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PREFACE 

In s t u d i e s  of  t h e  s a f e t y  of r e in fo rced  conc re t e  

s t r u c t u r e s  t h r e e  a s p e c t s  of conc re t e  s t r e n g t h  a r e  r e l e v a n t :  

t h e  s t r e n g t h  of conc re t e  s p e c i f i e d ,  t h e  s t r e n g t h  and v a r i -  

a b i l i t y  of conc re t e  suppl ied ,  and t h e  s t r e n g t h  and v a r i -  

a b i l i t y  of  t h e  conc re t e  i n  t h e  a c t u a l  hardened s t r u c t u r e .  

Information on t h e  l a s t  i tem i s  meagre, bu t  i s  needed 

p a r t i c u l a r l y  f o r  r e sea rch  s t u d i e s .  This  paper  i s  a  va luab le  

c o n t r i b u t i o n  toward f i l l i n g  t h i s  need. 

The Div is ion  he re  r eco rds  i t s  thanks t o  D .  A .  S i n c l a i r  

f o r  t r a n s l a t i n g  t h i s  paper ,  and t o  W .  G .  Plewes of t h i s  

Div is ion ,  who checked t h e  t r a n s l a t i o n  f o r  t e c h n i c a l  accuracy.  

Ottawa 
Apr i l  1976 
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COMPARISON OF IN-SITU STRENGTHS AND QUALITY TESTS 

(OF CONCRETE) 

1. In t roduc t ion  

DIN 1 0 4 5 ' ~ )  and DIN 1 0 4 8 ' ~ )  c o n s t i t u t e  t h e  b a s i s  f o r  app ra i s ing  conc re t e  

q u a l i t y .  Accordingly, t h e  s t r e n g t h  of 28-day-old t e s t  cubes of t h e  same m a t e r i a l  

a s  t h e  f i n i s h e d  conc re t e  work se rves  a s  a  y a r d s t i c k .  Many bu i ld ing  c o n t r a c t o r s  

argue t h a t  when t h e  cubes a t t a i n  t h e  r equ i r ed  conc re t e  s t r e n g t h  t h e  d e s i r e d  

performance i s  a s su red ,  provided no v i s i b l e  d e f e c t s  appear i n  t h e  c o n s t r u c t i o n .  

Of cons iderably  g r e a t e r  i n t e r e s t  t o  t h e  engineer  than  t h e  s t r e n g t h  of t h e  t e s t  

cube a t  t h e  designing and e s t ima t ing  s t a g e ,  might be t o  know what i n - s i t u  s t r e n g t h s  

a r e  normally a v a i l a b l e  o r  can be expected from conc re t e ,  s t e e l  conc re t e  and 

p r e - s t r e s s e d  conc re t e  s t r u c t u r e s ,  r e s p e c t i v e l y .  However, l i t t l e  i s  known about 

t h i s  ma t t e r  and, moreover, views d i f f e r  a s  t o  how s t r e n g t h  va lues  a s c e r t a i n e d  

i n  s i t u  a r e  t o  be appra ised  (4 , 5) 

The ques t ion  of whether t h e  compressive s t r e n g t h  of a  specimen produced and 

s t o r e d  i n  compliance wi th  t h e  s tandards  r e p r e s e n t s  t h e  s t r e n g t h  of a  s t r u c t u r a l  

p a r t  cons t ruc ted  from t h e  same conc re t e ,  and i f  s o  t o  what e x t e n t ,  i s  almost a s  

o ld  a s  concre te  and s t e e l - r e i n f o r c e d  conc re t e  c o n s t r u c t i o n  i t s e l f ( 6 ) .  Many 

l abo ra to ry  t e s t s  of t h e  compressive s t r e n g t h  and s t r a i n  behaviour of conc re t e  

have indeed been c a r r i e d  o u t ,  a s  wel l  a s  t e s t s  on r e i n f o r c e d  and unre inforced  

