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PREFACE 

High-level rad ioac t i ve  waste from the cur rent  waste management operat i  on 

a t  Hanford i s  stored i n  underground re in forced concrete tanks w i t h  a s tee l  

l i n e r  on the  s ides and bottom. The removal o f  pumpable l i q u i d  r e s u l t s  

i n  a moist  sal t -cake o f  sodium s a l t s  t h a t  i s  r e l a t i v e l y  imnobile compared 

t o  i t s  o r i g i n a l  l i q u i d  state.  Addi t iona l  imnob i l i za t ion  and i s o l a t i o n  

techniques a re  being studied t o  f u r t h e r  improve waste i s o l a t i o n  and con- 

tainment. Re t r ieva l  o f  the waste and permanent disposal w i l l  be deferred 

u n t i  1 a permanent d isposal  mode and l oca t i on  i s  selected. The i n t e g r i t y  

o f  the  storage tanks i s  o f  c r i t i c a l  importance dur ing t h i s  i n t e r i m  period. 

Technical s tud ies and 1 aboratory t e s t s  have been performed t o  determine 

the e f f e c t  o f  the  s tored waste's temperatures and chemistry on the r e i n -  

forced concrete 's s t reng th  and e l a s t i c  propert ies.  This work was performed 

f o r  Rockwell Hanford Operations under the technical  d i r e c t i o n  o f  the  P a c i f i c  

Northwest Laborator ies a t  Rich1 and, Washington by the Construction Technology 

Laboratories, a d i v i s i o n  o f  the Port land Cement Association, Skokie, I 1  l i n o i s .  

Concrete cores from the domes o f  waste storage tanks i n  the 241-A, T, and U 

tank farms were tes ted t o  determine the strength o f  the concrete a f t e r  tens 

o f  years o f  waste storage. F u l l  s i ze  specimens,j6 inch  diameter x 12 inch 

long) could no t  be provided and sub-size specimens (3  inch diameter x 6 inch 

long and 3 inch  cubes) were cored and cu t  from the dome cores. Data co r re l a t i on  

was establ ished by c u t t i n g  and cor ing f u l l  sized laboratory  cast  specimens 

t o  determine the e f f e c t  o f  specimen s ize  and shape on t e s t  resu l t s .  A l l  o f  

the tank dome specimens exceeded the minimum design strength. 
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STRENGTH AND ELASTIC 

PROPERTIES OF CONCRETES 

FROM WASTE TANK FARMS 

'Michael  P. Gill 'en* 

s y g o p g 1 s  - 4 

T e s t s  were conducted on c o n c r e t e s  from Hanford Waste Tank 
FarmsI and on c o n c r e t e  cast by t h e  P o r t l a n d  Cement Assoc ia t ion  
using IIanEord mix designs and t r l . s ,  t o  determine s t r e n g t h  
and e l a s t i c  p r o p e r t i e s  a t  room and e l e v a t e d  tempera tures .  
E l a s t i c  modulus ( s ta t i c  method), P o i s s o n l s  r a t i o ,  and com- 
p r e s s i v e  and s p l i t t i n g  t e n s i l e  s t r e n g t h s  were determined a t  
room tempera ture ,  and f o r  specimens maintained a t  250F f o r  
varying l e n g t h s  of t i m e .  V a r i a b l e s  examined i n  t h e  t e s t  pro- 
gram were t h e  e f f e c t  of ( a )  tempera ture ,  (b) l e n g t h  of exposure 
t o  e l e v a t e d  tempera ture ,  and (c) geometry of t e s t  specimens. 

Compressive s t r e n g t h  g e n e r a l l y  decreased  a f t e r  specimens 
were exposed t o  hea t .  Maximm l o s s e s  were 20 t o  33 p e r c e n t  of 
room temperature s t r e n g t h .  I n i t i a l l y  s t r o n g e r  c o n c r e t e s  los t  a 
p r o p o r t i o n a t e l y  l a r g e r  percentage  of t h e i r  s t r e n g t h  a f t e r  
exposure than  d i d  weaker concre te .  I n  some s e r i e s ,  c o n c r e t e  
appeared t o  g a i n  s t r e n g t h  a f t e r  exposure.  I n  o t h e r  s e r i e s ,  
c o n c r e t e  i n i t i a l l y  l o s t  s t r e n g t h ,  t h e n  recovered s t r e n g t h  a f t e r  
prolonged hea t ing .  , 

S p l i t t i n g  t e n s i l e  s t r e n g t h  of hea ted  specimens fol lowed 
t r e n d s  s i m i l a r  t o  those  ob ta ined  f o r  compressive s t r e n g t h .  
Highes t  s t r e n g t h  l o s s e s  were about  40 pe rcen t .  However, i n  
m o s t  cases, cons ide rab ly  l e s s  s t r e n g t h  d e t e r i o r a t i o n  r e s u l t e d  
from exposure t o  hea t .  

Modulus of e l a s t i c i t y  and Poisson ' s  ratio a l s o  decreased  
a f t e r  exposure to  hea t .  G r e a t e s t  l o s s e s  were about  40 p e r c e n t  
of room temperature v a l u e s f  b u t  amounts d i f f e r e d  widely among 
t e s t  s e r i e s .  

*Associa te  Research Engineer , F i r e  Research S e c t i o n ,  P o r t l a n d  
Cement Assoc ia t ion ,  Skokie,  Illinois. 



TEST PROGRAM 

A statement of object ivesr  a description of materials,  and 

schedules of the t e s t  program follow. 

Objectives 

- The objectives .of the t e s t  program were as  follows ( I )* :  

1. To determine the strength and e l a s t i c  propert ies  

of concretes from Hanford Waste Tank Farm struc- 

tures ,  and to  evaluate the e f f ec t s  of the service 

temperature his tory on these properties.  

2. To determine theso Sam@ properties on concrete 

fabricated a t  the Portland Cement Association 

Construction Technology ,- Laboratories from 

supplied materials of similar composition t o  

those used i n  Hanford concrete s t ructures .  Some 

of the in-house concrete specimens were used i n  

t h i s  program as  companion . _ . _+. specimens t o  those 
. -  . 

obtained from ,Waste Tank Farms. Others were used 

in another ongoing research program t o  determine 

e l a s t i c  and strength properties a t  room and ( 

(2  elevated temperatures . 
3.  TO compare resu l t s  obtained from t e s t s  on in- 

house spec imens w i t h  those on spec imens obta ined 

from Waste Tank Farm structures .  

*Superscript numbers in parentheses refer t o  References on Paye 4 7 .  



4.. To de t e rmine  t h e  i n f l u e n c e  of  specimen s i z e  and 

shape  on s t r e n g t h  and e l a s t i c  p r o p e r t i e s  ;. 

Thus, v a r i a b l e s  i n  ' the  tes t  program were t h e  e f f e c t  of  

t e m p e r a t u r e ,  t i m e .  o f '  exposure  t o  e l e v a t e d  t e m p e r a t u r e ,  'and 

geometry of t e s t  specimens.  

T e s t  Materials 

Cored c o n c r e t e  samples  were s u p p l i e d  from Hanford Waste 

Tank Farms 241-A, 241-TI and 241-U. From t h e s e  samples ,  a 

number o f  3-in. d i ame te r  c y l i n d e r s  were co red  and c u t .  t o  a 

6-in. l e n g t h .  Three-inch cube specimens were c u t  from Tank 

Farm core samples  n o t  s u i t a b l e  f o r  o b t a i n i n g  c y l i n d r i c a l  s p e c i -  

mens .: 
,In ' a d d i t i o n ,  a number of  6 x 12-in .  c o n c r e t e  c y l i n d e r s ,  

hav ing  a 3000 p s i  minimum d e s i g n  s t r e n g t h ,  on hand a t  t h e  Con- 

s t r u c t i o n  Technology Labora to r  ies (CTL) , were used as  com- 

p a r i s o n  specimens t o  t h o s e  . . . o b t a i n e d  . f r o m  Tank Farm c o n c r e t e .  - 
All b u t  f o u r  of these . c y l i n d e r s  . . were t e s t e d  as  6 x 12-in. 

specimens.  Four .  c y l i n d e r s  were co red  and c u t  t o  p r o v i d e  3-in. 

cube and 3 x 6-in. c y l i n d e r  companion specimens f o r  de t e rmin ing  

: t h e  i n f l u e n c e  of .specimen.geometry  on proper . ty  d e t e r m i n a t i o n .  
b . I  

D e t a i l e d  in format ion '  oh f a b r i c a t i o n  of t h e s e  specimens 'may be 

vJ found i n  t h e  Appendix. 

Dimensions and we igh t s  o f  a l l  specimens used i n  t h i s  t e s t  

program are l i s t e d  i n  T a b l e s  I, 2 ,  and 3. H e r e a f t e r ,  specimens 

from Waste Tank Farms are d e s i g n a t e d  a s  members of  S e r i e s  A, T ,  



C 

TABLE 1 - DIMENSIONS AND WEIGHTS OF 3 x 6-IN. CYLINDERS AT 73F 

. . 

. . . .  

. . .  
Specimen N o .  Diameter ,  i n .  Length,  i n .  Weight ,  l b .  

. . . . - 
. . 

- . . .  
. , 



TABLE 2 - DIMENSIONS AND WEIGHTS OF CTL 
CAST 6 x 12-IN. CYLINDERS AT 73F 

Specimen N o .  Diameter, i n .  Length, i n .  Weight, l b .  



TABLE 3 - DIMENSIONS AND WEIGHTS OF 3-IN. CUBES AT 73F . . 

SpecimenNo.  Height .  i n .  Width, i n .  Depth. i n .  Weight. l b .  
: . . 

. . . . .  

