
40.5 
39.7 
36.9 
36.3 
43.2 
50.3 
54.1 
56.1 
57.6 
59.4 
68.5 
87.6 

102.0 
109.5 
9 8 . 7  
68.9 
58.1 
54.3 
51.4 
47.0 
43.1 
42.1 
41.1 

47.9 
46.6 
45.3 
43.2 
41.8 
44.3 
48.2 
51.0 
53.1 
54.1 
56.4 
61.3 
72.2 
83.4 
91 -8 
90.7 
77.5 
69.3 
65.0 
61.5 
51.5 
54.0 
51.4 
49.3 

53.1 
51.1 
49.5 
47.9 
46.1 
45.0 
45.6 
47.3 
49.3 
51.2 
53.0 
55.0 
58.9 
65.7 
13.7 
80.5 
82.2 
78.6 
74.0 
69.7 
65.8 
62.0 
58.5 
55.6 

67.2 
66.9 
66.5 
66.1 
65.8 
65.4 
65.2 
65.0 
65.0 
65.1 
65.2 
65.3 
65.5 
66.0 
66.7 
67.6 
68.4 
68-9 
69.0 
68.7 
68.7 
68.4 
68.0 
67.6 

68.2 
68.2 
68.1 
68.0 
67.9 
67.8 
67.7 
67.6 
67.6 
67.6 
67.5 
61.5 
67.6 
67.6 
67.7 
67.8 
67.9 
68.1 
68.3 
68.4 
68.4 
68.5 
68.4 
68.4 

68.1 
68.0 
68.0 
68.0 
67.9 
67.9 
67.9 
67.8 
67.8 
67.8 
67.8 
67.8 
67.8 
67.8 
67.8 
67.9 
68.0 
68.0 
68.0 
68.1 
68.1 
68.1 
68.1 
68.1 

67.9 

-0.12 
-0.29 
-0.43 
4 . 6 1  
4 . 7 9  
-1 .oo 
-1.19 
-1 -38 
-1.52 
-1.62 
-1.73 
-1.80 
-1.79 
-1.78 
-1.68 
-1.51 
-1.26 
-0.91 
-0.58 
-0.33 
-0.13 
4 . 0 4  
0.01 
4.04 

~ 

-20.56 
-17.91 
-16.27 
-17.43 
-1s. 77  
-5.04 
4.43 
'8.51 
9.68 
9.92 

10.61 
23.63 
52.93 
67.30 
67.97 
35.59 

-15.49 
-28.87 
-29.81 
-29.05 
-30.28 

-24.14 

-24.14 
-27.17 

51.8 59.1 59.1 66.8 67.9 -0.94 - 0 . 7 1  

Calibrated Hot Box Relative Hunidity: 
Indoor Chanter - 402 
Outdoor Chamber - 272 

Labarator A i r  T rature: 
Max. - 73% (**F 
Min. - l l ° F  (22OC) 

-117- construction technology laboratories 



TABLE MlO-8(b) - OYNAHIC TEST RESULTS (PERIODIC), GAITHERSBURG APRIL TEST CYCLE, 51 UNITS 1 

~~ ~~ 

Measured Heat Flux, 
Calculated 
Heat Flux, 

W/m 
2 

%S 

Steady- 
State 

-7.52 
-7.97 
-8.39 
-9.15 
-9.61 
-8.69 
-7.21 
-6.14 
-5 * 34 
-4.13 
-4.12 
-2.29 

1.13 
5.81 
8.90 
8.46 
3.54 
0.44 

-1.20 
-2.54 
-4.02 
-5 + 32 
-6.28 
-7.04 

-3.28 

Measured Terllperatures, 

*C 2 W/m 

qhfm 

e 
Indoor 
Surf. 

4.38 
-0.92 
-1.36 
-1.92 
-2.50 
-3.16 
-3.16 
-4.34 
-4.79 
-5.13 
-5.47 
-5.61 
-5.64 
-5.63 
-5.31 
-4.18 
-3.97 
-2.88 
-1 -83 
-1 -05 
-0.41. 
-0.12 
0.03 

-0.13 

Tim, 
hr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 

I 

qhfm 
HFM Q 

Outdoor 
Surf, 

t0 

Wtdoor 
A i r  

t 3 

Outdoor 
Surf. 

9, 
Cal ib. 

Hot Box 

t 4  
Internal 
Brick 
Surf. 

1 1 . 7  
10.6 
9.7 
8.8 
7.8 
7.2 
1.6 
8.5 
9.6 

10.1 
11.7  
12.8 
14.9 
18.1 
23.2 
26.9 
21.9 
25.9 
23.3 
20.9 
18.8 
16.7 
14.1 
13.1 

t 1 
Indoor 
Surf. 

20.1 
20.1 
20.1 
20.0 
19.9 
19.9 
19.8 
19.8 
19.8 
19.8 
19.7 
19.7 
19.8 
19.8 
19.8 
19.9 
19.9 
20.1 
20.2 
20.2 
20.2 
20.3 
20.2 
20.2 

19.9 

t3  
Internal 
Block 
Surf. 

ti 
Indoor 

A i r  

20.1 
20.0 
20.0 
20.0 
19.9 
19.9 
19.9 
19.9 
19.9 
19.9 
19.9 
19.9 
19.9 
19.9 
19.9 
20.0 
20.0 
20.0 
20.0 
20. i 
20.1 
20.1 
20.1 
20.1 

4.9 
4.7 
4.3 
2.7 
2.4 
6.2 

10.2 
12.3 
13.4 
14.2 
15.2 
20.3 
30.9 
38.9 
43.1 
37.1 
20.5 
14.5 
12.4 
10.8 
8.3 
6.5 
5.6 
5.1 

8.8 
8.1 
1.4 
6.2 
5.4 
6.8 
9.0 

10.5 
11.7  
12.6 
13.6 
16.3 
22.3 
28.6 
33.2 
32.6 
25.3 
20.1 
18.3 
16.4 
14.2 
12.2 
10.8 
9.6 

19.5 
19.4 
19.2 
18.9 
18.8 
18.6 
18.4 
18.3 
18.3 
18.4 
18.4 
18.5 
18.6 
18.9 
19.3 
19.8 
20.2 
20.5 
20.6 
20.4 
20.4 
20.2 
20.0 
19.8 

0.63 
-0.12 
-0.71 
-1.40 
-2.38 
-3.36 
-3.46 
-4.44 
-5.46 
6 . 5 7  
-6.80 
4 . 1 4  
-1.79 
4.58 
-7.78 
-5.95 
-3.71 
-3.51 
-1.70 
0.09 
1.27 
0.90 
1.34 
0.78 

-64.86 
-56.52 
-51.34 
-54 * 99 
-49.14 
-15,.91 

19.96 
26.85 
30.55 
31.30 
33.48 
74.54 

166.99 
212.34 
214.44 
112.29 
-48.86 
-91 -08 
-94.05 
-91.65 
-95.52 
-94 * 22 
-85.72 
-76.15 

14.3 15.1 15.1 
1- 

19.3 19.9 -2.96 -3.06 -2.24 
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TABLE MlO-g(d) - DYNAMIC TEST RESULTS (PERIODIC), GAITHERSBURG M Y  TEST CYCLE* 

Cal cu 1 ated 
Heat Flux, 

2 Btu/hr* ft  

455 
Steady - 
State 

Measured Temperatures, Measured Heat  Flux, 
2 Btu/hr- ft O F  

Time, 
hr 

_x_ 

qhfm 
HFH @ 

Indoor 
Surf. 

I 

qhfm 
HFM Q 

Outdoor 
Surf. 

to 
Dutdoor 

A i r  

t 2  
Outdoor 

Surf. 

9w 
Cal ib. 

Hot Box 

t 3  
Internal 
Block 
Surf. 

t 1 
Indoor 
Surf. 

ti 
fndoor 

A i r  

- 
83.2 
83.3 
83.3 
83.1 
83.2 
83.2 
83.2 
83.1 
83.1 
83.1 
83.4 
83.4 
83.4 
83.4 
83.4 
83.3 
83.2 
83.3 
83.3 
83.3 
83.4 
83.3 
83.3 
83.3 

83.3 - 

t4  
Internal 
Brick 
Surf. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

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

69.5 
67.9 
67.0 
66.5 
65.3 
66.6 
72.1 
74.1 
75.2 
76.9 
80.4 
82.8 
90.9 

102.6 
110.8 
116.9 
106.7 
90.3 
86.3 
80.9 
78.4 
75.2 
12.1 
71.2 

75.5 
73.6 
72.2 
11.2 
69.9 
69.9 
72.1 
73.4 
74.3 
75.5 
78.2 
79.9 
84.2 
91.8 
90.1 

104.8 
102.9 
94.8 
91.5 
87.6 
84.9 
82.0 
79.4 
77.4 

19.9 
77.9 
76.0 
74.4 
73.0 
71.8 
71.3 
71.9 
72.6 
73.4 
75.1 
76.4 
78.2 
81.4 
86.1 
91.3 
95.9 
96.1 
95.0 
92.6 
89.9 
87.2 
84.5 
82.1 

84.1 
83.8 
83.4 
83.1 
82.8 
82.5 
82.3 
82.1 
81.9 
81.9 
82.1 
82.2 
81.9 
82.5 
82.8 
83.3 
83.9 
84.4 
84.8 
84.9 
84.9 
84.8 
84.6 
84.0 

0.56 
0.63 
0.47 
0.60 
0.16 
0.04 

-0.34 
-0.62 
-0.78 
-1.04 
-1 14 
-1.13 
-0.98 
-0.92 
-1.15 
-1.07 
- 0 . 7 7  
-0.53 
0.11 
0.19 
0.69 
0.53 
0.64 
0.84 

-18.34 
-17,31 
-15.99 
-14.19 
-13.74 
-9 * 94 
-1.21 

1.69 
2.83 
4.49 
7,91 

10.02 
21 * 78 
39.37 
46.91 
49.25 
21.01 
-7.62 

-1 1.98 
-17.63 
-18.45 
-19.93 
-20.19 
-18.99 

0.53 
0.44 
0.41 
0.30 
0.16 
0.02 

-0.17 
-0.30 
-0.43 
-0.57 
-0.78 
-0.87 
-0.93 
-0.92 
-0.88 
-0.71 
-0.63 
-0.39 
-0.19 
0.W 
0.21 
0.38 
0.44 
0.50 

-0.18 

- 

83.8 
83.8 
83.6 
83.6 
83.4 
83.4 
83.4 
83.3 
83.2 
83.2 
83.4 
83.4 
83.3 
83.3 
83.3 
83.4 
83.4 
83.5 
83.6 
83.7 
83.7 
83.9 
83.9 
83.8 

83.5 

-0.98 
-1.19 
-1.33 
-1.45 
-1 .s9 
-1.61 
-1.32 
-1.16 
-1.04 
-0.90 
-0.61 
-0.41 
0.11 
0.99 
1.80 
2.50 
2.27 
1.32 
0.93 
0.45 
0.13 

-0.22 
-0.52 
-0.74 

-0.19 
-- 

Can 81.1 81.9 81 .5 -0.21 83.3 4 . 0 1  

*Data are 2-day averages, not 3-day averages, of test results. 

Calibrated Hot Box Relative Hunidity: 
Indoor Chaber - 34% 
Outdoor C h h e r  - 26% 

Laborator A i r  T erature: 
Haax. - 8&F ( 2 7 3  
Min. - 71°F (22OC) 
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TABLE HlO-9(b) - DYNAMIC TEST RESULTS (PERIODIC), GAITHERSBURG MAY TEST CYCLE, SI UNITS* 

-, 

Time, 
h r  

1 
2 
3 
4 
5 
6 
7 
8 
9 

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

Mean 

t0 

l u  tdoor 
Air 

27.3 

h s u r e d  Temperatures, 

*C 

t 2  
Outdoor 
Surf. 

24.2 
23.1 
22.3 
21 -8 
21.1 
20.9 
22.3 
23.0 
23.5 
24.2 
25.1 
26.6 
29.0 
33.2 
37.1 
40.4 
39.4 
34.9 
33.1 
30.9 
29.4 
27.8 
26.3 
25.2 

27.7 

t 4  
Internal 
Brick 
Surf. 