components produced from them, and on t h e  b a s i s  o f  t h e  knowledge thus  obta ined  

methods of c a l c u l a t i o n  and des ign  s p e c i f i c a t i o n s  have been developed. Never the less ,  

our  knowledge of  t h e  a c t u a l  cond i t i ons  p r e s e n t  i n  f i n i s h e d  c o n s t r u c t i o n  work i s  

s t i l l  very  l i m i t e d .  A l l  we can say  i s  t h a t  under o rd ina ry  c o n d i t i o n s ,  i . e . ,  i f  

a  s t r u c t u r e  has been e rec t ed  i n  conformity wi th  o b l i g a t o r y  t e c h n i c a l  requi rements ,  

t h e  margins of s a f e t y  inhe ren t  i n  t h e  des ign  s p e c i f i c a t i o n s  w i l l  provide  s u f f i c i e n t  

p r o t e c t i o n  a g a i n s t  p re sen t  i naccu rac i e s .  

l l i t h e r t o  only  one c o n t r i b u t i o n  has  appeared i n  which cube s t r e n g t h s  a r e  

compared with i n - s i t u  s t r e n g t h s .  Moreover, t h i s  can s c a r c e l y  be  regarded  a s  

r e p r e s e n t a t i v e  of conc re t e  cons t ruc t ion  i n  g e n e r a l ,  s i n c e  it d e a l s  wi th  a  l a r g e -  

s c a l e  mass conc rc t e  p r o j e c t  i n s t a l l e d  a s  a  p ro to type  ( 7 y 8 ) .  Otherwise, a l l  we 

have a r e  r e s u l t s  on bu i ld ings  where damage i s  suspec ted (9 ) ,  and t h e  r e s u l t s  o f  



l abo ra to ry  t e s t s  i n  which a t tempts  have been made t o  s imula te  i n - s i t u  

cond i t i ons  
(10,11,12) 

Thus, f i n a l  conclus ions  on t h e  s u b j e c t  of  s t r u c t u r a l  s t r e n g t h  appear p re -  

mature,  and I t . . .  complete c l a r i f i c a t i o n  of t h i s  problem w i l l  have t o  await  t h e  

conclusion of many, p o s s i b l y  l e s s  impressive,  bu t  undoubtedly e s s e n t i a l  

i n v e s t i g a t i o n s "  (13) 

2 .  Test  Procedure and Resu l t s  

By s tudying t y p i c a l  s t e e l - r e i n f o r c e d  and p re - s t r e s sed  conc re t e  i t  was hoped 

t o  ga in  a  more p r e c i s e  d e f i n i t i o n  of t h e  cond i t i ons  p r e v a i l i n g  on normal cons t ruc t ion  

s i t e s .  The t e s t s  were c a r r i e d  out  by t h e  au thor  a s  p a r t  of a  more ex tens ive  

s tudy  ' I 4 )  i n  t h e  course  of h i s  a c t i v i t y  a t  t h e  I n s t i t u t e  f o r  Building Mater ia l  

Science and S t e e l  Concrete Cons t ruc t ion  of t h e  Technische ~ n i v e r s i t a t  Braunschweig. 

The chosen method of i n - s i t u  i n v e s t i g a t i o n  was i n  a l l  c a ses  t h e  t ak ing  of  d r i l l  

c o r e  samples i n  t h e  manner shown i n  Figure 1 .  The advantage of t h i s  "des t ruc t ive"  

method, compared wi th  a l l  nondes t ruc t ive  ones,  e . g . ,  Reference 15, i s  t h a t  it 

provides  d i r e c t  information on t h e  i n t e r n a l  s t r u c t u r e  of t h e  m a t e r i a l  and 

immediately r e v e a l s  process ing  d e f e c t s  ( s ee  F igure  2 ) .  The compressive s t r e n g t h  

i s  determined d i r e c t l y  from conc re t e  specimens taken  from i n - s i t u  s t r u c t u r e s .  