. . 



depending on t h e i r  source .  Specimens f a b r i c a t e d  a t  t h e  

C o n s t r u c t i o n  Technology L a b o r a t o r i e s  a r e  r e f e r r e d  t o  as S e r i e s  

K, if used i n  t h i s  t e s t  program, and S e r i e s  M, i f  used i n  

ano ther  ongoing r e sea rch  program, 

T e s t  Schedule  

Table  4 shows t h e  test schedule  f o r  t h i s  i n v e s t i g a t i o n .  

Tests were conducted a t  room t empera tu r e ,  and on . specimens 

hea ted  a t  250F f o r  3, 30 ,  80, 150,, and 270 days.  I d e a l l y ,  

tes ts  a t  a l l  i n t e r v a l s  £or each t ank  farm would have been con- 

duc ted .  ' However, s u f f i c i e n t  specimens - could  no t  be made Erom 
. . 

t h e  c o n c r e t e  samples provided.  

Specimens used f o r  de te rmin ing  e l a s t i c  p r o p e r t i e s  were used . . 

a f t e r w a r d s  f o r  compressive s t r e n g t h  tests. No e l a s t i c  prop- 

e r t i es  tes ts  were 'conducted on specimens. used f o r  de te rmin ing  

s p l i t t i n g  t e n s i l e  s t r e n g t h .  . , 

- ~ h r e e  ' t y p e s  of t e s t s  "ere performed on specimens: t h e  
... I . . . , 

. . s p l i t t i n g  t e n s i l e  s t r e n g t h  t e s t ,  ASTM Designat ion:  C496 ( 3 )  ; 

( 4 ) .  e l a s t i c  c o n s t a n t s  de t e rmina t i on ,  ASTM Des igna t ion :  C469 , 
( 5 )  . and tes ts  f o r  compressive s t r e n g t h , .  ASTM Designa t ion :  C39 . 

TEST PROCEDURES - 

Details of specimen p r e p a r a t i o n  and tes t  procedures  t o  .. ..,. . 
. . .- 
. . . . 

determine s t r e n g t h  and e l a s t i c  p r o p e r t i e s  a r e  g iven  below. ! ,  . . 
. . .- . . . 
,-.. 

specimen P r e p a r a t i o n  and Cur ing  
. - .  - -. 

A l l  specimens used i n  t h i s  i n v e s t i g a t i o n  had load-bear i ng  
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TABLE 4 - TEST SCHEDULE ' 

i 
' ! 
i 

73 
! 

250 Temperature at Test, F 1 

Time in Oven, Days 

Test Specimens, Size 

Series A, 3 x 6-in. Cylinders T*,., C/E** T,C/E T,C/E T,C/E T,C/E T,C/E 
5 .  

Series K, 3 x 6-in. Cylinders , T.,C/E 
. . 

I 
00 

Series T, 3 x 6-111. Cylinders T 
I 

Series U, 3 x 6-in. Cylinders - - 
Series K, 6 x 12-in.Cylinders T , C/E 
Series K, 3-in. Cubes C/E . . - c/E - .  - - I 

C/E 
. .  . 

Series T, 3-in. Cubes : C/E C/'E - C/E - 

*T = Tensile Splitting Strength Tests 
**C/E = Compressive Strength and Elastic Properties Tests 

/ 
I 



s u r f a c e s  lapped p l a n e  by hand. Specimens were t h e n  s tor .ed  i n  a 

room main ta ined  a t  a .73F, and 50 p e r c e n t  r e l a t i v e  humidi ty .  : .  

Specimens d e s i g n a t e d  f o r  h e a t i n g  were removed from t h e i r  - 

. c o n t r o l l e d  envi ronment ,  weighed, measured,  and p l a c e d  i n  a n  

oven i n i t i a l l y  a t  room t e m p e r a t u r e .  The t e m p e r a t u r e  of t h e  
. . 

oven was. g r a d u a l . 1 ~  ' i n c r e a s e d  a t  a r a t e  of  75F p e r  day u n t i l  

250F was reached.  ~t t h i s '  p o i n t ,  specimens  were t r a n s f e . r r e d  i n  

an  i n s u l a t e d  c o n t a i n e r  t o  a second oven m a i n t a i n e d  a t  250F SF, 

f o r  s t o r a g e  u n t i l  t e s t e d .  The oven was moni tored  t h r e e  times 

d a i l y  to  i n s u r e  t h a t  t h e  p r o p e r  t e m p e r a t u r e  was be ing  main- 
; 

, t a i n c d  . . . 

Immedia te ly  p r i o r  t o  t e s t i n g ,  specimens  were removed from 

t h e  oven and weighed a g a i n ,  t h e n  t r a n s p o r t e d .  i n  an i n s u l a t e d  

c o n t a i n e r  t o  t h e  t es t  l o c a t i o n .  

Modulus o f  E l a s t i c i t y  and P o i s s o n ' s  R a t i o  .- - . .. . - - . - - . - . . . - - - 

' E l a s t i c  c o n s t a n t s  of 6 x 1 2 - i n . ' t e s t  c y l i n d e r s  .were d e t e r -  
. -/' 

mined u s i n g  equipment  and -p rocedures  d e s c r i b e d  i n  ASTM Desig- 

( 4 )  n a t i o n :  C469  . 
The comgressamete~: waE f i t t e d  wi th .  d f f f e f e n t i a l  t r a n s -  

fo rmers  to  measure l o n g i t u d i n a l  and l a t e r a l  s t r a i n s .  A t h i r d  

d i f f e r e n t i a l  t r a n s f o r m e r  i n  t h e  t e s t i n g  machine was used t o  

measure l o a d .  F i g u r e  1 shows a c y l i n d e r  f i t t e d  w i t h  t h e  com- 

p ressomete r  i n  t h e  t e s t  machine. 



Pig. 1 - T e s t  Apparatus 



Outpu t s  from t h e  d i f f e r e n t i a l  t r a n s f o r m e r s  were r e c o r d e d  on 
. - 

an X-Y-Y p l o t t e r .  Specimens were loaded  f o u r  times tb approx i -  

m a t e l y  50 p e r c e n t  of  t h e i r  u l t i m a t e  s t r e n g t h .  The f i r s t  

l o a d i n g  was to  i n s u r e  p roper  s e a t i n g  of  the ,  specimen in .  t h e  

tes t  a p p a r a t u s .  N o  d a t a  were recorded .  The f i n a l  t h r e e  load-  

i n g s  were recorded .  E l a s t i c  c o n s t a n t s  were c a l c u l a t e d  from 

s l o p e s  of  each  o f  t h e  t h r e e  sets o f  c u r v e s a n d  averaged.  A 

t y p i c a l  p l o t  is shown i n  F i g .  2. 

E l a s t i c  c o n s t a n t s  f o r  3 x 6-in. c y l i n d e r s  were de te rmined  

u s i n g  a s m a l l e r  v e r s i o n  of  t h e .  compressometer d e s c r i b e d  i n  ASTM 
. . 

~ e s i g n a t i o n :  C469.  T e s t  p r o c e d u r e s  were i d e n t i a l  t o  t h o s e  

fo l lowed i n  t e s t i n g  6 x 12-in.  c y l i n d e r s .  

O r i g i n a l l y  it was p lanned to  d e t e r m i n e  e l a s t i c  c o n s t a n t s  

f o r  3-in. cubes  u s i n g  e l e c t r i c a l  r e s i s t a n c e - t y p e  s t r a i n  gages  

bonded t o  t h e  'specimens. L o n g i t u d i n a l  and l a t e r a l  s t r a i n s  were 

t o  be measured by t h e s e  gages.  However, t h e  s t r a i n  gages  d i d  

n o t  per form w e l l  . a t  e l e v s t e d  t e m p e r a t u r e s .  A compressometer ,  

f a b r i c a t e d  t o  f i t  t h e  c u b i c a l  specimen geometry,  performed 

s a t i s f a c t o r i l y .  

T e s t  p r o c e d u r e s  f o r  cube specimens were s i m i l a r  i n  a l l  

r e s p e c . t s  t o  t h o s e  . fo l lowed i n  t e s t i n g  c y l i n d e r s .  A l l  modulus 

o f .  e l a s t i c i t y  and P o i s s o n ' s  ~ a t i o  d a t a  r e p o r t e d  'were de te rmined  

u s i n g  t h e  cube compressometer.  

~ ? t e r  tests f o r  d e t e r m i n i n g  t h e  e l a s t i c  c o n s t a n t s  a t  250F 

were comple ted ,  specimens were r e t u r n e d  to  t h e  oven f o r  a 

p e r i o d  o f  one hour.  They were t h e n  t e s t e d  t o  d e t e r m i n e  com- 

p r e s s i v e  s t r e n g t h .  



0.0004 0.0008 

Y,, Y, = STRAINS 

FIG. 2 - STRESS-STRAIN CURVES USING X-Y-Y PLOTTER 'FOR STATIC T E S T  



Compressive S t r e n g t h  
- .  

Compressive s t r e n g t h  of  6 x 12'-in. tes t  c y l i n d e r s  was 

( 5  de te rmined  u s i n g  methods d e s c r i b e d  i n  ASTM D e s i g n a t i o n :  C39 . - 

S i m i l a r  p r o c e d u r e s  were used i n  ' t e s t i n g  3 x 6-in. c y l i n d e r s  and 
. . 

3-in. cubes .  Heated specimens were t r a n s p o r t e d  t o  t h e  t e s t i n g  

machine i n  an i n s u l a t e d  box,. T e s t i n g  was completed w i t h i n  5 

min. a f t e r  re,moval from t h e  oven. I.,' 

. . 

S p l i t t i n g  T e n s i l e  S t r e n g t h  

S p l i t t i n g  t e n s i l e  s t r e n g t h  of a l l  c y l i n d r i c a l  specimens w a s  - 

(32 
. !  