26.6 
25.5 
24.4 
23.6 
22.8 
22.1 
21.8 
22.2 
22.6 
23.0 
23.9 
24.1 
25.7 
27.4 
30.1 
32.9 
35.5 
35.9 
35.0 
33.7 
32.2 
30.7 
29.2 
27.8 

27.5 

t3 
Internal 
B1 ock 
Surf. 

28.9 
28.8 
28.6 
28.4 
28.2 
28.1 
27.9 
21.8 
27.1 
27.7 
27.8 
27.9 
27.7 
28.1 
28.2 
28.5 
28.8 
29.1 
29.3 
29.4 
29.4 
29.3 
29.2 
28.9 

28.5 

t 1 
Indoor 
Surf. 

28.8 
28.8 
28.7 
28 .7  
28.6 
28.6 
28.6 
28.5 
28.4 
28.4 
28.6 
28.6 
28.5 
28.5 
28.5 
28.6 
28.6 
28.6 
28 .7  
28 .7  
28 .7  
28.8 
28.8 
28.8 

28.6 

ti 
Indoor 

Air 

28.4 
28.5 
28.5 
28.4 
28.4 
28.4 
28.4 
28.4 
28.4 
28.4 
28.6 
28.6 
28.6 
28.6 
28.6 
28.5 
28.4 
28.5 
28.5 
28.5 
28.6 
28.5 
28.5 
28.5 

28.5 

Measured Heat F1 ux, 
2 W/m 

9w 
Calib. 
Hot Box 

1.76 
1.98 
1.47 
1.91 
0.51 
0.12 

-1 .oB 
-1.97 
-2.45 
3 . 2 7  
-3 * 59 
-3.57 
-3.08 
-2.90 
-3.64 
-3.39 
-2.44 
-1.66 
0.33 
0.59 
2.17 
1.67 
2.02 
2.64 

-0.66 

qhfm 

WM @ 
Indoor 
Surf. 

1.66 
1.38 
1.29 
0.95 
0.49 
0.05 

-0.55 
-0.96 
-1 -37 
-1.80 
-2.47 
-2.14 
-2.95 
-2.89 
-2.79 
-2.24 
-1.99 
-1 -23 
-0.60 
0.26 
0.67 
1.21 
1.37 
1.56 

-0.57 

I 

qhfm 
Hm e 

Outdoor 
Surf. 

-57.86 
-54.62 
-50.43 
-44.77 
43.36 
-3 1.37 
-3,83 
5.32 
8.94 

14.17 
24.96 
31.62 
68.72 

124.21 
148.00 
155.40 
66.28 

-24.03 
-37.80 
-55.63 
-58.19 
-62.88 
-63.71 
-59 - 92 
-0.03 

2ilculated 
*at Flux, 

U/m 2 

qss 
Steady- 
State 

-3.08 
-3.75 
-4.19 
-4.59 
-5.00 
-5.08 
-4.17 
-3.65 
-3.29 
-2.84 
-1.92 

0.34 
3.14 
5.67 
7.88 
7.17 
4.15 
2.95 
1.43 
0.42 
-0.68 
-1 -65 
-2.34 

-1.30 

6 . 6 0  

rlata are P-day averages, not 3 4 y  averages, of  test results. 
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WALL C4: 8-In. (200-nnn) NORMAL WEIGHT CONCRETE WITH INSULATION 
ON OUTSIDE SURFACE 

DESCRIPTION: Normal u e l g h t  s t r u c t u r a l  concrete w a l l  w i t h  relnforcement 
a t  approxlmate midthlckness and board l n s u l a t l o n  on outside 
s u r f  ace. 

REFERENCE: larson, S. C.  and Van Geern, I. G., "Heat Transfer Character- 
l s t l c s  o f  Wal ls  w l t h  S i m l l a r  Thermal Reststance Values,m 
Construct ion Technology Laboratorles, Port land Cement 
Assoclat lon, Skokie, 1985, 145 pages. 

COMPOSITION : 
1. Normal Welght Conc'rete 

Port land Cement 
E l g l n  Gravel and Sand ,- 
Vqnsol Resln Al r -Entra ln lng Adrnlxture 

2 E x t e r i o r  F l n l s h  - Off-whi te Concrete 
Coating and Waterproofing 

Slng le layer  o f  Grade 60 No. 5 bars 
2. Reinforcement 

Spaced 12 i n .  (300 mn) 
center-to-center 

3 .  5/8-ln. (16-mn) Board Insulat ion,  Palnted 
Off -Whl t e  

TABLE C4-1 - PHYSICAL PROPERTIES OF WALL AT T IME OF TEST 

Property 
~ ~ . .- . -  

Unl t Weight , psf (kg/m2) 

Average Thlckness, In.  (mn) 

Area, f t 2  (m2) 

Estimated Molsture Content, 
X by ovendry weight 

Mea s u r ed 
Value 

98.5 
(480) 

8.90 
(225) 

73.75 
(6.85) 

0.8' 

*Measured on concrete, a f t e r  t e s t .  
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TABLE C 4 - 2 ( a )  - MATERIAL PROPERTIES, NORMAL WEIGHT CONCRETE* 

Property 

U n i t  Weight, pcf (kg/m3) 

Speci f ic  Heat, Btu/ l  b- "F (J/lcg*K) 

Speci f ic  Heat, Btu/ l  bmoF (J/kg.K) 

Thermal Co nduc ti v i t y  , Btu- i n/h r- f t2 "F ( W/m- K 1 

Thermal Co nduc ti v i  ty , Btu i n/h r f t2 "F ( W/m K 1 

Thermal Conductivity, B tu * in /h r - f t 2 * "F  (M/m.K] 

Thermal D i f f u s i v i t y ,  f t  /hr (mm /s) 

Compressive Strength, psi ( MPa) 

Spl i tti ng Tensi 1 e Strength, ps i  ( MPa) 

2 2 

Test Method 

-- 

S i m i l a r  t o  

Calculated 

H o t  Wire 

A S i M  C177 

ASTM C976 

CRD-C124-73 

CRD-C36-73 

ASTM C39 

ASTM C496 

Specimen 
Condition 

oven d ry 

saturatec 

a i r  dry 

a i r  dry 

ovendry 

a i r  dry 

sa turatec 

a i r  dry 

a i r  dry 

Mean 
Temperature, 

"F 
tot, 

-- 

Measured 
Val ue 

141 
(2260) 
0.21 4 
(8961 
0.193 
(808) 

20.3 
(2.93) 
16.1 
(2.32) 
11.7 
(1.69) 
0.037 

(0 .955 )  

571 5 
(39.4) 

51 4 
(3.54) 

2 
2 
5 
$ 

% 

*Wa l l  C1 was used as the concrete por t ion o f  Wall C 4 .  Propert ies listed i n  t h i s  tab le  were measured on 3 

ip' 
CI 3 the material used t o  construct W a l l  C1. Wall  C1 i s  included i n  the "Calibrated H o t  Box Test Results Data 
3 Manual - Volume I." 
2 
3 

3 s 
2 

P 
0 

z 



I 
c.l 
N 
-4 
1 

TABLE C4-2( b)  - MATERIAL PROPERTIES, R-5 80ARD INSULATION 

P roper ty 

Nominal Th 

Thickness, 

ckness, 

as rece 

in. (mm) 

ved, i n .  (m) 

Density, as  rece ived ,  pcf  (kg/rn3) 

Test Method 

-- 

Specimen 
Condi t ion  

Mean 

"F 
1 ° C )  

Temperature, Measured 
Val ue 



TABLE C 4 - 3  - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

1. Outside A i r  F i l m  

2. 5/8-in. (16-mn) Board I n s u l a t i o n  

3 .  8- in .  (200-mn) Normal Weight 
Concrete 

3 .  I n s i d e  A i r  F i l m  

To ta l  R 

To ta l  U+ 

R, Thermal Resistance 

h r f t2 - "F/B t u 
( m 2 . ~ / w )  

0.17" 
(0.03) 

5 . 4 * *  
(0.95) 

0.69* 
(0 .12)  

0.68* 
(0.12) 

6.94 
(1.22) 

0.14 
(0.82) 

I 

1 

*Source: ASHRAE Handbook - 1981 Fundamentals, American Society  
o f  Heating, Re f r i ge ra t i ng ,  and A i r -Cond i t ion ing  
Englneers,Inc., A t lan ta ,  1981, Chapter 23. 

**Source: R-value a t  t ime o f  manufacture per manufacturer 's 
s p e c i f i c a t i o n s .  

'UnSts f o r  thermal t ransml t tance a r e  Btu/hr.ft2."F (W/rn2.K) 
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TABLE C4-4 - STEADY-STATE TEST RESULTS 

t. tl 1 
Indoor Indoor 

Surface, A i r  
Taped 

67 71 
(19) (21) 

76 73 
(241 (231 

Relative M i d i  t y  Laboratory 

Indoor Outdoor Max. Hin. 

Chamber, Chamber, OF *F 

A i r  Tenperatwe 

'L 'L ("Cl I °Cl  

18 19 72 71 

18 13 72 71 

(22) (21) 

t221 I221 

9 
Heat Flux, 

2 
Btu/hr. f t 

(U/m2) 

-10 
(-23) 

129 
(54) 
- 

-10.0 
(-31 .S) 

7.6 
(23.8) 

- 

-3 
(-19) 

126 
(52) 
- 

RT I* 

2 
h r - f t  .OF/Btu 

2 (m *Wl 

7.85 
.?%I 

1.49 
(1.32) 

6.94 
(1.221 

A 
N 
(D 
I 

0.13 
(0.72) 

0.13 
(0.76) 

0.14 
(0.82) 

= 10l°F 
( 3 8 O C 1  

Design Values 

Measured Tenperatures, 
O F  

to 
Outdoor Outdoor 

A i r  Surface 

I°C) 

*Total thermal resistance, R and transmittance, U, for steady-state tests were calculated using the design surface resistance 
coefficients fran table C4-5'and measured values o f  h e a t  f lux. 



4 0  
t m  = 32°F (OOC) 

20 

Temp., Temp., 
O F  "C 

0 

I I to- t i  I 

I I 
30 I I I 
0 24 48 72 

Time, hour 

( a )  Measured Temperatures 

60 

40 I 20 

I -40 { -20 

i -nn 
/- t2- + I  -------- 

Time, hour 

( b )  Temperature Differentials 

F i g .  C4-1 Wall C4 Transient Test Resu l ts  
I 

1 - 130- construction iechnology laboratories 



40 

20 

0 
Heat Flux, 

Btu 
h r . f t 2  

-20 

-40 

-60 

' Wa l l  C4 
t, = 32°F (0°C) 

-. . - - * J .  +> ....................... * .  . . . . . . . - ~ 

r- 
*t.' 

qhfrn 

I I 
.. 

0 24 48 

Time, hour 

( c )  Heat Flux 

I00 

50,. 

0 
Heat Flux, 

W 
-50 m2 
- 

- 100 

-150 

72 

F ig .  C4-1 Wall C4 Transient Test  Results 

-131- 
\ 

construction technology laboratories 



TABLE C4-5(d) - TRANSIENT TEST RESULTS 

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 
58 
60 
62 
64 
66 
68 
70 
72 
- 

11.8 
28.6 
-5.4 
-9.2 
-9.4 
-9.5 
-9.4 
-9.4 
-9.5 
-9.6 
-9.6 
-9.5 
-9.6 
-9.6 
-9.6 
-9.6 
-9.6 
-9.6 
-9.6 
-9.6 
-9.6 
-9.7 
-9.7 
-9.7 
-9.1 
-9.6 
-9.7 
-9.7 
-9.7 
-9.7 
-9.8 
-9.7 
-9.8 
-9.8 
-9.8 
-9.8 
-9.8 
-9.7 
-9.9 
-10.0 
-10.0 
-9.9 
-9.8 
-9.8 
-9.8 
-9.9 
-9.8 
-9.7 
-9.9 

t2 
Outdoor 
Surf * 

72.1 
35.2 
2.1 
-1.8 
-2.0 
-2.1 
-2.2 
-2.2 
-2.3 
-2.4 
-2.4 
-2.4 
-2.5 
-2.5 
-2.6 
-2.6 
-2.7 
-2.7 
-2.1 
-2.7 
-2.7 
-2.8 
-2.8 
-2.8 
-2.8 
-2.8 
-2.8 
-2.9 
-2.9 
-2.9 
-2.9 
-2.9 
-2.9 
-2.9 
-2.9 
-2.9 
-3.0 
-3.0 
-3.0 
-3.3 
-3.2 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-3.2 

Pleasured Temperatures. 