There i s  no need f o r  t h e  i n t e r v e n t i o n  of a  more o r  l e s s  accu ra t e  c a l i b r a t i o n  

curve of t h e  kind r equ i r ed  i n  nondes t ruc t ive  t e s t i n g .  The accuracy of t h e  

s t r e n g t h  va lues  obta ined  from specimens taken "des t ruc t ive ly"  i s  l imi t ed  only by 

e r r o r s  of t h e  same o rde r  of magnitude a s  t hose  which r e g u l a r l y  occur i n  t e s t s  

of  conc re t e  compressive s t r e n g t h .  

2 . 1  Resul t s  of r o u t i n e  i n v e s t i g a t i o n s  

I t  i s  t h e  t a s k  of a l l  b u i l d i n g  m a t e r i a l  t e s t i n g  i n s t i t u t i o n s  t o  undertake 

r o u t i n e  q u a l i t y  t e s t s  on conc re t e  cube specimens on behalf  of a p p l i c a n t s  from 

every s e c t o r  of  t h e  cons t ruc t ion  indus t ry .  In  a d d i t i o n ,  i n - s i t u  i n v e s t i g a t i o n s  

of  s t r u c t u r e s  a r e  c a r r i e d  out  when complaints a r e  rece ived  about components o r  

when no q u a l i t y  r eco rds  have been provided f o r  t h e  i n s t a l l e d  conc re t e .  In spec t ion  

of  t h e  voluminous d a t a  which have accumulated from such r o u t i n e  t e s t i n g  over 

f o u r  years  i n  t h e  I n s t i t u t e  f o r  Building Mater ia l  Science and S t e e l  Concrete 



Const ruc t ion  of t h e  Technische ~ n i v e r s i t a t  Braunschweig al lows s e v e r a l  conclus ions  

t o  be drawn about q u a l i t y  cond i t i ons  i n  concre te  c o n s t r u c t i o n .  

From t h e  r e s u l t s  of  t h e  q u a l i t y  t e s t s  according t o  DIN 1048 we can t a k e  

s e v e r a l  f e a t u r e s  which a r e  c h a r a c t e r i s t i c  of  c e r t a i n  grades  of conc re t e  and types  

of  s t r u c t u r e .  The a n a l y s i s  of  about 9,600 complete t e s t  c e r t i f i c a t e s  from t h e  

yea r s  1964 t o  1967 revea led  t h e  fol lowing:  

1. Regardless of t h e  grade of conc re t e ,  t h e  year  of cons t ruc t ion  and t h e  type  

of s t r u c t u r e ,  t h e  d i s t r i b u t i o n  of t h e  va lues  corresponds,  i n  good approximation,  

t o  a s tandard  d i s t r i b u t i o n  which can be c l e a r l y  descr ibed  with s u f f i c i e n t  

accuracy by a  mean va lue  f o r  random samples $w28 (= 3 and a  s tandard  d e v i a t i o n  

S .  

2 .  The mean va lues  and s c a t t e r  do no t  d i f f e r  from year  t o  y e a r ;  t h u s ,  t h e r e  i s  

no evidence of an e f f e c t  of t h e  s t a t e  of t h e  c o n s t r u c t i o n  market on t h e  c a r e  

of execut ion .  

3 .  The a n t i c i p a t e d  va lue  f o r  B 225 i s  somewhere i n  t h e  v i c i n i t y  of 350 kp/cm2, 

f o r  B 300, 400 kp/cm2 and f o r  B 450, 500 kp/cm2. In  o t h e r  words, t h e  r a t i o  

of  cube s t r e n g t h  t o  t h e o r e t i c a l  s t r e n g t h  dec reases  wi th  inc reas ing  conc re t e  

grade.  This  i s  e v i d e n t l y  independent of t h e  type  of c o n s t r u c t i o n  (F igure  3 ) .  

4 .  The s c a t t e r  dec reases  somewhat wi th  inc reas ing  conc re t e  grade .  