. obtained Using gene.ra.1 g u i d e l i n e s  of ASTM ~ e s i g n a t i o n :  C496 . 
~. 

E l e v a t e d  t empera tu re  specimens .were t r a n s p o r t e d  t o  t h e  t e s t i n g  
. 1. 

machine i n  an  ' i n s u l a t e d  box. T e s t i n g  was completed w i t h i n  5 

min. a f t e r .  removal from t h e  oven. 

TEST RESULTS . -- ... 

I n  t h e  f o l l o w i n g  p a r a g r a p h s ,  r e s u l t s  of tests to  d e t e r m i n e  .. . 
... ... 

s t r e n g t h  and e l a s t i c  prope . ,c t ies  a r e  g iven .  A l s o  t h e  e f f e c t s  of  

specimen g.eometr.y on t e s t  r e s u l t s  a r e  d i s c u s s e d .  F i n a l l y ,  a  

comparison of r e s u l t s  o b t a i n e d  from tes ts  on Waste Tank Farm 

specimens a r e '  compared w i t h  t h o s e  . o b t a i n e d  from. specimens cast 

or p repared  a t  CTL. . . 
.. . 

Modulus o f  E l a s t i c i t y  

Modulus of e l a s t i c i t y  v a l u e s '  de te rmined  f o r  roam 

t e m p e r a t u r e  and h e a t e d  specimens a r e  shown i n  t a b u l a r  f o r m ' i n  

T a b l e s  5 ,  6 ,  and 7 ,  and p l o t t e d  a s ' a  f u n c t i o n  of time a t  250F 

i n  F i g s .  3  and 4. 



TABLE 5 - COMPRESSIVE STRENGTH AND ELASTIC PROPERTIES OF 3 x GIN. 
CYLINDERS AT ROOM AND ELEVATED TEMPERATURES 

Date o f  , . ' T i m e  i n  Temp. a t  . ' W e i g h t  C o n p r e s s i v e  Modulus  o f  
S p e c  imen T e s t  Oven T e s t ,  a t  T e s t ,  S t r e n g t h ,  . . E l a s t i c i t y  P o i s s o n ' s  

. .  Number Moo-Day-Yr. Days F l b  P s i  P s i ,  m i l l i o n s  R a t i o  
. . 

* S u r f a c e  c r a c k s ' v i s i b l e  o n  s p e c i m e n  p r i o r  t o  t e s t i n g .  

. . . . . . . . . . .  . . . . . .  .. . . . . . . . . . . . . _  . . . . . . . . . . . . .  . ' 1  7 , . . :., ,..:. . . .  . . .  . . . . . .  . . . . .  - .. , . ,  
I .  j ' I . . . ,  . . + .  . '  . ,. . 

8 .  - . I . ,  ! ' -. , :. , : v  . , .  . . . .  . - ; ,; . I . . . : . . . . . .  , . :  I . ,  
. . . . .  . i t  . . . . _ . . . I .  

. . I : ,  . . ' , * . ?  
I '  



TABLE 6 - CCtMPRESSIVE STRENGTH AND ELASTIC PROPERTIES OF 
3 . I N .  CUBES AT ROOM AND ELEVATED TEMPERATURES 

D a t e  of Time' i n  Temp. a t  We i g h  t C o m p r e s s i v e  Modulus  of 
S p e c  imen T e s t  , Oven T e s t ,  a t  ~ e s t ,  S t r e n g t h ,  E l a s t i c i t y  P o i s s o n g  s 

Number Mo. - ~ a y - Y ' r .  ,I , Days  F l b .  - P s i  P s i ,  m i l l i o n s  R a t i o  

* S u r f a c e  s p a l l i n g  p r i o r  to test. 



TABLE 7 - COMPRES,SIVE STRENGTH AND ELASTIC PROPERTIES OF 6 x '12-IN.  I I 

CYLINDERS AT ROOM AND ELEVATED TEMPERATURES i I 

. . D a t e  of Time i n  Temp. a t  . W e i g h t  C o m p r e s s i v e  . Modulus  of 
T e s t  Spec imen , Oven T e s t ,  a t  T e s t ,  S t r e n g t h , .  ' E l a s t i c i t y  . P o i s s o n ' s  

Number Mo.-Day-Yr. , Days  . . F l b  P s i  P s i ,  m i l l i o n s  Ratio 



TIME IN OVEN AT 2 5 0  F, DAYS 

FIG. 3--ELASTIC MODULUS OF 3x6-IN. CYLINDERS EXPOSED TO 
.ELEVATED TEMPERATURE 
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'TIME IN OVEN AT 250F, DAYS 

FIG. 4 - ELASTIC MODULUS OF 3-IN. CUBES EXPOSED TO ELEVATED TEMPERATURE 
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The t w o  3-in. c u b e s  from S e r i e s  T t e s t e d  a f t e r  30 d a y s  o f  

h e a t i n g  were c u t  from t h e  same p i e c e  o f  core sample m a t e r i a l .  

N o  o t h e r  specimens o f  S e r i e s  T were o b t a i n e d  from t h i s  p a r t i c -  

u l a r  c o n c r e t e  sample. The l a r g e  measured v a l u e s  f o r  t h e s e  test  

specimens a r e  p r o b a b l y  n o t  a the rmal ly - induced  phenomenon, b u t  

t h e  r e s u l t  of  i n t r i n s i c  d i f f e r e n c e s  i n  c o n c r e t e  as o r i g i n a l l y  
I 

r e c e i v e d  from Tank Farm T.. ..' '1 

- .  With t h e  above e x c e p t i o n ,  t h e  g e n e r a l .  t r e n d  f o r  modulus of  

. . 
' e l a s t i c i t y  of  specimens s u b j e c t e d  t o  prolonged h e a t i n g  was a 

. . 

r a p i d  . d e c r e a s e  dur'ing t h e  ' f i r s t  30 d a y s  o f  h e a t -  exposure .  

F u r t h e r  h e a t i n g  produced a v e r y  g r a d u a l  a d d i t i o n a l  d e c l i n e  i n  

t h e  modulus of e l a s t i c i t y .  Cumula t ive  losses a t  t h e  end of 150 

t o  270 days  of h e a t i n g  were from 2 5  t o  40 p e r c e n t  of t h e  

i n i t i a l  room t e m p e r a t u r e  v a l u e s .  

..I; . P o i s s i o n l s  R a t i o  
., ? 

. .. - . -- . 

.j P o i s s o n 1  s r a t i o  v a l u e s  de te rmined  for room t e m p e r a t u r e  and a . . . . - 
t . . .  

. '! h e a t e d  specimens a r e  shown i n  T a b l e s  5 ,  6 ,  and 7 ,  and i n  P i g s .  . - 

5 and 6. F i g u r e  5 shows t h e  a f f e c t  o f  p ro longed  h e a t i n g  on 

P o i s s o n ' s  r a t i o  f o r .  3 x 6-in. c y l i n d e r s  from S e r i e s  A,  K ,  and 
1 , z . ,... U. A s  w i t h  t h e  e l a s t i c  modulus f o r  t h e s e  same specimens ,  . 

:.:..,; - 
. - . : .. ... ! . . . ~ o i s s o n ~ s .  ra t io  d e c r e a s e d  r a p i d l y  d u r i n g  e a r l y  s t a g e s .  of  h e a t -  

. . 
. . , ~ 

. ...,, ing .  The d e c r e a s e  was n o t  a s  r a p i d  i n  S e r i e s  A. 
ri . 

v a l u e s  o f  P o i s s o n t s  r a t i o  f o r  series R showed a l a r g e r  

1 s p r e a d  between room t e m p e r a t u r e  and 30 day r e s u l t s  than  d i d  

v a l u e s  f o r  S e r i e s  A. The d i f f e r e n c e  between room t e m p e r a t u r e  
f 



O-" i A SERIES U 

TIME IN OVEN AT 250F, DAYS 

FIG. 5-POISSON'S RATIO OF 3x6 -IN. CYLINDERS EXPOSED TO 
ELEVATED TEMPERATURE 



TIME IN OVEN AT 250 F, DAYS 
! 

~1e.6-POISSON'S RATIO OF 3-IN. CUBES EXPOSED TO ELEVATED TEMPERATURE 



and 270 d a y s  of  h e a t i n g  v a l u e s  of  P o i s s o n ' s  r a t i o  f o r  ser ies  A 
. . 

amounted t o  12 p c r c c n t .  

The d e c r e a s e  i n  P o i s s o n ' s  r a t i o  f o r  S e r i e s  K ,  6 x  12-in.  - 

c y l i n d e r s  a ' f t e r  30 days of  h e a t i n g  a t  250F was a p p r o x i m a t e l y  . .. 

0.03. T h i s  l o s s  was a b o u t  one h a l f  of t h a t  obse rved  w i t h  t h e  

ser ies '  K, 3 . x  6-in.  c y l i n d e r s  over  t h e  same p e r i o d  of  h e a t i n g .  

P o i s s o n ' s  r a t i o  v a l u e s  for t h e  cube  specimens  d i f f e r e d  from 

d a t a  g e n e r a t e d  from tests  on c y l i n d r i c a l  specimens.  series K 

cubes  h e a t e d  f o r  30 d a y s  a t  250F showed a n  i n c r e a s e  i n  

P o i s s o n ' s  r a t i o  from room t e m p e r a t u r e  v a l u e s .  F o r  S e r i e s  T ,  

. t h e  l o s s e s  over  t h e  i n i t i a l  30 d a y s  of  h e a t i n g  p e r i o d  were 

a l m o s t  50 p e r c e n t  of  t h e  room t e m p e r a t u r e  P o i s s o n ' s  r a t i o  v a l u e .  