OF 

t4 
Conc./ 
fnsul . 
-- 
72.3 
70.3 
67.1 
66.6 
65.9 
65.4 
64.9 
64.5 
64.0 
63.1 
63.3 
62.9 
62.6 
62.3 
62.0 
61.7 
61.5 
61.2 
61.0 
60.8 
60.6 
60.4 
60.3 
60.1 
60.0 
59.7 
59.5 
59.3 
59.1 
59.0 
58.8 
58.7 
58.7 
58.5 
58.5 
58.4 
58.3 
58.3 
58.2 
58.0 
58.1 
58.1 
58.1 
58.1 
58.0 
58.1 
58.1 
58.0 
58.0 

t3 
Internal 
Conc . 

71.7 
71.5 
71.1 
70.6 
70.1 
69.6 
69.2 
68.8 
68.3 
67.9 
67.5 
67.2 
66.9 
66.6 
66.3 
66.1 
65.8 
65.6 
65.4 
65.2 
65.0 
64.9 
64.7 
64.5 
64.4 
64.1 
63.9 
63.8 
63.6 
63.4 
63.2 
63.1 
63.1 
62.9 
62.9 
62.8 
62.8 
62.1 
62.6 
62.5 
62.5 
62.6 
62.5 
62.5 
62.5 
62.5 
62.4 
62.4 
62.4 

jiData are averages of 8 thermocouples, not 16. 

t5* 
Indoor 
Surf. , 
Embed. 

72.2 
12.2 
12.2 
71.9 
71.6 
71.3 
70.9 
70.6 
70.3 
70.0 
69.8 
69.5 
69.3 
69.1 
68.8 ’ 
68.6 
68.4 
68.3 
68.1 
68.0 
67.8 
67.7 
61.6 
67.4 
67.4 
67.2 
67.0 
66.8 
66.7 
66.6 
66.4 
66.4 
66.3 
66.2 
66.1 
66.1 
66.1 
66.0 
66.0 
65.6 
65.7 
65.5 
65.9 
65.8 
65.8 
65.9 
65.9 
65.8 
65.8 
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72.0 
71.9 
71.9 
71.7 
71.5 
71.2 
70.9 
70.5 
70.4 
70.2 
70.0 
69.8 
69.6 
69.5 
69.3 
69.1 
69.0 
68.8 
68.7 
68.6 
68.5 
68.4 
68.2 
68.2 
68.1 
67.9 
67.8 
67.7 
67.5 
67.4 
67.4 
67.3 
67.2 
67.1 
67.1 
67.1 
67.0 
67.0 
67.0 
66.6 
66.7 
66.8 
66.9 
66.9 
66.9 
66.9 
66.9 
66.8 
66.8 

- 
ti 

tndmr 
Air 

71.7 
71.7 
71.7 
11.7 
71.6 
71.6 
71.5 
71.5 
71.4 
71.3 
71.3 
71.2 
71.2 
71.1 
71.1 
71 .O 
71 .O 
71.0 
70.9 
70.9 
70.9 
70.9 
70.8 
70.8 
70.8 
70.7 
70.7 
70.7 
70.6 
70.6 
70.6 
70.6 
70.5 
70.5 
10.5 
70.5 
70.5 
70.5 
10.5 
70.4 
70.4 
70.5 
70.5 
70.5 
70.5 
10.5 
70.5 
70.5 
70.5 

Measured Heat F 1 ux , 
2 Btu/hr. ft - 

% 
Calib. 

Hot Box 

0.16 
0.61 

0.60 
-0.26 
-0.82 
-1.59 
-2.15 
-2.97 
-3.49 
4.18 
-4.57 
-4.15 
-5.20 
-5.53 
-5.81 
-6.19 
-6.03 
-6.27 
4.60 
-6.81 
-7.14 
-7.20 
-7.82 
-7.79 
-8.20 
-8.66 
-8.70 
-8.99 
-9.12 
-9.40 
-9.53 
-9.55 
-9.60 
-9.53 
-9.71 
-9.88 
-9.70 
-9.69 
-9.28 
-9.44 
-9.55 
-9.84 
-9.92 
-10.03 
-9 * 99 
-9.99 
-9.69 
-9.56 

0.87 

qhfm 

Indoor 
Surf. 

HFH @ 

0.09 
0.10 
0.04 
-0.28 
-0.72 
-1.24 
-1.68 
-2.16 
-2.60 
-3.10 
-3.49 
-3.89 
-4.20 
-4.57 
-4.91 
-5.18 
-5 * 44 
-5.76 
-5 -96 
6.27 
-6.47 
-6.71 
-6.87 
-7.04 
-7.16 
-7.50 
-7.71 
-8.06 
8.22 
-8.46 
-8.62 
-8.74 
43.92 
-8.89 
-9.04 
-9.14 
-9.22 
-9.22 
-9.31 
-9.29 
-9 * 39 
-9.40 
-9.49 
-9.59 
-9.58 
-9.56 
-9.71 
-9.68 
-9.70 

I 

qhfm 
HFH @ 

Outdoor 
Surf. 

-0.11 
-15.32 
-13.21 
-11.06 
-10.86 
-10.78 
-10.68 
-10.64 
-10.60 
-10.53 
-10.42 
-10.43 
-10.38 
-10.31 
-10.25 
-10.16 
-10.24 
-10.17 
-10.05 
-10.04 
-10.03 
-9.99 
-9.96 
-9 * 95 
-9.93 
-9.83 
-9.84 
-9.78 
-9.79 
-9.73 
-9.81 
-9.69 
-9.74 
-9.71 
-9.62 
-9.69 
-9.67 
-9.69 
-9.70 
-9.61 
-9.64 
-9.63 
-9.59 
-9.57 
-9.64 
-9.62 
-9.62 
-9.68 
-9 66 

Cal cul ated 
Heat Flux, 

2 Btu/hr * ft 

qss 
Steady- 
State 

-- 
0.02 

-5.31 
-10.19 
-10.73 
-10.73 
-10.71 
-10.67 
-10.62 
-10.62 
-10.60 
-10.57 
-10.55 
-10.53 
-10.51 
-10.49 
-10.47 
-10.46 
-10.44 
-10.42 
-10.40 
-10.39 
-10.38 
-10.37 
-10.36 
-10.35 
-10.32 
-10.31 
-10.29 
-10.28 
-10,27 
-10.26 
-10.24 
-10.24 
-10.23 
-10.22 
-10.22 
-10.22 
-10.21 
-10.22 
-10.21 
-10.21 
-10.20 
-10.20 
-10.20 
-10.20 
-10.20 
-10.21 
-10.20 
-10.22 

constructlon technology laboratories 

! 

1 
1 

1 

1 
1 
1 
1 

1 

j 
1 

1 

1 

1 

1 

1 

I 



TABLE C4-5(b) - TRANSIENT TEST RESULTS, SI UNITS 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1s 
16 
11 
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 
12 
__I 

22.1 
-1.9 

-20.8 
-22.9 
-23.0 
-23.0 
-23.0 
-23.0 
-23 - 0 
-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 
-23.1 
-23.1 
-23.1 
-23.1 
-23.2 
-23.2 
-23.2 
-23 - 2 
-23.2 
-23.2 
-23.2 
-23.2 
-23 - 2 
-23.2 
-23.3 
-23.3 
-23.4 
-23.3 
-23.2 
-23.2 
-23.2 
-23.3 
-23.2 
-23.2 
-23.3 

-23.1 

. -~~ 

t 2  
Outdoor 
Surf. 

22.3 
1.8 

-16.6 
-18.8 
-18.9 
-19.0 
-19.0 
-19.0 
-19.1 
-19.1 
-19.1 
-19.1 
-19.2 
-19.2 
-19.2 
-19.2 
-19.3 
-19.3 
-19.3 
-19.3 
-19.3 
-19.3 
-19.3 
-19.3 
-19.3 
-19.3 
-19.4 
-19.4 
-19.4 
-19.4 
-19.4 
-19.4 
-19.4 
-19.4 
-19.4 
-19.4 
-19.4 
-19.4 
-19.5 
-19.6 
-19.6 
-19.5 
-19.4 
-19.4 
-19.5 
-19.4 
-19.5 
-19.5 
-19.5 

Measured Temperatures, 

OC 

t 4  
Conc . / 
Insul . 

22.4 
21.3 
19.8 
19.2 
18.8 
18.6 
18.3 
18.1 
17.8 
11.6 
17.4 
11.2 
17.0 
16.9 
16.1 
16.5 
16.4 
16.2 
16.1 
16.0 
15.9 
15.8 
15.1 
15.6 
15.6 
15.4 
15.3 
15.2 
15.1 
15.0 
14.9 
14.9 
14.8 
14.1 
14.7 
14.1 
14.6 
14.6 
14.6 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.4 
14.4 

. 

t3 
Internal 
Conc. 

22.1 
21.9 
21.7 
21.5 
21.2 
20.9 
20.7 
20.4 
20.2 
20.0 
19.7 
19.6 
19.4 
19.2 
19.1 
18.9 
18.8 
18.7 
18.6 
18.4 
18.4 
18.3 
18.2 
18.1 
18.0 
17.9 
11.7 
17.6 
17.5 
11.4 
17.4 
17.3 
17.3 
17.2 
17.2 
17.1 
11.1 
17.1 
17.0 
16.9 
17.0 
17.0 
17.0 
17.0 
17.0 
16.9 
16.9 
16.9 
16.9 

- 
is* 

Indoo 
Surf. 
Embed 

22.4 
22.3 
22.3 
22.2 
22.0 
21.8 
21.6 
21.4 
21.3 
21.1 
21 .o 
20.8 
20.7 
20.6 
20.5 
20.3 
20.2 
20.2 
20.0 
20.0 
19.9 
19.8 
19.8 
19.1 
19.1 
19.5 
19.4 
19.4 
19.3 
19.2 
19.1 
19.1 
19.1 
19.0 
19.0 
18.9 
18.9 
18.9 
18.9 
18.1 
18.7 
18.6 
18.8 
18.8 
18.8 
18.8 
18.8 
18.8 
18.8 

- 

- 

t 1 
Indoor 
Surf., 
Taped 

22.2 
22.2 
22.2 
22.1 
21.9 
21.8 
21.6 
21.4 
21.3 
21.2 
21.1 
21 .o 
20.9 
20.8 
20.1 
20.6 
20.5 
20.5 
20.4 
20.3 
20.3 
20.2 
20.1 
20.1 
20.1 
20.0 
19.9 
19.8 
19.1 
19.1 
19.6 
19.6 
19.6 
19.5 
19.5 
19.5 
19.5 
19.4 
19.4 
19.2 
19.3 
19.4 
19.4 
19.4 
19.4 
19.4 
19.4 
19.4 
19.3 

t i  
Indoor 

Air 

22.1 
22.1 
22.1 
22.1 
22.0 
22.0 
22.0 
21.9 
21.9 
21.8 
21.8 
21.8 
21.8 
21.1 
21.7 
21.7 
21.7 
21.7 
21.6 
21.6 
21.6 
21.6 
21.6 
21.5 
21 .S 
21.5 
21 - 5  
21.5 
21.5 
21.4 
21.4 
21.4 
21.4 
21.4 
21.4 
21.4 
21.4 
21.4 
21.4 
21.3 
21.3 
21.4 
21.4 
21.4 
21.4 
21.4 
21.4 
21.4 
21.4 

Heasured Heat F1 ux,  

% 
Gal ib.  