5 .  The cubes can be expected t o  f a l l  s h o r t  o f  t h e  t h e o r e t i c a l  s t r e n g t h  va lues  

i n  about 10 t o  15% of  a l l  c a s e s .  

During t h e  same obse rva t ion  per iod  a  t o t a l  o f  about 1,350 co re  samples were 

taken from 200 outwardly accep tab le  s t r u c t u r e s  of known t h e o r e t i c a l  conc re t e  

gra.de f o r  v e r i f i c a t i o n  of  t h e  i n - s i t u  conc re t e  compressive s t r e n g t h .  The co re  

t e s t s  were i n  gene ra l  motivated by nega t ive  c r i t e r i a ,  e . g . ,  t h e  absence of t e s t  

cubes.  A l l  t h e  specimens taken  were more than  two months o l d .  These b u i l d i n g  

s i t e s ,  which were not  s a t i s f a c t o r y  i n  every r e s p e c t ,  revea led  t h e  fo l lowing  

(Figure 4)  : 

1 .  Even though t h e  t h e o r e t i c a l  s t r e n g t h  va lues  were a t t a i n e d  i n  a  number of 



cases ,  neve r the l e s s  t h e  s t r u c t u r a l  s t r e n g t h s ,  on t h e  average,  were only 

70 t o  80% of t h e  t h e o r e t i c a l  conc re t e  grade ,  a l though t h e  specimen ages were 

over  f o u r  weeks. 

2 .  In  many cases  t h e  mean i n - s i t u  s t r e n g t h  reached only  50% o r  l e s s  of t h e  

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

3 .  Both f o r  i nd iv idua l  s t r u c t u r e s  and f o r  groups r ep re sen t ing  d i f f e r e n t  t ypes  

of s t r u c t u r e s  t h e  s tandard  d e v i a t i o n s  were cons iderably  g r e a t e r  than  those  

obtained from t h e  t e s t  cubes,  and g r e a t l y  exceeded anything t h a t  could be 

c a l l e d  an "acceptab le t t  s c a t t e r .  The l a r g e  s tandard  d e v i a t i o n s  of roads 

might have been due t o  weathering.  

4 .  Although, i n  g e n e r a l ,  l e s s  than  50% of  t h e  specimens a t t a i n e d  t h e  t h e o r e t i c a l  

va lues ,  t h e  cond i t i ons  found i n  b r i d g e s ,  roadways and s ing le - f ami ly  houses 

were somewhat b e t t e r .  In  t h e  case  of b r idges  t h i s  could be a t t r i b u t e d  t o  

smal le r  s c a t t e r s ,  and i n  t h e  case  of  roads  and houses t o  l a r g e r  excess  

s t r e n g t h  v a l u e s .  

2 . 2  Comparative i n - s i t u  t e s t s  

To h e l p  c l a r i f y  t h e  ques t ion  of t h e  ex t en t  t o  which t r a d i t i o n a l  cube t e s t s  

a r e  a  measure of  i n - s i t u  s t r e n g t h  and t h e  r e l a t i o n s h i p  of t h e  l a t t e r  t o  t h e  

t h e o r e t i c a l  s t r e n g t h  we i n v e s t i g a t e d  a  t o t a l  o f  24 b u i l d i n g  s i t e s  and p r e f a b r i c a t i o n  

p l a n t s .  The s t r u c t u r e s  and s t r u c t u r a l  p a r t s  involved met normal s t anda rds  and 

were not sub jec t  t o  complaints .  The p r o j e c t s  included b r idges  a s  wel l  a s  high-  

r i s e  bu i ld ings  and t a l l  engineer ing  s t r u c t u r e s .  The bu i ld ing  e n t e r p r i s e s  ranged 

from small  b r ickyards  t o  l a r g e  cons t ruc t ion  f i rms  dea l ing  predominantly i n  pre-  

s t r e s s e d  conc re t e  c o n s t r u c t i o n .  The manufacture and s t o r a g e  of cube specimens 

was c a r r i e d  out  i n  t h e  manner normally appl ied  by each e n t e r p r i s e .  Core samples 

were taken a t  ages of two t o  t h r e e  weeks by members of  t h e  I n s t i t u t e .  A l l  

specimens were t e s t e d  i n  t h e  I n s t i t u t e  a t  an age of 28 days.  