Measur.ements of  P o i s s o n ' s  r a t i o  fo,r some cube '  specimens 

were p r o b a b l y  i n f l u e n c e d  by the '  p r e s e n c e  of  i n t e r n a l  v o i d s  and 

c r a c k s .  These in -p lace  'f laws were , d i s c o v e r e d .  d u r i n g  subsequen t  

compress ive  s t r e n g t h  tests. Such f l a w s  were a l s o  o b s e r v e d i n  

s e v e r a l  Tank o arm, 3  x  6-in.. d y l i n d e r s .  

Some h e a t e d  cube  specimens a l s o  e x h i b i t e d  s u r f  a c e  s p a l l i n g  

of a g g r e g a t e s  when . loaded.  ' This d i s r u p t i o n  of  ' t h e  ~ p c c  imen 

s u r f  a c e  made it i m p o s s i b l e  to  o b t a i n  l a  t e r a l - s t r a i n  data 

n e c e s s a r y  f o r  c a l c u l a t i n g  P o i s s o n 1  s r a t i o .  

Compressive S t r e n g t h  

~ o m ~ r e s s ' i v e  s t r e n g t h  v a l u e s  deterroined f o r  room t e m p e r a t u r e  

and e l e v a t e d  t e m p e r a t u r e  specimens a r e  shown i n  t a b u l a r  form i n  

T a b l e s  5 ,  6 ,  and' 7 .  T h e s e  d a t a  a r e  p l o t t e d  a s  a  f u n c t i o n '  of  

l e n g t h  o f  exposure  a t  .250F i n  F i g s .  7  and 8. 



TIME IN OVEN AT 250F, DAYS 
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FIG. 7 - COMPRESSIVE STRENGTH.OF 3x6 IN. CYLINDERS EXPOSED'TO 
ELEVATED TEMPERATURE 
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~ o m ~ r e s s i v e  s t r e n g t h s  of  s e l e c t e d  3 x 6-in. t e s t  c y l i n d e r s  
. . 

a r e  p l o t t e d  a s  a f u n c t i o n  o f .  t i m e  a t  250F i n  F i g .  7. A s  can  be 

s e e n  i n  t h i s  g raph ,  t h e  room t e m p e r a t u r e  s t r e n g t h  o f  S e r i e s  A .  

' Tank Farm c o n c r e t e  was a p p r o x i m a t e l y  8000 p s i .  The,  s t r e n g t h  of  

, . , c y l i n d e r s  from t h i s  series d e c r e a s e d  t o  a b o u t  .5800 p s i  a f t e r  

. h e a t i n g  f o r  80 days.  Then, s t r e n g t h  i n c r e a s e d  to  a l m o s t  t h e  
. . 

. . i n i t i a l  room t e m p e r a t u r e  s t r e n g t h  a f t e r  b e i n g  h e a t e d  a t  250F 

f o r  150 days.  F i n a l l y ,  a compress ive  s t r e n g t h  o f .  a p p r o x i m a t e l y  

7100 p s i .  was o b t a i n e d  a t  t h e  end o f  270 d a y s  a t  e l e v a t e d  

. . t empera tu re .  . . 

S t r e n g t h  l o s s e s  of  S e r i e s  K c y l i n d e r s  p a r a l l e l e d  t h o s e  

o b t a i n e d  f o r  S e r i e s  A specimens o v e r  t h e  i n i t i a l  30 day h e a t i n g  
I 

p e r i o d .  However, S e r i e s  K c y l i n d e r s  had o v e r a l l  s t r e n g t h s  2500 

t o  3000 p s i .  lower t h a n  t h o s e .  o f  S e r i e s  A. Compressive s t r e n g t h  

tests were performed on specimens from S e r i e s  T and U a f t e r  30 

days  o f  heat ing. .  . T h e i r  e l e v a t e d  t e m p e r a t u r e  s t r e n g t h s  were 

lower t h a n  t h o s e  of  , e i t h e f . " . ~ e r i e s  A or K .  d u r i n g  t h i s  h e a t i n g  

i n t e r v a l .  

S t r e n g t h  measured for the S e r i e s  T, 3 x 6 = i n .  specimen a t  

30. days  may not. be r e p r e s e n t a t i v e  s i n c e  t h e r e  were some s u r f a c e  

c r a c k s  v i s i b l e  on t h e  specimen p r i o r  t o  l o a d i n g .  Lack of  
. . . . ,, . 

s u f f i c i e n t  core sample m a t e r i a l  made it i m p o s s i b l e  t o  sub- 

s t i t u t e  a n o t h e r  specimen i n  p l a c e  o f  t h i s  one. 

Compressive s t r e n g t h s  o f  S e r i e s  K ,  6 x 12-in.  c y l i n d e r s  a t  
I 

..I - - - 
t room tempera tu re  and 250F were a b o u t  600 t o  800 p s i  h i g h e r  t h a n  . . - 



t h e  companion 3 x 6-in. c y l i n d e r s .  S t r e n g t h  losses a f t e r  h e a t -  
. . 

. . i n g  f o r  30 d a y s  were a b o u t  400 t o  500 p s i  f o r  bo th  s i z e  

c y l i n d e r s .  

The compress ive  s t r e n g t h  o f  cube  specimens  i n c r e a s e d  d u r i n g  
. . 

i t h e  e a r l y  s t a g e s  o f  h e a t i n g  a t  250F, a s  shown i n  ~ i g .  9. The 

. . s t r e n g t h  of S e r i e s  T cubes  h e a t e d  f o r  30 d a y s  averaged  more 

. . . . t h a n  5000 p s i  over  v a l u e s  measured a t  room t e m p e r a t u r e .  Such a 

. . d r a m a t i c  i n c r e a s e  is a lmos t  c e r t a i n l y  due t o  t h e  e f f e c t  of  

exposure  t o  e l e v a t e d  t empera tu re .  A l s o ,  specimens a t  t h e  end 
-: 

, of  150 d a y s  o f  h e a t i n g  a t  250F showed an  approximate  com- 
+ :  

..i 
p r e s s i v e  s t r e n g t h  o f  3000 p s i ,  a 6300 psi loss from room- 

t e m p e r a t u r e  s t r e n g t h .  
I 

. a  

\ 

The most p r o b a b l e  e x p l a n a t i o n  f o r  t h e s e  l a r g e  s t r e n g t h  
. . 

e x c u r s i o n s  is a v a r i a t i o n  i n  t h e  s t r e n g t h  , o f  c o n c r e t e  i n  t h e  

Waste Tank Farm. s t r u c t u r e s . .  Such a l a r g e  v a r i a t i o n  may or may 

n o t  be o f  concefn  i n  i t s e l f ,  b u t  it does  p r e s e n t  d i f f i c u l t i e s  

i n  d e t e r m i n i n g  e f f e c t s  of.- . long-term exposure  t o  e l e v a t e d  

t e m p e r a t u r e s  on t h e  c o n c r e t e  compress ive  s t r e n g t h .  

Excluding t h e  d a t a  o b t a i n e d  a t  30 days, it would a p p e a s  
. . 

t h a t  exposure  t o  .250F over  a prolonged p e r i o d  of  t i m e  g e n e r a l l y  

r e s u l t e d  i n  a- s t r e n g t h  loss of  a b o u t  25 p e r c e n t  d u r i n g  t h e  

f i r s t  30 t o  80 days  o f  h e a t i n g .  T h e r e a f t e r ,  s t r e n g t h  r e c o v e r y  
. . 
.. - was observed  f o r  some specimens ,  w h i l e  f o r  o t h e r s  a f u r t h e r  
. .. . , 

g r a d u a l l y  s t r e n g t h  d e c l i n e  o c c u r r e d .  
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TABLE 8 . -  TENSILE SPLITTING STRENGTH OF 6 x 1 2 - I N .  
CYLINDERS AT ROOM AND ELEVATED TEMPERATURES 

D a t e  of T i m e  i n  .Temp.  a t  W e i g h t  T e n s i l e  S p l i t .  
S p e c i m e n  T e s t  O v e n  . - T e s t ,  a t  T e s t ,  S t r e n g t h ,  

Number Moo-Day-Yr. D a y s  F l b  P s i  
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TABLE 9 - TENSILE SPLITTING STRENGTH OF 3 x 6-IN. 
CYLINDERS AT ROOM AND ELEVATED TEMPERATURES 

. D a t e  of Time i n  Temp. a t  Weight T e n s i l e  S p l i t .  
S p e c  imen T e s t  O v e n  T e s t ,  a t  T e s t ,  S t r e n g t h ,  

Number Mo . -Day-Y r . D a y s  F I l b  P s i  



TIME IN OVEN AT 250F, DAYS 

FIG. 9 - SPLITTING TENSILE STRENGTH OF 3xGIN. CYLINDERS EXPOSED TO 
, . ELEVATED TEMPER'ATURE 

. ( .  I I 
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Comparison o f  ~ a n k  Farm and CTL C y l i n d e r s  

Waste Tank Farm c o n c r e t e  specimens d i f f e r e d  g r e a t l y  i n  

t h e i r  p r o p e r t i e s ,  Consequen t ly ,  it is d i f f i c u l t  t o  summarize 

test  ' r e s u l t s  a b o u t  t h e i r  c o l l e c t i v e  performance  i n  comparison 

t o  c o n c r e t e  cast a t  CTL,. To make u s e f u l  compar isons ,  it is 

n e c e s s a r y  to  d i s c u s s . t h e  e l a s t i c  and s t r e n g t h  p r o p e r t i e s  s e r i e s  

by series. 