Hot Box 

0.5 
1.9 
2.8 
1.9 

-0.8 
-2.6 
-5.0 
-6.8 
-9.4 

-11.0 
-13.2 
-14.4 
-15.0 
-16.4 
-17.4 
-18.3 
-19.5 
-19.0 
-19.8 
-20.8 
-21.5 
-22.5 
-23.0 
-24.1 
-24 a 6 
-25.9 
-21.3 
-21.5 
-28.4 
-28.8 
-29.1 
-30.1 
-30.1 
-30.3 
-30.1 
-30.6 
-31.2 
-30.8 
-30 + 6 
-29 + 3 
-29.8 
-30.1 
-31 .O 
-31,3 
-31.7 
-31.5 
-31,s 
-30.6 
-30.2 

2 W/m 

qhfm 
HFH f 

Indoot 
Surf I 

- 

0.3 
0.3 
0.1 

-0.9 
-2.3 
-3.9 
-5.3 
4 . 8  
-8.2 
-9.8 

-11.0 
-12.3 
-13.3 
-14.4 
-15.5 
-16.4 
-11.2 
-18.2 
-18.8 
-19.8 
-20.4 
-21.2 
-21.7 
-22.2 
-22.6 
-23.1 
-24.3 
-25.4 
-25.9 
-26.1 
-27.2 
-21.6 
-28.1 
-28.0 
-28.5 
-28.8 
-29.1 
-29.1 
-29.4 
-29.3 
-29.6 
-29.1 
-29.9 
-30.2 
-30.2 
-30.2 
-30.6 
-30.5 
-30.6 

I 

qhfm 
HFH @ 

Outdoor 
Surf. 

-0.3 
-48.3 
4 1 * 7  
-34.9 
-34.3 
-34.0 
-33.1 
-33.6 
-33 * 4 
-33.2 
-32.9 
-32.9 
-32.8 
-32.5 
-32.4 
-32.0 
-32.3 
-32.1 
-31.1 
-31.1 
-31.6 
-31.5 
-31.4 
-31.4 
-31.3 
-31 .O 
-31.0 
-30.9 
-30.9 
-30.1 
-30.9 
-30.6 
-30.7 
-30.6 
-30.3 
-30.6 
-30.5 
-30.6 
-30.6 
-30.3 
-30.4 
-30.4 
-30.3 
-30.2 
-30.4 
-30.3 
-30.4 
-30.6 
-30.5 

calculated 
Heat Flux, 

W/m 
2 

qss 
Steady- 
State  

0.1 
-16.9 
-32.2 
-33.9 
-33.9 
-33.8 
-33.1 
-33.5 
-33.5 
-33 * 4 
-33.4 
-33.3 
-33.2 
-33.2 
-33,1 
-33.0 
-33 0 
-32.9 
-32.9 
-32.8 
-32.8 
-32.8 
-32.7 
-32.7 
-32.6 
-32.6 
-32.5 
-32.5 
-32.4 
-32.4 
-32.4 
-32 3 
-32.3 
-32.3 
-32.2 
-32 - 2 
-32.3 
-32.2 
-32.2 
-32.2 
3 2 . 2  
-32.2 
-32.2 
-32 2 
-32.2 
-32.2 

-32.2 
-32.2 

-32 - 2 

*Data are averages of 8 t h e m c w p l e s ,  not 16. 
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TABLE C4-6 - SUMMARY OF TRANSIENT TEST RESULTS 

-9.7 
( -30 .6)  

-9.3 
( -29 .2)  

I 
w 
w 
P 
I 

68 

52 95% o f  F l n a l  Heat  F l u x  

I Heat F l u x  

( - 3 1 . 4 )  

-9 .5  38 
( -30.0) 

C a l l b .  H o t  Box 

Time t o  

90% o f  F i n a l  Heat f l u x  

199.5% of  F i n a l  Heat  Flux I -9.9 I 64 

-9.0 32 
(-28.4) 

1 

HFM @ Indoor S u r f .  1 Stead y -Sta te  

-10.2 
( -32.1 ) 

- 9 . 7  
( -30 .6)  

- 9 . 2  
( -27 .6)  38 1 ( -29 .0)  



Temp., 
"F 

1 50 

90 

60 

25 

Temp., 
"C 

Time, hour 

( a )  Measured Temperatures 

30 

- 30 

1 30 

-600 1 -30 
8 16 24 

Ti me, h ou r 
(b )  Temperature Differentials 

F i g .  C4-2 Wall C4 Dynamic Test  Results for  NBS Test Cycle 
construction iechnology laboratories -135- 



20 

10 

Heat Flux, 

hr . f  t2  
Btu 0 

- 10 

Wall C4 
NBS 

I n 

80 

/ 

40 

- 20 
0 0 16 24 

Time, hour 

(c) Heat Flux 

Hea, Flux, 

m2 
0 -  W 

-40 

I Fig.  C4-2 Wall C4 Dynamic T e s t  Results for NBS T e s t  Cycle 
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TABLE C4-7(a) - DYNAMIC TEST RESULTS (PERIODIC) a NBS TEST CYCLE 

- 

T'm, 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 

Man 

- 

~ 

Ca 1 cu 1 ated 
Heat Flux, 

2 Btu/hr-ft 

qss 
Steady- 
State 

-3.82 
-4.09 
-4.15 
-4.15 
-4.01 
-2 - 83 
-0.71 
0.59 
1.64 
2.58 
3.16 
3.64 
4.54 
5.09 
4.53 
3.57 
2.26 
0.32 

-1 * 15 
-1.91 
-2.06 
-2.07 
-3.02 
-3.68 

Measured Tmqeratures, 

OF 

Measured Heat Flux, 
2 Btu/hr* ft 

~ 

t3 
Internal 
Conc . 

71.4 
71.2 
71 .o 
70.8 
70.6 
70.5 
70.5 
70.6 
70.1 
70.9 
71.1 
71.4 
71.7 
72.0 
72.3 
72.5 
72.6 
72.6 
72.5 
72.4 
72.2 
72.0 
11.9 
71.6 

~~ 

t 1 
Indoor 
Surf., 
Taped 

71.9 
71.8 
71.6 
71.5 
71.4 
71.3 
71.3 
71.2 
71.3 
71.3 
71.4 
71.6 
71.7 
71.8 
72.0 
72.1 
72.2 
72.3 
72.3 
72.3 
72.2 
72.2 
72.1 
72.0 

71.8 

qhfm 
HFH @ 
Indoor 
Surf. 

/ 

I 

qhfm 
HFH @ 

Outbr 
Surf. 

-4.30 
-4.64 
-4.32 
-4 32 
-3.87 
-0.72 

1.66 
2.20 
3.09 
4.07 
4.00 
4.73 
6.50 
5.89 
3.81 
2.48 
0.29 

-2.49 
-2.95 
-2.95 
-2.34 
-2.49 
-4.99 
-4 * 24 

-0.25 

t5* 
Indoor 
Surf,, 
Embed. - 

t0 
Dutdoor 

A i  r 

t 2  
Outdoor 
Surf. 

t4  
Conc / 
Insul. 

ti 
Indoor 

A i r  

71.7 
71.7 
71.6 
71.6 
71.5 
71.5 
71.5 
71.5 
71 -5 
71.6 
71.6 
71.6 
71.7 
71.7  
71.8 
71.8 
71.9 
71.8 
71.9 
71.8 
71.8 
71.8 
71.8 
7 1 . 7  

42.8 
40.7 
40.3 
40.1 
41.2 
50.4 
66.3 
75.9 
83.4 
90.4 
94.6 
98.3 

105.3 
109.0 
104.7 
97.7 
87.9 
73.5 
62.8 
57.4 
56.4 
56.2 
48.5 
44.0 

4s. 7 
43.7 
43.2 
43.1 
44.0 
51.9 
66.4 
75.3 
82.5 
89.0 
93.1 
96.5 

102.8 
106.6 
103.0 
96.5 
07.7 
74.5 
64.4 
59.2 
58.1 
58.0 
51.3 
46.8 

70.2 
69.8 
69.6 
69.3 
69.2 
69.4 
70.3 
7 1 . 1  
71 .7  
72.4 
72.9 
73.4 
74.1 
74.7 
14.8 
74.6 
74.2 
73.4 
12.6 
72.1 
71.8 
71.6 
7 1 . 1  
70.5 

0.14 
-0.25 
-0.45 
-0.84 
-1.10 
-1.28 
-1.49 
-1.45 
-1.42 
-1.44 
-1.33 
4 . 9 1  
6.84 
-0.46 
4 . 3 3  
4-08 
0.64 
0.89 
1.15 
1.18 
1.06 
0.m 
0.54 
0.40 

72.1 
12.0 
71.8 
71.7 
71.6 
71.4 
71.3 
71.3 
71.3 
71.4 
71.5 
71.6 

0.14 
-0.02 
-0.23 
-0.44 
4 . 6 4  
-0.84 
-1 -02 
-1.11 
-1.09 
-1.01 
4 . 8 5  
-0.62 
-0.41 
-0.16 
0.09 
0.33 
0.59 
0.76 
0.85 
0.83 
0.74 
0.60 
0.46 
0.31 

-0.11 

71.8 
72.0 
72.1 
72.3 
72.5 
72.6 
72.6 
72.6 
72.6 
12.5 
72.4 
72.3 

69.5 71.9 71.5 71.7 6.28 72.0 70.1 -0.24 

rlata are averages of 8 therrmcauples, not 16. 

Calibrated Hot Box Relative Hunidity: 
Indoor Chamber - 195 
Outdoor Ch-r - 15% 

Laboratory A i r  Temgerature: 
Mx. - 71OF - (22 Cl 
Hin. - ~ O O F  - i2iocj 
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TABLE C4-7 (b) - DYNAMIC TEST RESULTS (PERIWIC) , NBS TEST CYCLE, 5 1  UNITS 
- 

T'm, 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 

cal cul at& 
Heat Flux, 

W/m 
2 

Measured Temperatures, Measured Heat Flux, 
2 

W/m *C 

qhfm 
HFH @ 

t n b r  
Surf. 

- 
0.45 

-0.07 
4 . 7 3  
-1.40 
-2.01 
-2.67 
-3.21 
-3.49 
-3.43 
-3.19 
-2.69 
-1.94 
-1.29 
-0.50 
0.29 
1.04 
1.86 
2.40 
2.68 
2.61 
2.33 
1.90 
1.47 
0.91 

I 

qhfm 
HFH @ 

Outdoor 
Surf. 

-13.57 
-14.63 
-13.62 
-13.61 
-12.21 
-2.26 
5.22 
6.96 
9.74 

12.84 
12.62 
14.93 
20.50 
18.58 
12.02 
7.82 
0.92 

-7.86 
-9.31 
-9.30 
-1.39 
-7.85 

-15.15 
-13.38 

-0.78 

t 2  
Dutdoor 
Surf. 

t 4  
Conc./ 
Insul. 

t3 

Internal 
Conc . 

9n 
Cal ib. 

tbt Box 

455 

State 
Steady- 

t5* 

Indoor 
Surf. , 
Embed. 