Comparison of t h e  s tandard  d e v i a t i o n s  obtained a t  t h e  bu i ld ing  s i t e s  wi th  

t h e  c r i t e r i a  l a i d  down by ~ i i s c h  ( I 7 )  o r  Conrad (I8)  f o r  cube t e s t s  shows (Figure 5) 

t h a t  i n  genera l  t h e  s e l e c t i o n  of bu i ld ing  s i t e s  o r  cons t ruc t ion  f i rms  was no t  

u n t y p i c a l .  The t e s t  cube s c a t t e r s  ob ta ined  f i t  t h e  genera l  s t anda rd ;  s i m i l a r l y ,  

t h e  cube r e s u l t s  from t h e s e  s t r u c t u r e s  conform t o  t h e  va lues  from t h e  r o u t i n e  



i n v e s t i g a t i o n s  mentioned above. A s  expected,  t h e  i n - s i t u  s t r e n g t h  va lues  a r e  

somewhat l e s s  favourable :  whereas only 25% of t h e  cube va lues  f a l l  o u t s i d e  t h e  

"acceptable"  range,  33% of t h e  d r i l l  co re  va lues  do so .  

Figure 6  shows t h e  r e l a t i o n s h i p  obta ined  between t h e  i n - s i t u  s t r e n g t h  B 
Bau 

and t h e  cube s t r e n g t h  B w .  L i n e a r i t y  t e s t s  i n  accordance wi th  Reference 16 do 

not  r u l e  out a  r e c t i l i n e a r  r e l a t i o n s h i p  between f3 and BBau; t h e  c o r r e l a t i o n  
W 

with r = 0.93 i s  very  c l o s e .  The r e g r e s s i o n  c a l c u l a t i o n  g ives  

(]n:ll, = 17 t 0,81 . p,, 

a s  a  func t iona l  r e l a t i o n s h i p .  

This  express ion  can be approximated by 

The graph i n d i c a t e s  t h a t  t h e  approximation i s  very  good and l i e s  w i th in  

t h e  confidence i n t e r v a l  determined by t h e  r e g r e s s i o n  c a l c u l a t i o n .  The r e l a t i o n s  

between t h e  t h e o r e t i c a l  conc re t e  B grades  on t h e  one hand and t h e  s t r e n g t h s  of 

t h e  cube specimens f3 o r  t h e  co re  specimens f3 on t h e  o t h e r ,  a r e  shown i n  
w Bau 

Table I .  The lowest f r a c t i l e  i s  from a  b r idge  c o n s t r u c t i o n  s i t e  where t h e  

execut ion l e f t  much t o  be d e s i r e d  and where even t h e  s tandard  d e v i a t i o n s  of t h e  

t e s t  cubes according t o  Reference 17 lead  t o  a  poor assessement .  

By assembling t h e  d a t a  i n  l a r g e r  groups according t o  conc re t e  grades ,  t ypes  

o f  s t r u c t u r e s  and methods of product ion ,  a  number of common f e a t u r e s  and more 

gene ra l ly  v a l i d  p o i n t s  of view were developed: 

1. Both f o r  cubes and c o r e  specimens t h e  r a t i o  of specimen t o  t h e o r e t i c a l  

s t r e n g t h  dec reases  wi th  inc reas ing  conc re t e  grade  (F igure  7 ) .  The dec rease  

i s  more r a p i d  f o r  t h e  i n - s i t u  s t r e n g t h s .  This  corresponds t o  t h e  tendency 

noted i n  t h e  r o u t i n e  t e s t s  according t o  2 . 1 .  