S e r i e s  A ,  T, and U 

Of t h e  Waste Tank Farm specimens ,  S e r i e s  A had t h e  h i g h e s t  

v a l u e s  f o r  e l a s t i c  modulus, compress ive ,  and s p l i t t i n g  . t e n s i l e  

I s t r e n g t h s  a t  room tempera tu re .  S e r i e s  A .  a l s o  had t h e  ' l a r g e s t  

i losses i n  t h e s e  p r o p e r t i e s  on h e a t i n g -  
, 

Waste Tank Farm S e r i e s  T g e n e r a l l y  had t h e  lowest p r o p e r t y  
: .  

. I .  

. . v a l u e s ,  However, a  few S e r i e s  T specimens showed s t r e n g t h s  

. . - I . c o n s i d e r a b l y .  h i g h e r  t h a n  most of  t h o s e  t e s t e d  i n  t h i s  i n v e s t i -  

I . , 
'; g a t i o n .  The v a l u e s  f o r  compress ive  s t r e n g t h  . . o f  S e r i e s  T, 3-in. 
I 

, c u b e s  t e s t e d  a f t e r  30 d a y s .  .. . of  h e a t i n g  a t  250F, ave raged  over  : '  < 
9000 p s i .  Such v a r i a t i o n s  make it d i f f i c u l t  t o  draw conclu-  . . 

< 
' A 
. ; 

. .< s i o n s  a b o u t  t h e  i n f l u e n c e  o f  s e r v i c e  t e m p e r a t u r e  on t h e  
. ' 
' : . ., . . 

p r o p e r t i e s  of  t h a t  c o n c r e t e . s a m p l e  from t h e  241-T Tank farm. .. < . . 
'4 * 
, - . - Only t w o  specimens were t e s t e d  from Tank Farm . S e r i e s  U. 
,' ? " . .  
. .L .. . 
. .  . . . ' ..-. - . -  . T h e i r  r e s u l t s  - f a l l  n e a r . t h o s e  of S e r i e s  T f o r  b o t h  s t r e n g t h  and 
;' ! 

e l a s t i c  p r o p e r t i e s .  .,, i 

.. . - .  .. : CTL S e r i e s  K 

. . .* R e s u l t s  of  tests  f o r  S e r i e s  K specimens f a b r i c a t e d  a t  t h e  
-.< 



... 
P o r t l a n d  Cement A s s o c i a t i o n  tended t o  f a l l  between t h e  e x t r e m e s  

f o r  t h e  Waste Tank Farm specimens o f  S e r i e s  A and T ( F i g s .  7 

and 9 ) .  T h i s  comparison is l i m i t e d  by t h e  f a c t  t h a t  S e r i e s  K 

specimens were t e s t e d  o n l y  up to  30 d a y s  of  h e a t i n g ,  w h i l e  
! 

Waste Tank Farms specimens were t e s t e d  o u t  t o  270 days  o f  h e a t -  

. .. ing.. O v e r a l l ,  t h e  e a r l y  h e a t i n g  e f f e c t s  on S e r i e s  K specimen 

J 

1 . . p r o p e r t i e s  tended to  p a r a l l e l  t h o s e  o f  ~ a n k ' F a r m  S e r i e s  A. 
. . 

2 

. .: CTL S e r i e s  ' M  

Some in-house c o n c r e t e  specimens ,  d e s i g n a t e d  S e r i e s  M ,  were 

used i n  a s e p a r a t e  ongoing r e s e a r c h  program t o  d e t e r m i n e  

s t r e n g t h  and e l a s t i c  p r o p e r t i e s  a t  room and e l e v a t e d  temper- 

a t ~ r e s ' ~ ) .  One o b j e c t i v e  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  was t o  

compare test r e s u l t s  of  t h i s  ' s ' epa ra te  r e s e a r c h  program t o  

r e s u l t s  o f  tests on ~ a n k .    arm c o n c r e t e .  
. . 

R e s u l t s  of t h i s  r e l a t e d  f o r  specimens  a t  250F a r e  

shown a s  S e r i e s .  M i n  F i g s .  1 0 ,  11, 1 2 ,  and 13. Comparison of  

e l a s t i c  modulus v a l u e s  o f . . . S e r i e s  M, 6 x 12-in.  c y l i n d e r s  t o  
'f 

.. ! 

-. . S e r i e s  A, 3 x 6-in. Tank Farm c o n c r e t e  c y l i n d e r s  is shown i n  

F i g .  10. I n i t i a l  v a l u e s  o f  S e r i e s  A modulus of  e l a s t i c i t y  were . . 

. . somewhat h i g h e r -  t h a n  f o r  S e r i e s  M c o n c r e t e .  , Modulus v a l u e s  of  

! . . b o t h  series were a l m o s t  i d e n t i c a l  a f t e r  h e a t i n g  from 80 t o  270 
. . 

days .  - 

. , 
. . P o i s s o n ' s  R a t i o  v a l u e s  of  S e r i e s  M and S e r i e s  A c y l i n d e r s  
. .. 
! . 

.. -_ 
- _.: are shown a s  a f u n c t i o n  of t i m e  a t  2 5 0 ~  i n  Fig. '  11. Series A 

- .  



! 
TIME IN OVEN AT 250F, DAYS 

i 

FIG. 10- ELASTIC MODULUS OF TANK FARM AND SERIES U CONCRETE 
~ X P O S E D  TO ELEVATED TEMPERATURE 



L L L -  SERIES A 

TIME IN OVEN AT 250 F, DAYS 

FIG. I I  -POISSON'S RATIO OF TANK FARM AND SERIES M CONCRETE 
EXPOSED TO ELEVATED TEMPERATURE 
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TIME IN OVEN AT 250  F' DAYS 

FIG. 12- COMPRESSIVE STRENGTH OF TANK FARM AND SERIES M CONCRETE 
EXPOSED TO ELEVATED TEMPERATURE 



TIME IN OVEN AT 250 F, DAYS 

FIG. 13- SPLITTING TENSILE STRENGTH OF TANK FARM AND SERIES M 
COEJCRETE EXPOSED TO ELEVATED TEMPERATURE 



c o n c r e t e  had P o i s s o n ' s  Ratio v a l u e s  a p p r o x i m a t e l y  0.05 l a r g e r  
% .  

t h a n  S e r i e s  M specimens a t  most t e s t  d a t e s .  However, t h e '  , 

d e c r e a s e  i n  P o i s s o n ' s  R a t i o  f o r  both  series was s i m i l a r  

th roughou t  t h e  270 day t e s t i n g  p e r i o d .  

i .  Compressive s t r e n g t h s  o f  S e r i e s  A and M specimens a r e  shown 

i n  F i g .  12. V a r i a t i o n s  o f '  o r i g i n a l  s t r e n g t h  o f  S e r i e s  A s p e c i -  
, '  , . 

. . 
? 

mens make compar isons  wi th  S e r i e s  M d i f f i c u l t .  ~ f t e r '  270 d a y s  

o f  h e a t i n g .  t h e r e  was o n l y  a small d e c r e a s e  i n  - compress ive  

s t r e n g t h  from t h e  ' room t e m p e r a t u r e - s t r e n g t h  f o r  each ker ies. 

I n  F i g .  1 3  s p l i t t i n g  t e n s i l e  s t r e n g t h s  o f  S e r i e s  A and M 

specimens a s  a f u n c t i o n  of h e a t i n g  t i m e  a r e  compared. S t r e n g t h  

losses a f t e r  h e a t i n g  a t  250F f o r  270 days  were twice a s  l a r g e  

f o r  S e r i e s  A t h a n  f o r  S e r i e s  M. 

A s  s een  i n  F i g s .  12 and 13 ,  compress ive  and s p l i t t i n g  t e n -  
. . 

s i l e  s t r e n g t h s  appeared '  t o  i n c r e a s e  f o r  S e r i e s  A c y l i n d e r s  when 
-, 

h e a t e d  from .80 t o  150 days .  .These l a r g e  v a r i a t i o n s  i n  s t r e n g t h s  

f o r  S e r i e s  A c y l i n d e r s  may..be p a r t i a l l y  due t o  l a r g e  room 

t e m p e r a t u r e  s t r e n g t h  d i f f e r e n c e s  r a t h e r  t h a n  t h e  e f f e c t  of  pro- 

longed exposure ,  t o  e l e v a t e d  t e m p e r a t u r e .  
. . 

~ n f l u e n c e  o f  Specimen ~eome'kr]! 

A comparison of  s t r e n g t h  and e l a s t i c  p r o p e r t i e s  u s i n g  

d i f f e r e n t  specimen g e o m e t r i e s  shows v a r y i n g  d e g r e e s  o f  a g r e e -  

ment. The room t e m p e r a t u r e  modulus o f  e l a s t i c i t y  of  a b o u t  4.0 

m i l l i o n  p s i  was' o b t a i n e d  f o r  t h e  3 'x 6-in. c y l i n d e r s  and 3-in.  

cubes  o f  S e r i e s  K. A f t e r  30 ' .days  of  h e a t i n g  a t  250F, modulus 



o f  e l a s t i c i t y  v a l u e s  f o r  t h e  3 x 6-in. c y l i n d e r s  dropped t o  
. - 

I . under 2.8 m i l l i o n  p s i ,  w h i l e  t h e  3-in. cubes  v a l u e s  i n c r e a s e d  

t o  over  4.2 m i i l i o n  p s i .  A s i m i l a r  t r e n d  was obse rved  f o r  

P o i s s o n ' s  r a t i o  f o r  t h e s e  same specimens .  

.: 
.. I . . 

The e f f e c t  o f '  specimen geometry on measurement of  com- 
. .. 

..,. . . p r e s s i v e  s t r e n g t h  is i l l u s g r a t e d  i n .  F i g .  14.  S t r e n g t h s  o f  

S e r i e s  K specimens of  t h r e e  d i f f e r e n t  g e o m e t r i e s  a r e  compared 

a t  roam t e m p e r a t u r e  and a f t e r  30 days  a t  250F. 