22.3 
22.2 
22.1 
22.0 
22.0 
21.9 
21.8 
21.8 
21 .8 
21.9 
21.9 
22.0 
22.1 
22.2 
22.3 
22.4 
22.5 
22.6 
22.6 
22.6 
22.5 
22.5 
22.4 
22.4 

22.2 

t 1 

Indoor 
Surf. , 
raped 

22.2 
22.1 
22.0 
22.0 
21.9 
21.9 
21.8 
21.8 
21.8 
21.9 
21.9 
22.0 
22.0 
22.1 
22.2 
22.3 
22.3 
22.4 
22.4 
22.4 
22.4 
22.3 
22.3 
22.2 

to 
Outdoor 

Air 

6.0 
4.8 
4.6 
4.5 
5.1 

10.2 
19.1 
24.4 
28.6 
32.5 
34.0 
36.8 
40.7 
42.8 
40.4 
36.5 
31 .O 
23.1 
17 .1  
14.1 
13.6 
13.5 
9.2 
6 .6  

ti 

Indoor 
A i r  

22.1 
22.0 
22.0 
22.0 
22.0 
22.0 
21.9 
22.0 
22.0 
22.0 
22.0 
22.0 
22.0 
22.1 
22.1 
22.1 
22.1 
22.1 
22.1 
22.1 
22.1 
22.1 
22.1 
22.1 

21.2 
21 .o 
20.9 
20.7 
20.7 
20.8 
21.3 
21.7 
22.1 
22.4 
22.7 
23.0 
23.4 
23.1 
23.8 
23.7 
23.5 
23.0 
22.6 
22.3 
22.1 
22.0 
21.7 
21.4 

0.45 
-0.77 
-1.41 
-2 - 65 
-3 - 46 
-4.04 
-4.71 
-4.57 
-4.41 
-4.56 
-4.18 
-2.86 
-2 - 65 
-1.46 
-1 .os 
-0.26 
2.02 
2.81 
3.63 
3.71 
3.34 
2.77 
1.72 
1.26 

-12.05 
-12.91 
-13.08 
-13.09 
-12.64 
-8.93 
-2.23 

1.87 
5.17 
8.15 
9.97 

11.47 
14.34 
16.05 
14.30 
11.26 
7.13 
1.01 

-3.63 
4 . 0 3  
-6.51 
-6.53 
-9-54 

- 1  1 a61 

7.6 
6.5 
6 .2  
6.2 
6.6 

11.1  
19.1 
24.1 
28.0 
31.7 
33.9 
35.8 
39.3 
41.5 
39.4 
35.8 
30.9 
23.6 
18.0 
15.1 
14.5 
14.4 
10.1 
8.2 

21.2 

21.9 
21.8 
21.1 
21.6 
21.5 
21.4 
21.4 
21.4 
21.5 
21.6 
21.7 
21.9 
22.0 
22.2 
22.4 
22.5 
22.6 
22.5 
22.5 
22.4 
22.3 
22.2 
22.1 
22.0 

22.0 Bean - 20.8 22.2 -0.89 4 . 3 6  22.1 22.0 -0:75 
- 

jiData are averages o f  8 thermocouples, not 16. 
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TABLE C48(a) - DYNAMIC TEST RESULTS (PERIOOIC), NBS+10 TEST CYCLE 
- 

T'm, hr 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
1 6* 
17 
18 
19 
20 
21 
22 
23 
24 

Mean 
- 
- 

t0 

ktdoor 
AT r 

52.7 
50.8 
49.9 
50.3 
51.3 
60.9 
76.1 
85.4 
91.9 
99.3 
104.0 
106.5 
112.2 
115.9 
114.0 
108.0 
99.2 
84.5 
12.5 
67.4 
66.3 
65.8 
58.9 
54.8 

79.1 

t2 
Outdoor 

Surf. 

55.0 
53.2 
52.4 
52.6 
53.5 
61.6 
75.5 
04.3 
90.5 
97.2 
101.9 
104.2 
109.3 
113.0 
111.6 
106.2 
98.3 
84.9 
73.5 
68.6 
67.4 
67.0 
61 .0 
56.9 

79.2 

Measured Temperatures, 

O F  

t4 
Conc . / 
Insul . 

72.2 
71.9 
71.6 
71.4 
71.2 
71.5 
72.3 
12.9 
73.5 
74.1 
14.8 
15.2 
75.8 
76.4 
76.7 
76.6 
76.3 
75.4 
74.5 
74.1 
13.0 
13.6 
13.1 
72.6 

73.0 

t 3  
Internal 
Conc . 

12.1 
72.5 
12.3 
72.1 
71 -9 
71.7 
71.7 
71.8 
71.9 
72.0 
72.3 
12.6 
72.8 
73.1 
13.4 
73.6 
73.8 
13.9 
73.0 
73.6 
13.5 
73.3 
13.2 
72.9 

72.8 

t5* 
Indoor 
Surf. , 
ERlbed. 

73.2 
73.1 
72.9 
12.1 
12.6 
72.4 
12.3 
12.2 
72.2 
72.2 
72.4 
72.5 
72.6 
72.8 
73.0 
73.2 
73.4 
73.6 
73.7 
73.7 
73.1 
73.6 
73.4 
13.4 

12.9 

t 1 
Indoor 
Surf., 
Taped 

72.8 
72.7 
12.6 
12.4 
72.3 
12.2 
72.0 
12.0 
72.0 
72.0 
72.1 
12.3 
72.3 
12.5 
12.1 
72.9 
73.0 
73.2 
13.2 
73.2 
73.2 
13.1 
73.0 
12.9 

72.6 

rlata are ayra es of 8 thermocouples, not 16. 

Calibrated Hot Box Relative Hunidity: 

**oats for th is  Eour are tw-day, not three4y averages. 

Indoor Chanber - 23% 
Outdoor Chanber - 152 

Laborator A i r  Tengerature: ex. - 7Z°F - (23 C) 
Min. - 69*F - ( M O C )  

ti 
Indoor 

A i r  

72.1 
72.1 
72.0 
71.9 
71.9 
71.8 
71.8 
71.8 
71.8 
71.8 
71 -8 
71.9 
71.9 
71.9 
72.0 
72.0 
12.2 
12.2 
12.2 
72.2 
12.2 
72.2 
72.1 
72.1 

72.0 

keasured Heat Flux, 
2 Btu/hr. ft 

9w 
Cal ib. 
Hot Box 

1.57 
1.43 
1.21 
0.92 
0.78 
0.88 
0.75 
0.32 
0.19 
0.15 
0.37 
0.48 
0.98 
0.91 
1.14 
1.45 
1.67 
1.96 
2.29 
2.47 
2.35 
2.13 
1.96 
1.70 

1.25 

qhfm 
HFM @ 

Indoor 
Surf. 

7_ 

1.36 
1.15 
0.93 
0.12 
0.52 
0.33 
0.17 
0.10 
0.10 
0.15 
0.30 
0.48 
0.76 
0.98 
1.25 
1.53 
1.77 
1.96 
2.05 
2.06 
1.98 
1.83 
1.69 
1.54 

1.07 

I 

qhfm 
HFM @ 

Outdoor 
Surf 

-3.41 
-3.47 
-3.43 
-3.00 
-2.94 
0.79 
2.80 
3.45 
4.07 
5.50 
5.34 
5.80 
7.42 
7.11 
5.69 
4.21 
1.91 
-1.26 
-1.94 
-1 -62 
-1.26 
-1.31 
-3.71 
-3.03 

0.99 

Cal cu 1 ated 
Heat Flux, 
Btu/hr- ft 2 

qss 
Steady- 
State 

-2.60 
-2.84 
-2.95 
-2.89 
-2.74 
-1.54 
0.50 
1.80 
2.70 
3.68 
4.34 
4.61 
5.41 
5.92 
5.69 
4.87 
3.68 
1.71 
0.04 
6.68 
4 * 8 4  
-0.89 
-1.76 
-2.34 

0.96 
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TABlE C4-0(b) - DYNAMIC TEST RESULTS (PERIOOIC), NBS+lO TEST CYCLE, SI UNITS 

T'm, hr 

- 
1 
2 
3 
4 
5 
6 
1 
8 
9 

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

k a n  
I_ 

- 

t0 

3utdoor 
A i r  

11.5 
10.4 
9.9 

10.2 
10.1 
16.1 
24.5 
29.6 
33.3 
37.4 
40.0 
41.4 
41.5 
46.6 
45.6 
42.2 
37.3 
29.2 
22.5 
19.6 
19.0 
18.8 
14.9 
12.7 

26.2 

Measured Temperatures, 

t 2  
Outdoor 
Surf. 

12.8 
11.8 
11.3 
11.5 
12.0 
16.5 
24.2 
29.1 
32.5 
36.2 
30.8 
40.1 
43.0 
45.0 
44.2 
41 - 2  
36.8 
29.4 
23.0 
20.3 
19.7 
19.5 
16,l 
13.8 

26.2 

t 4  
Conc. / 
Insul. 

22.4 
22.1 
22.0 
21.9 
21.8 
21.9 
22.4 
22.7 
73.0 
23.4 
23.8 
24.0 
24.3 
24.7 
24.8 
24.8 
24.6 
24.1 
23.6 
23.4 
23.3 
23.1 
22.9 
22.6 

23.2 

t 3  
Internal 
Conc 

22.6 
22.5 
22.4 
22.3 
22.2 
22.1 
22.1 
22.1 
22.2 
22.2 
22.4 
22.5 
22.7 
22.8 
23.0 
23.1 
23.2 
23.3 
23.2 
23.1 
73.0 
23.0 
22.9 
22.1 

22.7 

%* 
Indoor 
Surf., 
m d .  

22.9 
22.8 
22.7 
22.6 
22.5 
22.5 
22.4 
22.3 
77.3 
22.4 
22.4 
22.5 
22.5 
22.6 
22.8 
22.9 
23.0 
23.1 
23.2 
23.2 
23.7 
23.1 
23.0 
23.0 

22.1 

- 

t 1 
Indoor 
Surf. 
T+ 

22.1 
22.6 
22.5 
22.5 
22.4 
22.3 
22.2 
22.2 
22.2 
22.2 
22.3 
22.4 
22.4 
22.5 
22.6 
22.7 
22.8 
22.9 
22.9 
22.9 
72.9 
22.8 
22.8 
22.1 

22.6 

a t a  are avera es of  8 themcouples, not 16. 
m t a  for this k u r  are tuo-day, not three-day averages. 

ti 
Indoor 

A i r  

22.3 
22.3 
22.2 
22.2 
22.2 
22.1 
22.1 
22.1 
22.1 
22.1 
22.1 
22.2 
22.1 
22.2 
22.2 
22.2 
22.3 
22.4 
22.3 
22.3 
22.3 
22.3 
22.3 
22.3 

22.2 
- 

Measured Heat F 1 ux 
2 W/m 

% 
Gal ib.  

Hot Box 

4.96 
4.52 
3.81 
2.90 
2.45 
2.77 
2.37 
1 .oo 
0.60 
0.47 
1.15 
1.53 
3.09 
2.86 
3.61 
4.57 
5.28 
6.18 
7.22 
? .80 
7.41 
6.72 
6.17 
5.36 

3.95 

qhfm 
HFM @ 
Indoor 
Surf. 

4.28 
3.62 
2.93 
2.28 
1.63 
1.03 
0.54 
0.30 
0.30 
0.47 
0.93 
1.51 
2.40 
3.10 
3.95 
4.83 
5.57 
6.18 
6.48 
6.51 
6.25 
5.78 
5.34 
4.86 

3.38 

I 

qhfm 
HFn @ 

Outdoor 
Surf. 

/ 

-10.77 
-10.94 

10.81 
-9.47 
-9.20 
2.50 
8.84 
1o.m 
12.83 
17.35 
16.83 
18.29 
23.39 
22.42 
17.96 
13.29 
6.03 

-3.96 
-6.12 
-5.11 
-3.96 
-4.14 

-11.70 
-9.55 

3.12 

Calculated 
Heat Flux, 

W/m 2 

9c.: 

Steady- . 
State 

-8.19 
-8.96 
-9.29 
-9.11 
-8.63 
-4.85 

1.59 
5.66 

18.51 
11.60 
13.69 
14.72 
17.06 
18.68 
17.93 
15.36 
11.62 
5.39 
0.11 

-2.16 
-2 * 65 
-2.81 
-5 * 55 
-7.30 

3.01 

1 

f 

t 

I 

i 
I 
I 

1 

1 
I 

i 
1 
I 

I 
i 

i 
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TABLE C4-9(a) - DYNAMIC TEST RESULTS (PERIODIC), NBS-10 TEST CYCLE 

- 

.. 
h P  

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

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

*an 
I_ 

- 

21 culated 
+?at Flux, 

2 Btu/hr ft 

Heasured Heat Flux, beasured Temperatures 

OF 
2 

Btu/hr* ft  
1 

qhfm 
HFM @ 

Outdoor 
Surf. 

qhfm 

Indoor 
Surf. 

HFM @ 

-0.96 
-1.17 
-1.36 
-1.59 
-1 * 79 
-1.97 
-2.10 
-2.17 
-2.13 
-2.05 
-1.89 
-1.71 
-1 Sl 

--1.25 
4 . 9 9  
-0.75 
-0.51 
-0.34 
-0.24 
-0.27 
-0.37 
4.50 
-0.63 
-0.78 

to  
b t b r  

A i r  

t 2  
Outdoor 
Surf. 

t 4  
Conc . / 
fnsul . 

t5* 
Indoor 
Surf., 
Embed. 

ti 

Indoor 
A i r  

% 
Gal ib.  