2 .  Within any s t r e n g t h  group t h e  d i f f e r e n c e s  between s t r u c t u r a l  p a r t s  and types  

of c o n s t r u c t i o n  produced under d i f f e r e n t  manufacturing and posthardening 

cond i t i ons  could be regarded a s  s i g n i f i c a n t  i n  some c a s e s ,  bu t  were not  ve ry  

important a s  a  whole. 

3 .  Compressive cube s t r e n g t h s  averaged about 37% above t h e  d e s i r e d  compressive 

s t r e n g t h ,  whereas t h e  i n - s i t u  s t r e n g t h  averaged about 15% above (Table I ) .  



As a  r u l e ,  i n  s t r u c t u r e s  e r ec t ed  with normal c a r e  t h e  i n - s i t u  s t r e n g t h  reaches  

t h e  t h e o r e t i c a l  va lue .  I f  t h e  execut ion i s  l e s s  consc i en t ious ,  a s  suggested 

by t h e  absence of q u a l i t y  c o n t r o l s  i n  t h e  cases  d e a l t  with i n  Sec t ion  2 .1 ,  

t h i s  r e l a t i o n s h i p  appears  much l e s s  favourable .  

4 .  The 5% f r a c t i l e s  of t h e  i n - s i t u  s t r e n g t h s  a r e ,  i n  t h e  normal ca se ,  about 20% 

t o  30% below t h e  t h e o r e t i c a l  s t r e n g t h .  A t  l e s s  wel l-run b u i l d i n g  s i t e s ,  

however, s u b s t a n t i a l l y  l e s s  favourable  va lues  may be expected.  

5 .  As f a r  a s  t h e  i n - s i t u  s t r e n g t h  va lues  a r e  concerned t h e  b r idge  s t r u c t u r e  

which was deemed g e n e r a l l y  e x c e l l e n t  showed no advantage whatever over t h e  

o t h e r  types  of  cons t ruc t ion  (Figure 8 ) .  

3 .  Conclusions 

I f  t h e  r e s u l t s  of t h e  i n v e s t i g a t i o n  a r e  appl ied  t o  t h e  conc re t e  q u a l i t y  

c l a s s i f i c a t i o n  of  DIN 1045 E (yellow fo rm) (2 ) ,  we g e t  t h e  cond i t i ons  presented 

i n  Table 11. I t  i s  c l e a r  from t h i s  t h a t  t h e  t e s t  cubes a s  a  whole cont inue  t o  

meet f u t u r e  requirements .  The s p e c i f i c a t i o n s  f o r  i n - s i t u  s t r e n g t h s  ( D I N  1045 E ,  

Sec t ion  7 .3 .7 )  do not  appear unreasonable e i t h e r  and seem a l t o g e t h e r  a t t a i n a b l e .  

However, i n  o rde r  t o  avoid diagrammatic c o n s t r u c t i o n s  from t h i s  s e c t i o n ,  it 

should be re formula ted  and d i r e c t e d  t o  t h e  de te rmina t ion  of a  f r a c t i l e .  Something 

l i k e  t h e  fo l lowing  formula t ion  can accord ingly  be de r ived  from t h e  t e s t  r e s u l t s .  

In  t h e  i n - s i t u  conc re t e  s t r e n g t h  a n a l y s i s  by t h e  t e s t i n g  of d r i l l  co re s  t h e  

compressive s t r e n g t h  of a  specimen a t  l e a s t  20 days o ld  must n o t ,  on t h e  average,  

f a l l  below t h e  va lues  of  Table I ,  column 3 (6  ) For conc re t e s  of grades  Rn 
Wm 

450 and Bn 550 i t  must reach 0 .9  t imes  t h i s  va lue .  Otherwise, a  s u f f i c i e n t l y  

l a r g e  number of samples must be taken s o  t h a t  t h e  5% f r a c t i l e s  of t h e  i n - s i t u  

s t r e n g t h  can be determined.  The 5% f r a c t i l e s  of t h e  d r i l l  core  s t r e n g t h s  must 

no t  f a l l  below 0.7 t imes t h e  va lues  of Table I ,  column 3 ,  and f o r  conc re t e  of 

grades  Bn 450 and Bn 550 they  must correspond t o  0.65 t imes t h i s  va lue .  