N e v i l l e  h a s  shown t h a t  f o r  cast specimens a t  room temper- 

a t u r e ,  smaller specimen g e o m e t r i e s  y i e l d  h igheb  measured 

 strength^'^). T h i s  was o n l y  p a r t i a l l y  t r u e  f o r  co red '  s p e c i -  

mens a t  , 7 3  and 2 5 0 ~  i n  t h i s  s t u d y .  

S t r e n g t h s  o f  3-in. cube specimens were l a r g e r  t h a n  t h o s e  ,of 

6 ' x  12-in. c y l i n d e r s  a t  room and e l e v a t e d  t e m p e r a t u r e s .  How- 

e v e r ,  3 x 6-in. c y l i n d e r s  had s t r e n g t h s  lower t h a n  cubes  and 

l a r g e r  c y l i n d e r s  a t  bo th  test tempera tures .  

C y l i n d r i c a l  s p e c i m e n s - s u f f e r e d  a loss i n  s t r e n g t h  on h e a t -  

ing .  Howevei,  cube ,  specimens shdwed an  i n c r e a s e  i n  s t r e n g t h  on 

. h e a t i n g  from 73. t o  250F, however. 
. . 

, . O v e r a l l ,  the cube specimens i n d i c a t e d  t r e n d s  i n  s t r e n g t h  

. . and . e l a s t i c  p r o p e r t i e s  c o n t r a r y  t o  b o t h  sets of  c y l i n d r i c a l  
. - - . 

specimens.  A l s o ,  w i t h i n  a g i v e n  ser ies ,  t h e r e  appeared  t o  be 

':. : . .  . l a r g e r  p r o p e r t y  v a r i a t i o n s  measured between cube  specimens  than  

between c y l i n d e r s .  N o  s imple  e x p l a n a t i o n  f o r  t h e s e  d i f f e r i n g  

r e s u l t s  is apparen t .  



SPECIMEN GEOMETRY 
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FIG. 14 - COMPARISON OF COMPRESSIVE STRENGTH VERSUS 
SPECIMEN GEOMETRY. SERIES K CONCRETE AT 
ROOM  TEMPERATURE^ AND'  AFTER;^^ DAYS AT 250 F 
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SUMMARY 

T e s t  spec imens  were f a b r i c a t e d  from c o n c r e t e  . samples  c o r e d  

from Hanf o rd  Waste Tank Farm s t r u c t u r e s ,  and f.rom c o n c r e t e  - 

.. . c y l i n d e r s  cast a t  t h e  P o r t l a n d  Cement A s s o c i a t i o n  C o n s t r u c t i o n  
2 .  .. . . . 

. , . . 
. 9 ... - .  

Technology L a b o r a t o r i e s  u s i n g  Hanford  mix d e s i g n s  and materials. 

The f o l l o w i n g  o b s e r v a t i o n s  are based  on t h e  r e s u l t s  o f  

. I s t r e n g t h  and e las t ic  p r o p e r t i e s  tests conduc ted  on 3-in. c u b e s ,  

. . 

.. . 
. 3 x 6-in. c y l i n d e r s ,  and- d x 12-in.  c y l i n d e r s  a t  room temper- 

a t u r e  and 250F. The modulus o f  e l a s t i c i t y ,  P o i s s o n ' s  r a t i o , .  
. > 

2 . .. and compress ive  and s p l i t t i n g  t e n s i l e  s t r e n g t h s  were d e t e r m i n e d  
I .  ! 
. . 
. - a  i n  a c c o r d a n c e  w i t h  s ta t ic  compress ion  methods d e s c r i b e d  i n  ASTM 
. < 

D e s i g n a t i o n s :  C39, C469, and C496. 
. . 

..: , 1.. , The e las t ic  modulus of  Hanford Waste Tank Farms con- 
. a  . 
. . 

' .  . 
C r e t e  a t  room t e m p e r a t u r e  ranged from a h i g h  of 5.32 

. . 
. . 

. . 
.:.: - .: m i l l i o n  p s i  f o r  t h e  241-A Tank Farm, to  a l o w  o f  2.69 

m i l l i o n  p s i  f o r  t h e  241-T Tank Farm. 

2. The a v e r a g e  value. . .of  modulus o f  e l a s t i c i t y .  f o r  CTL 

cast spec imens ,  S e r i e s  R ,  a t  room t e m p e r a t u r e  was 4.14 

m i l l i o n  p s i .  . . 

3 . .    he modulus o f  e l a s t i c i t y  o f  Tank Farm spec imens  

g e n e r a l l y  d e c r e a s e d  w i t h  i n c r e a s e d  e x p o s u r e  time to  a 
. . . .. 

t e m p e r a t u r e  o f  250F. The modulus o f  e l a s t i c i t y  f o r  . 

h e a t e d  spec imens  dropped to  an  a v e r a g e  o f  2.09 m i l l i o n  

p s i  f o r  t h e  241-T Tank Farm a f t e ;  150 d a y s  o f  h e a t -  

' .  ' i ng .  The ave rage '  modulus f o r  t h e  241-A Tank Farm 

spec imens  a f t e r  270 d a y s  o f  h e a t i n g  was 2.98 m i l l i o n  
,. 
p s i .  

. .. 



4. The modulus o f  e l a s t i c i t y  o f  t h e  241-T Tank Farm c u b e  

spec imens  i n c r e a s e d  a f t e r  30 d a y s  o f  h e a t i n g  by a b o u t  

1 .8  m i l i i o n  p s i ,  t h e n  d ropped  by more t h a n  2 .5  m i l l i o n  

p s i  a f t e r  150  d a y s  o f  h e a t i n g .  These  l a r g e  c h a n g e s  

p r o b a b l y  were n o t  r e l a t e d  t o  e x p o s u r e  t o  e l e v a t e d  

t e m p e r a t u r e s ,  b u t  r e s u l t e d  f rom i n t r i n s i c  s t r e n g t h .  

-. d i f f e r e n c e s  o f  t h e  i n - p l a c e  c o n c r e t e  i n  t h e  t a n k s .  

5 .  . The average v a l u e  f o r .  t h e  modulus o f  e l a s t i c i t y  f o r  

P o r t l a n d  Cement A s s o c i a t i o n  cast  spec imens ,  S e r i e s  K ,  

h e a t e d  f o r  30 d a y s  a t  250F was 3.44 m i l l i o n  p s i .  
, 9 

6. P o i s s o n ' s  r a t i o  f o r  Waste Tan.k Farm spec imens .  a t  room 

t e m p e r a t u r e  ave raged  a p p r o x i m a t e l y  0.22.  . 

7.' ' P o i s s o n l s  r a t i o  f o r  S e r i e s  K s p e c i m e n s , . c a s t  a t  PCA, 

a t  room t e m p e r a t u r e  a v e r a g e d  0.17. 

8 .  p o i s s o n i  s r a t i o  f o r  Waste' Tank Farm spec imens  de- 

c r e a s e d  a f  ter h e a t i n g  a t  250F. The l a r g e s t  losses o f  
-' . 

0.11 were fo r .  t h e  ,241-T Tank Farm spec imens .  The 

s m a l l e s t  losses of  0 .01 were f o r  t h e  241-A Tank Farm 

spec imens ,  a f t e r  270 d a y s ' o f  h e a t i n g .  

9. The  a v e r a g e  - v a l u e  o f  P o i s s o n 1  s r a t i o  f o r  S e r i e s  K 

spec imens  a f t e r  30 d a y s  o f  h e a t i n g  a t  250F was 0.14. 

10 .  The c o m p r e s s i v e  s t r e n g t h  o f  Waste Tank Farm spec imens  

a t  room t e m p e r a t u r e  v a r i e d  wide ly . '  The h i g h e s t  

r e c o r d e d  s t r e n g t h ,  8240 p s i ,  was for  a spec imen f rom 

t h e  241-A Tank Farm. The l o w e s t  r e c o r d e d  room temper-  

a t u r e  s t r e n g t h ,  3690 p s i ,  was f o r  a spec imen from t h e  

,241-T Tank Farm. ' 



li. The a v e r a g e  compress ive  s t r e n g t h  f o r  S e r i e s  K s p e c i -  

mens was 5670. p s i .  The h i g h e s t  s t r e n g t h s  f o r  t h e s e  

specimens were o b t a i n e d  f o r  3-in.' c u b e s ,  w h i l e  t h e  

lowest s t r e n g t h s  were f o r  3 x 6-in. c y l i n d e r s .  

R e s u l t s  of  6 x 12-in. c y l i n d e r s  a g r e e d  c l o s e l y  w i t h  

t h o s e  of  t h e  3-in. cubes .  
1 , - 

. - 12. Compressive s t r e n g t h  o f  Waste Tank Farm specimens  'be- 
. .-! 

haved i n  a complex manner on h e a t i n g .  Specimens from 

t h e  241-A Tank Farm l o s t  s t r e n g t h  on be ing  h e a t e d  f o r  

t h e  f i r s t  80 days. Between 80 and 150 days  of  h e a t i n g  
- .'! 

. i 
a t  250F, t h e  241-A specimens  showed an  i n c r e a s e .  i n  

s t r e n g t h  to  a lmos t  t h e i r  i n i t i a l  room t e m p e r a t u r e  

s t r e n g t h .  B y ' t h e  end o f  270 d a y s  of  h e a t i n g ,  s p e c i -  

I mens from t h i s  series showed a d e c 1 i n e . h  s t r e n g t h  t o  

1 - 
... 

-.1 
approx imate ly  . . 7100 p s i .  