Hot Box 

qss 
Steady- 
State 

t 3  
Internal 
coric . 

~ 

70.4 
70.2 
70.0 
69.8 
69.6 
69.5 
69.5 
69.6 
69.7 
69.9 
70.2 
70.4 
70.7 
70.9 
71.2 
71.4 
71.5 
71.5 
71.5 
71.3 
71.2 
7 1  .O 
70.9 
70.7 

-1.04 
-1.30 
-1.63 
-1.79 
-2.04 
-1.80 
-2.26 
-2.82 
-2.95 
-2.89 
-2.58 
-2.19 
-2.05 
-1.82 
-1.73 
-1.19 
-0.13 
-0.24 
0.12 
0.21 

4 . 0 1  
4 . 1 7  
-0.33 
4 . 6 9  

-5.56 
-5.66 
-5.38 
-5.16 
-4.55 
4 . 7 9  
0.47 
1.37 
2.01 
2.90 
2.59 
3.53 
5.29 
4.17 
2.50 
1.34 

-0.80 
-3.82 
-4 04 
-4.04 
-3.49 
-3.74 
-6.01 
-5.07 

33.5 
31.4 
31.1 
31.4 
33.3 
46.1 
59.9 
69.2 
76.2 
82.5 
85.2 
89.0 
96.4 
98 .7  
94.6 
88.1 
79.3 
63.9 
53.6 
47.0 
47.1 
46.5 
38.5 
35.2 

37.1 
35.1 
34.7 
34.9 
36.6 
47.8 
60.5 
69.1 
75.6 
81.6 
84.4 
07.7 
94.4 
97.0 
93.4 
87.5 
79.5 
65.6 
55.9 
50.5 
49.6 
49.2 
42.1 
38.6 

-5.01 
-5.28 
-5 32 
-5.27 
-5.01 
-3.36 
-1.48 
4 . 2 3  
0.11 
1.57 
1.97 
2.44 
3,40 
3.75 
3.21 
2.33 
1.15 

4 . 9 0  
-2 * 32 
-3.11 
-3.23 
-3.29 
-4.31 
-4.81 

-1.35 

71.6 
71.6 
71.5 
71.5 
71.5 
71.4 
71.3 
71.3 
71.3 
71.4 
71.5 
71.5 
71.5 
71.6 
71.6 
71.7 
71.7 
71.7  
71.8 
71.8 
71.8 
71.8 
71.7 
71.7 

71.6 

71.5 
71.3 
71.2 
71 .O 
70.9 
70.8 
70.6 
70.6 
70.6 
70.1 
70.8 
71 .o 
71.1 
71.3 
71.5 
71.7 
71.8 
72.0 
72.0 
72.0 
71.9 
71.9 
71.7 
71.6 

71.3 

71.4 
71.3 
71.2 
71 .o 
70.9 
70.8 
70.7 
70.7 
70.1 
70.8 
70.9 
71.0 
71.2 
71.3 
71.5 
71.6 
71.7 
71.8 
71.8 
71.8 
71.8 
71.7 
7 1  -6  
71.5 

7 1  - 3  

68.7 
68.4 
68.1 
67.9 
67.9 
68.3 
69.0 
69.7 
70.3 
70.9 
71.4 
71.8 
72.5 
73.0 
73.1 
73.0 
72.6 
71.8 
71.1 
70.6 
70.3 
70.1 
69.6 
69.1 

70.4 70.5 -1.41 -1.21 -1.33 60.8 62.0 

rlata are averages of 8 thermocouples, not 16. 

Calibrated Hot Bax Relative Hmidi ty:  
Indoor Chanber - 23% 
Outdoor C h a r  - 161 

Laborator A i r  Tengerature: 
e x .  - 71°F - (22 C) 
Hin. - 66Of - (19W 
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TABLE C4-9(b) - DYNAMIC TEST RESULTS (PERIODIC), NBS-10 TEST CYCLE, SI UNITS 
- 

')ly, 

- 
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 

~ 

ca 1 cu 1 at& 
Heat Flux, 

W/m 
2 

hasured Tenperatures, 
O C  

Heasured Heat Flux, 
2 W/m 

t4 
Conc. / 
Insul . 

~ 

t3  
Internal 
Conc . 

~ 

9, 
Calib. 
Hot Box 

qhfm 
HFH @ 
Indoor 
Surf. 

I 

qhfm 
HFH @ 

Outdoor 
Surf. 

t7 
Outdoor 

Surf. 

t 1 
Indoor 
Surf., 
Taped 

95s 
Steady- 
State 

t5* 
Indoor 
Surf * ,  

Ellbed. 

ti 

Indoor 
Air I 

I 

I 

I 

i 
I 
I 

I 

I 

t 

I 

i 
i 

I 
I 

i 

I 

I 
I 

0.8 
4.3 
-0.5 
-0 .4  
0.1 
7.8 
15.5 
20.7 
24.6 
28.1 
29.6 
31.7 
35.8 
37.1 
34.8 
31.2 
26.3 
17.7 
12.0 
8.8 
8.4 
8.1 
3.6 
1.8 

2.0 
1.7 
1 .5 
1.6 
2.6 
8.8 
15.9 
20.6 
24.2 
27.5 
29.1 
31 .O 
34.7 
36.1 
34.1 
30.8 
26.4 
18.7 
13.3 
10.3 
9.8 
9.5 
5.6 
3.7 

20.4 
20.2 
20.1 
20.0 
19.9 
20.2 
20.6 
20.9 
21.3 
21.6 
21.9 
22.1 
22.5 
22.8 
22.9 
22.8 
22.6 
22.1 
21.7 
21.4 
21.3 
21.2 
20.9 
20.6 

21.9 
21.8 
21.8 
21.7 
21.6 
21.5 
21.5 
21.4 
21.5 
21.5 
21.6 
21.7 
21.7 
21.8 
21.9 
22.0 
22.1 
22.2 
22.2 
22.2 
22.2 
22.1 
22.1 
22.0 

21 -9 
21.8 
21 -8 
21.7 
21.6 
21.6 
21 -5  
21.5 
21.5 
21.6 
21.6 
21.7 
21.8 
21.8 
21.9 
22.0 
22.1 
22.1 
22.1 
22.1 
22.1 
22.1 
22.0 
22.0 

22.0 
22.0 
22.0 
21.9 
21.9 
21.9 
21.9 
21.8 
21.9 
21.9 
21.9 
22.0 
22.0 
22.0 
22.0 
22.0 
22.1 
22.1 
22.1 
22.1 
22.1 
22.1 
22.1 
22.0 

-3.27 
-4.10 
-5.13 
-5.65 
6.42 
-5.68 
-7.14 
-8.89 
-9.31 
-9.12 
-8.13 
4 . 9 0  
6.46 
-5.73 
-5.47 
-3.76 
-2 30 
4.77 
0.39 
0.65 
-0.02 
-0.53 
-1.05 
-2.19 

-3.04 
-3.70 
4.29 
-5.00 
-5.64 
6.21 
4.64 
-6.85 
-6.73 
-6.45 
-5.96 
-5.39 
-4.76 
t3.95 
-3.13 
-2.35 
-1.61 
-1.08 
4.77 
-0.87 
-1.18 
-1.59 
-1.99 
-2.47 

-17.54 
-17.87 
-16.97 
-16.29 
-14.37 
-2.48 
1.48 
4.31 
6.34 
9.15 
0.17 
11.14 
16.68 
13.16 
7.89 
4.24 
-2.53 
-12.05 
-12.74 
-12.74 
-1 1 .oo 
-1 1.81 
-18.96 
-16.01 

~~ ~ 

-15.82 
-16.66 
-16.77 
-16.64 
-15.79 
-10.60 
-4.68 
-0.73 
2.25 
4.96 
6.20 
7.69 
10.72 
11.82 
10.11 
7.34 
3.61 
-2.84 
-1 I 32 
-9.81 
-10.20 
-10.38 
-13.58 
-15.18 

-4.26 

21.3 
21.2 
21.1 
21 .o 
20.9 
20.8 
20.8 
20.9 
21 .o 
21.1 
21.2 
21.3 
21.5 
21.6 
21.8 
21 -9 
22.0 
22.0 
21.9 
21 -9  
21 -8 
21.7 
21.6 
21.5 

21.4 Yean 16.7 21.3 21.8 21.8 22.0 -4.46 -4.20 16.0 -3.82 

*Data are averages of 8 thermocouples, not 16. 
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TARE C4-10 - SUMMRW OF DYNAMIC TEST RESULTS (PEIUODIC), 
THERMRL LAG 

@ Max. 

73 

75 

68 

I Thermal Lag, hrs 

P Min. Avg. @ Max. @ Min. Avg. 

69 71 82 75 79 

72 74 80 75 78 

61 65 81 76 79 

Measured I 
C a l i b r a t e d  Hot Box Heat Flow Meter Test 

Cyc 1 e 
I I 

TABLE C4-11 - SUMWRY OF DYNAMIC TEST RESULTS (PERIODIC), 
REDUCTION I N  ARLITUDE 

I Measured, X 

cyc 1 e 

NBS+ 10 

NBS-10 

1 1 Cal ibra ted  Hot Box I Heat Flow Meter 

Calc. 
Time 

Constant, 
hrs 

,‘1.6 

1.6 

1.6 
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I + 
P 
03 

Measured T 
qhfm 

TABLE C4-12 - SUMMARY OF DYNAMIC TEST RESULTS (PERIODIC), ENERGY REQUIREMENTS 

Cal cu la ted  
T e s t  
Cyc 1 e 

HBS 

NBS+lO 

NBS-10 

T '  
qss  

Total  Energy, 

H N N 
9, qhfm q s s  

I Measured 

I 
! -5.7 
' (-18.1) 

22.9 
(72.3) 

-32.4 
(-102.3) 

(64.8)  
118 

7 31 

105 

30.1 
(94 .8 )  

34.6 
(109.0) 

48 

112 

90 

T 
'hfm 

14.1 
(44.6) 

25.7 
(81 .l) 

29.1 
(91.7) 

Total Energy 
Comparisons 

x 

Calculated q, 

TI i- 
1 

69.6 
(219 .5 )  

67.0 
(211.5) 

73.4 
(231.7) 

30 

4 5  

47 

Net Energy, 

3 t u / f t 2  (W.hr/rn2) 

I I 
I 1 

20 

38 

40 

-6.8 
( -21 .4 )  

30.1 
(94.8) 

-33.9 
( -1 07.0) 

-2.7 
(-8.6) 

25.7 
(81.1) 

-29.1 
( -91 .7)  

Net Energy 
Comparisons, 

% 
1 

N N 
9,s I Qss 

I 



WALL F1: 2x4-in. (50x100-mn) WOOD FRAME WITH R-13 FIBERGLASS 
INSULATION. R-5 INSULATION BOARD, AND ALUMINUM SIDING 

DESCRIPTION: Wood frame wall with R-13 fiberglass blanket insulation 
between studs,  gypsum wallboard on Interlor surface, and 
rigid expanded polystyrene board insulation and aluminum 
siding with insulatlng board backing on exterior surface. 

REFERENCE: None 

COMPOSITION: 
1 .  Off-white Aluminum Siding, with 3/8-in. 

(10-m) Insulating Board Backing 

2. 1-In. (25-mn) R-5  Rigid Expanded Polystyrene 
Board Insulation 

3 .  2x4-in. (50x100-mm) Wood Studs Spaced 16 in. 
(400 m) on Center 

4. 3-5/8-in. (90-mm) R-13 Fiberglass Blanket 
Insulatlon Faced with Kraft Paper 

5. 1/2-in. (13-mm) Gypsum Wallboard, Painted 
Off-white 

TABLE F1-1 - PHYSICAL PROPERTIES OF WALL AT T IME OF TEST 

I I 1 
Property 

Meas ured 
Value 

t 1 

I 1 
Weight, psf ( kg/m2) 

Average Thickness, in. (mm) 

Area, ft2 (m2) 

4.0 
(19.6) 

5.6 
(141 1 

73.61 
(6.84) 

1 I I 
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vl 
0 

TABLE F1-2 - MATERIAL PROPERTIES, R-13 FIBERGLASS INSULATION 

Property 

Thlckness, as received, in. 