Taking t h e  age of t h e  conc re t e  i n t o  account by conversion f a c t o r s ,  a s  

h i t h e r t o  provided f o r  i n  Sec t ion  7 .3 .7 ,  seems p o i n t l e s s .  Genera l ly ,  t h e  cond i t i ons  

of s e t t i n g  of t h e  i n - s i t u  conc re t e  a s  wel l  a s  t h e  curve of  s e t t i n g  of  t h e  cement 

employed a r e  no t  known i n  s u f f i c i e n t  d e t a i l ,  s o  t h a t  t h e  in t roduc t ion  of t ime 



f a c t o r s  w i l l  c o n s t i t u t e  only  a  vague e s t ima te .  For most ca ses  it ought t o  be 

s u f f i c i e n t  t o  demonstrate  from t h e  d r i l l  co re  s t r e n g t h  va lues  whether t h e  

s t a b i l i t y  and u t i l i t y  of a  b u i l d i n g  a r e  assured  a t  t h e  t ime of t h e  i n s p e c t i o n .  

The numerical s t r e n g t h  r equ i r ed  f o r  proof of s t a b i l i t y  i s  given i n  D I N  

1045 E f o r  a l l  conc re t e s  a s  BR = 0.7 
' ~ 2 8  

. I t  was found he re  t h a t  t h e  r a t i o  

a = i n - s i t u  s t r e n g t h : t h e o r e t i c a l  s t r e n g t h ,  dec reases  with inc reas ing  conc re t e  
BS 

grade ,  and t h i s  ho lds  f o r  t h e  mean va lues  and f o r  t h e  f r a c t i l e s .  Hence, r e t a i n i n g  

t h e  same f a c t o r  o f  0.7 
' ~ 2 8  

f o r  a l l  conc re t e  grades  appears  ques t ionab le .  

Table I11 shows t h e  c o n d i t i o n s .  I t  i s  suggested t h a t  f o r  conc re t e s  of  h igher  

grade ,  i . e . ,  Bn 350 and h ighe r ,  t h e  va lue  BR = 0.6  
' ~ 2 8  

be  chosen s o  as  t o  

r e t a i n  an adequate  margin of  s a f e t y  between t h e  numerical s t r e n g t h  BR and t h e  

5% f r a c t i l e  of t h e  i n - s i t u  s t r e n g t h  and keep it approximately equal  f o r  a l l  

conc re t e s .  

The s t r u c t u r e s  and manufacturers  s t u d i e d  i n  gene ra l  met o rd ina ry  s t anda rds  

Nevertheless  we cannot simply assume t h a t  t h e s e  r e s u l t s  a r e  r e p r e s e n t a t i v e  of 

a l l  concre te  and s t e e l  conc re t e  c o n s t r u c t i o n .  They may r e f l e c t  on ly  p a r t  of i t  

I t  would therefore be d e s i r a b l e  t o  make s i m i l a r  i n v e s t i g a t i o n s  i n  o t h e r  p l a c e s  

and on o t h e r  t ypes  of s t r u c t u r e s  s o  t h a t  t h e  gene ra l  v a l i d i t y  of  t h e  r e s u l t s  

presented  he re  may be v e r i f i e d  a t  l e a s t  on a  spot-check b a s i s .  

In conclus ion ,  we wish t o  thank t h e  d i r e c t o r s  and a l l  t h e  co-workers of t h e  

I n s t i t u t e  f o r  Mater ia l  Sc ience  and S t e e l  Concrete ,  Technische ~ n i v e r s i t a t  

Braunschweig, who were involved i n  t h e  execut ion  and eva lua t ion  of t h e  i n v e s t i g a t i o n  

f o r  t h e i r  va luab le  suppor t .  