13. The ,compress ive  s t r e n g t h  of  specimens  from t h e  241-T 
. . 
? .  

. .; Tank Farm i n c r e a s e d  i n  s t r e n g t h  by a l m o s t  5000. p s i  . 
i . . . . 

d u r i n g  t h e  f i r s t  30 days  of  h e a t i n g .  Then t h e s e  

specimens 'showed a d e c l i n e  of  m0r.e t h a n .  6000 p s i  

between- 30 and 150 days  of h e a t i n g .  A s  s t a t e d  

e a r l i e r ,  t h e s e  changes  a r e  p r o b a b l y  due t o  d i f f e r e n c e s  

i n  s t r e n g t h '  of  c o n c r e t e '  i n -p lace  and n o t  t h e  r e s u l t  of 
. a  

exposure  t o  e l e v a t e d  t e m p e r a t u r e s .  . . 
j > 

14. The average  compress ive  s t r e n g t h  Of S e r i e s  K specimens 

1 a f t e r  30 d a y s  of  h e a t i n g  a t  250F was 5630 p s i .   his" 



. . 

r e p r e s e n t s  p r a c t i c a l l y  no n e t  change i n  t h e s e  s p e c i -  

mens on h e a t i n g .  However, t h e r e  were measurab le  

changes i n  t h e  s t r e n g t h ,  a f t e r  h e a t i n g ,  of specimens  

of  d i f f e r e n t  geomet r i e s .  The 3 x 6-in. c y l i n d e r s  de- 

c r e a s e d  i n  s t r e n g t h ,  w h i l e  t h e  3-in. cube  specimens  

i n c r e a s e d  i n  s t r e n g t h .  The- s t r e n g t h  changes  were o f  

e q u a l  and o p p o s i t e  c h a r a c t e r ,  and c a n c e l l e d  o u t  i n  t h e  

average .  

15. The s p l i t t i n g  t e n s i l e  s t r e n g t h  o f  Waste Tank Farm 

specimens a t  room t e m p e r a t u r e  v a r i e d  wide ly .  H i g h e s t  

s t r e n g t h s  were f o r  t h e  241-A Tank Farm, which averaged 

a p p r o x i m a t e l y  1140 p s i .  ' 

16. The. s p l i t t i n g  t e n s i l e  s t r e n g t h s  f o r  S e r i e s  K specimens 

a t  room t e m p e r a t u r e  averaged  664 p s i .  The s p l i t t i n g  

s t r e n g t h s  f o r  3 x 6 - i n . , c y l i n d e r s  were l a r g e r  t h a n  f o r  

6 x 12-in.  c y l i n d e r s .  The o p p o s i t e  c a s e  was t r u e  f o r  

compress ive  s t r e n g t h .  
. - 

17. A d i f f e r e n c e  i n  behav io r  was obse rved  i n  t h e  s p l i t t i n g  

t e n s i l e  s t r e n g t h ' o f  241-A and 241-T specimens h e a t e d  

f o r  v a r y i n g  l e n g t h s  of  t i m e  a t  250F. I n  t h e  c a s e  of  

t h e  241-A Tank Farm c o n c r e t e ,  the .  s t r e n g t h  dropped 

from 1140 p s i  a t  73F t o  a p p r o x i m a t e l y  680 p s i  a t  t h e  

end o f  270 days  o f  h e a t i n g .  The 241-T Tank Farm 

specimens had .almost  no change i n  s t r e n g t h  from 3 t o  

l S O d a y s  of  h e a t i n g .  The s p l i t t i n g  s t r e n g t h  of t h e  



specimen from t h e  241-U Tank Farm, a f t e r  30 d a y s  of  

heat ing . ,  w a s  o n l y  s l i g h t l y  h i g h e r  t h a n  specimens  from 

t h e  241-T Tank Farm. - 

1 8 .  The s p l i t t i n g  t e n s i l e  s t r e n g t h s  o f  S e r i e s  K specimens 

averaged 5 6 2 p s i  a t  t h e  end o f  30 days  o f  h e a t i n g  a t  

. . 
250F. T h i s  r e p r e s e n t s  a b o u t  a 100 p s i  d e c r e a s e  from 

t h e  room, t e m p e r a t u r e  s t r e n g t h s .  
. . .  

19.  A comparison of  t h e  s t r e n g t h  ,and e l a s t i c  p r o p e r t i e s  of 

.. . Waste Tank Farm and S e r i e s  K specimens a t  room and 

_ i  
e l e v a t e d  t e m p e r a t u r e s  i n d i c a t e d  s i m i l a r  per formances .  

The s t r e n g t h s  and e l a s t i c  c o n s t a n t s  f o r  CTL c a s t  

specimens remained a p p r o x i m a t e l y  mid-way between t h e  

h i g h e s t  and. lowest ~ t r e n g t h s  f o r  t h e  Hanford Tank Farm 

c o n c r e t e s  under a l l  tes t  and t e m p e r a t u r e  cond i t ions . .  

20. I n  t h i s  s t u d y  t h e  r e l a t i o n s h i p  of  specimen s i z e  t o  

tes t  r e s u l t s  o f t e n  d i f f e r e d  from t r e n d s  obse rved  by 

o t h e r  i n v e i t i g a t o - g . s ( 6 ) .  Larger  specimens  u s u a l l y  
. . 

have lower measured s t r e n g t h s  t h a n  s m a l l e r  specimens  

of s i m i l a r  composi t ion .  However, i n  t e s t s  f o r  t h i s  

" s t u d y  on c o n c r e t e  c a s t  a t  CTL, t h e  s t r e n g t h  o f  6 x 12  

in .  c y l i n d e r s  was l a r g e r  t h a n  t h a t  o f 3  x 6 in . -  
' . . -  . 
.; , 
, c y l i n d e r s .  

The s t r e n g t h  and e l a s t i c  p r o p e r t y  v a l u e s  o f  t h e  cube  - 
specimens tended t o  run  c o n t r a r y  t o  t h e  performance  o f  

t h e  c y l i n d r i c a l  c o n c r e t e  specimens.  P r o p e r t i e s  o f  



. , 

c y l i n d r i c a l  specimens had lower v a l u e s  a f t e r  h e a t i n g  

t o  250F t h a n  cube specimens.  Va lues  of  s t r e n g t h  and 

e l a s t i c  p r o p e r t i e s  of  3-in. cube specimens were 

u s u a l l y  l a r g e r  a t  250F t h a n  a t  73F. 

22. The r e s u l t s  of tests  on c o n c r e t e  c a s t  . a t  CTL, S e r i e s  K 

and M, g e n e r a l l y .  fo l lowed  s i m i l a r  t r e n d s  f o r  compar- 

a b l e  tes t  c o n d i t i o n s  a t  room t e m p e r a t u r e  and a t  250F. 
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.. . . - 
- .  'Portland Cement Association . *  . . 

Construction Technology Laboratories 

. :  

Project CR-1480 - Concrete Test .Cylinder Fabrication 
Battelle Pacific Northwest Laboratori 

. . 

: . . . 
. Mix ' Water Portland Water. Air, Sand Aggregate Darex . . 

.i No. Cement Cement 
Ratio 

3K Concrete Mixture 
. . 
.. L 

. . 
t; '3K3 
t 3 ~ 4  . . 

. .. < 
3K5 

' - i  3K6 
. 3K7 

. . ' i  3K8 . 

3K9 
. t Ave. 
Target 

"i . . . . . . 
' .! 

. . 4. SK Concrete Mixture 

.. : 
4.5K3 

.: 4.5'K4 
. . - j . :  4 . 5K5 
- 4.5K6 
.. . . !  4.. 5K7 

'1 . 4.5K8 
11 '.4 5K9 
. . 
: , Ave. 

. .., Target . .. 
-: :- 



I .  

.+ Portland.Cement Association 
b construction Technology Laboratories . . 

. ,  

project CR-14'80 - Concrete Test Cylinder Fabrication 
Battelle Pacific Northwest Laboratories - 

TABLE .20 - FILATERTAL .CONSUMPTION 
. - 

r- 

.Mix Lone Star. . S R 6x12 in. Cast 
' No. Cement . . Aggregate . Aggregate. Spec Order 

3K Concrete Mixtures 

. .. 

. . 1 64.6 ' , 164.94 271.70 15 1 
2 64.6 . . 164.94 . ,271.70 ' 17 2 
3 110.6 270.04 472.0 27 5 
4 110.6 271.50 - 462.7 3 0' 6 

. . 5 ' 110.6 . .  27i.00 . 467.3 3 o 7 
6 110.6 . ,  271.00 , 467.3 3 0 8 
7 110.6 ; . . 2.71.00 467.3 29 

, .  

15 
8 .  110.6 2.7 1. 0 0 467.3 . . 30 16 
9 

, , 

110'. 6 271.00 467.3 -2 9 17 

I SUB TOTAL . 

. . TO DATE 903:4. . 24.97.42 . .  3814.6 ,237 ' .  

. . 

. . 
4.5K Concrete Mixures 

SUB TOTAL ' 

TO DATE 1194.0 
. , 

, ,. 
I . . . . -- . 

-- . - - .. -. 
1- - ' .  . . -. 
:. .; ' 

I TOTAL 
TO DATE. ,2097.4 ' . 4763.84 7226.60 473 18 

- - 

AWI 5/27/75 
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. . " ' C T .  Fin. CR14:3[1 HI!lI . . . . . . 

. . .  . ---- THE POETLHND ~:ErlEriT AS:SOl: I AT'I Ori ---- - . . 
L ' : .  ' OLD ORCHARD ROAD - :$KOKIE. I L L I N O I ? Z  ' . . . . . . .  

. . . . 
. . . . 

. . 

: TABLE 7 - BHTC:H ' 1 ~ 4 1 3 ~ ~ 1 3  I.EFITS AND PHVS I C A L  PROPERT 1E:S. OF CONCRETE 
- 

. . 

: N I X  NO 3E.5 . DATE . .=..= LL MA%{, 75 T I PIE 1 1 '[I 13 

. . . . . . - . .  . . 
.. i . . 