Nomjnal I n s t a l l e d  Th'lckness, In. (mm) 

Densfty, as received, p c f  (kg/m3) 

Test  nethod 

-- 

ASTM C167' 

ASTM C767 

Spec lmen 
Cond l t l  on 

Mean 

O F  

( " C )  

Temperature, 

*Measured a t  four poln ts  along centerllne o f  b l a n k e t  

I - - - _  _ . -  

Measured 
Value 



TABLE F1-3 - DESIGN HEAT TRANSMISSION COEFFICIENTS 

Component 

1 .  

2,  

3. 

4 .  

5 .  

6 .  

7. 

Outside Air F i l m  

Aluminum S id ing  w i t h  
3/8-in. (10-mn) I n s u l a t i n g  
Board Backing 

1 - in .  ( 2 5 - m )  R i g i d  
Expanded Polystyrene 
Board Sheathing 

3-5/8-1n. (90-mn) 
Fiberg lass  I n s u l a t i o n  

2x4-  i n . ( 50x1 00-mn) 
Wood Stud 

1/2- in.  (13-mn) Gypsum 
Ma1 lboard 

I n s i d e  A i r  F i l m  

To ta l  R 

To ta l  Ut 

R, Thermal Resistance 

Be tween 
Framing 

h r  * f  t2. "F/Btu 

( m2. K/W) 

O.17* 
(0.03) 

1.82* 
(0.32) 

5.00" 
(0.88) 

13.00** 
(2.29) 

-- 

0.45" 
(0.08) 

0.68* 
(0 .12)  

21.12 
(3.72) 

0.05 
(0.27) 

A t  Framing 

h r  f t2 - "F/Btu 

( m2 * K / W )  

0.17 
(0.03) 

1.82 
(0.32) 

5.00 ,' 
(0.88) 

-- 

4.30* 
(0,77) 

0.45 
(0.08) 

0.68 
(0.12) 

12.50 
(2.20) 

0.08 
( 0 . 4 5 )  

*Source: ASHRAE Handbook - 1981 Fundamentals, American Society  of  
Heating, Re f r i ge ra t i ng ,  and A i r -Cond l t ion lng  Engineers, 
Inc. ,  A t lan ta ,  1981, Chapter 23. 

**Source: Manufacturer 's  Rat ing 

Ad jus t  f o r  Framing (15.5%): 
2 

U 
RT = 1 / U  = 19.08 h r - f t * - " F / B t u  (3.36 m .K/W) 

= (0 .845)(0.05)  t (0.155)(0.08) = 0.05 Btu /hr . f t2* "F  (0.30 W/m 'K) 
2 

+ U n i t  f o r  thermal t ransmi t tance are  B tu /h r * f t 2 * "F  (W/m2*K) 
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I 
c-, 
m 
N 
I 

Nominal Test 
Condition 

t, = 101°F 

t, = 3OoF 

(39°C) 

( - 1 O C )  

Design Values 

Q 
Heat F l u x ,  

2 
Btu/hr - f t  

(W/m2) 

3.49 

-4.41 

(11.0) 

(-13.9) 

- 

16.42 
(2 .89)  

19.17 
(3.38) 

19.08 
(3.36) 

TABLE F1-4 - STEADY-STATE TEST REaLTS 

I O F  1 I I Measured Tenper ature s, 

u’* I 
B t d h r - f  t2= O F  

( W/m2 *K ) 

1 t2 
Outdoor Outdoor 

Air Surface 

0.061 
(0.35) 

0.052 
(0.30) 

0.050 
(0.30) 

129 

-13 

(541 

( -25 )  

- 

I Re? at  h e  Hum 1 d i iy L aboratory I A ir Temperature 

*Overall thermal resistance, RT, and transmittance, U, f o r  steady-state tests  were calculated using the design surf ace resistance 
coefftcients from Table F1-3 and measured values o f  heat f lux. 

*+Internal thermocouples were not used on t h i s  wall  assembly. 



I50 

I20 

90 

30 

0 

- Wall  FI  
t, = 30 O F  ( - 1  "C) 

ti 

L 
1 -.- 

t l  

\......P.................... 
4 

* 30 
0 24 

Ti me, hour 
( a )  Measured Temperatures 

Wa l l  F I  
tm= 30 "F ( - 1  OC) 

40 t 
-40 

60 

40 

20 

0 

-20 

3 

Temp, 
O C  

60 

40 

2 0  

3 AT, 
O C  

-20 

-40 

0 24 48 

Time, hour 

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

0 24 48 

Time, hour 

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

F ig .  F1-1 Wall F1 Trans ien t  Tes t  Resul ts  
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t 

1 

40 

20 

Heat Flux, 

hr. f t2 
Bt u 0 

- 20 

-40 

Wall  F I  
tm=30'F ( - 1  "C) 

24 

Time, hour 

( c )  Heat Flux 

100 / 

50 

0 

Heat Flux, 

m2 
W - 

i 

1 

- 50 

-100 

F ig .  F1-1 Wall F1 Transient Test  Results 
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TABLE F1-5(a) - TRANSIENT TEST RESULTS 

Time, 
hr 

0 
1 
2 
3 
4 
S 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17  
18 
19 
20 
21 
22 
23 
24 
26 
20 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 

to  
Outdoor 

Air 

73.1 
34.8 
4 . 3  

-10.0 
-11.4 
-11.9 
-12.3 
-12.3 
-12.4 
-12.6 
-12.7 
-12.7 
-12.7 
-12.8 
-12.8 
-12.8 
-12.8 
-12.8 
-12.9 
-12.9 
-12.9 
-12.9 
-12.9 
-12.9 
-12.9 
-13.0 
-13.0 
-13.0 
-13.0 
-13.1 
-13.0 
-13.0 
-12.9 
-13.0 
-12.9 
-13.0 

Heasured Temperatures, 

t 2  
Outdoor 
Surf. 

73.8 
43.0 

1.6 
-6.0 
-7.9 
-8.6 
-9.1 
-9.1 
-9.2 
-9.4 
-9.5 
-9.6 
-9.6 
-9.7 
-9.7 
-9.8 
-9.8 
-9.8 
~ 9 . 8  
-9.9 
-9.9 
-9.9 
-9.9 
-9.9 
-9.9 
-9.9 
-9.9 

-10.0 
-9.9 

-10.0 
-10.0 
-10.0 
-9.9 
-9.9 

-10.0 
-10.0 

O F  - 

t3* 
Inter- 
nal 

- 

t4* 
Inter- 
nal 

t 1 
Indoor 
Surf. 

72.8 
72.8 
72.2 
71.6 
71.4 
71.2 
11.1 
7 1 . 1  
71.0 
71.0 
70.9 
70.9 
70.9 
70.8 
70.9 
70.9 
10.9 
10.9 
70.9 
70.9 
70.8 
70.9 
70.8 
70.1 
70.9 
70.8 
70.9 
10.9 
10.9 
70.9 
70.9 
10.9 
10.9 
70.9 
70.8 
70.8 

- 

t i  
Indoor 

Air 

72.6 
72.6 
72.5 
72.4 
72.4 
72.4 
72.3 
72.3 
72.3 
72.4 
72.3 
72.3 
72.3 
72.3 
72.2 
72.3 
72.3 
72.3 
72.3 
72.2 
72.3 
12.2 
72.2 
72.3 
12.3 
72.2 
72.3 
72.3 
72.4 
72.3 
72.3 
72.3 
72.3 
72.3 
72.2 
72.2 

Measured Heat Flux, 
2 Btu/hr-  f t  

9w 
Cal Ib. 

Hot Box 

0.0 
0.3 

4 . 2  
-1.8 
-2.6 
-2.8 
-3.6 
-3.8 
-3.8 
-4.1 
-4.1 
-4.2 
-4.2 
-4.3 
-4.3 
-4.3 
-4.3 
-4.3 
-4.4 
-4.3 
-4.4 
-4.2 
- 4 . P  
-4.2 
-4.5 
-4.0 
-4.1 
-4.1 
-4.0 
-4.4 
-4.3 
-4.5 
-4.3 
-4.6 
-4.5 
-4.4 

qhfm 
HFM @ 
: n b r  
Surf. 

0.0 
- 0 . 1  
- 1 . 7  
-3 .4  
-4.0 
-4 .2  
-4 .3  
-4.3 
-4.4 
-4.4 
-4.4 
-4.4 
-4.5 
-4.4 
-4 .4  
-4 .4  
-4.4 
-4.4 
-4.5 
-4.4 
-4.4 
-4.5 
-4.5 
-4.5 
-4.4 
-4.5 
-4.4 
-4.5 
-4.4 
4 . 4  
-4.5 
-4.5 
-4 .4  
-4.4 
-4.5 
-4.5 

I 

qhfm 
HFM @ 

3utdmr 
Surf: 

0.0 
-12.6 
-9.4 
-5.6 
-5.0 
-4 .7  
-4.6 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4 .4  
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 

Cal cu 1 ated 
Heat Flux, 

2 Btu/hr* ft 

qss 

State 
Steady- 

0.1 
- 1 . 7  
-3.9 
-4.3 
-4.3 
-4.4 
-4.4 
-4.4 
4 . 4  
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
.-4.4 
-4.4 
-4.4 
--4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 
-4.4 

*Internal themcouples were not used for th is  wall assembl . 
Whlibrated hot box heat flux for hour 22 was derived fm Tinear interpolation of data fran 

hwrs 21 to 23. 
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 ti^, 
hr 

0 
1 
2 
3 
4 
5 
6 
1 
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 

TABLE F1-5(b) - TRANSIENT TEST RESULTS, SI UNITS 

t0 

Outdoor 
Air 

22.8 
1.6 

-20.2 
-23.3 
-24.1 
-24.4 
-24.6 
-24.6 
-24.6 
-24.8 
-24.8 
-24 - 8 
-24.8 
-24.9 
-24.9 
-24.9 
-24.9 
-24.9 
-24.9 
-24 - 9 
-24.9 
-25.0 

-24.9 
-25.0 
-25 0 
-25.0 
-25.0 
-25.0 
-25.0 
-25.0 
-25.0 
-25.0 
-25.0 
-24.9 
-25.0 

-24.9 

Measured Temperatures, 

t 2  
Dutdoor 
Surf. 

23.2 
6.1 

-16.9 
-21.1 
-72.2 
-22.5 
-22.8 
-22.8 
-22.9 
-23 - 0 
-23.1 
-23.1 
-23.1 
-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 
-23.3 
-23.3 
-23.3 
-23.3 
-23.3 

OC 

t3* 
Inter- 
nal 

t4* 
tnter- 
na 1 

t 1 
Indoor 
Surf. 