Summarv 

Investigations were carried out on struc- 
tures and components a t  more than 20 construction 
sites and storage yards of precasting factories meeting 
normal standard requirements with regard to accuracy 
in production and placement of concrete. I t  resulted 
thcrrfrom that in most of the structures investigated 
1hc structural strongths after 28 days attained on an 
average the thcorctical concrete quality; fractile values 
wcrc below by about 20 to 3OD/0. I t  has been explained 
that the specification required in DIN 1045E with 
regard to structural strengths can, with some accuracy, 
Ijc maintained without any difficulty, but  that it should 
~uitably be completed by stating a fractile. On the basis 
of the test results it was recommended to modify the 
h l ~ ~ i l ' i c d  strc,ngth ol' higher co1lcrc-t~ qualit1c.s stated in 
I l I N  1045 i?: its a constant value (11: 0.7 . (;\v,,. 
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Table I 

Rela t ion  between t h e o r e t i c a l  conc re t e  
grade B and cube and i n - s i t u  s t r e n g t h s  



Table I1 

Comparison of DIN 1045 E grades with test results 

Table I11  

Relation between numerical strength B 
R 

and the 5% fractile of the in-situ strength 

Fig. 1 
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with a wet core-drilling machine 
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Fig .  2  

Concrete d r i l l  cores.  from a  motorway b r idge .  

Lef t :  wel l  compacted concre te  of high 
compressive s t r e n g t h ;  

c e n t r e :  concent ra t ion  of shr inkage c a v i t i e s  
suggest ing compaction d e f i c i e n c i e s ;  

r i g h t :  very bad compaction which was i n v i s i b l e  
on t h e  o u t s i d e  of t h e  s t r u c t u r e  
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Fig .  3 

Resul t s  of more than  9600 concre te  q u a l i t y  t e s t s  on cubes of 
20 cm a r r i s  length  according t o  D I N  1048; per iod  of  record:  
1964 through 1967; r e p r e s e n t a t i o n  i n  t h e  p r o b a b i l i t y  g r i d  
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Findings of subsequent t e s t s  c a r r i e d  out  on more than  
200 s t r u c t u r e s  by means of d r i l l  co re s ;  age of t e s t  

specimens > 2 months; r e p r e s e n t a t i o n  i n  t h e  p r o b a b i l i t y  
g r i d  
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Fig .  5 

Comparison o f  s tandard  d e v i a t i o n s  s of  q u a l i t y  cubes,  

dctcrmincd on t h e  s t r u c t u r e s  i n v e s t i g a t e d ,  with t h e  c r i t e r i a  

according t o  Conrad [I81 
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Compressive s t r e n g t h  of cubes  p20 [ k p l c 4  
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R e l a t i o n ,  de te rmined  a t  24 c o n s t r u c t i o n  s i t e s ,  between 

s t r u c t u r a l  s t r e n g t h  Bsau and compress ive  s t r e n g t h  of 

q u a l i t y  cubes  B W 

a,.,, = P,/e 

a , ,  =&A 

T h e o r e t i c a l  q u a l i t y  B 

F i g .  7 

l t e l n t i o n s ,  determined by way of t e s t s ,  between 

t l l c o r c t i c a l  c o n c r e t e  q u a l i t y  B and compress ive  s t r e n g t h  

of  q u a l i t y  cubes  B and o f  s t r u c t u r a l  c o n c r e t e  BBau 
W 



---- 5 %  fractile c o n f i d e n c e  range 

F i g .  8 

Comparison of s t r u c t u r a l  s t r e n g t h  BBau and 

t h e o r e t i c a l  conc re t e  q u a l i t y  B .  C l a s s i f i c a t i o n  

according t o  t ypes  of s t r u c t u r e s  