. . . . 
. . .  %MATERIALS . . . . 

. . .  . . . . .  
. . . . .  . .  CEMENT. ..' ~.oriE :STFIR P I::' Cd '  :TYPE I I . . .  . . 

. . .  . . 
. -  - FIPIE HGGREGATE . . 1'-S . ' . . 

. . . . . . . . . . 
. . . . 

2-HONE . .  .: . . .  . . . . . . . . .  
' CUARSE AGGREGHTE . ' 1-R 

: . E ~ T O H  INWED IENTZ 
..... . . . . . . . . . . .  IZEP~ENT LE:S CIJ 'I'D. 

FIPIE HGGREGHTE . .  1 ' . . . .  
.. 2 . .  

. . 
CORRSE HSGREGATE . 1 . 

. .< . . .  
. . . . . . . .  . . 

TOTAL WEIGHT LBS.II:IJ YD 

- 1  PHYSIIZHL PROPEPTIES OF. PLH:~TIC I:~N,~RETE . ' , ' 

. . 
. . :SLUMP I N  INCHES . '. ,. 3 . 0  . 

. . . . .  . . .  - A I R  CONTENT 9PEeCENT . . 4..J 
. . . IJNI T IJEIGHT rLBS/l=lJ FT . 143 -5  . 

. . .  .: 

,: BRTCH ANALYSIS 
. . A  I?!ATER CEMENT RATIO . . . . . . . . .  0.5 1 

PERCENT C F  F I V E  TO TOTAL AG5REGATE . 36.5 
. . 
. . '4OIDS CEMENT R A T I O ?  BY fiBs '4OL . 2.03. 
. : . '  . . . , . ,  . . 

. . 

j ,fiDDITIOr{FIL DATH 
. . SPEC INEN. S I Z E  &:.: 12 INCH C' iL I P { D E R  CA:ST 111 I r i  

. . CUR.€ , . 
MOIST EUPE 73F 1 [IORH 9.0 DAb,-'S 

-.  . MIXER-6 ClJEIC FOOT T I L T I N G  DRIJM 
. ,. _. . . MIX' CYCLE-5 MINIJTES ALL I N  

. . 
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. . .  

r - . . 
. . 

:. 'AIZCT. Pin. 1::~1'4:31:1 A W I  . ---- THE FOB TLAND. CEtlEriT A:ZSOII: 1 AT'I Or4 ---- 
L . .  OLII ORCHARD EOAD - :SKU~: IE ILL I N ~  I :S ; 

. . 
. . .  

.y 

. . 

. . . . 

' TRELE 10 - BHTIZH I HSRED IENTS Arin PH'T'S I IXL PROPERT I E S  OF COPiCRETE . . - 

; f l I X  NO :IK :3 DATE 213 pl~'.,.' 79 TrPlE C1'31 111 . . 
. . . . 

. i . . . . 
. . & MATER1HL:S . . . . . . . . . . 

.. . . CEMENT . . .  LONE STHR P .  5 co TYPE I I . . 
. - . . .  . . . . r-:z . . . . . . 
. . . . .  

F I N E  HIj5RE.13FiTE ' . . . . .  
. . .  . . . . 

2-NOPiE , '  ' . . . . . . . 
. . 

. . 
COHRSE HSGREGflTE . 1-R . . ' 

. . . , 

. . Z-rioriE 
. . . . . . .  ADM I XTIJEE 1 -DAREX HER 

z-PiEPiE 

, '  , BHTCH I Pt!';RFn T EP4.T.S . 1;EMENT. . . . . . . . . . . . . :  LBS/'ClJ '.i'D- 4 9  1 E:I;S.,.'CU 5..22 
F I N E  AGGREGATE . . 1 '. . 1 l:3:3 .. . . .  .;3 I:I . . ' 

.---.- . 
. ,  COHRSE HSSREGATE . 1 . . IJ ,, ,= . . . 

2 . . 11.00 
HDM I ::(TtlPE . . . . . .  1 . .  111 . :3 4 

2 . . 11 . [I [I 
. . UHTEE .- - - ' d B  i' . . . . . . . . . . .  1; A L ,.' 12 1-1 '.,.' D 1' 3 

. -1 L . 1 :I 
. .  , 

- .  
. TOTAL Ir!E I GHT . , . LEP.-.l:IJ .'.,.'D 4 0 1 5  . I:I:=: 

1 

:I PHY:SICAL PROPERTIES ilF PLA:STIC lI:ON$RETE . 

:SLUMP I N  1PiII:HE:S . ' . . .  13 2 15 .. -. 
.. '! ... . . A I R CONTENT! PERCENT' . . 4 .9 

. . -- UN I T . I.dE I GHT'g LESS/.'I:~J F T  . 14:3 .7 
. . 

. . 
' . . ! B ~ T I ~ H  HPjHL'i'z 1 S 

. . .... .. . _I %rATEP CEMEPiT Rt3T Ill . . . . . . . . . . . ~ .  0 - 5 4  .eti' !.?IT 6 .  14. 15fiLs .El; 
: 3 . , PERCENT OF F I k E  TO TOTAL Al:SRESATE 3 . E'.,.' I!.IT :35 .~ ,  '.,:oL 

' V(3ID:S CEMErCT RBTIOs fiAP:S '*)OL 2 - 2 1  PRE:SS .=, , .L, .:. 3 U H I T  I!!T , 

. 4  
. . 

. . . " . . . -4. ' I  

. RDDITIONAL DATA ..... 
. .  , :SPEC I'MEri. S I Z E  15x1 2 I~~I:H I~'.{L I r { D E R  EAST :3 [I 1 I.4 .SUMpl . . .  

. .: CURE -1 5 . . . NO I.:ST ClJEE 7:3F 1 IS IIEH 3 11 DH5':I: 
., 1'1 I:~:EP-G ~ x e  I c FOOT .TILT I NG DRIJPI 
. . 
. . M I X  C'r'ICLE-5 M Iri lJTES ALL I N  . 
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r ,RCI:T. Via. CR14SrJ AIJI ' 

C .  
. . ---- , . .  . .  THE. PORTLHP~D CEMENT A.3:SOGI AT 1OI.I. -.---. .. . . . OLD ORCHARD FGAD - :zKOKIE. ' I L L  It.40 1:: 

. . .  
5 7 .  . . . . . . .: . . 

. . . . . . 
. . 

TABLE (( - BHTC:H Iri'GRED IEPiTZ ANII. PH ' I 'WHL .FROPERT 1 E:S OF ' I Z O ~ ~ C R E T E  
- .  

- M IX  NO 3K DA'TE 2 3  P ~ P . ~ '  7 5  T I H E  1:1'5:21i . - . . 
. . MnTERIAL:5 . .. . - 

4r ' 

f -  .. CEMENT . .. . . . . . . . LOHE . . :STAR P i:: 00 T1.I'PE:' I I . ' . . . . . . 
F I N E  AGGREGHTE . . 1-12 . . . . 

- .  . . . . z-t.io1-1E. 
: i . . . . 

COAR.SE AGGREGATE . 1-F! . . . . . . 
.I . . . 

. . . ' , . 2-NONE ' . .. 
HDM I XTIJEE . . . . . , 1 -DARE:+ HEA . . 

2 - r i o r i ~  

. . 
... - 
I; BATCH I NSRED IENTS . . 
! .  . ~:ErlEriP . . . . .., .. . . . ~b:S!'i:ij ;.,JJI 4 3 9 .  PI;::....c:u :I'D 5 - 2 1  

. .  . . . 
. _ F I N E  HGSRESfiTE . .. 1 . . 1173 .  

. .. . . 2 : .  . [I .' 
... - 
..:; I:OAR:SE ~I;&F.'EGATE . ' 1 . .. . .  S [ I G : ~ .  ' . . . 

. .. - 

2 . .  : 0.1j1:l . 

WATER. . . . . .' . . . . .  . z h ; ~  .'. I;AL::.JI:U '.{D :31 . d 5  i' 
! .  

..; 
1 . , TOTAL WEIGHT . . • . • . 
' ! 

LBS,..lzIJ '.I'D .)1:11:11'.:3:3 

' - i  
:'j 

PHY:SICAL FROPEPTIES OF PLHSTI.~ CONCRETE, 
. . -, ., SLUMP IF1 INCHES . . . :3 . 11.0 ." 

..: , . '  HIP CONTENT ?PERCENT . . .-a c - . o 
' . .i i IJPfIT IJEIGHT ?LES/CU FT  .. . 14:s. 1 . 

. ! . - 8  

. i  BBTIZH ApiALYSI:s 

.: i I!!ATER 1:EMENT R6iT 10 . . . . . . . . . . 111 .5:3 E't I!lT 5 . .07 I~AL::.."FG 
PERCENT 0.F' F I  FIE TO TOTAL AGGREGHTE :3<,..:3 1:'s.' i!IV '3<, ,6  f i ~ ' ~  l + o ~  

.. . VIJ I DS ' I~EMEP~T F.'AT.I 0,. E'.,' A B : ~  ' 4 0 ~  2 ..z 11 P R E S . ~  
. . . . 2 . 2 4  UI.fIT 141 
. . 
'..i 

I .  ? . . 

- !  ADDITIUNAL' DATA 

..;j , 
:ZPECItlEN S I Z E  6:~: 12 1Pil:H C'T'L I P i D E R  CAST Z 3  1I.i :::UMpl 

. . .. . CIJRE' : MOI:ST I:URE 73F '~~I:IEH. '30 .DA'.,':: 
. . 

MI:x:ER-6 CUBIC, FgQT T I L T I N G  DRUM 
I . M IX  CYCLE-5 MINUTES ALL I N  . . 

. . 
.. . 
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