22.7 
22.6 
22.3 
22.0 
21 -9 
21.8 
21.7 
21.7 
21.7 
21.6 
21.6 
21.6 
21.6 
21.5 
21.6 
21.6 
21.6 
21.6 
21.6 
21.6 
21.6 
21.6 
21.6 
21.5 
21.6 
21.6 
21.6 
21.6 
21.6 
21.6 
21.6 
21.6 
21.6 
21.6 
21.6 
21.6 

ti 
Indoor 

A i  r 

22.5 
22.6 
22.5 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.3 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.3 
22.4 
22.4 
22.3 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
22.3 
22.3 

Measured Heat Flux, 
2 W/m 

e 
Cal ib.  
Hot BQX 

-0.1 
0.8 
-0.6 
-5.6 
-8.0 
-9.4 

-1 1.2 
-11.9 
-11.9 
-13.1 
-13.0 
-13.2 
-13.4 
-13.6 
-13.6 
-13.6 
-13.4 
-13.4 
-14.0 
-13.6 
-13.8 
-13.3 
-13-P 
-13.4 
-14.2 
-12.6 
-12.9 
-13.0 
-12.7 
-13.9 
-13.1 
-14.2 
-13.4 
-14.3 
-14.1 
-13.9 

- 
qhfm 
HFM @ 
. n b r  
Surf. - 
0.1 
4.3 
-5.4 
-10.3 
-12.7 
-13.2 
-13.5 
-13.7 
-13.7 
-13.9 
-14.0 
-13.8 
-14.0 
-13.9 
-14.0 
-14.0 
-14.0 
-14.0 
-14.1 
-14.0 
-14.0 
-14.0 
-14.1 
-14.1 
-13.9 
-14.1 
-14.0 
-14.1 
-13.9 
-14.0 
-14.1 
-14.1 
-14.0 
-13.9 
-14.1 
-14.1 

_I 

0.0 
-39.8 
-29.6 
-17.6 
-15.9 
-14.9 
-14.6 
-14.0 
-14.0 
-14.0 
-14.0 
-14.0 
-13.8 
-14.0 
-13.9 
-13.8 
-13.9 
-13.8 
-13.9 
-13.8 
-14.0 
-13.9 
-13.9 
-13.7 
-13.8 
-13.8 
-13.8 
-13.8 
-13.9 
-13.8 
-13.8 
-14.0 
-13.8 
-13.9 
-13.8 
-13.8 

Calculated 
Heat Flux, 

W/m 
2 

qss 
Steady- 
State 

0.2 
-5.5 
-12.3 
-13.5 
-13.7 
-13.8 
-13.8 
-13.8 
-13.8 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 
-13.9 

Y *Internal thennocouples were not used for this uall assdl 
-librated hot box heat flux for hour 22 was derived fran inear interpolation of data frm 
hours 21 to 23. 
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TABLE F1-6 - SUMMARY OF TRANSIENT TEST RESULTS 

-4.4 
(-1 3.8) 

I -4.2 
' (-1 3.2) 

-4.0 
~ (-12.5) 

Heat Flux 

Mea s u red 

Calib. Hot Box 

99.5% o f  Final Heat Flux 

95% o f  Final Heat Flux 

90% o f  Final Heat Flux 

Time t o  
Reach Q, 

hr 

18 

1 1  

9 

HFM [h Tndoor Surf.  

qhfm t 
Btu/hr- ft2 

I W/m2 

-4.4 
-1 4.0) 

- 4 . 2  
( -13.3)  

-4.0 
(-12.6) 

Steady- State 

-4.4 
(-13.8) 

-4.2 
(-13.2) 

-4.0 
( -12.5) 



I20 

0 

90 

I I 

Temp, 

OF 60 

30 

' Wal l  FI 
NBS 

60 

30 

- 30 

Time, hour 

(a )  Measured Temperatures 

' Wal l  FI  
NBS 

50 

?5 

1 

1 3o 

15 

0 A T, 
"C 

-15 

I 

i 

! 

2 -30 -60 
0 8 16 24 

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

i 
I 

F i g .  F1-2 Mall Fl Dynamic T e s t  Resul ts  f o r  NBS Test  Cycle 
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NBS 
- 

I 10 - 
40 

1 -40 
-20 ' I I I 

0 a 16 24 

Time, hour 

( c )  Heat F l u x  

Fig .  F1-2 Wall F1 Dynamic Test  Results for NBS Test Cycle 
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TABLE F1-7(a) - DYNWIC TEST RESULTS (PERIODIC), NBS TEST CYCLE 

Calculated 
Heat Flux, 

2 Btu/hr- ft 

Heasured temperatures, 

OF 

Measured Heat Flux, 
2 Btu/hr - ft Tim, 

hr 

to 
Outdoor 

A i r  

t2 
Ou t b r  
Surf. 

t 1 
Indoor 
Surf. 

72.1 
72.0 
72.0 
71.9 
71.9 
71 - 9  
12.0 
12.1 
72.4 
72.6 
72.0 
73.0 
13.1 
73.1 
73.4 
73.4 
73.4 
73.2 
73.0 
12.0 
72.6 
72.4 
72.4 
72.2 

- 
qss 

State 
Steddy- 

I 

I 

qhfm 
HFM @ 
htdoor 
Surf. 

qhfm 
HFH @ 
Indoor 
Surf. 

t3* 
Inter- 
nal 

sw 
cal ib. 
Hot Box 

t4* 
Inter- 
nal - 

- 

ti 

Indoor 
Air 

72 -3 
12.3 
72.2 
72.2 
72.2 
72.2 
72.2 
72.3 
72.4 
72.5 
72.5 
72.6 
72.6 
72.5 
72.7 
12.7 
72.7 
72.6 
72.6 
72.5 
72.5 
72.5 
72.4 
72.3 

72.4 

- 

- 

I 

I 

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 

42.2 
40.5 
39.1 
39.0 
38.9 
43.1 
57.6 
61.9 
76.2 
85.0 
90.0 
92.3 
98.0 
104.2 
104.7 
99.4 
91.2 
18.2 
65.1 
58.3 
55.6 
55.2 
50.7 
43.4 

44.0 
42.4 
40.8 
40.6 
40.5 
43.1 
56.9 
67.4 
75.7 
84.2 
89.7 
92.0 
97.1 
103.5 
104.5 loo. 1 
92.6 
80.6 
67.5 
60.2 
57.0 
56.4 
52.9 
45.6 

-0.0s 
-1.05 
-1.17 
-1.43 
-1.59 
-1 -65 
-1.70 
-1.48 
-1.16 
4.60 
-0.16 
0.15 
0.45 
0.58 
1-10 
1.49 
1.53 
1-59 
1.16 
0.70 
0.20 
4.09 
-0.41 
-0.51 

-1.47 
-1.61 
-1 -69 
-1.79 
-1 -81 
-1.81 
-1 -61 
-1.02 
-0.45 
0.10 
0.53 
0.84 
1.04 
1.37 
1.69 
1.80 
1.58 
1.20 
0.52 
-0.16 
-0.60 
-0.82 
-0.91 
-1.14 

-2.01 
-2.24 
-2.03 
-1.90 
-1.81 
-0.31 
1.92 
1.94 
2.04 
2.48 
1.96 
1.88 
3.09 
3.02 
1.93 
0.32 
-0.85 
-2.80 
-3.01 
-2.33 
-1.60 
-1.20 
-2.69 
-2 70 

-1. 64 
-1.73 
-1 .a1 
-1.82 
-1 -82 
-1.64 
-0.89 
-0.29 
0.20 
0.71 
1.04 
1.18 
1.49 
1.90 
1.95 
1.66 
1.18 
0.45 
-0.33 
-0.15 
-0.92 
-0.95 
-1.15 
-1.56 

i 

! 

k a n  67.3 68.2 72.6 - -0.20 -0.26 -0.29 -0.23 

*Internal thermocouples were not used on this wall a s s d l y .  

Calibrated Hot Box Relative Humidity: 
Indoor Charrber - 21% 
Outdoor Chamber - 1% 

Laborator Air T 
Nax. - ,!OF (*2%yrature: 
Hin. - 69*F (21%) 

I construction technology laboraiorles -160- 



TABLE F1-7(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 

Man 

t0 

Outdoor 
A i r  

5 .1  
4.1 
4.0 
3.9 
3.8 
6.2 

14.2 
20.0 
24.6 
29.4 
32.2 
33.5 
36.7 
40.1 
40.4 
37.4 
32.9 
25.6 
18.4 
14.6 
13.1 
12.9 
10.4 
6.3 

19.6 

Measured Terrperatures, 

t 2  
Outdoor 
Surf. 

6.6 
5.8 
4.9 
4.8 
4.7 
6.5 

13.8 
19.7 
24.3 
29.0 
32.0 
33.4 
36.2 
39.1 
40.3 
31.0 
33.6 
27 .O 
19.1 
15.7 
13.9 
13.6 
11.6 

1.5 

20.1 
- 

O C  

t3* 
fnter- 
nal - 

- 

t4* 
Inter- 
nal - 

I__ 

t 1 
Indoor 
Surf. 

22.3 
22.2 
22.2 
22.2 
22.2 
22.2 
22.2 
22.3 
22.4 
22.6 
22.1 
77.R 
22.8 
22.9 
23.0 
23.0 
23.0 
22.9 
22.8 
22.6 
22.5 
22.5 
22.4 
22.3 

22.5 

- 

- 
- 

- 

t i  
Indoor 

A i r  

24.4 
22.4 
22.4 
22.3 
22.3 
22.3 
22.4 
22.4 
22.4 
22.5 
22.5 
22.5 
22.6 
22.5 
22.6 
22.6 
22.6 
22.6 
22.5 
22.5 
22.5 
22.5 
22.4 
22.4 

22.5 

- 

- 

*Internal thermocouples were not used on this wall assembly. 

. __ 

Measured Heat Flux,  
2 W/m 

~ 

SW 
Calib. 

Hot Box 

-2.70 
-3.32 
-3.70 

-5.02 
-5.21 
-5.36 
-4.61 
-3.61 
-1.89 
4 . 5 0  
0.47 
1.42 
1.82 
3.118 
4.69 
4.83 
5.02 
3.65 
2.21 
0.88 

-0.28 
-1.31 
-1 -61 

4 . 5 0  

-0.64 

qhfm 
HFH @ 

Indoor 
Surf. 

-4.63 
-5.07 
-5 * 33 
-5.66 
-5.70 
-5.12 
-5.07 
-3.21 
-1.41 
0.30 
1.69 
2.66 
3.28 
4.33 
5.33 
5.67 
4.98 
3.18 
1.63 

-0.49 
-1 .a 
-2.59 
-2.m 
-3.61 

-0.82 

I 

qhfm 
HFM @ 

lutdoor 
Surf. - 
-6.33 
-1.06 
-6.41 
-6.00 
-5.91 
-0.99 
6.05 
6.12 
6.44 
1.83 
6.19 
5.94 
9.75 
9.52 
6.08 
1 .oo 

-2.69 
-8.82 
-9 * 50 
-7 * 35 
-5.05 
-3.10 
-8.48 
-8.52 

-0.92 

Cal cu 1 atec 
Heat Flux, 

W/m 
2 

qss 
Steady- 
State 

-5.18 
-5.45 
-5.71 
-5.74 
-5.15 
-5.19 
-2.81 
-0.90 
0.64 
2.23 
3.21 
3.71 
4.11 
5.99 
6. IS 
5.24 
3.13 
1.41 

-1.04 
-2.35 
-2.92 
-2.99 
-3.62 
-4.92 

-0.13 
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Test  
Cyc 1 e 

Measured 

Ca l ibra ted  Hot Box Heat Flow Meter 

@ Max. P Min. Avg. @ Max. @ Min. Avg. 

Test  ’ 
Cyc 1 e 

NBS 18 6 12 6 2 4 

N BS 

TABLE F1-10 - SUMMW OF DYNAMIC TEST RESULTS (PERIODIC), 
THERML LAG 

Thennal Lag, h r s  

Measured 

C a l i b r a t e d  H o t  Box 

I qss v s  qw I t v s  tl 
0 

@ Max. @ Mln. @ Max. @ Min. 1 
Heat Flow Meter I - ‘ss v s  ‘hfm 

Calc. 
Time 

Constant, 
hrs 

I 

TABLE F l - 1 1  - SUMMRY OF DYNAMC TEST ESULTS (PERIODIC), 
REDUCTION I N  AWLITUDE 

I 
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TABLE F1-12 - SUMMARY OF DYNAMIC TEST RESULTS (PER1 ODTC) , ENERGY REQUIREMENTS 

Test  
Cycl e 

FIRS 

B t u/ f t2 { W -  h r /m2 ) % Btuj f t '  (W-hr/m2f % 

N N 
Cal c u l  ate d q, qhfm Measured T T 

qhfm Measured Calculated q, 

T T T T T N N N M N 
-- . -  

9, qhfm qss 9s s 9,s qw ' qhfm ' 9,s 9s s %s 

22.9 27.6 29.1 79 95 -4.8 -6.2 -5.5 87 112 
(72.2) (87.0) (91.7) ( -15.2)  ( -19.6)  (-1 7.5) I 

Total Energy, Total  Energy 
Comparisons 

Net Energy 
Comparisons, 

Net Energy, 




